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Preface

In the past 30 years, several professional reference
books on fruits and fruit processing have been pub-
lished. The senior editor of this volume was part of
an editorial team that published a two-volume text on
the subject in the mid-nineties.

It may not be appropriate for us to state the ad-
vantages of our book over the others available in the
market, especially in contents; however, each profes-
sional reference treatise has its strengths. The deci-
sion is left to the readers to determine which title best
suits their requirement.

This book presents the processing of fruits from
four perspectives: scientific basis; manufacturing and
engineering principles; production techniques; and
processing of individual fruits.

Part I presents up-to-date information on the funda-
mental aspects and processing technology for fruits
and fruit products, covering:

e Microbiology

¢ Nutrition

¢ Heat treatment

* Freezing

* Drying

¢ New technology: pulsed electric fields
* Minimal processing

¢ Fresh-cut fruits

e Additives

* Waste management

Part I covers the manufacturing aspects of processed
fruit products:

e Jams and jellies

¢ Fruit beverages

e Fruit as an ingredient

¢ A fruit processing plant

¢ Sanitation and safety in a fruit processing plant

Xi

Part III is from the commodity processing perspec-
tive, covering important groups of fruits such as:

¢ Apples

* Apricots

e Citrus fruits and juices

¢ Sweet cherries

¢ Cranberries, blueberries, currants, and
gooseberries

e Date fruits

* Grapes and raisins, including juices and wine

¢ Olives

¢ Peaches and nectarines

¢ Pears

* Plums and Prunes

¢ Red pepper fruits

e Strawberries and raspberries

e Tropical fruits (guava, lychee, papaya, banana,
mango, and passion fruit)

Although many topical subjects are included in our
text, we do not claim that the coverage is comprehen-
sive. This work is the result of the combined efforts
of nearly fifty professionals from industry, govern-
ment, and academia. They represent eight countries
with diverse expertise and backgrounds in the disci-
pline of fruit science and technology. An international
editorial team of six members from four countries
led these experts. Each contributor or editor was re-
sponsible for researching and reviewing subjects of
immense depth, breadth, and complexity. Care and
attention were paramount to ensure technical accu-
racy for each topic. In sum, this volume is unique in
many respects. It is our sincere hope and belief that it
will serve as an essential reference on fruits and fruit
processing for professionals in government, industry,
and academia.



Xii Preface

We wish to thank all the contributors for sharing
their expertise throughout our journey. We also thank
the reviewers for giving their valuable comments on
improving the contents of each chapter. All these pro-
fessionals are the ones who made this book possible.
We trust that you will benefit from the fruits of their
labor.

We know firsthand the challenges in developing
a book of this scope. What follows are the difficul-
ties in producing the book. We thank the editorial
and production teams at Blackwell Publishing and

TechBooks, Inc. for their time, effort, advice, and
expertise. You are the best judges of the quality of
this work.

Y. H. Hui

J. Barta

M. P. Cano
T. W. Gusek
J. S. Sidhu
N. Sinha
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INTRODUCTION

Microbiology is the science that deals with the study
of microscopic critters inhabiting planet earth, and
of living organisms residing in earth. “Microbe” as a
general term features amalgam of a variety of diverse
microorganisms with the range spanning from elec-
tronmicroscopical cyrstallizable viruses, nucleoid—
bearing unicellular prokaryotic bacteria to eukary-
otic multicellular fungi and protists. The omnipresent

feature of microbes advocates their unquestionable
presence on external surface of plant and plant prod-
ucts, particularly skin of fruits and vegetables.
Fruits and vegetables are vital to our health and
well being, as they are furnished with essential vi-
tamins, minerals, fiber, and other health-promoting
phytochemicals. The present health-conscious gen-
eration prefers a diet exhibiting low calories and
low fat/sodium contents. A great importance of in-
take of fruits everyday has been found to half the
risk of developing cancer and may also reduce the
risk of heart disease, diabetes, stroke, obesity, birth
defects, cataract, osteoporosis, and many more to
count. Over the past 20 years, the consumption of
fresh fruits and vegetables in industrialized coun-
tries has increased. However, this has also hiked the
chances of outbreaks of food poisoning and food in-
fections related to consumption of fresh fruits and
uncooked vegetable salads. Many workers have de-
scribed the changes that may contribute to the in-
crease in diseases associated with the consumption of
raw fruits and vegetables in industrialized countries
and foods in general (Hedberg et al., 1994; Altekruse
and Swerdlow, 1996; Altekruse et al., 1997; Potter
et al., 1997; Bean et al., 1997). A healthy fruit sur-
face harbors diverse range of microbes, which may
be the normal microflora, or the microbes inoculated
during the processing of fresh produce (Hanklin and
Lacy, 1992; Nguyen and Carlin, 1994). However, the
microflora could be plant pathogens, opportunistic
pathogens, or non-plant pathogenic species. Accord-
ing to Center for Disease Control and Prevention
(CDCP), among the number of documented out-
breaks of human infections associated with con-
sumption of raw fruits, vegetables, and unpasteurized
fruit juices, more than 50% of outbreaks occur with
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unidentified etiological agents. These new outbreaks
of fresh-produce-related food poisoning include ma-
jor outbreaks by tiny culprits as Escherichia coli
0157:H7, Salmonella, Shigella, Cyclospora, Hepati-
tis A virus, Norwalk disease virus, on a variety of
fruits as cantaloupes, apples, raspberries, and other
fruits. Erickson and Kornacki (2003) have even ad-
vocated the appearance of Bacillus anthracis as a
potential food contaminant. Factors include global-
ization of the food supply, inadvertent introduction of
pathogens into new geographical areas (Frost et al.,
1995; Kapperud et al., 1995), the development of
new virulence factors by microorganisms, decreases
in immunity among certain segments of the popula-
tion, and changes in eating habits.

NORMAL MICROFLORA
OF FRESH FRUITS

Fresh fruits have an external toughness, may be water
proof, wax-coated protective covering, or skin that
functions as a barrier for entry of most plant
pathogenic microbes. The skin, however, harbors a
variety of microbes and so the normal microflora of
fruits is varied and includes both bacteria and fungi
(Hanklin and Lacy, 1992). These microbes get
associated with fruits, since a variety of sources such
as the blowing air, composted soil, insects as
Drosophila melanogaster or the fruit fly inoculate
the skin/outer surface with a variety of Gram-
negative bacteria (predominantly Pseudomonas,
Erwinia, Lactobacillus). Likewise, hand-picking
the fresh produce inoculates the fruit surfaces
with Staphylococcus. Contact with soil, especially
partially processed compost or manure, adds di-
verse human pathogenic microbes generally of the
fecal-oral type including the Enterobacter, Shigella,
Salmonella, E. coli 0157:H7, Bacillus cereus, as
well as certain viruses such as Hepatitis A Virus,
Rotavirus, and Norwalk disease viruses that are
transmitted by consumption of raw fruits. Normal
fungal microflora of fruits includes molds such
as Rhizopus, Aspergillus, Penicillum, Eurotium,
Wallemia, while the yeasts such as Saccharomyces,
Zygosaccharomyces, Hanseniaspora, Candida,
Debaryomyces, and Pichia sp. are predominant.
These microbes are restrained to remain outside on
fruit surfaces as long as the skins are healthy and
intact. Any cuts or bruises that appear during the
postharvest processing operations allow their entry
to the less protected internal soft tissue.

NORMAL MICROFLORA OF
PROCESSED FRUIT PRODUCTS

Postharvest processing methods include diverse
range of physical and chemical treatments to enhance
the shelf life of fresh produce. The minimally pro-
cessed fresh-cut fruits remain in a raw fresh state
without freezing or thermal processing, or addition
of preservatives or food additives, and may be eaten
raw or conveniently cooked and consumed. These
minimally processed fruits are washed, diced, peeled,
trimmed, and packed, which lead to the removal of
fruit’s natural cuticle, letting easy access by outer
true or opportunistic normal microflora to the internal
disrupted tissues abrassed during processing. Gorny
and Kader (1996) observed that pear slices cut with a
freshly sharpened knife retained visual quality longer
than the fruits cut with a dull hand-slicer.

Rinsing of fresh produce with contaminated wa-
ter or reusing processed water adds E. coli 0157:H7,
Enterobacter, Shigella, Salmonella sp., Vibrio chlo-
reae, Cryptosporidium parvum, Giardia lamblia, Cy-
clospora caytanensis, Toxiplasma gondii, and other
causative agents of foodborne illnesses in humans,
thus increasing the microbial load of the fresh pro-
duce that undergo further processing including addi-
tion of undesirable pathogens from the crop.

Fruits processed as fruit concentrates, jellies, jams,
preserves, and syrups have reduced water activ-
ity (ayw) achieved by sufficient sugar addition and
heating at 60-82°C, that kills most of xerotolerant
fungi as well as restrains the growth of bacteria.
Thus, the normal microflora of such diligently pro-
cessed fruit products may include highly osmophilic
yeasts and certain endospore-forming Clostridium,
Bacillus sp. that withstand canning procedures. Sim-
ilar flora may appear for processed and pasteurized
fruit juices and nectars that loose most vegetative bac-
teria, yeasts, and molds while retaining heat-resistant
ascospores or sclerotia producing Paecilomyces sp.,
Aspergillus sp., and Penicillum sp. (Splittstoesser,
1991). Recently, Walls and Chuyate (2000) reported
the occurrence of Alicyclobacillus acidoterrestris,
an endospore-forming bacteria in pasteurized orange
and apple juices.

FACTORS AFFECTING
MICROBIAL GROWTH

Fruits are composed of polysaccharides, sugars, or-
ganic acids, vitamins, minerals which function as em-
inent food reservoirs or substrates dictating the kind
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of microorganisms that will flourish and perpetuate
in the presence of specific microflora and specific
environmental prevailing conditions. Hence, one can
predict the development of microflora on the basis
of substrate characteristics. Fresh fruits exhibit the
presence of mixed populations, and growth rate of
each microbial type depends upon an array of factors
that govern/influence the appearance of dominating
population, which include the following.

INTRINSIC FACTORS

These imply the parameters that are an inherent part
of the plant tissues (Mossel and Ingram, 1955) and
thus are characteristics of the growth substrates that
include the following.

Hydrogen Ion Concentration (pH)

Microbial cells lack the ability to adjust their inter-
nal pH, hence are affected by change in pH, so could
grow best at pH values around neutral. Bacteria ex-
hibit a narrow pH range with pathogenic bacteria be-
ing the most fastidious; however, yeasts and molds
are more acid-tolerant than bacteria. Fruits possess
more acidic pH (<4.4) favoring growth of yeasts and
molds. Microbes, in general, experience increased
lag and generation times at either extremes of the
optimum pH range, which is usually quite narrow.
The small fluctuations in pH have elaborate impact
on microbial growth rates, and the pH changes be-
come more profound if the substrate has low buffer-
ing capabilities leading to rapid changes in response
to metabolites produced by microorganisms during
fermentation (Table 1.1).

Adverse pH affects the functioning of respiring
microbial enzymes and the transport of nutrients into
the cell. The intracellular pH of microbial cytoplasm
remains reasonably constant due to relative imper-
meability of cell membrane to hydrogen (H") and
hydroxyl (OH™) ions as key cellular compounds such

Table 1.1. Approximate pH Values of Some
Fresh Fruits

Fruits pH Values  Fruits pH Values
Apples 2.9-33 Limes 1.8-2.0
Bananas 4.5-4.7 Melons 6.3-6.7
Grapefruit 3445 Figs 4.6
Watermelons 5.2-5.6 Plums 2.8-4.6
Oranges 3.6-4.3

Source: Adapted from Jay (1992).

as ATP and DNA require neutrality (Brown, 1964).
The pH changes also affect the morphology of some
microbes as Penicillum chrysogenum that show de-
creased length of hyphae at pH above 6.0. Corlett
and Brown (1980) observed varying ability of or-
ganic acids as microbial growth inhibitors in relation
to pH changes.

Water Activity (Moisture Requirement)

Water is a universal constituent required by all the liv-
ing cells, and microbes are no exceptions but the exact
amount of water required for growth of microorgan-
isms varies. Hence, several preservation methods in-
volve drying or desiccation of the produce (Worbo
and Padilla-Zakour, 1999). The water requirement of
microbes is defined as water activity (ay) or ratio of
water vapor pressure of food substrate to that of vapor
pressure of pure water at same temperature
P

Ay = —,
Do
where p is the vapor pressure of the solution and p,
is the vapor pressure of the solvent.
Christian (1963) related water activity to relative
humidity as (Table 1.2)

RH = 100 x ay,.

Thus, the relative humidity of a food corresponding
to a lower ay, tends to dry the surface and vice versa.
In general, most fresh produce has ay, value above
0.99 which is sufficient for the growth of both bacte-
ria and molds; however, bacteria, particularly Gram-
negative, are more stringent regarding a,, changes,
while molds could grow at ay, as low as 0.80. The
lowest range of permeable a,, values for halophilic
bacteria, xerophilic fungi, and osmophilic yeasts is
0.75-0.61. Morris (1962) elaborated the interaction
of a,, values with temperature and nutrition and ob-
served that at optimum temperature, range of a,, val-
ues remain wide, while lowering/narrowing ay, values
reduces growth and multiplication of microbes, and
nutritive properties of substrate increase the range of
ay, over which microorganisms can survive (Fig. 1.1).

Hence, each microbe has its own characteristic ay,
range and optimum for growth and multiplication
which are affected by temperature, pH, oxygen avail-
ability, and nutritive properties of substrate as well
as the presence of organic acids or other secondary
metabolites performing inhibitory action, thus nar-
rowing the ay, range that culminates in decreased
yield of cells and increased lag phase for growth,
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Table 1.2. Lower Limit ay Values of Certain Microorganisms

Bacteria Minimum ay, Values  Fungi Minimum a,, Values
Pseudomonas 0.97 Mucor 0.62 (0.94)
E. coli 0.96 Rhizopus 0.62
Staphylococcus aureus 0.86 Botyritis 0.62
Bacillus subtilis 0.95 Aspergillus 0.85
Clostridium botulinum 0.93 Penicillum 0.95
Enterobacter aerogenes 0.94
Source: Adapted from Jay (1992).
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and results in decreased growth rate and size of final
population (Wodzinsky and Frazier, 1961). Lowering
of water activity builds up stress and exerts adverse
influence on all vital metabolic activities that require
aqueous environment. Charlang and Horowitz (1974)
observed the appearance of non-lethal alterations in
cell membrane permeability of Neurospora crassa
cells resulting in loss of various essential molecules,
as the dynamic cell membrane should remain in fluid
state.

The exception to normal ay, requirements are ba-
sically the halophilic bacteria that grow under low
ay values by accumulating potassium ions in the
cell (Csonka, 1989), while osmophilic yeasts concen-
trate polyols as osmoregulators and enzyme protec-
tors (Sperber, 1983). Brown (1976) reported proline
accumulation in response to low ay, in halotolerant
Staphylococcus aureus strains. Xerotolerant fungi

accumulate polyhydric alcohols (Troller, 1986). Mi-
crobes thus attempt to compensate for increased
stress by accumulating compatible solutes.

Redox Potential/Redox Poising Capacity

The type of microbial growth depends upon oxidation
and reduction power of the substrate. The oxidation—
reduction potential of a substrate may be defined as
the ease with which the substrate loses or gains elec-
trons and, in turn, gets oxidized or reduced, respec-
tively. Aerobic microbes require oxidized (positive
Eh values) substrates for growth and it is reverse for
the anaerobes (Walden and Hentges, 1975). The fruits
contain sugars and ascorbic acid for maintaining the
reduced conditions, though plant foods tend to have
positive values (300—400 mV). Hence, aerobic bac-
teria and molds most commonly spoil fruits and fruit



1 Fruit Microbiology 7

products. The O/R potential of food can be deter-
mined by

e Characteristic pH of food

¢ Poising capacity

¢ Oxygen tension of the atmosphere
e Atmospheric access of food

Poising capacity could be defined as the extent to
which a food resists externally effected changes in
pH that depend on the concentration of oxidizing or
reducing compounds in the substrate. The capacity
alters the ability of the living tissues to metabolize
oxygen at specifically low Eh values that exist in
the vacuum-packed foods. Aerobic microbes include
bacilli, micrococci, pseudomonas, and actinobacters,
and require positive Eh values, while anaerobes such
as clostridia and bacteriodes require negative Eh val-
ues. However, most yeast and molds are aerobic and
few tend to be facultative anaerobes. In the presence
of limited amounts of oxygen, aerobic or faculta-
tive microbes may produce incompletely oxidized or-
ganic acids. Processing procedures such as heating or
pasteurization, particularly of fruit juices, make mi-
crobes devoid of reducing substances, but favorable
for the growth of yeasts.

Available Nutrients

Fruits as substrate act as a reservoir of sugars (source
of energy), water, minerals, vitamins, and other
growth-promoting factors, while the protein content
or nitrogen source appears to be little less in fruits.
Carbohydrates include sugars or other carbon sources
that act as sources of energy because breakage of
bonds or oxidation of these compounds helps in the
formation of energy currency of cell or ATP.

Microorganisms have varied nutrient require-
ments, which are influenced by other conditions such
as temperature, pH and Eh values. The microbes be-
come more demanding at decreased temperatures,
while under optimum temperature conditions, nutri-
ents control the microbial growth only when present
in limiting quantities. Thus, microorganisms that
grow on a product become the best-suited by ex-
ploiting the product, as pectinolytic bacteria such as
Erwinia cartovora, Pseudomonas sp., or pectinolytic
molds grow best on fruits and vegetables.

Nitrogen requirement is usually fulfilled by pro-
teolysis of protein present in substrate and the use
of amino acids, nucleotides, certain polysaccharides,
and fats under usual microbe-specific conditions.
The accessory food substances or vitamins are to

be furnished by substrate since microorganisms are
unable to synthesize essential vitamins. In general,
Gram-positive bacteria are least synthetic and require
supply of certain vitamins before growth, while
Gram-negative bacteria and molds are relatively in-
dependent and could synthesize most of the vitamins.
Thus, these two groups of microbes grow profusely
on foods relatively low in B-complex vitamins such
as fruits under the influence of usual low pH and pos-
itive Eh values.

Each microbe has a definite range of food require-
ments, with some species having wide range and abil-
ity to grow on a variety of substrates, while others
having narrow range and fastidious requirement al-
lowing growth on limited substrates.

Antimicrobial Factors

Certain naturally occurring substances in substrate
(food) work against the microbes, thus maintain-
ing stability of food; however, these are directed to-
ward a specific group of microorganism and have
weak activity. Song et al. (1996) reported that the
presence of aroma precursor Hexal readily gets con-
verted to aroma volatiles in vivo by fresh-cut apple
slices. Hexal acts as antibrowning agent as well as
inhibits growth of molds, yeasts, mesophilic and psy-
chrotropic bacteria (Lanciotti et al., 1999). Hexanal
and (E)-Hexenal in modified atmosphere packaging
(MAP) of sliced apples reduce spoilage microbe pop-
ulations (Corbo et al., 2000).

Spices contain essential oils such as eugenol
(clove), allicin (garlic), cinnamic aldehyde and
eugenol (cinnamon), allyl isothiocynate (mustard),
eugenol and thymol (sage), thymol and isothymol
(oregano) that have antimicrobial activity (Shelef,
1983). Buta and Molin (1998) observed reduction
in mold growth on fresh-cut peppers by exogenous
application of methyl jasmonate.

The antimicrobial compounds may originally be
present in food, added purposely or developed by
associated microbial growth, or by processing meth-
ods. Certain antifungal compounds applied to fruits
include benomyl, biphenyl, and other phenylic com-
pounds that exist in small quantities as by-product of
phenol synthesis pathways. Beuchat (1976) observed
that essential oils of oregano, thyme, and sassafras
have bacteriocidal activity, at 100 ppm, to V. para-
haemolyticus in broth, while cinnamon and clove oils
at 200-300 ppm inhibit growth and aflatoxin pro-
duction by Aspergillus parasiticus (Bullerman et al.,
1977). The hydroxy-cinnamic acid derivatives as
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p-coumaric, ferulic, caffeic, and chlorogenic acids
and benzoic acid in cranberries have antibacterial
and antifungal activities and are present in most plant
products including fruits.

EXTRINSIC FACTOR

Extrinsic factors include parameters imposed from
the external environment encountered during storage
that affect food, and the microbes that tend to develop
on it. These factors include the following.

Temperature of Storage

Microbes grow over a wide range of temperature, and
change in temperature at both extremes lengthens the
generation time and lag periods. The range is quite
wide from —34°C to 90°C, and according to range
microbes could be grouped as follows.

Psychrotrophs. These microorganisms grow well
at 7°C or below 7°C with the optima ranging
from 20°C to 30°C. For example, Lactobacillus,
Micrococcus, Pseudomonas, Enterococcus, Psy-
chrobacter, Rhodotorula, Candida and Saccha-
romyces (yeasts), Mucor, Penicillum, Rhizopus
(molds) and Clostridium botulinum, Listeria mono-
cytogenes, Yersinia enterocolitica, Bacillus cereus
(pathogenic psychrotrophs). The group of microbes
that grow from —10°C to 20°C with the optima of
10-20°C are included as Psychrophiles and include
certain overlapping genera mentioned above.

Mesophiles. These include microbes growing best
between 20°C and 45°C with optimum range of
30-40°C. For example, Enterococcus faecalis, Strep-
tococcus, Staphylococcus, and Leuconostoc.

Thermophiles. Microbes that grow well above
45°C with the optima ranging between 55°C and
65°C and with maximum of above 60-85°C are
known as thermotolerant thermophiles. For exam-
ple, Thermus sp. (extreme thermophile), Bacillus
sternothermophilus, Bacillus coagulans, Clostrid-
ium thermosaccharolyticum are endospore-forming
thermotolerants and grow between 40°C and 60°C
and create major problems in the canning industry.

Thermotrophs. This group includes microbes
similar to mesophiles but grows at slightly higher
temperature optima and includes pathogenic bac-
teria in foods. For example, Salmonella, Shigella,
enterovirulent E. coli, Campylobacter, toxigenic

Bacillus  cereus, Staphylococcus aureus, and
Clostridium perfringens. There exists a relation
of temperature to growth rate of microorganisms
between minimum and maximum temperature range
by (Ratowsky et al., 1982)

\/; = b(T - T0)5

where r is the growth rate, b is the slope of regres-
sion line, and 7 is the conceptual temperature of no
metabolic significance.

Relative Humidity of Environment

Success of a storage temperature depends on the rel-
ative humidity of the environment surrounding the
food. Thus, relative humidity affects ay, within a pro-
cessed food and microbial growth at surfaces. A low
ay, food kept at high R.H. value tends to pick up mois-
ture until the establishment of equilibrium, and foods
with high a,, lose moisture in a low-humidity envi-
ronment. Fruits and vegetables undergo a variety of
surface growth by yeasts and molds as well as bac-
teria, and thus are liable to spoilage during storage
at low R.H. conditions. However, this practice may
cause certain undesirable attributes such as firmness
and texture loss of the climacteric (perishable) fruits
calling for the need of altered gas compositions to re-
tard surface spoilage without lowering R.H. values.

Modified Atmosphere Storage

Altering the gaseous composition of the environ-
ment that retards the surface spoilage without re-
ducing humidity includes the general practice of in-
creasing CO; (to 10%) and is referred as “controlled
or modified atmosphere” (MA). MA retards senes-
cence, lowers respiration rates, and slows the rate of
tissue softening or texture loss (Rattanapanone and
Watada, 2000; Wright and Kader 1997a; Qi et al.,
1999). MA storage has been employed for fruits
(apples and pears) with CO, applied mechanically
or as dry ice, and this retards fungal rotting of fruits
probably by acting as competitive inhibitor of ethy-
lene action (Gil et al., 1998; Wright and Kader
1997b).

The inhibitory effect increases with decrease in
temperature due to increase in solubility of CO, at
lower temperatures (Bett et al., 2001). Elevated CO,
levels are generally more microbiostatic than micro-
biocidal probably due to the phenomena of catabo-
lite repression. However, an alternative to CO, ap-
plication includes the use of ozone gas at a few ppm



1 Fruit Microbiology 9

concentration that acts as ethylene antagonist as well
as a strong oxidizer that retards microbial growth.
Sarig et al. (1996) and Palou et al. (2002) reported
control of postharvest decay of table grapes caused by
Rhizopus stolonifera. A similar report on effect of
ozone and storage temperature on postharvest dis-
eases of carrots was observed by Liew and Prange
(1994). In general, gaseous ozone introduction to
postharvest storage facilities or refrigerated shipping
and temporary storage containers is reported to be op-
timal at cooler temperatures and high relative humid-
ity (85-95%) (Graham, 1997). The most reproducible
benefits of such storage are substantial reduction of
spore production on the surface of infected produce
and the exclusion of secondary spread from infected
to adjacent produce (Kim et al., 1999; Khadre and
Yousef, 2001).

Ozone treatment has been reported to induce pro-
duction of natural plant defense response compounds
involved in postharvest decay resistance. Ozone de-
struction of ethylene in air filtration systems has been
linked to extended storage life of diverse ethylene-
sensitive commodities.

IMmpPLICIT FACTORS

Implicit factors include the parameters depending
on developing microflora. The microorganisms while
growing in food may produce one or more inhibitory
substances such as acids, alcohols, peroxides, and
antibiotics that check the growth of other microor-
ganisms.

General Interference

This phenomena works when competition occurs be-
tween one population of microbes and another re-
garding the supply of the same nutrients. Normal
microflora of fresh produce helps prevent the col-
onization of pathogens and succeeds in overcoming
the contaminant number by overgrowth and efficient
utilization of available resources.

Production of Inhibitory Substances

Some microbes can produce inhibitory substances
and appear as better competitors for nutrient sup-
ply. The inhibitory substances may include “bac-
teriocins,” the commonest being “nisin” produced
by certain strains of Lactobacillus lactis, which is
heat stable, attached by digestive enzymes, labile
and non-toxic for human consumption, and is quite

targeted toward inhibition of a narrow spectrum
of microbes. Other bacteriocins produced by lac-
tic acid bacteria include lactococcins, lacticins,
lactacins, diplococcin, sakacins, acidophilocins, pe-
diocins, and leuconosins. As an inhibitor of spore-
forming Clostridium spp., which cause cheese blow-
ing due to undesirable gas production, nisin was the
first bacteriocin produced by lactic acid bacteria to
be isolated and approved for use in cheese spreads.
Although mostly active against Gram-positive bacte-
ria, bacteriocins can be microbiocidal under certain
conditions, even toward Gram-negative bacteria and
yeasts, provided that their cell walls have been sen-
sitized to their action. The antimicrobial action of
nisin and of similar bacteriocins is believed to in-
volve cell membrane depolarization leading to leak-
age of cellular components and to loss of electrical
potential across the membrane. Propioniobacterium
produces propionic acid that has inhibitory effect
on other bacteria. Certain microorganisms may pro-
duce wide spectrum antimicrobial substances or sec-
ondary metabolites capable of killing or inhibiting
wide range of microbes called “antibiotics.” How-
ever, growth of one kind of microbe could lead to
lowering of pH of substrate, making the environ-
ment unsuitable for other microbes to grow, while
organic acid production or hydrogen peroxide for-
mation could also interfere with the growth of back-
ground microbial population (Jay, 1992).

Biofilm Formation

Most of the Gram-negative bacteria exhibit quorum
sensing or the cell-to-cell communication phenom-
ena that leads to the formation of a multicellular
structure in the life of a unicellular prokaryote that
provides protection to bacterial species from the dele-
terious environment by precipitation. Adoption of
biofilm formation involves release of autoinducers,
particularly called the N-acyl homoserine lactones
that either activate or repress the target genes in-
volved in biofilm formation (Surette et al., 1999).
Quorum sensing has a profound role in food safety in
association with behavior of bacteria in food matrix
and regulates prime events such as spore germina-
tion, biofilm formation on surfaces (Frank, 2000b),
and virulence factor production. Cells in biofilm are
more resistant to heat, chemicals, and sanitizers due
to diffusional barrier created by biomatrix as well as
very slow growth rates of cells in biofilms (Costerton,
1995). Morris et al. (1997) have reported certain
methods for observing microbial biofilms directly
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on leaf surfaces and also to recover the constituent
microbes for isolation of cultivable microorganisms.
Thus, biofilm formation has been emerging as a chal-
lenge for the decontamination techniques routinely
used in the food and beverage industries, and requires
the advent of new revolutionary methods for decon-
tamination or the modification of the older techniques
in vision of the current scenario (Frank, 2000a).

FACTORS AFFECTING
MICROBIAL QUALITY
AND FRUIT SPOILAGE

From quality standpoint, the fresh fruits and the pro-
cessed fruit products should possess certain charac-
teristics such as fresh-like appearance, taste, aroma,
and flavor that should be preserved during stor-
age. Thus, if the primary quality attributes of pro-
duce remain unoffended, the shelf-life characteristics
lengthen. As discussed before, fruits possess normal
microflora as well as the microflora that is added dur-
ing the handling and postharvest processing of fruits,
though harsh treatments during processing can kill or
inhibit certain or most of the microflora while letting
specific types to become predominant and prevail in
the finished product. A variety of factors that affect
the microbial quality of fruits include the following.

PREHARVEST FACTORS

These factors basically involve production practices
that have tremendous explicit effect on the micro-
bial quality of fruits. Management practices can af-
fect product quality since stressed produce or me-
chanical injuries permit microbial contamination.
Mold growth and decay on winter squash caused by
Rhizoctoina result from fruits lying on the ground.
Food safety begins in field as a number of food-
borne disease outbreaks have potential sources in
field that contaminate the fresh produce such as
the use of partially treated manure, irrigation with
livestock-used farm pond water, or storage near
roosting birds (Trevor, 1997). Wallace et al. (1997)
reported the presence of verocytotoxin producing
E. coli O157:H7 from wild birds.

POSTHARVEST HANDLING
AND PROCESSING

Improper or harsh handling of produce causes skin
breaks, bruises, or lesions leading to increased
chances of microbial damage. Handlers picking fresh
produce with skin lesions could potentially transfer

the causative agent to other fruits. The postharvest
rots are most prevalent in fruits, particularly the dam-
aged or bruised ones (Sanderson and Spotts, 1995;
Bachmann and Earles, 2000). The processing meth-
ods involve the use of temperature, moisture content,
and ethylene control, thus include the extrinsic pa-
rameters discussed earlier.

FRUIT SPOILAGE

The fruit spoilage is manifested as any kind of phys-
ical change in color or flavor/aroma of the product
that is deteriorated by microflora that affects the cel-
lulose or pectin content of cell walls which, in turn,
is the fundamental material to maintain the structural
integrity of any horticultural product. Fresh fruits
possess more effective defense tactics including the
thicker epidermal tissue and relatively higher con-
centration of antimicrobial organic acids. The higher
water activity, higher sugar content, and more acidic
pH (<4.4) of fresh fruits favor the growth of xero-
tolerant fungi or osmophilic yeasts. Lamikarna et al.
(2000) have reported bacterial spoilage in neutral pH
fruits.

Normal microflora of fruits is diverse and includes
bacteria such as Pseudomonas, Erwinia, Enterobac-
ter, and Lactobacillus sp. (Pao and Petracek, 1997),
and a variety of yeasts and molds. These microbes
remain adhered to outer skin of fruits and come from
several sources such as air, soil, compost, and insect
infestation. Brackett (1987) reported inoculation of
Rhizopus sp. spores by egg laying in ruptured epi-
dermal fissures of fruits by Drosophila melanogaster
or the common fruit fly. The microbial load of the
fresh produce could be reduced by rinsing with water
(Splittstoesser, 1987). However, the source and qual-
ity of water dictate the potential for human pathogen
contamination upon contact with the harvested pro-
duce.

Lund and Snowdon (2000) reported certain com-
mon molds to be involved in fruit spoilage such
as Penicillum sp., Aspergillus sp., Eurotium sp.,
Alternaria sp., Cladosporium sp., and Botrytis
cinerea of fresh and dried fruits (Fig. 1.2), while
certain molds producing heat-resistant ascospores
or sclerotia such as Paecilomyces fulvus, P. niveus,
Aspergillus fischeri, Penicillum vermiculatum, and
P. dangeardii were observed to cause spoilage of
thermally processed fruits or the fruit products
exhibiting characteristic production of off-flavors,
visible mold growth, starch and pectin solubilization,
and fruit texture breakdown (Beuchat and Pitt, 1992;
Splittstoesser, 1991).
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Figure 1.2. Degradation of fruit texture due to growth
of cellulase/pectinase-producing bacteria followed by
fungal growth.

Fruit safety risks could be increased by certain
spoilage types that create microenvironments suit-
able for the growth of human pathogens as the pri-
mary spoilage by one group of phytopathogens pro-
duces substances required for nurturing growth and
development of human pathogens. Wade and Beuchat
(2003) have well documented the crucial role of pro-
teolytic fungi and the associated implications on the
changes in pH of the pericarp of the decayed and
damaged raw fruits in survival and growth of various
foodborne pathogens. Botrytis or Rhizopus spoilage
of fruits could help create environment for the prolif-
eration of Salmonella enterica serovar typhimurium
(Wells and Butterfield, 1997), while Dingman (2000)
observed the growth of E. coli 0157:H7 in bruised
apple tissues. Similar reports of Riordan et al. (2000)
and Conway et al. (2000) depicted the impact of prior
mold contamination of wounded apples by Penicil-
lum expansum and Glomerella cingulata on survival
of E. coli 0157:H7 and Listeria monocytogenes.

Technically, the fresh produce deteriorating mi-
croflora is diverse and remains on surface skin of
fruits, and the basis of invasion process could be of
two types.

TRUE PATHOGENS

These microbes possess ability to actively infect plant
tissues as they produce one or several kinds of cellu-
lytic or pectinolytic and other degradative enzymes
to overcome tough and impervious outer covering of
fruits which acts as the first and the foremost effec-

tive external protective system, thus causing active
invasion and active spoilage in fruits. The degrada-
tive enzyme brigade includes the following.

Pectinases

These enzymes depolymerize the pectin, which is a
polymer of a-1, 4-linked D-galactopyranosyluronic
acid units interspersed with 1, 2-linked rhamnopy-
ranose units. On the basis of site and type of reac-
tion on the pectin polymer, pectinases are of three
main types, i.e., pectin methyl esterases produced
by Botrytis cinerea, Monilinia fructicola, Penicillum
citrinum, and Erwinia cartovora (Cheeson, 1980),
polygalacturonase, and pectin lyase.

Cellulases

Several types of cellulase enzymes attack the na-
tive cellulose and cleave the cross-linkage between
B-D-glucose into shorter chains. Cellulases con-
tribute toward tissue softening and maceration as well
as yield glucose, making it available to opportunistic
microflora.

Proteases

These enzymes degrade the protein content of fresh
produce giving simpler units of polypeptides, i.e.,
amino acids. The action of proteases is limiting in
fruit spoilage as fruits are not rich in proteins.

Phosphatidases

These enzymes cleave the phosphorylated com-
pounds present in cell cytoplasm and the energy re-
leased is utilized to cope with the increased respira-
tion rates.

Dehydrogenases

These enzymes dehydrogenate the compounds, thus
increasing the amount of reduced products that may
lead to increased fermentation reaction under mi-
croaerobic/anaerobic conditions.

OPPORTUNISTIC PATHOGENS

These microorganisms lack the degradative enzyme
brigade and thus gain access only when the normal
plant product defense system weakens, which is the
situation of mechanical injury or cuticular damage
caused by the insect infestation or by natural openings
present on the surface of the fresh produce. Thus,
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Figure 1.3. Growth of Aspergillus on surface of apple
fruits visible due to formation of spores.

an opportunistic pathogen slips in through the dam-
age caused by biotic and abiotic stresses on the pro-
duce and generally involves movement via natural
gateways as the lenticels, stomata, hydathodes, or
the other pores/lesions caused by insect infestation
or invasion by true pathogens. Damage of the prod-
uct during harvesting or by postharvest processing
techniques and equipments enables opportunistic mi-
croflora to invade the internal unarmed tissue and
causes spoilage (Fig. 1.3).

Hence, spoilage connotes any physical change in
color, taste, flavor, texture, or aroma caused by micro-
bial growth in fruit/fruit product, thereby resulting in
product that becomes unacceptable for human con-
sumption (Fig. 1.4).

MODES OF FRUIT SPOILAGE

Fruit spoilage occurs as a result of relatively strong
interdependent abiotic and biotic stresses posed par-
ticularly during the postharvest handling of produce
(Fig. 1.5). Harvested fruits continue to respire by uti-
lizing the stored available sugars and adjunct organic
acids culminating to significant increase in stress-
related/stress-induced carbon dioxide and ethylene
production that leads to rapid senescence (Brecht,
1995). Moreover, postharvest processing that in-
volves washing, rinsing, peeling, and other treat-
ments result in major protective epidermal tissue
damage and disruption which in turn leads to un-
sheathing of the vacuole-sequestered enzymes and
related substrates and their amalgamation with the cy-
toplasmic contents. Cutting/dicing increases the a
and surface area as well as stress-induced ethylene
production which accelerates the water loss, while the
sugar availability promptly invites enhanced micro-
bial invasion and rapid growth (Wiley, 1994; Watada
and Qi, 1999). The physiological state of fruit also
determines the pattern of spoilage to be followed as
with increase in age/maturity, the normal defense
tactics of the plant produce deteriorates. Harvested
produce loses water by transpiration, thus gets de-
hydrated, followed by climacteric ripening, enzy-
matic discoloration of cut surfaces to senescence,
thus increasing possibilities of damage by microflora
(Fig. 1.6). Harsh handling and ill-maintained equip-
ment during processing lead to increased damage or

Figure 1.4. Fungal hyphae and spores of Aspergillus
niger on guava fruits.

Figure 1.5. White hyphal mass of Aspergillus
fumigatus on surface of orange fruit.
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Figure 1.6. Modes of fruit spoilage and factors responsible for spoilage.

removal of the outer cuticle leading to tissue disrup-
tion that provokes stress-induced increased respira-
tion and microbial decay (Gorny and Kader, 1996).
Spanier et al. (1998) reported the development of
off-flavors in fresh-cut pineapple that appeared un-
damaged physically, in lower portion of container
kept at 4°C for 7-10 days. Walls and Chuyate (2000)
reported survival of acid- and heat-tolerant Alicy-
clobacillus acidoterrestris that produces 2-methoxy
phenol or guaiacol imparting phenolic off-flavor in
pasteurized orange and apple juices. Jay (1992) re-
ported osmophilic yeasts to be associated primarily
with the spoilage of cut fruits due to their ability to

grow faster than the molds and this usually includes
the genera such as Cryptococcus, Rhodotorula, and
Saccharomyces sp. in fresh fruits, and Zygosaccha-
romyces rouxii, Hanseniaspora, Candida, Debary-
omyces, and Pichia sp. in dried fruits.

Thus, senescence and spoilage depend on prod-
uct type, abiotic factors, and microbes involved in
deterioration process, and it is convenient to de-
scribe spoilage on the basis of visible symptoms.
Thus, a customary approach is to name the spoilage
type by symptomatological appearance such as soft
rot or black rot. However, this definitely results in
discrepancy in ascertaining the causal pathogen of
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spoilage and this ambiguity could be overruled by
classifying on the basis of causal microbe such as
Rhizopus rot, Cladosporium rot, etc.

METHODS TO EVALUATE
MICROBIAL QUALITY

Food quality and safety are ensured by analysis of
food for the presence of microbes, and such mi-
crobial analyses are routinely performed as quaran-
tine/regulatory procedures. The methods employed
for adjudging the quality of food include an array of
microbiological to biochemical assays to ascertain
the acceptability or unacceptability of a food prod-
uct for human consumption or a processing/handling
practice that needs to be followed. Thus, enumerating
the microbial load of the produce could help in de-
termining the quality as well as the related safety as-
pects of product and effectiveness of the processing
technique employed to kill spoilage microbes.

Microbiological methods for pathogen identifica-
tion primarily involve conventional cultural tech-
niques of growing microbes on culture media and ob-
serving the ability to form viable countable colonies
showing characteristic growth on such media as well
as the direct microscopic methods for various groups
of microbes.

Hence, microbiological criteria are specifically
employed to assess:

e Safety of food

o Shelf life of perishable products

e Suitability of food or ingredient for specific
purpose

¢ Adherence to general manufacturing practices

The routine culturing techniques require longer
time to obtain results. To overcome this hurdle,
nowadays, use of indicator organisms that provide
rapid, simple, and reliable information without the
requirement of isolation and identification of specific
pathogens is performed. However, such tests could be
used as the presumptive ones with the confirmation
provided by a battery of biochemical tests, and may
include specialized serological typing also (Swami-
nathan and Feng, 1994). The microbiological tech-
niques could be summarized as follows.

CONVENTIONAL TECHNIQUES

Direct Microscopic Count

This method involves the microscopic examination
for evaluating the viable or non-viable microbes

present in a given sample. This method ushers little
value for the determination of microbiological status
of a food sample as usually total cell counts exceed
10° cfu per g or ml of the sample. New variations
of microscopes render researchers the capability to
predict the presence of pathogens on the surfaces of
fruits clinging or attached to internal surfaces. Con-
focal scanning laser microscopy has been reported to
show the presence of E. coli 0157:H7 on surfaces
and internal structures of apple (Burnett et al.,
2000).

Drawbacks: This technique suffers from a ma-
jor drawback of not providing the types of bacteria
present in the sample as well as it does not differenti-
ate between the normal microflora and the pathogen-
causing spoilage.

Aerobic Plate Counts (APC) or Total Plate
Counts (TPC)

It is the most practical approach to determine the
presence of cultivatable microbes in a sampled food
product having ability to spoil food. This technique,
thus, reveals the total number of microbes in a food
product under a particular set of incubation temper-
ature, time, or culture media and can be used to pref-
erentially screen out a specific group of microbes,
thereby, helping in determining the utility of food
or food ingredient added for specific purpose. How-
ever, the APC of the refrigerated fruits/fruit products
indicate utensil or equipment conditions prevailing
during storage and distribution of the product.

Drawbacks: Though APC bacterial count is the
most practical and easy technique, it suffers from
certain inherent drawbacks as listed below:

e It provides the viable cell count that does not
reflect the quality of raw material used for
processing.

e It is unable to record the extent of quality loss at
low count levels.

e It provides negligible information regarding
organoleptic quality that is degraded at low
counts.

e It requires scrupulous researcher to interpret APC
results.

Certain variations to APC method are now available
to classify according to the types of microbes as
molds, yeasts, or thermophilic spore counts. These
counts are basically used for microbiological analy-
sis of the canned fruits/fruit products.
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1. Howard Mold Count. This technique involves the
enumeration of molds in products such as the
canned fruits and provides the inclusion of the
moldy material.

2. Yeasts and Mold Counts. The high sugar prod-
ucts such as fruit drinks or fruit beverages are
prone to contamination and overgrowth by yeasts
and molds more than the bacterial counterparts
and thus enumeration of these microbes gives the
presumptive glimpse of the microbiological status
of the product. A similar kind of count involves
the heat-resistant mold count providing the pres-
ence of molds such as Aspergillus fischeri and
Byssochlamys fulva in heat-processed fruit prod-
ucts such as the fruit concentrates.

3. Thermophilic Spore Count. The technique again
advocates the presence of spore-forming bacteria
as the major contaminants of canned fruits, fruit
beverages, and fruit juices that are being thermally
processed by pasteurization and thus specifically
enriches the spore-forming genera.

NEW METHODS FOR RAPID ANALYSIS

The physical characteristics of food result in non-
uniform distribution of microbes and thus such a non-
uniform homogenate results in inconsistent presence
of specific pathogen providing non-reproducible re-
sults following the analysis of the same sample. Thus,
the drawbacks of the conventional microbiological
analysis criteria are:

¢ Requirement of the selective or enrichment media
for isolation of foodborne pathogen suffers from
involvement of several days to provide results.

¢ Normal microflora interferes with the isolation
and identification protocols of low infectious dose
and low number pathogens that may be
sub-lethally injured during the accomplishment of
a variety of processing procedures employed.
These microorganisms that exist in state of shock
after vigorous heat/chemical/radiation treatments
need specific enriched culture media to overcome
the shock (Jiang and Doyle, 2003). Thus, unless
the injured cells could resuscitate, they could be
easily outgrown by other bacteria in the sample.
Zhao and Doyle (2001) have reported the use of a
universal pre-enrichment broth for growth of
heat-injured pathogens in food.

Hence, these rapid methods shorten the assay time
by a simple modification of conventional methods
or may also involve an array of molecular assay

formats and diverse technologies that are quite spe-
cific and more sensitive (Mermelstein et al., 2002).
Some of the assays involved in the rapid enumeration
of pathogens in food samples are as follows.

Modification of Conventional Techniques

* Miniaturized Biochemical Assays: The use of
certain biochemical test kits for identification of
pure cultures of bacterial isolates delivers results
in less than 1 day with high accuracy of 90-99%
comparable to conventional techniques making
the procedure simpler, cost- and
performance-effective (Hartman et al., 1992).
Modified Process/Specialized Media: Use of
petrifilms (Curiale et al., 1991) and hydrophobic
grid membrane filters eliminates the need for
media preparation, thus economizes storage and
incubation space as well as simplifies disposal
after analysis while the use of chromogenic
(ONPG/X-gal) or fluorogenic MUG/GUD)
substances provides quick measure of specific
enzyme activities to quickly ascertain the
presence of a specific microbe, and the
bioluminescence assays provide quick assessment
of direct live cell counts with sensitivity to provide
results with low counts within few minutes.

DNA-Based Assays

Use of DNA probes technically fishes out the tar-
get gene sequence specific to a particular pathogenic
microbe in the concoction of sample DNA obtained
from the food sample with unique sensitivity and
reproducibility, and has been developed for detec-
tion of most of the foodborne pathogens (Guo et al.,
2000; Feng et al., 1996; Lampel et al., 1992; Saiki
et al., 1988; Schaad et al., 1995). However, if the
target DNA contains several targets, then PCR as-
says can be used in a multiplex format that ensures
the elimination of culturing steps prior to produc-
ing the results (Chen and Griffith, 2000; Hill, 1996;
Jones and Bej, 1994). PCR protocols can detect very
small number/few cells of particular pathogens and
have been successfully developed for various fas-
tidious/uncultivatable pathogens (Guo et al., 2000,
2002). DNA fingerprinting methods are the most re-
cent ones for the detection of pathogens in fresh pro-
duce and a semi-automated fluorescent AFLP tech-
nique for genomic typing of E. coli 0157:H7 has
been developed (Zhao et al., 2000). Another report of
occurrence of Acidovorax avenae subsp. citrulli in
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watermelon seeds has been provided by Walcott and
Gitaitis (2000).

Antibody-Based Assays

These include the classical agglutination assays as
well as the immunodiffusion techniques that are
rather simple, quick, and useful methods for con-
firmation of microbial isolates from food sample but
possess low sensitivity. Hence, the new immunolog-
ical protocols hail the use of ELISA (basic sandwich
ELISA method) scoring high sensitivity (Candish,
1991) and immunoprecipitation techniques that pro-
vide the results within few minutes as these are auto-
mated requiring less manual expertise.

Other Techniques

These rather unconventional methods involve the use
of immunomagnetic separations, chromatographic
detection of certain organic acids produced by the
pathogen during growth and recent techniques as
the flow cytometery for deciphering the survival and
growth of human fecal-oral pathogens in raw pro-
duce. Orr et al. (2000) have detected the presence
of Alicyclobacillus acidoterrestris in apple juice by
sensory and chromatographic analysis of compounds
produced by bacteria. The magnetic separation tech-
nique is now being employed in both clinical and
food microbiology (Olsvik et al., 1994; Safarik and
Safarikova, 1999; Bennett et al., 1996). Jung et al.
(2003) have used immunomagnetic separation tech-
nique in conjunction with flow cytometery to detect
the presence of Listeria monocytogenes in food.

MAINTAINING MICROBIAL
QUALITY OF FRUITS

The microbial quality of fruits or fruit products needs
to be maintained at various levels of processing and
packaging. Production practices have a tremendous
effect on the quality of fruits at harvest, on postharvest
quality, and on shelf life. Cultivar or fruit variety, abi-
otic or environmental factors such as soil type, tem-
perature, frost, and rainy weather at harvest may ad-
versely affect the storage life and quality of produce.
Fresh produce that has been stressed by too much or
too little water, high rates of nitrogen application,
or mechanical injury (scrapes, bruises, abrasions)
is particularly susceptible to postharvest diseases.
Mold decay on winter squash, caused by the fungus

Rhizoctonia, results from the fruits lying on the
ground, which can be alleviated by using mulch. Evi-
dently, food safety also begins in the field, and should
be of special concern, since a number of outbreaks of
foodborne illnesses have been traced to the contami-
nation of produce in the field. Management practices
such as unscrupulous picking and harsh handling
of the fresh produce markedly affect the quality of
fruits (Beaulieu et al., 1999). Crops destined for stor-
age should be as free as possible from skin breaks,
bruises, spots, rots, decay, and other deterioration.
Bruises and other mechanical damage not only affect
appearance, but also provide entrance to the decay or-
ganisms as well. Postharvest rots are more prevalent
in fruits that are bruised or otherwise damaged. More-
over, mechanical injury also increases moisture loss
that may hike up to 400% in a single badly bruised

apple.

POSTHARVEST AND STORAGE
CONSIDERATIONS

The fresh produce once harvested has to be stored
for shipment and this is the critical period that ex-
hibits most of the loss regarding microbial decay and
spoilage of produce. The extrinsic factors governing
microbial growth play an important role during this
critical period and involve temperature and water ac-
tivity.

Temperature

Temperature is the single most important factor in
maintaining fruit quality after harvest. Refrigerated
storage retards the following elements of deteriora-
tion in perishable crops:

e Aging due to ripening, softening, and
textural/color changes

¢ Undesirable metabolic changes and respiratory
heat production

* Moisture loss/wilting

* Spoilage due to invasion by bacteria/fungi/yeasts

Refrigeration controls the respiration rate of crop,
which is evil enough as this generates heat due to
oxidation of sugars, fats, and proteins in the cells re-
sulting in loss of these stored food reserves leading to
decreased food value, loss of flavor, loss of saleable
weight, and more rapid deterioration. Recent work of
Sharma et al. (2001) has provided the insight about
the fate of Salmonellae in calcium-supplemented or-
ange juice at refrigeration temperature. Since the
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respiration rate of fruits strongly determines their
transit and postharvest life, a constant cold temper-
ature maintained over a span of storage period de-
creases the deterioration; however, the produce has to
be precooled to relieve the field heat (heat held from
sun and ambient temperature) by an array of meth-
ods such as room cooling, forced air cooling, vacuum
cooling, hydrocooling, and top or ice cooling.

However, during refrigeration certain fruits having
higher water content get injured over a time period
(chilling injury) but store best at 45-55°F. The ef-
fect of chilling injury may be cumulative in some
crops with the appearance of chilling symptoms be-
coming evident as pitting or other skin blemishes,
internal discoloration, or failure to ripen. Fruits such
as muskmelons, peppers, winter squash, tomatoes,
and watermelons are moderately sensitive to chill-
ing injury, but if tomatoes, squash, and peppers are
over-chilled, then they may particularly become more
susceptible to decay by fungal genera such as by
Alternaria.

Regulation of Water Activity

Transpiration rates are determined by the moisture
content of the air, which is usually expressed as rel-
ative humidity. Water loss at low R.H. values can
severely degrade quality since sugar-rich perishable
fruits such as grapes may shatter loose from clusters
due to drying out of their stems and this would de-
crease the aesthetic value of the product as well as
saleable weight loss culminating in reduced profits.
Thus, the relative humidity of the storage unit directly
influences water loss in fresh produce. Most fruit and
vegetable crops retain better quality at higher relative
humidity (80-95%) maintaining saleable weight, ap-
pearance, nutritional quality and flavor, and reduction
in wilting, softening, and juiciness but it encourages
disease growth. This situation could be overruled by
storage at cool temperatures but stringent sanitary
preventative protocols have to be enforced. Unfortu-
nately, refrigeration inevitably extracts moisture from
fruit surfaces, thus necessitating the use of proper
packaging.

Control of Respiration and
Ethylene Production

Ethylene, a natural phytohormone, produced by some
fruits upon ripening promotes additional ripening of
produce exposed to it (Gorny et al., 1999). Damaged
or diseased apples produce high levels of ethylene

and stimulate the other apples to ripen too quickly,
making them more susceptible to diseases. Ethylene
“producers” such as apple, apricot, avocado, ripening
banana, cantaloupe, honeydew melon, ripe kiwifruit,
nectarine, papaya, passionfruit, peach, pear, persim-
mon, plantain, plum, prune, quince, and tomato show
decreased quality, and reduced shelf life with appear-
ance of specific symptoms of injury (Gorny et al.,
2000, 2002). Respiration-induced ethylene produc-
tion causes:

¢ Softening and development of off-flavor in
watermelons

e Increased ripening and softening of mature green
tomatoes

* Shattering of raspberries and blackberries.

Packaging

This process is crucial in preventing contamination
by microbes as it avoids inward movement of light
and air, thus keeping produce dry/moist and this pre-
vents any changes in the textural integrity of produce
along with convenient division of the produce in suit-
able portions needed for transportation, handling, and
sale.

Vacuum Packaging. Elimination of air from a gas-
impermeable bag in which food product has been
placed and sealed reduces the pressure inside the
bag, thus creating vacuum. While continuous respi-
ration of the microbes present in/on the food product
leads to exhaustion of available oxygen with arespec-
tive increase in carbon dioxide level that troubles the
execution of biochemical processes and related mi-
crobial enzymes, the cells fail to survive the hiked
gaseous changes.

Hyperbaric Packaging. High pressure processing
(HPP) or high hydrostatic pressure (HHP) or ultra
high pressure (UHP) processing subjects liquid and
solid foods, with or without packaging, to pressures
between 100 and 800 MPa at higher temperatures
that relatively increases microbial inactivation. Wa-
ter activity and pH are among the critical process
factors in the inactivation of microbes by HPP. Tem-
peratures ranging from 194°F to 230°F (90-110°C)
in conjunction with pressures of 500-700 MPa have
been used to inactivate spore-forming bacteria such
as Clostridium botulinum (Patterson et al., 1995).
Storage of fruit product under low pressure and
temperature conditions at high relative humidity
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reduces the oxygen availability. Thus, during the stor-
age and transportation of various commodities, their
compatibility regarding temperature, relative humid-
ity, atmosphere (oxygen and carbon dioxide), pro-
tection from odors, and protection from ethylene re-
quirements must be considered.

Edible Film Packaging. This is rather a new pack-
aging advancement regarding fresh or minimally pro-
cessed fruits as these edible coatings and films extend
the shelf life by creating a modified atmosphere and
preventing water loss (Ahvenainen, 1996; Baldwin
etal., 1995a, b; Nisperos and Baldwin, 1996). Cereal
biopolymers such as proteins and polysaccharides are
attractive raw materials for use as materials in pack-
aging applications as these are inexpensive, easily
processable, thermoplastically originating from re-
newable resources, edible, and biodegradable, and
possess good mechanical properties, thus function-
ing as excellent gas and grease barriers (Stading et
al., 2001; Baldwin et al., 1996; Arvanitoyannis and
Blanshard, 1994). Ghaouth et al. (1991) reported ef-
fects of chitosan coatings on storability and quality
of fresh strawberries.

Sanitizing Agents
Halogenated Sanitizers

1. Chlorine. Chlorine has been used to treat drink-
ing water, wastewater, as well as to sanitize food
processing equipments and surfaces in processing
environments (Botzenhart et al., 1993). Sodium
hypochlorite solution Clorox™ or dry, powdered
calcium hypochlorite at 50-200 ppm concentra-
tion and an exposure time of 1-2 min can be used
in hydrocooling or wash water as a disinfectant
as it forms hypochlorous acid which is the ac-
tive species required to perform the microbicidal
action (Hendrix, 1991). Norwood and Gilmour
(2000) have reported the growth and resistance
of Listeria monocytogenes to sodium hypochlo-
rite in steady-state multispecies biofilm. However,
this antimicrobial action is reduced by a variety
of abiotic factors such as temperature, light, and
presence of soil and organic debris (Combrink and
Grobbelaar, 1984; Folsom and Frank, 2000). A
careful inspection and monitoring of wash water
should be performed periodically with a monitor-
ing kit.

2. Bromine. Bromine alone is not as effective as
chlorine but shows an additive or synergistic
increase in antimicrobial action upon use with

other halogenated compounds, particularly chlo-
rine.

3. Iodine. Aqueous iodine solutions and iodophors
could be used to sanitize the processing equip-
ments and surfaces and possess greater antimi-
crobial action range affecting yeasts and molds,
reducing vegetative bacterial cells at very low con-
centrations and lower exposure times (Odlaug,
1981). Moreover, readily water-soluble iodophors
have little corrosive action and are not skin irri-
tants.

Ozonation. Ozone is a powerful disinfectant and
has long been used to sanitize drinking water, swim-
ming pools, and industrial wastewater. The dump
tanks used for fruit precooling could be sanitized
by using ozone treatment, as it is an efficient nat-
ural species to destroy foodborne pathogens as well
as spoilage-causing microbes (Kim et al., 1999), but
for certain fresh products as blackberries, ozonation
treatment may lead to development of or increase in
amount of anthocyanin pigment content (Barth et al.,
1995). Kim et al. (2000) have reported the impact of
use of electrolyzed oxidizing and chemically modi-
fied water on various types of foodborne pathogens.

Hydrogen Peroxide. Hydrogen peroxide could
also be used as a disinfectant. Concentrations of 0.5%
or less are effective for inhibiting development of
postharvest decay caused by a number of fungi. Hy-
drogen peroxide has alow toxicity rating and is gener-
ally recognized as having little potential for environ-
mental damage (Sapers and Simmons, 1998). The use
of lactic acid dippings along with the treatment by hy-
drogen peroxide could lead to inactivation of E. coli
O157:H7, S. enteridtis, and Listeria monocytogenes
on apples, oranges, and tomatoes (Venkitanarayanan
et al., 2002).

Use of certain antibacterial solutions could also
help in decreasing the bacterial load. McWatters et al.
(2002) reported the consumer acceptance of raw ap-
ples treated with antibacterial solution used routinely
in household.

Irradiation. Non-ionizing ultraviolet radiations
could be used for surface sterilization of food-
handling utensils, as these rays do not penetrate foods
(Worobo, 2000), while ionizing gamma radiations
(Chervin and Boisseau, 1994) that penetrate well,
oxidize sensitive cellular constituents (radapperti-
zation), and thus require moistening of produce to
produce peroxides. Gamma irradiation has been used
for the decontamination of a range of products such
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as fresh produce including fruits and vegetables as
well as certain other spoilage labile fresh products
such as seafoods and meat (Gunes et al., 2000). A
recent report has provided the information regarding
marketing of irradiated strawberries for consumption
in the United States (Marcotte, 1992).

FRUIT SAFETY

Fruit safety is related to an amalgam of unprece-
dented agronomical procedures that while accom-
plishment culminate toward elimination of vari-
ous human pathogenic species present on the fruits
(Meng and Doyle, 2002). Several incidences of trans-
mission of infection by consumption of raw fruits and
vegetables have been documented such as Salmonella
typhi infection by consuming a variety of fresh prod-
ucts (Sanchez et al., 2002; Pixley, 1913), Salmonella
and E. coli in fruit juices as well as certain parasitic
helminths primarily Fasciola hepatica, Fasciolopsis
buski have been observed to encyst on plants and
cause human illnesses. Recently, viruses following
the fecal-oral route as Hepatitis A virus and Norwalk
disease virus have been observed to be associated
with consumption of raw fruits such as raspberries,
strawberries, and melons.

ASSOCIATED PATHOGENS AND
SOURCES OF CONTAMINATION

A healthy fruit surface may get contaminated during
the long route of processing and storage dramatically
including diverse external sources such as environ-
mental factors, water used, processing equipments,
or procedures performed. Bacteria such as Clostrid-
ium botulinum, Bacillus cereus, and Listeria mono-
cytogenes are normal inhabitants of soil, whereas
Salmonella, Shigella, E. coli, and Campylobacter are
resident microflora of the rumen of ruminant animals
and stomachs of human beings that could potentially
contaminate raw fruits and vegetables through con-
tact with feces, sewage, untreated irrigation water, or
surface water, while viruses of the fecal-oral route
and parasites in form of cysts of liver flukes, tape-
worms, and Giaradia lamblia contaminate produce
by contact with sewage, feces, and irrigation water
(Mead et al., 1999; King et al., 2000; Buck et al.,
2003). Food pathogens such as Clostridium, Yersinia,
and Listeria can potentially develop on minimally
processed fruits and vegetables under refrigerated or
high-moisture conditions (Doyle, 2000a, b, c; Meng
and Doyle, 2002). Beuchat (2002) has reviewed sev-
eral ecological factors that influence the growth and

survival of human pathogens in raw fruits and veg-
etables (Table 1.3).

PREHARVEST SOURCES
OF CONTAMINATION

Environmental contamination: Human pathogens
may enter produce through various pathways or natu-
ral structures such as stem, stem scars, or calyx of cer-
tain produce (Zhuang et al., 1995), or through dam-
aged surface parts such as wounds, cuts, splits, and
punctures caused during maturation by insect infes-
tation (Michailides and Spotts, 1990; Beuchat, 1996;
Olsen, 1998; Janisiewicz et al., 1999; Iwasa et al.,
1999; Shere et al., 1998; Wallace et al., 1997), dam-
age caused by sand storms and hail/frost (Hill and
Faville, 1951; Hill and Wenzel, 1963), damage oc-
curred during the harvesting of fruits (Carballo et al.,
1994; Sugar and Spotts, 1993; Wells and Butterfield,
1997), and damage occurred during processing pro-
cedures or equipments utilized.

CONTAMINATION DURING
POSTHARVEST PROCESSING

Waterborne Contamination

Processing procedures such as rinsing and wash-
ing with contaminated water may contribute toward
the microbial contamination of fruits and vegetables
(Petracek et al., 1998; Buchanan et al ., 1999). Thus,
water if not potable could act as source of an ar-
ray of human pathogenic microbes such as E. coli
0157:H7, Salmonella sp., Vibrio chloerae, Shigella
sp., Cryptosporidium parvum, Giardia lamblia, Cy-
clospora cayetanensis, Norwalk disease virus, and
Hepatitis A virus.

Cross Contamination

Cross contamination of products can occur from pro-
cessing equipment and the environment. Eisenberg
and Cichowicz (1977) noted that tomato and pineap-
ple products can become contaminated with the mold
Geotrichum candidum, while the same organism was
observed to contaminate orange and grapefruit juices,
apples, and ciders (Senkel et al., 1999) indicating a
kind of cross contamination during processing oper-
ations. Any pathogen internalized in the fruit must
survive there to cause illness afterwards but the very
survival depends on the physical and chemical at-
tributes of fruit, postharvest processes, and consumer
use (Burnett and Beuchat, 2000; 2001). Salmonella
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Table 1.3. Types of Fungal Spoilage of Fruits

Part I: Processing Technology

Product Type of Spoilage Mold Involved

Citrus fruits

Oranges Blue rot Penicillum italicum
Tomatoes, citrus fruits Sour rot Geotrichum candidum

Citrus fruits
Citrus fruits
Citrus fruits

Peaches/apricots
Peaches
Peaches
Peaches, apricots
Peaches, cherries

Apples/pears
Apples
Apples, pears

Apples, pears
Apples, pears
Pears

Green mold rot
Alternaria rot
Stem end rot

Brown rot

Pink rot

Black mold rot
Cladosporium rot

Soft rot
Lenticel rot

Black spot/scab
Brown rot
Erwinia rot

Bananas

Bananas Bitter rot (Anthracnose)
Bananas Finger rot

Bananas Crown rot

Other fruits

Pineapples Pineapple black rot
Water melons Anthracnose
Strawberries Grey mold rot

Grapes Grey mold rot

Penicillum digitatum

Alternaria sp.

Phomopsis citri, Diplodia natalensis,
Alternaria citri

Monilinia fructicola
Trichothecium sp.
Aspergillus niger
Cladosporium herbarum

Penicillum expansum

Cryptosporidium malicorticus, Phylctanea
vagabuna

Venturia inaequalis

Monilinia fructigena

Erwinia cartovora

Colletotrichum musae

Pestalozzia, Fusarium, Gleosporium sp.

Ceratocystis paradoxa, Fusarium roseum,
Colletotrichum musae, Verticillium theobromae

Ceratocystis paradoxa
C. lagenarium
Botrytis cinerea
Botrytis cinerea

Source: Adapted from Jay (1992).

can grow rapidly on cut surfaces of cantaloupe, wa-
termelon, and honeydew melon held at room temper-
ature (Golden et al., 1993), while E. coli 0157:H7
can grow in ground apples stored at various temper-
atures (Fisher and Golden, 1998) and in apple juice
at 4°C (Miller and Kaspar, 1994; Fratamico et al.,
1997; Splittstoesser et al., 1996), in orange juice at
4°C (Fratamicoetal., 1997), on surface of citrus fruits
(Pao and Brown, 1998). Aerobacter, Xanthomonas,
and Achromobacter can grow inside the citrus fruits
(Hill and Faville, 1951), while Leuconostoc and Lac-
tobacillus in orange juice and Listeria in orange juice
at 4°C (Parish and Higgins, 1989). Sometimes these
human pathogens could be traced to contamination.
These findings indicate the accomplishment of fa-
vorable environment for the survival and growth of
human pathogenic microbes in/on the fresh produce,
thus alerting the empowerment of strict safety and

hygiene practices during storage and processing of
produce as well as the regulation of stringent quaran-
tine measures for rapid detection and identification
of these microbes in processed products.

SAFETY AND SANITATION

Sanitation is of great concern as it protects produce
against postharvest diseases as well as protects con-
sumers from foodborne illnesses caused by an ar-
ray of human pathogens residing in the intestines
of ruminants and humans that can get transmitted
via the fecal-oral route such as E. coli 0157:H7,
Salmonella, Cryptosporidium, Hepatitis A virus, and
Cyclospora by contamination of fruits and vegeta-
bles. Disinfection of produce by chlorination (Zhao
et al., 2001), use of hydrogen peroxide, ozonation,
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use of quaternary ammonium salts in wash water can
help to prevent both postharvest and foodborne dis-
eases. Effectiveness of disinfectant depends on the
nature of the cells as well as the characteristics of
fruit tissues and juices. Han et al. (2002) reported the
inactivation of E. coli 0157:H7 on green peppers by
ozone gas treatment. Earlier a similar report on the ef-
fect of ozone and storage temperature on postharvest
diseases of carrots was provided by Liew and Prange
(1994). Castro et al. (1993) have reported the use of
rather unusual technique of pulsed electric fields for
inactivation of microbes in foods.

HEALTH IMPLICATIONS

Human pathogens such as enteric bacteria and
viruses cause illnesses exhibiting initial symptoms
such as diarrhea, nausea, vomiting, altered peri-
staltic movement of the intestine, fever that may
debilitate patient’s health and could aggravate to-
ward certain advanced complications or group of ail-
ments/syndrome sometimes resulting in death of vul-
nerable age/immunocompromised patients.

E. coli: E. coli O157:H7 causes abdominal cramps
and watery diarrhea/bloody diarrhea (hemorrhagic
colitis) along with fever and vomiting and the in-
cidence recovery within 10 days. However, infection
of E. coli 0157:H7 in young children and elderly
patients results in life-threatening complications as
hemolytic uremic syndrome (HUS), which is char-
acterized by acute renal failure, hemolytic anemia,
and thrombocytopenia.

Salmonella enteritidis/S. typhimurium: The symp-
toms share the similarity to E. coli infection along
with abdominal pain and cholera-like disease and
subsides within 2—4 days or may result in prolonged
enteritis with passage of mucus and pus in feces and
typhoidal speticaemic fever.

Shigella sp.: This bacterium causes shigellosis/
bacillary dysentery upon ingestion at very less in-
fective dose by forming shiga toxin and produces
inflammation of intestine, capillary thrombosis lead-
ing to transverse ulceration or bacteremia manifested
as bloody, mucoid scanty feces with tenesmus, fever,
and vomiting. HUS may also appear as a rare com-
plication in certain cases.

FUTURE PERSPECTIVES

The future era in fruit microbiology connotes the ad-
vent of fully automatized packaging, detection, and
status analyzers that would ensure stringent regula-
tions to minimize losses by spoilage and transmission

of foodborne human pathogens. The development of
new techniques of film coatings for fresh produce
involving the use of yeasts and lysozyme combina-
tions to fight against rot-causing microbes keeps the
fruits fresh for longer periods or the advent of trans-
genic fruits which act as vehicles for various dis-
eases such as cancer, Hepatitis, etc. have revolution-
ized the very idea of consuming fruits. Consumption
of cranberry juice was observed to prevent recur-
rent urinary-tract infections in women (Stapleton,
1999; Henig and Leahy 2000; Howell, 2002). Bacte-
riocins have been long noticed as potential inhibitors
or cidal agents against sensitive microorganisms un-
der certain conditions, but these in foods may cause
moderate antimicrobial activity followed by micro-
bial growth, which may indicate development of
resistance, application of inadequate quantities of
bacteriocin, or its inability to find all cell microen-
vironments to inactivate the target microorganism.
The potential for commercial use of bacteriocins
may be enhanced when they are used in multihurdle
preservation systems. The use of robots for faster in-
spection and screening of produce during processing
enlarges the horizons for instant food inspection,
while with the use of DNA-based techniques, the
whole scenario of conventional isolation and cumber-
some identification protocols has speeded up to rapid
enumeration of very low infective dose pathogens,
with even the detection of presence of several uncul-
tivatable microbes. The future techniques presently
available as research trials would not only detect the
microbes but also eradicate them or the toxic chemi-
cals produced by using tiny molecule/protein-coated
computer chips. Thus, future scenario holds the pos-
sibilities of better product shelf life and little risk
regarding the consumption of fresh fruits or their pro-
cessed products.
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INTRODUCTION

Nutrient is defined as a substance obtained from food
and used in the body to promote growth, mainte-
nance, and repair of body tissues, or simply as a sub-
stance that provides nourishment.

Broadly speaking, nutrients are classified into two
groups, namely macronutrients (also called energy-
producing nutrients or energy-yielding nutrients) and
micronutrients (which are characterized by their es-
sentiality for human health and the low quantities in
which they need to be ingested). Energy-producing
nutrients include carbohydrates, fats, and proteins.
Micronutrients often refer to vitamins and minerals.

Phytochemicals, also called bioactive compounds,
are substances present in foods in low levels that may
have a role in health maintenance in humans.

Fruits have proved to be essential for a balanced
diet. This is believed to be mainly due to their content
of vitamins, fibers, and phytochemicals, the latter be-
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ing responsible in part for the antioxidant properties
of fruits and foods of fruit origin.

Manufacturing processes are changing the nutri-
tional properties of some foods. For instance, partial
hydrogenation of vegetable oil results in the forma-
tion of trans-fatty acids, and heat treatment of pro-
tein solutions in an alkali environment results in the
formation of lysinoalanine. Both of these have been
shown to have detrimental health effects. On the other
hand, some nutrients and bioactive compounds that
are naturally present in fruits may undergo transfor-
mations during food processing that neither decrease
their nutritional value nor bioactive value but may in-
crease it by favoring their absorption and metabolism
in the human body.

In general, vitamins, minerals, water, and fibers
are considered to be the main nutrients contributed
by fruits to a balanced diet, and thus special atten-
tion should be addressed to this group of nutrients
(Villarino-Rodriguez et al., 2003).

In this chapter, we will present what we consider
to be the contribution of fruits to human nutrition
in order to understand how the different processing
methods used in the food industry may modify their
contents, structure, and biological activity in humans.

MACRONUTRIENTS
WATER

Water plays two fundamental roles as a nutrient: (1)
protective and regulatory, by being a substrate of bio-
logical reactions or acting as the matrix or vehicle in
which those reactions take place, and (2) an essential
role as the temperature and pH regulator in the human
body. Water also has a plastic function through the
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maintenance of the cell and tissue integrity. Around
two-thirds of the human body is composed of water,
and in general, the higher the metabolic activity of a
given tissue, the higher its percentage of water.

Most of the body water is found within three
body compartments: (1) intracellular fluid, which
contains approximately 70% water, (2) extracellu-
lar fluid, which is the interstitial fluid, and (3) blood
plasma. These two compartments contain ~27% wa-
ter. The body controls the amount of water in each
compartment by controlling the ion concentrations
in those compartments. Therefore, gains or losses of
electrolytes are usually followed by shifts of fluid to
restore osmotic equilibrium.

Although a low intake of water has been associated
with some chronic diseases, this evidence is insuffi-
cient to establish water intake recommendations. In-
stead, an adequate intake of water has been set by the
Food and Nutrition Board of the Institute of Medicine
in the United States, to prevent deleterious effects of
dehydration. This adequate intake of total water is
3.7 1for men and 2.7 1 for women. Fluids should rep-
resent 81% of the total intake, and water contained
in foods represent the other 19% (IM, 2004).

The body has three sources of water: (1) ingested
water and beverages, including fruit juices, (2) the
water content of solid foods, and (3) metabolic wa-
ter. Fruits have a high percentage of water that ranges

from 70% to 95% of the eatable part of the fruit (see
Table 2.1). For this reason, they are, together with
vegetables, a very good source of water in the diet
within the solid foods. The content of water in a fruit
may be greatly affected by the processing technology,
and in fact, some technologies used to increase the
shelf life of fruits do so through the reduction of their
water content. It is important to bear in mind that the
water content of a fruit also changes during matura-
tion, therefore the optimum degree of maturation of
a fruit for a given processing technology may be dif-
ferent than for another processing technology. This
will also affect the water content in the final product.

CARBOHYDRATES

Energy is required for all body processes, growth, and
physical activity. Carbohydrates are the main source
of energy in the human diet. The energy produced
from carbohydrate metabolism may be used directly
to cover the immediate energy needs or be trans-
formed into an energy deposit in the body in the form
of fat. Carbohydrates also have a regulatory func-
tion, for instance, by selecting the microflora present
in the intestines. Fructose has been known to in-
crease plasma urate levels due to rapid fructokinase-
mediated metabolism to fructose 1-phosphate. This
increase in plasma urate levels seems to cause an

Table 2.1. Fruit Composition (Grams per 100 g of Edible Portion)

Fruit Water Carbohydrates Protein Fat Fiber
Apple 86 12.0 0.3 T, 2.0
Apricot 88 9.5 0.8 T; 2.1
Avocado 79 59 1.5 12 1.8
Banana 75 20.0 1.2 0.3 34
Cherry 80 17.0 1.3 0.3 1.2
Grape 82 16.1 0.6 T; 0.9
Guava 82 15.7 1.1 0.4 53
Kiwi fruit 84 9.1 1.0 0.4 2.1
Mango 84 15.0 0.6 0.2 1.0
Melon 92 6.0 0.1 T, 1.0
Orange 87 10.6 1.0 T; 1.8
Papaya 89 9.8 0.6 0.1 1.8
Peach 89 9.0 0.6 T; 1.4
Pear 86 11.5 0.3 T, 2.1
Pineapple 84 12.0 1.2 T: 1.2
Plum 84 9.6 0.8 T; 2.2
Raspberry 86 11.9 1.2 0.6 6.5
Strawberry 91 5.1 0.7 0.3 2.2
Watermelon 93 8.0 1.0 T; 0.6

Source: Moreiras et al. (2001).
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increase in plasma antioxidant capacity in humans
(Lotito and Frei, 2004).

In general, the carbohydrates are classified into
three groups: monosaccharides, oligosaccharides,
and polysaccharides. Monosaccharides include pen-
toses (arabinose, xylose, and ribose) and hexoses
(glucose, fructose, and galactose). Oligosaccha-
rides are sucrose, maltose, lactose, raffinose, and
stachyose. Polysaccharides include starch (com-
posed of amylose and amylopectine, both polymers
of glucose), glycogen, and other polysaccharides,
which form part of fiber which we will review in
the following section.

The recommended dietary allowance (RDA) for
carbohydrates is 130 g/day, except in the cases
of pregnancy (when it is 175 g/day) and lacta-
tion (210 g/day). With respect to the total energy
consumed per day, carbohydrates should represent
45-65% (IM, 2002).

After water, carbohydrates are the main compo-
nent of fruits and vegetables and represent more than
90% of their dry matter. The main monosaccharides
are glucose and fructose. Their concentration may
change depending on the degree of maturation of the
fruit. The relative abundance of glucose and fructose
also changes from one fruit to another (Table 2.2).
For instance, in peaches, plums, and apricots, there
is more glucose than fructose and the opposite occurs
in the case of apples or pears. Other monosaccharides,
such as galactose, arabinose, and xylose, are present
in minimal amounts in some fruits, especially orange,
lemon, or grapefruit. Fruits such as plums, pears, and
cherries also contain the sugar alcohol sorbitol, which

acts as a laxative because of osmotic transfer of water
into the bowel.

Sucrose is the most abundant oligosaccharide in
fruits; however, there are others such as maltose,
melibiose, raffinose, or stachyose that have been
described in grapes, and 1-kestose in bananas. Other
oligosaccharides are rare in fruits. Starch is present
in very low amounts in fruits, since its concentration
decreases during maturation. The only exception is
banana that may have concentrations of starch higher
than 3% (Belitz and Grosch, 1997).

During food processing, carbohydrates are mainly
involved in two kinds of reactions: on heating they
darken in color or caramelize, and some of them com-
bine with proteins to give dark colors known as the
browning reaction.

FIBER

Fiber is often referred to as unavailable carbohy-
drate. This definition has been a controversy for
years. Fiber is a generic term that includes those plant
constituents that are resistant to digestion by secre-
tions of the human gastrointestinal tract. Therefore,
dietary fiber does not have a defined composition, but
varies with the type of foodstuff. Perhaps we can say
that fiber may not be a carbohydrate and it may be
available.

Fiber has mainly a regulatory function in the hu-
man body. The role of fiber in human health has been
the subject of many studies in the last 30 years. In
most of these studies, the results have suggested im-
portant roles of fiber in maintaining human health.

Table 2.2. Sugar Contents of Fruits (Grams per 100 g of Edible Portion)

Fruit Fructose Glucose Sucrose Maltose Total Sugar
Apple 5.6 1.8 2.6 - 10.0
Apricot 0.4 1.9 4.4 - 6.7
Avocado 0.1 0.1 - - 0.2
Banana 2.9 24 5.9 - 11.3
Cherry 6.1 55 - - 11.6
Grapefruit 1.6 1.5 2.3 0.1 5.7
Grape 6.7 6.0 0.0 0.0 12.9
Mango 3.8 0.6 8.2 - 12.7
Orange 2.0 1.8 44 - 8.3
Peach 4.0 4.5 0.2 - 8.7
Pear 53 4.2 1.2 - 10.7
Plum 3.2 5.1 0.1 0.1 8.6
Strawberry 2.3 2.6 1.3 - 6.2
Watermelon 2.7 0.6 2.8 - 6.2

Source: Belitz and Grosch (1997) and Li et al. (2002).
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The role of fiber in human health is mainly protective
against disease, e.g., diseases of the gastrointestinal
tract, circulation related diseases and metabolic
diseases (Saura-Calixto, 1987).

The major components of dietary fiber are the
polysaccharides celluloses, hemicelluloses, pectins,
gums, and mucilages. Lignin is the other component
that is included in most definitions of fiber but it is
not a carbohydrate.

Fiber may be classified as water soluble and in-
soluble. Gums, mucilages, some hemicelluloses, and
pectins are part of the soluble fiber. Celluloses, hemi-
celluloses, and lignins are insoluble fibers. Fruits are
good sources of both classes of fibers, especially
soluble fiber. Fiber, together with vitamins, is the
main nutritional reason for using fruits for a balanced
diet.

There are several fiber-associated substances that
are found in fruit fiber, which may have some nutri-
tional interest. Among them are phytates, saponins,
tannins, lectins, and enzyme inhibitors. Saponins,
which are mainly present in some tropical fruits,
may enhance the binding of bile acids to fiber and
reduce cholesterol absorption. Tannins are polyphe-
nolic compounds widely distributed in fruits, which
can bind proteins and metals and reduce their ab-
sorption. Lectins, which are present in bananas and
some berries, are glycoproteins that can bind specific
sugars and affect the absorption of other nutrients.

The RDA for fiber is 25-30 g/day, depending on
age and sex, except in the case of children from 1 to
3 years, in which case it is 19 g/day.

Dietary fiber is present in fruits in amounts that
may be as high as 7% of the eatable part of the fruit
(see Table 2.1). Within fiber, the most common com-
ponents in fruits are celluloses, hemicelluloses, and
pectins. Pectins are important in the technological
process, since they may be deeply modified and this
modification not only has an influence on the nutri-
tional value of the final food, but also has an impact
on the texture and palatability of the product.

FaTs

Fat has three important roles as a nutrient: it is a
highly concentrated source of energy, it serves as a
carrier for fat-soluble vitamins and there are some
fatty acids that are essential nutrients that can only be
ingested with fat. Fat also serves as a carrier for some
of the bioactive compounds present in fruits such as
phytoestrogens and carotenoids that are lypophylic.

Fatty acids are also needed to form cell struc-
tures and to act as precursors of prostaglandins. Fatty
acids are part of triglycerides, which are the princi-
ple form in which fat occurs. Fatty acids may oc-
cur naturally with various chain lengths and different
numbers of double bonds. They may be saturated
(butyric, caproic, caprylic, capric, lauric, palmitic,
stearic, and myristic acids), monounsaturated (oleic
and palmitoleic acid), and polyunsaturated (linoleic,
linolenic, and arachidonic acids) also known as
PUFAs. Linoleic and linolenic acids cannot be syn-
thesized in the body and are known as essential fatty
acids. They are needed to build and repair cell struc-
tures, such as the cell wall and, notably, tissues in the
central nervous system, and to form the raw material
for prostaglandin production. Inflammatory and other
chronic diseases are noted for exhibiting a deficiency
of polyunsaturated fatty acids in the bloodstream.
Fatty acids that contain double carbon bonds can exist
in either of two geometrically isomeric forms: cis and
trans. Trans-fatty acids are produced in the hydro-
genation process in the food industry and may play
a role in atherosclerotic vascular disease (Sardesai,
1998).

In general, fat should represent between 20% and
35% of the total energy consumed per day in order
to reduce risk of chronic disease while providing in-
takes of essential nutrients. This fat should include
10-14 g/day of linoleic acid and 1.2-1.6 g/day of
linolenic acid.

Fat content in fruits is in general very low (see
Table 2.1). However, in cherimoya (1%) and avocado
(12-16%), the lipid levels are higher. In avocado, the
most abundant fatty acids are palmitic, palmitoleic,
stearic, oleic, linoleic, and linolenic acids, but the
amounts may change a lot with the variety, matu-
rity, processing, and storage conditions (Ansorena-
Artieda, 2000).

PROTEINS

The importance of protein in the diet is primarily to
act as a source of amino acids, some of which are
essential because the human body cannot synthesize
them. From the 20 amino acids that are part of the
structure of proteins, almost half of them are con-
sidered to be essential, including isoleucine, leucine,
lysine, methionine, phenylalanine, threonine, tryp-
tophan, and valine. The RDA for proteins is 34—
56 g/day, depending on age and sex, and in the case of
pregnancy and lactation, it is 71 g/day. With respect
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to the total energy consumed per day, carbohydrates
(proteins) should represent 10-35%.

Proteins are essential structural components of all
cells and are needed by the human body to build
and repair tissues, for the synthesis of enzymes, hor-
mones, and others. They are also involved in the im-
mune system, coagulation, etc. Therefore, proteins
play both regulatory and plastic roles in the human
body.

Proteins are made up of a long chain of amino
acids, sometimes modified by the addition of
heme, sugars, or phosphates. Proteins have primary,
secondary, tertiary, and quaternary structures, all of
which may be essential for the protein to be active.
The primary structure of a protein is its amino acid
sequence and the disulphide bridges, i.e., all covalent
connections in a protein. The secondary structure is
the way a small part, spatially near in the linear se-
quence of a protein, folds up into a-helix or 3-pleated
sheets. The tertiary structure is the way the secondary
structures fold onto themselves to form a protein or
a subunit of a more complex protein. The quaternary
structure is the arrangement of polypeptide subunits
within complex proteins made up of two or more sub-
units, sometimes associated with non-proteic groups.
Food processing may affect these four structures in
many ways, thus modifying the activity of the protein
and also its nutritional value. Amino acids and pro-
teins containing lysine or arginine as their terminal
amino acids are also involved in the Maillard reac-
tions that have a nutritional and sensory impact on
processed foods.

Nitrogenated compounds are present in fruits in
low percentages (0.1-1.5%). From a quantitative
point of view, fruits are not a good source of pro-
teins, however, in general berries are a better source
than the rest of the fruits. Cherimoya and avocado
also present higher levels of proteins than other fruits
(Torija-Isasa and Camara-Hurtado, 1999).

There are some free amino acids that may be char-
acteristic of a certain fruit. This is the case of proline
which is characteristic of oranges but cannot be found
in strawberries or bananas.

MICRONUTRIENTS
VITAMINS

Thirteen vitamins have been discovered to date, and
each has a specific function. Vitamins must be sup-
plied in adequate amounts via the diet in order to meet
requirements. Scientists are interested in determining

the optimal levels of intake for these micronutrients
in order to achieve maximum health benefit and the
best physical and mental performance.

Vitamin C

Antioxidants have important roles in cell function and
have been implicated in processes that have their ori-
gins in oxidative stress, including vascular processes,
inflammatory damage, and cancer. L-Ascorbic acid
(L-AA, vitamin C, ascorbate) is the most effective
and least toxic antioxidant. Vitamin C may also con-
tribute to the maintenance of a healthy vasculature
and to a reduction in atherogenesis through the regu-
lation of collagen synthesis, prostacyclin production,
and nitric oxide (Davey et al., 2000; Sdnchez-Moreno
et al., 2003a, b). The second US National Health and
Nutrition Examination Survey reported that a low in-
take of vitamin C is associated with blood concen-
trations of vitamin C = 0.3 mg/dl, whereas blood
concentrations in well-nourished persons fluctuate
between 0.8 and 1.3 mg/dl. An increase in intake
of vitamin C is associated with health status (Simon
et al., 2001).

Vitamin C is an essential nutrient for humans; un-
like most mammals, we cannot synthesize vitamin
C, and therefore must acquire it from the diet. For
adults, dietary needs are met by a minimum intake
of 60 mg/day. However, the preventative functions
of vitamin C in aging related diseases provide com-
pelling arguments for an increase in dietary intakes
and RDAs. Men and women who consumed four
daily vegetable and fruit servings had mean vitamin
C intakes of 75 and 77 mg, respectively. Men and
women who consumed five daily vegetable and fruit
servings averaged 87 and 90 mg vitamin C, respec-
tively (Taylor et al., 2000).

The primary contributors to daily vitamin intake
are fruit juices (21% of total), whereas all fruits to-
gether contributed nearly 45% of total vitamin C in-
take. Relatively high amounts of vitamin C are found
in strawberries and citrus fruits, although the avail-
ability of vitamin C within these food sources will be
influenced by numerous factors. Virtually all of the
vitamin C in Western diets is derived from fruits and
vegetables. In general, fruits tend to be the best food
sources of the vitamin. Especially rich sources of vi-
tamin C are blackcurrant (200 mg/100 g), strawberry
(60 mg/100 g), and the citrus fruits (30-50 mg/100 g).
Not all fruits contain such levels, and apples, pears,
and plums represent only a very modest source of
vitamin C (3-5 mg/100 g). However, much fruit is
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Table 2.3. Vitamin Content of Fruits (Value per 100 g of Edible Portion)

Vitamin Vitamin E (mg) Vitamin A Thiamin Riboflavin Niacin Pyridoxine Folate

Fruit C(mg) (a-tocopherol) (pgRAE) (mg)  (mg)  (mg)  (mg)  (pg)
Apple 4.6 0.18 3 0.017 0.026 0.091 0.041 3
Apricot 10.0 0.89 96 0.030 0.040 0.600 0.054 9
Avocado 10.0 2.07 7 0.067 0.130 1.738 0.257 58
Banana 8.7 0.10 3 0.031 0.073 0.665 0.367 20
Cherry 7.0 0.07 3 0.027 0.033 0.154 0.049 4
Grape 10.8 0.19 3 0.069 0.070 0.188 0.086 2
Guava 183.5 0.73 31 0.050 0.050 1.200 0.143 14
Kiwi fruit 75.0 - 9 0.020 0.050 0.500 - -
Orange 53.2 0.18 11 0.087 0.040 0.282 0.060 30
Papaya 61.8 0.73 55 0.027 0.032 0.338 0.019 38
Passion fruit 30.0 0.02 64 0.000 0.130 1.500 0.100 14
Peach 6.6 0.73 16 0.024 0.031 0.806 0.025 4
Pear 4.2 0.12 1 0.012 0.025 0.157 0.028 7
Pineapple 36.2 0.02 3 0.079 0.031 0.489 0.110 15
Plum 9.5 0.26 17 0.028 0.026 0.417 0.029 5
Raspberry 26.2 0.87 2 0.032 0.038 0.598 0.055 21
Strawberry 58.8 0.29 1 0.024 0.022 0.386 0.047 24

Source: USDA (2004).
Note: RAE—retinol activity equivalents.

eaten raw and the low pH of fruits stabilizes the
vitamin during storage (Davey et al., 2000).

A summary of the average vitamin C content of
certain fruits (mg per 100 g of edible portion) is given
in Table 2.3.

Vitamin E

Vitamin E is the generic term for a family of related
compounds known as tocopherols and tocotrienols.
Naturally occurring structures include four toco-
pherols (-, B-, -, and 8-) and four tocotrienols
(a-, B-, v-, and &-). Of the eight naturally occur-
ring forms of a-tocopherol (RRR-, RSR-, RRS-, RSS-,
SRR-, SSR-, SRS-, and SSS-), only one form, RRR-
a-tocopherol, is maintained in human plasma and
therefore is the active form of vitamin E (Trumbo
et al., 2003).

a-Tocopherol is the predominant tocopherol form
found naturally in foods, except in vegetable oils
and nuts, which may contain high proportions of
vy -tocopherol (Bramley et al., 2000).

The vitamin E activity of tocopherols is fre-
quently calculated in international units (IU), with
1 IU defined as the biological activity of 1 mg all-
rac-a-tocopheryl acetate. Recently, the US National
Research Council has suggested that vitamin E
activity could be expressed as RRR-a-tocopherol

equivalents (a-TE). One «-TE is defined as the bi-
ological activity of 1 mg RRR-a-tocopherol. One
IU is equal to 0.67 a-TE (Brigelius-Flohé et al.,
2002).

Recent research evidences the role of vitamin E in
reducing the risk of developing degenerative disease.
This role is suggested on the hypothesis that pre-
venting free radical-mediated tissue damage (e.g., to
cellular lipids, proteins, or DNA) may play a key role
in delaying the pathogenesis of a variety of degenera-
tive diseases (Bramley et al., 2000; Sanchez-Moreno
et al., 2003b).

There is some controversy about the optimum
range of vitamin E intake for associated health
benefits. Some authors recommend intakes of 130-
150 IU/day or about 10 times the US Food and Nutri-
tional Board (15 mg/day) on the basis of the protec-
tion in relation to cardiovascular disease. Other au-
thors indicate that the optimal plasma a-tocopherol
concentration for protection against cardiovascular
disease and cancer is >30 mmol/l at common plasma
lipid concentrations. A daily dietary intake of only
about 15-30 mg a-tocopherol would be sufficient to
maintain this plasma level, an amount that could be
obtained from the diet (Bramley et al., 2000).

The richest sources of vitamin E are vegetable oils
and the products made from them, followed by bread
and bakery products and nuts. Vegetables and fruits
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contain little amount of vitamin E (Bramley et al.,
2000).

Table 2.3 shows the range of concentrations
(mg per 100 g of edible portion) of vitamin E
(a-tocopherol) from certain fruits.

Vitamin B-1, B-2, B-3, B-6, Folate

Thiamin (vitamin B-1), riboflavin (vitamin B-2),
niacin (vitamin B-3), and pyridoxine (vitamin B-6),
are used as coenzymes in all parts of the body. They
participate in the metabolism of fats, carbohydrates,
and proteins. They are important for the structure and
function of the nervous system (IM, 1998; ASNS,
2004; Lukaski, 2004).

Thiamin diphosphate is the active form of thiamin.
It serves as a cofactor for several enzymes involved
in carbohydrate catabolism. The suggested intake for
thiamin is 1.15 g/day. Thiamin requirement depends
on energy intake, thus the suggested RDA is 0.5
mg/1000 kcal.

Riboflavin is required for oxidative energy produc-
tion. Because riboflavin is found in a variety of foods,
either from animal or vegetable origin, riboflavin de-
ficiency is uncommon in Western countries. Recom-
mendations for riboflavin intake are based on energy
intake. It is suggested that an intake of 0.6 mg/1000
kcal will meet the needs of most healthy adults. The
current RDA is 1.2 g/day.

Niacin (nicotinic acid and nicotinamide). Nicoti-
namide is a precursor of nicotinamide adenine
(NAD), nucleotide, and nicotinamide adenine din-
ucleotide phosphate (NADP), in which the nicoti-
namide moiety acts as electron acceptor or hydrogen
donor, respectively, in many biological redox reac-
tions. The RDA is expressed in milligram niacin
equivalents (NE) in which 1 mg NE = 1 mg niacin or
60 mg tryptophan. For individuals above 13 years of
age, the RDA is 16 mg NE/day for males and 14 mg
NE/day for females.

The chemical name of vitamin B-6 is pyridoxine
hydrochloride. Other forms of vitamin B-6 include
pyridoxal, and pyridoxamine. Vitamin B-6 is one of
the most versatile enzyme cofactors. Vitamin B-6 in
the form of pyridoxal phosphate acts as a cofactor
for transferases, transaminases, and decarboxylases,
used in transformations of amino acids. The RDA for
vitamin B-6 is 1.6 mg/day.

Folate is an essential vitamin that is also known
as folic acid and folacin. The metabolic role of
folate is as an acceptor and donor of one-carbon
units in a variety of reactions involved in amino acid

and nucleotide metabolism. The RDA for folate is
400 pg/day. Excellent food sources of folate from
fruits (>55 pg/day) include citrus fruits and juices.

Table 2.3 shows the range of concentrations
(amount per 100 g of edible portion) of thiamin, ri-
boflavin, niacin, pyridoxine, and folate from selected
fruits.

MINERALS

An adequate intake of minerals is essential for a high
nutritional quality of the diet, and it also contributes
to the prevention of chronic nutrition related dis-
eases. However, even in Western societies, intake of
some minerals such as calcium, iron, and zinc is often
marginal in particular population groups e.g., small
children or female adolescents, while the intake of
sodium or magnesium, reach or exceed the recom-
mendations.

Table 2.4 shows the mineral content (amount per
100 g of edible portion) from certain fruits.

Iron

Iron (Fe) is an essential nutrient that carries oxy-
gen and forms part of the oxygen-carrying proteins,
hemoglobin in red blood cells and myoglobin in
muscle. It is also a necessary component of various
enzymes. Body iron is concentrated in the storage
forms, ferritin and hemosiderin, in bone marrow,
liver, and spleen. Body iron stores can usually be
estimated from the amount of ferritin protein in
serum. Transferrin protein in the blood transports and
delivers iron to cells (Lukaski, 2004).

The body normally regulates iron absorption in
order to replace the obligatory iron losses of about
1-1.5 mg/day. The RDAs for iron are 10 mg for men
over 10 years and for women over 50 years, and 15 mg
for 11- 50-year-old females (ASNS, 2004).

Non-heme iron is the source of iron in the diet
from plant foods. The absorption of non-heme iron
is strongly influenced by dietary components, which
bind iron in the intestinal lumen. Non-heme iron
absorption is usually from 1% to 20%. The main
inhibitory substances are phytic acid from cereal
grains and legumes such as soy, and polyphenol com-
pounds from beverages such as tea and coffee. The
main enhancers of iron absorption are ascorbic acid
from fruits and vegetables, and the partially digested
peptides from muscle tissues (Frossard et al., 2000;
Lukaski, 2004).
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Table 2.4. Mineral Content of Fruits (Value per 100 g of Edible Portion)

Fruit Fe (mg) Ca(mg) P(mg) Mg(mg) K(mg) Na(mg) Zn(mg) Cu(mg) Se(ng)
Apple 0.12 6 11 5 107 1 0.04 0.027 0.0
Apricot 0.39 13 23 10 259 1 0.20 0.078 0.1
Avocado 0.55 12 52 29 485 7 0.64 0.190 0.4
Banana 0.26 5 22 27 358 1 0.15 0.078 1.0
Cherry 0.36 13 21 11 222 0 0.07 0.060 0.0
Grape 0.36 10 20 7 191 2 0.07 0.127 0.1
Guava 0.31 20 25 10 284 3 0.23 0.103 0.6
Kiwi fruit 0.41 26 40 30 332 5 - - -
Orange 0.10 40 14 10 181 0 0.07 0.045 0.5
Papaya 0.10 24 5 10 257 3 0.07 0.016 0.6
Passion fruit ~ 1.60 12 68 29 348 28 0.10 0.086 0.6
Peach 0.25 6 20 9 190 0 0.17 0.068 0.11
Pear 0.17 9 11 7 119 1 0.10 0.082 0.1
Pineapple 0.28 13 8 12 115 1 0.10 0.099 0.1
Plum 0.17 6 16 7 157 0 0.10 0.057 0.0
Raspberry 0.69 25 29 22 151 1 0.42 0.090 0.2
Strawberry 0.42 16 24 13 153 1 0.14 0.048 0.4

Source: USDA (2004).

Calcium

Calcium (Ca) is the most common mineral in the hu-
man body. Calcium is a nutrient in the news because
adequate intakes are an important determinant of
bone health and reduced risk of fracture or osteo-
porosis (Frossard et al., 2000).

Approximately 99% of total body calcium is in the
skeleton and teeth, and 1% is in the blood and soft
tissues. Calcium has the following major biological
functions: (a) structural as stores in the skeleton,
(b) electrophysiological—carries a charge during an
action potential across membranes, (c) intracellular
regulator, and (d) as a cofactor for extracellular en-
zymes and regulatory proteins (Frossard et al., 2000;
ASNS, 2004).

The dietary recommendations vary with age.
An amount of 1300 mg/day for individuals aged
9-18 years, 1000 mg/day for individuals aged 19—
50 years, and 1200 mg/day for individuals over the
age of 51 years. The recommended upper level of
calcium is 2500 mg/day (IM, 1997; ASNS, 2004).

Calcium is present in variable amounts in all the
foods and water we consume, although vegetables are
one of the main sources. Of course, dairy products are
excellent sources of calcium.

Phosphorus

Phosphorus (P) is an essential mineral that is found
in all cells within the body. The body of the human

adult contains about 400-500 g. The greatest amount
of body phosphorus can be found primarily in bone
(85%) and muscle (14%). Phosphorus is primarily
found as phosphate (PO,427). The nucleic acids—
deoxyribonucleic acid (DNA) and ribonucleic acid
(RNA)—are polymers based on phosphate ester
monomers. The high-energy phosphate bond of ATP
is the major energy currency of living organisms. Cell
membranes are composed largely of phospholipids.
The inorganic constituents of bone are primarily a
calcium phosphate salt. The metabolism of all ma-
jor metabolic substrates depends on the functioning
of phosphorus as a cofactor in a variety of enzymes
and as the principal reservoir for metabolic energy
(ASNS, 2004).

The RDAs for phosphorus (mg/day) are based
on life stage groups. Among others, for youth
9-18 years, the RDA is 1250 mg, which indicates
the higher need for phosphorus during the adoles-
cent growth. Adults 19 years and older have a RDA
of 700 mg (IM, 1997; ASNS, 2004).

Magnesium

Magnesium (Mg) is the fourth most abundant cation
in the body, with 60% in the bone and 40% dis-
tributed equally between muscle and non-muscular
soft tissue. Only 1% of magnesium is extracellular.
Magnesium has an important role in at least 300 fun-
damental enzymatic reactions, including the transfer
of phosphate groups, the acylation of coenzyme A in
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the initiation of fatty acid oxidation, and the hydrol-
ysis of phosphate and pyrophosphate. In addition,
it has a key role in neurotransmission and immune
function. Magnesium acts as a calcium antagonist
and interacts with nutrients, such as potassium, vita-
min B-6, and boron (Lukaski, 2004; ASNS, 2004).

The RDA, from the US Food and Nutrition Board,
vary according to age and sex. The RDAs for mag-
nesium are 320 and 420 mg/day for women and men
(adults over 30 years), respectively (IM, 1997; ASNS,
2004).

Potassium

Potassium (K) in the form of K* is the most essen-
tial cation of the cells. Its high intracellular concen-
tration is regulated by the cell membrane through
the sodium—potassium pump. Most of the total body
potassium is found in muscle tissue (ASNS, 2004).

The estimated minimum requirement for potas-
sium for adolescents and adults is 2000 mg or
50 mEq/day. The usual dietary intake for adults is
about 100 mEq/day. Most foods contain potassium.
The best food sources are fruits, vegetables, and
juices (IM, 2004; ASNS, 2004).

Sodium

Sodium (Na) is the predominant cation in extracel-
lular fluid and its concentration is under tight home-
ostatic control. Excess dietary sodium is excreted in
the urine. Sodium acts in consort with potassium to
maintain proper body water distribution and blood
pressure. Sodium is also important in maintaining
the proper acid-base balance and in the transmission
of nerve impulses (ASNS, 2004).

The RDAs for sodium ranges from 120 mg/day
for infants to 500 mg/day for adults and children
above 10 years. Recommendations for the maxi-
mum amount of sodium that can be incorporated
into a healthy diet range from 2400 to 3000 mg/day.
The current recommendation for the general healthy
population to reduce sodium intake has been a mat-
ter of debate in the scientific community (Kumanyika
and Cutler, 1997; IM, 2004; ASNS, 2004).

Zinc

Zinc (Zn) acts as a stabilizer of the structures of
membranes and cellular components. Its biochemical
function is as an essential component of a large num-
ber of zinc-dependent enzymes, particularly in the
synthesis and degradation of carbohydrates, lipids,

proteins, and nucleic acids. Zinc also plays a ma-
jor role in gene expression (Frossard et al., 2000;
Lukaski, 2004).

The RDAs for zinc are 8 and 11 mg/day for women
and men, respectively (ASNS, 2004).

Copper

Copper (Cu) is utilized by most cells as a component
of enzymes that are involved in energy production
(cytochrome oxidase), and in the protection of cells
from free radical damage (superoxide dismutase).
Copper is also involved with an enzyme that strength-
ens connective tissue (lysyl oxidase) and in brain
neurotransmitters (dopamine hydroxylase) (ASNS,
2004).

The estimated safe and adequate intake for copper
is 1.5-3.0 mg/day (ASNS, 2004).

Selenium

Selenium (Se) is an essential trace element that
functions as a component of enzymes involved
in antioxidant protection and thyroid hormone
metabolism (ASNS, 2004).

The RDAs are 70 pg/day for adult males, and
55 wg/day for adult females. Foods of low protein
content, including most fruits and vegetables, pro-
vide little selenium. Food selenium is absorbed with
efficiencies of 60-80% (ASNS, 2004).

BIOACTIVE COMPOUNDS
CAROTENOIDS

Carotenoids are lipid-soluble plant pigments com-
mon in photosynthetic plants. The term carotenoid
summarizes a class of structurally related pigments,
mainly found in plants. At present, more than 600
different carotenoids have been identified, although
only about two dozens are regularly consumed by
humans. The most prominent member of this group
is B-carotene. Most carotenoids are structurally ar-
ranged as two substituted or unsubstituted ionone
rings separated by four isoprene units containing nine
conjugated double bonds, such as a- and 3-carotene,
lutein, and zeaxanthin, and a- and (-cryptoxanthin
(Goodwin and Merce, 1983; Van den Berg et al.,
2000). These carotenoids, along with lycopene, an
acylic biosynthetic precursor of (3-carotene, are most
commonly consumed and are most prevalent in hu-
man plasma (Castenmiller and West, 1998).
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Figure 2.1. Structure and numbering of the carotenoid carbon skeleton. (Source: Shahidi et al., 1998.)

All carotenoids can be derived from an acyclic
C40H56 unit by hydrogenation, dehydrogenation,
cyclization and/or oxidation reactions (Fig. 2.1). All
specific names are based on the stem name carotene,
which corresponds to the structure and numbering in
Figure 2.1 (Shahidi et al., 1998).

The system of conjugated double bonds influences
their physical, biochemical, and chemical properties.
Based on their composition, carotenoids are subdi-
vided into two groups. Those contain only carbon
and hydrogen atoms, which are collectively assigned
as carotenes, e.g., [3-carotene, a-carotene, and ly-
copene. The majority of natural carotenoids contain
atleast one oxygen function, such as keto, hydroxy, or
epoxy groups, and are referred to as xanthophylls or
oxocarotenoids. In their natural sources, carotenoids
mainly occur in the all-trans configuration (Goodwin
and Merce, 1983; Van den Berg et al., 2000).

Carotenoid pigments are of physiological interest
in human nutrition, since some of them are vita-
min A precursors, especially (3-carotene. a-Carotene,
and a- and B-cryptoxanthin possess provitamin A
activity, but to a lesser extent than (3-carotene. On
the basis of epidemiological studies, diet rich in fruits
and vegetables containing carotenoids is suggested to
protect against degenerative diseases such as cancer,
cardiovascular diseases, and macular degeneration.
Recent clinical trials on supplemental [3-carotene
have reported a lack of protection against degener-
ative diseases. Much of the evidence has supported
the hypothesis that lipid oxidation or oxidative stress
is the underlying mechanism in such diseases. To
date carotenoids are known to act as antioxidants
in vitro. In addition to quenching of singlet oxygen,
carotenoids may react with radical species either by
addition reactions or through electron transfer reac-
tions, which results in the formation of the carotenoid

radical cation (Canfield et al., 1992; Sies and Krinsky,
1995; Van den Berg et al., 2000; Sdnchez-Moreno et
al., 2003c).

Carotenoid intake assessment has been shown to
be complicated mainly because of the inconsisten-
cies in food composition tables and databases. Thus,
there is a need for more information about indi-
vidual carotenoids. The estimated dietary intake of
carotenoids in Western countries is in the range of
9.5-16.1 mg/day. To ensure the intake of a sufficient
quantity of antioxidants, the human diet, which real-
istically contains 100-500 g/day of fruit and vegeta-
bles, should contain a high proportion of carotenoid-
rich products. No formal diet recommendation for
carotenoids has yet been established, but some ex-
perts suggest intake of 5-6 mg/day, which is about
twice the average daily U.S. intake. In the case of vi-
tamin A, for adult human males, the RDA is 1000 p.g
retinyl Eq/day, and for adult females, 800 g retinyl
Eq/day (O’Neill et al., 2001; Trumbo et al., 2003).

Citrus fruits are the major source of f-
cryptoxanthin in the Western diet. The major fruit
contributors to the carotenoid intake in Western diets
are orange ([3-cryptoxanthin and zeaxanthin), tanger-
ine (B-cryptoxanthin), peach (B-cryptoxanthin and
zeaxanthin), watermelon (lycopene), and banana (a-
carotene). Other relatively minor contributors are
kiwi fruit, lemon, apple, pear, apricot, cherry, melon,
strawberry, and grape (Granado et al., 1996; O’Neill
etal., 2001).

FLAVONOIDS

Flavonoids are the most common and widely dis-
tributed group of plant phenolics. Over 5000 different
flavonoids have been described to date and they are
classified into at least 10 chemical groups. Among
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Figure 2.2. Structures of the main
flavonoids in fruits. (Source:
Harborne, 1993.)

them, flavones, flavonols, flavanols, flavanones, an-
thocyanins, and isoflavones are particularly common
in fruits (Fig. 2.2). The most-studied members of
these groups are included in Table 2.5, along with
some of their fruit sources (Bravo, 1998).

Numerous epidemiological studies support the
concept that regular consumption of foods and bever-
ages rich in antioxidant flavonoids is associated with
a decreased risk of cardiovascular disease mortality.
There is also scientific evidence that flavonoids may
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Table 2.5. Classification of Flavonoids and Their Presence in Fruits

Subclasses Flavonoids Fruits
Flavones Apigenin, luteolin Apples, blueberries, grapefruit,
grapes, oranges

Flavonols Quercetin, kaempferol, myricetin Apples, berries, plums

Flavanols Catechin, epicatechin, Apples, berries, grapes, plums
epigallocatechin gallate

Flavanones Hesperetin, naringenin Citrus fruits

Anthocyanins Cyanidin, pelargonidin, malvidin Berries, grapes

Isoflavones Genistein, daidzein Currants, passion fruit

Source: De Pascual-Teresa et al. (2000) and Franke et al. (2004).

protect against some cancers. It has been shown in the
past that flavonoid content and structure may change
with technological processes increasing or decreas-
ing their contents and biological activity (Garcia-
Alonso et al., 2004).

Most of the existing flavonoids in fruits have shown
antioxidant activity in in vitro studies, and almost all
the fruits that have been screened for their antioxidant
activity have shown to a lower or higher extent some
antioxidant and radical scavenger activity.

Other biological activities of flavonoids seem to
be independent of their antioxidant activity. This is
the case of the oestrogen-like activity showed by
isoflavones. Isoflavones have also shown an effect
on total and HDL cholesterol levels in blood.

Anthocyanins have shown to be effective in de-
creasing capillary permeability and fragility and also
have anti-inflammatory and anti-oedema activities.

Flavonols inhibit COX-2 activity and thus may
play arole in the prevention of inflammatory diseases
and cancer (De Pascual-Teresa et al., 2004).

Factors like modification on the flavonoid struc-
ture or substitution by different sugars or acids may
deeply affect the biological activity of flavonoids and
in this sense different processing of the fruits may also
influence their beneficial properties for human health.

PHYTOSTEROLS

Plant-based foods contain a large number of plant
sterols, also called phytosterols, as minor lipid com-
ponents. Plant sterols have been reported to include
over 250 different sterols and related compounds. The
most common sterols in fruits are 3-sitosterol, and its
22-dehydro analogue stigmasterol, campesterol and
avenasterol (4-desmethylsterols). Chemical struc-
tures of these sterols are similar to cholesterol dif-
fering in the side chain (Fig. 2.3). B-Sitosterol and
stigmasterol have ethyl groups at C-24, and campes-
terol has a methyl group at the same position. Plant
sterols can exist as free plant sterols, and as bound
conjugates: esterified plant sterols (C-16 and C-18

5a-cholestan-3(-ol

o
R R

sitosterol

|22 ) |
M ”
R R

AS-avenasterol

campesterol
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Figure 2.3. Structures of cholesterol (5a-cholestan-33-ol), sitosterol, campesterol, stigmasterol, and

AS-avenasterol. (Source: Piironen et al., 2003.)
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fatty acid esters, and phenolic esters), plant steryl
glycosides (3-D-glucose), and acylated plant steryl
glycosides (esterified at the 6-hydroxy group of the
sugar moiety). All of these forms are integrated into
plant cell membranes (Piironen et al., 2000, 2003).

Plant sterols are not endogenously synthesized in
humans, therefore, are derived from the diet entering
the body only via intestinal absorption. Since plant
sterols competitively inhibit cholesterol intestinal up-
take, a major metabolic effect of dietary plant sterols
is the inhibition of absorption and subsequent com-
pensatory stimulation of the synthesis of cholesterol.
The ultimate effect is the lowering of serum choles-
terol owing to the enhanced elimination of cholesterol
in stools. Consequently, the higher the dietary intake
of plant sterols from the diet, the lower is the choles-
terol absorption and the lower is the serum cholesterol
level (Ling and Jones, 1995; De Jong et al., 2003;
Trautwein et al., 2003).

The usual human diet contains currently around
145-405 mg/day of plant sterols. Dietary intake val-
ues depend on type of food intake. Intakes, especially
that of B-sitosterol, are increased two- to threefold in
vegetarians. For healthy humans, the absorption rate
of plant sterols is usually less than 5% of dietary
levels. Serum sterol levels of around 350-270 wg/dl
in non-vegetarians have been observed (Ling and
Jones, 1995; Piironen et al., 2000).

Vegetables and fruits are generally not regarded
to be as good a source of sterols as cereals or
vegetable oils. The plant sterol content in a food
may vary depending on many factors, such as genetic
background, growing conditions, tissue maturity, and
postharvest changes (Piironen et al., 2000). There are
scarce data available on the content of plant sterols in
the edible portion of fruits (Wiehrauch and Gardner,
1978; Morton et al., 1995). Recently, the fruits more
commonly consumed in Finland have been analyzed.
Total sterols ranged from 6 mg/100 g (red currant)
to 22 mg/100 g (lingonberry) of fresh weight, in all
fruits, except avocado, which contained significantly
more sterols, 75 mg/100 g. The content on dry weight
basis was above 100 mg/100 g in most products. Peels
and seeds were shown to contain more sterols than
edible parts (Piironen et al., 2003). In Sweden, the
range of plant sterol for 14 fruits is 1.3—44 mg/100
g (fresh weight), only passion fruit contains more
than 30 mg/100 g (Normen et al., 1999). Among the
fruits found in both reports, orange shows the high-
est plant sterol content, and banana the lowest. In all
the items analyzed, B-sitosterol occurred at the high-
est concentrations, followed by campesterol or stig-
masterol. Detectable amounts of five-saturated plant

stanols, sitostanol, and campestanol, were found in
specific fruits such as pineapple.
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REVIEW OF HEAT TREATMENT
PROCESSES AND BASIC IDEAS
OF SAFETY

SURVEY OF INDUSTRIAL PROCESSES

The greatest quantity of processed fruit is preserved
by heat treatment. A wide range of practical and

45

theoretical knowledge is needed for an industrial
process, as Figure 3.1 illustrates. Food processing
involves the fields of microbiology, plant biology,
thermophysics, food rheology and chemistry, pack-
aging technique, unit operations, reactor techniques,
construction and materials science, machinery, and
electrophysics.

The most important factors (besides the nature of
the raw material and type of product) for constructing
a plant are as follows:

e type and size of the container (e.g., from small
cans up to large tanks), and

* mode of heat treatment (e.g., batch or continuous
pasteurization of closed containers; full aseptic
process or some combination; temperature
and pressure above or below 100°C and absolute
pressure of 100 kPa).

BACKGROUND OF MICROBIAL SAFETY

Early perceptions (Ball and Olson, 1957) initiated
the use of first-order (exponential) inactivation ki-
netics for microbes, including constants as D, Dy,
T:, z and calculation of the heat treatment equiv-
alent (F-value). These early ideas continue to be
followed. Meanwhile, concepts have been refined
with the availability of computer programs designed
to calculate “risk analysis” for food safety in indus-
trial food processing.

The two safety aspects are health protection and
control of spoilage. The critical (cold) point or zone is
the location in the food, where the maximum concen-
tration of surviving microorganisms is expected. Cal-
culating and measuring the concentration of surviv-
ing microorganisms in the cold zone is an important
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Figure 3.1. Co-operation between science and technology for achievements in heat treatment processes.

part of health protection and food safety. Table 3.1
summarizes the cold zones in the food processing
industry. Only surviving pathogens are involved in
the “cold point” calculations.

Control of spoilage means that the number of non-
pathogenic survivors which can multiply in the steril-
ized food is limited by the process parameters, so that
the ratio of spoiled cans (s) is very low. For example,
if one in 10,000 cans (s = 10™%) is spoiled, and one
can initially contains NoV = 10° harmful microbes
(V is the can volume, Nj is the initial concentration
of microbes), then a pasteurization process is needed
which reduces 103/10~* = 107 microbes to one sur-
vivor. Assuming first-order kinetics [see Eq. 3.5] and
decimal reduction time D = 0.7 min at 70°C reference
temperature, the necessary pasteurization equivalent
(see later) is

P =(log 10") x 0.7 =7 x 0.7 = 4.9 min.

The cold zone is (in most cases) near the center of
a can, but it can shift toward the surface when filling
and closing of hot food, because the surface zone
cools down first.

Liquid food leaving a flow-through type sterilizer
is a mixture of elements (including microbes) having
different residence time periods. No distinction can
be made between maximum and average concentra-
tions of surviving pathogens in this case. However,
when food pieces are dispersed in a liquid, the max-
imum survivor concentration will be expected in the
center of the greatest piece with the shortest residence
time.

Most fruit products belong to the groups of
medium- and high-acid foods (pH < 4). Typical
pathogenic bacteria are the Salmonella and Staphy-
lococcus species, while lactic acid producing bacte-
ria (Lactobacillus, Leuconostoc), though inhibiting
growth of pathogens, can cause spoilage. Yeasts and
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Table 3.1. Location of the Critical Zone or Critical Sample When Inactivating Microbes

Process Characteristics

Location of the Critical Zone or Sample

Food in container:
Heat conduction
Natural convection
Forced convection
Natural or forced convection + food pieces
Flow-through type, full aseptic:
Liquid food or puree
Liquid food or puree + food pieces

Flow-through type heating + hot filled
containers (quasi-aseptic):
Liquid food or puree

Liquid food or puree + food pieces

Central zone in the container

Central zone in the container + the core of food piece
Calculation of the average of survivors’ concentration

at the exit

Calculation of survivors’ concentration in the core of

the largest piece with shortest residence time

Surface zone in the container (after cooling)

Surface zone of liquid food or in the largest piece with

shortest residence time at the container wall

molds can also be harmful. The heat-resistant mold
Byssochlamys fulva cannot be destroyed by tempera-
tures under 100°C (Stumbo, 1973; Ramaswamy and
Abbatemarco, 1996).

Contrary to sterilization (pH > 4.5, T > 100°C),
no generally accepted reference temperature ex-
ists for pasteurization, nor agreement on which or-
ganisms are dangerous. Even the criteria for safe
shelf-life (time, temperature, etc.) may be uncertain.
However, pathogenic species must not survive and
N /Ny = 1078 reduction of either pathogenic or other
species causing spoilage would do.

HEAT TREATMENT EQUIPMENT
CLASSIFICATION
The major factors to consider are:

1. Whether the food is pasteurized after filling
individual containers or in bulk before filling (full
aseptic and quasi-aseptic processes).

2. Type, size, and material of the container or tank.

3. Highest retort temperature under or above 100°C
and pressure equal to or above atmospheric
pressure.

4. Operational character,
operation.

5. Physical background of heating and cooling,
considering both the equipment and food material.
A great variety of applications can be found. Be-
sides steam, hot-, and cold-water applications,
new methods include combustion heating of cans
or ohmic heating in aseptic processes. Steam

batch or continuous

injection and infusion into viscous purees and
evaporation cooling have also been adopted (as
well as microwave applications).

BATCH-TYPE PASTEURIZERS AND
STERILIZERS FOR ‘‘FOOD IN CONTAINER”
TREATMENT

Open pasteurization tanks, filled with water, are
heated by steam injection and cooled by cold wa-
ter. Racks holding containers are lifted in and out
from above by a traveling overhead crane. Heating
and cooling in the same tank in one cycle is un-
economical. However, steam and water consumption
can be decreased by modifications (e.g., hot water
reservoirs).

Horizontal retorts are favored by plants where dif-
ferent products are processed in small or medium
volumes. A wide variety of construction is available,
usually with the following features (see Fig. 3.2).

Container holding racks are carried into the re-
tort and fixed to a metal frame, which can be ro-
tated at variable speed to increase heat transfer. The
retort door with bayonet-lock cannot be opened un-
der inside overpressure. An insulated upper reservoir
serves as storage for hot water at the end of the heating
period. Automatic control provides for uniform rep-
etition of sterilization cycles. Temperatures and heat
treatment equivalent are registered. Heating is pro-
vided by steam (injection or heat exchanger), cooling
by water.

Vertical retorts had been used up to the second half
of the last century.
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Figure 3.2. A horizontal retort with hot water reservoir and mechanism for the rotation of containers.

CONTINUOUS PASTEURIZERS AND
STERILIZERS FOR ‘‘FOOD IN CONTAINER”
TREATMENT

Continuous operation is advantageous in those plants
where large volumes are processed for a long period.
The specific energy and water consumption of a con-
tinuous apparatus would be less than in its batch-type
equivalent.

In tunnel pasteurizers horizontal conveyors carry
containers through insulated heating and cooling sec-
tions. Hot- and cold-water spray, sometimes com-
bined with water baths, would be applied in counter-
current flow to container travel. Atmospheric steam
is also used (see Fig. 3.3).

In combustion heated pasteurizers, cylindrical
cans are rolled above gas-burners along guide-paths
(Rao and Anantheswaran, 1988).

3 4
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Figure 3.3. Tunnel pasteurizer with hot- and cold-water spray: (1) container feed, (2) section for preheating,
(3) maximum temperature zone, (4) zone of counter-current cooling, (5) container discharge, (6) cold-water section,
(7) tepid water section, (8) medium hot water cooling section, (9) spray-nozzles, (10) water pump, and (11) filter to

the pump (altogether six units).
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Figure 3.4. Hydrostatic sterilizer: (1) container feed,
(2) container holding shell, (3) conveyor, (4) water
column for heating, (5) room under steam
overpressure, (6) water column for cooling at
decreasing pressure, (7) U-shaped cooling bath, and
(8) discharge section of the conveyor.

Hydrostatic sterilizers are the best energy and wa-
ter saving devices with safe operational characteris-
tics. Containers enter and leave the heating chamber
through hydrostatic columns (see Fig. 3.4).

The hydrostatic pressure at the bottom level of a
column balances the chamber’s overpressure:

Ap = Hpg. 3.1

For example, if column height (H = 24 m) bal-
ances a chamber pressure (A p = 230 kPa), then
the saturated steam temperature is 7 = 125°C. Such

sterilizers protrude from the plant building as a (in-
sulated) tower.

Itis possible to reduce the height of the sterilizer by
applying serially connected lower columns on both
the inlet and outlet sides. Such construction needs
special control systems on both sides. Hungarian
construction with the commercial name “Hunister”
works with six 4 m high columns (equivalent to a
24 m high unit) and can be placed into a processing
hall of about 8 m inner height (Schmied et al., 1968;
Patkai et al., 1990).

Pasteurizers and sterilizers with a helical path
and can-moving reel (commercial name: “Steril-
matic”) are popular in the United States. Heating
and cooling units are serially connected in the nec-
essary number. Cans rotate or glide along the heli-
cal path. Cylindrical units are equipped with feeding
and discharge devices, and special rotating valves
serve for units under inside overpressure. The hor-
izontal arrangement is favorable. The long produc-
tion and maintenance praxis of machinery coun-
terbalance the drawbacks of somewhat complicated
mechanisms.

STATEMENTS FOR BOoTH BATCH-TYPE
AND CONTINUOUS APPARATUS

The output of an apparatus, i.e., the number of con-
tainers pasteurized in unit time (Q) can be calculated
by the formula:

oW
T Vi

Q (3.2)

W is the inside volume filled with containers, heat
transfer mediums, and the transport mechanism. The
symbol #,, denotes the total treatment time, i.e., cy-
cle period for batch type and total residence time for
continuous operation. Vis the volume of a single con-
tainer. ® is the compactness ratio, i.e., the volume of
all containers per inside volume. Greater ¢ and short
t,, are advantageous and mean better compactness
and heat transfer intensity (including the use of ele-
vated temperatures).

The process diagram (see Fig. 3.5) presents ambi-
ent and container temperatures and pressures depend-
ing on treatment time (0 <t <t,) for a sterilizer.
Treatment time is the time needed for the progress of
the container in a continuous unit. Instrumentation
enables quick creation of such diagrams.
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Figure 3.5. Process diagram of a hydrostatic
sterilizer: (1) ambient temperature (7Tx), (2) central
temperature in the food (7¢), (3) ambient

pressure (pk), and (4) pressure in the container (p).
(A-D) Heating (rising temperature), constant
temperature, first cooling section, and second cooling
section, respectively.

Table 3.2 presents specific energy and water re-
quirements of a heat treatment apparatus, as these
make a considerable contribution to the total con-
sumption of a plant. Reduction can be achieved by
heat recuperation and water reuse (filtration, disin-
fection, etc.).

FLOW-THROUGH TYPE PASTEURIZERS
AND STERILIZERS

Typical flow-through type equipment consists of a
pump which propels liquid food through heating,
constant high temperature, and cooling units for
(aseptic) filling and sealing (see Fig. 3.6).

Low viscosity liquids are apt to be moved through
tubular or plate heat exchangers. Fruit pulps, purees,
and other comminuted fruits (containing occasion-
ally dispersed particles) would be processed in units
provided with mixers and forwarding devices like
scraped surface heat exchangers.

Well-designed equipment consumes energy and
water with the same low specific values as hydrostatic
sterilizers (see Table 3.2). Pulpy, fibrous juices and
concentrates belong to the pseudoplastic or plastic
category of non-Newtonian fluids. In addition to flow
resistance and heat transfer calculations, the results
of (chemical) reactor techniques should be adopted
for quality attribute change calculations, including
the inactivation of enzymes and microbes. Such con-
cepts as residence time distribution of food elements,
macro- and micro-mixing, etc., are involved here.
Special problems arise from undesirable deposits and
burning on the food side of heat transmission walls.

Table 3.2. Specific Consumption of Steam (400 kPa, Saturated) and Water (About 20°C) of Heat

Treatment Processes

Pasteurization or
Sterilization

Specific Consumption (kg/kg)

Process (Notes) Equipment (Notes) Steam Water
“Food in container” treatment Tank pasteurizer 0.40-0.55 4-8
(values are related to the Vertical retort (without heat 0.20-0.36 2-4
mass of food + container) recuperation); horizontal retort
(with heat recuperation)
Tunnel pasteurizer 0.15-0.20 1.5-2
Hydrostatic sterilizer 0.08-0.12 1.2-2
Flow-through type treatment Tubular and plate apparatus (without 0.12-0.18
(values are related to the heat recuperation)
mass of food) Tubular and plate apparatus (with heat  0.06-0.12 -

recuperation)
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Figure 3.6. Flow-through type pasteurization: (1) feed tank, (2) pump, (3) scarped surface heat exchangers,
(4) isolated tube for keeping the food at constant temperature, (5) scarped surface cooling units, and (6) aseptic

tank for pasteurized food.

HEAT PROPAGATION UNDER
HEAT TREATMENT CONDITIONS

HeAT ConpucTION IN FooD HOLDING
CONTAINERS

Experience has shown that heat propagation in many
food materials under the circumstance of pasteuriza-
tion can be calculated using the principles of conduc-
tion. All food products might be treated as conduc-
tive, in which no major convective currents develop
during heat treatment. Small local movements from
density differences or induced vibrations increase the
apparent thermal diffusivity. As a consequence, the
best way to measure thermophysical constants is by
the “in plant” method. Results of “in plant” measure-
ments are often 10-20% higher than respective data
from the literature (Patkai et al., 1990). The calcula-

tion of time-dependent temperatures in food is based
on the differential equations of unsteady-state heat
conduction with initial and boundary conditions. The
application of the Duhamel theory is also needed in
case of time-dependent variation of the retort temper-
ature (Geankoplis, 1978; Carslaw and Jaeger, 1980).

While analytical solutions are limited to a few sim-
plified tasks, a wide range of industrial problems can
be solved using methods of finite differences and fi-
nite elements. Figure 3.7 illustrates the elementary
annuli (and cylinders) of a cylindrical can. Figure 3.8
illustrates a time-dependent change in ambient tem-
perature and the approximation using step-wise vari-
ation. Both figures explain a finite difference method,
where differential quotients have been substituted by
quotients of suitably small differences (Kérmendy,
1987).
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Figure 3.7. Geometry belonging to a
finite difference method. (A-1)
Elementary annuli and cylinders. Bij,
Bip, Bip: Biot numbers (bottom, cover,
and jacket, respectively).
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Figure 3.8. Retort temperature (TR)
and its step-wise approximation in a
finite difference calculating system.
Hollow circles illustrate input data
(temperature vs time). Time intervals
(At;) are divided into sufficiently small
equal time steps (At)).
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NATURAL AND FORCED CONVECTION
HEATING OF FOOD HOLDING CONTAINERS

Natural convection heat transfer inside containers is
based on fluid circulation induced by temperature
and density differences. The phenomenon is typi-
cal for low viscosity liquids. Temperature differences
are the greatest at the container wall, while the cen-
tral bulk is of near uniform temperature. Practical
calculations are based on a heat balance including
the mean temperature of food and ambient temper-
ature. The relation Nu = C (Gr x Pr)” between di-
mensionless terms (groups) can be applied for the
“from wall to food” heat transfer. Treatment time is
divided into consecutive intervals to enable the use of
temperature-dependent physical constants for com-
puter analysis. The result is the time-dependent aver-
age temperature in the container (Koérmendy, 1987).

The expression of forced convection would be ap-
plied to all those achievements, where the effect of
mixing is gained by mechanical energy input into a
fluid, slurry, or paste. The rate of heat flow may be
increased considerably by mixing the food in a con-
tainer. Actual accomplishment of mixing is done by
rotating or tilting the containers. Machines often ro-
tate the containers as a consequence of conveyance.
Some hydrostatic sterilizers incorporate periodic tilt-
ing. The rotational speed or tilting rhythm depends
on the conveyance speed in this equipment.

A number of rotational speeds are available in hor-
izontal retorts. Frictional, gravitational, and inertial
forces and their (periodic) variation acting on ro-
tating food elements jointly influence mixing. The
volume of the headspace also influences the mixing
effect (Kormendy, 1991). An optimum speed exists,
because at high rotational speed the mixing effect de-
creases as the food reaches a new equilibrium state
under the overwhelming centrifugal (inertial) force
(Eisner, 1970).

Many products contain fruit pieces in a syrup or
juice. Heat is transferred from the container wall into
the fluid constituent by convection, while the fruit
pieces are heated by conduction. Time-dependent
temperatures are obtained by using equations for con-
vection and conduction, including initial and bound-
ary conditions (Bimbenet and Duquenoy, 1974).

Heat transfer coefficients have been developed
through extensive research. Results are heat trans-
fer coefficients from container wall to liquid food
and from liquid food to pieces of food, depending on
container geometry, rotational speed, product, and
heating and cooling programs. Coefficients take into

consideration the relationship between dimension-
less terms (Bi, Gr, Nu, Pr, Re, St, We), geometri-
cal proportions, and temperature and viscosity ratios
(Rao and Anantheswaran, 1988; Rao et al., 1985;
Sablani and Ramaswamy, 1995; Akterian, 1995).

The usual methods based on the determination
of the values: fy, jh, fec, jo (Ramaswamy and
Abbatemarco, 1996) are adequate for convective heat
transfer calculations (if proper simulation has been
used in case of forced convection). For conductive
heating, however, it seems advisable to use the pre-
vious values for the evaluation of the relevant ther-
mophysical constants and enter the latter values into
a computer program that calculates with the help of
finite differences.

HEAT TRANSFER IN FLOW-THROUGH TYPE
HEAT TREATMENT UNITS

When liquid food (including non-Newtonian slurries
and purees) is pumped through channels (tubular, an-
nular, and plate-type heat exchangers), three major
flow types would form: sliding (peristaltic), laminar,
or turbulent. Heat transfer calculations are available
for all three types of publications from the unit oper-
ations field (Geankoplis, 1978; Grober et al., 1963).
Relationships between dimensionless terms are ap-
plied as previously described.

A number of publications are available on scraped
surface heat exchangers, including heat transfer char-
acteristics (Geankoplis, 1978).

LOAD AND DEFORMATION OF
CONTAINERS UNDER HEAT
TREATMENT CONDITIONS

CONTAINERS AND THEIR
CHARACTERISTIC DAMAGES

The main load on containers under heat treatment
conditions originate from the difference in ambient
and inside pressure. The deformation or damage that
occurs from this load depends on the geometry and
material of the container, the design of closure, and
the headspace volume.

Metallic containers display reversible deforma-
tion at small loads and permanent deformations at
higher loads (see Fig. 3.9). Excess inside overpres-
sure causes permanent bulging at the end plates of
a cylindrical can, while outside overpressure might
indent the jacket.
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AV(cm3)

Figure 3.9. Volume change (AV)
versus pressure difference (Ap) relation
of a tinplate can.
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Rigid containers like glass jars and bottles undergo
very small (and resilient) deformation. Excess inside
overpressure can open or cast down the cover. The
temporary opening of the cover effects air exhaust
or food loss, depending on the position (vertical or
horizontal) of the jar.

Plastic bags are susceptible to large deforma-
tions, while inside overpressure easily rips the bags.
Table 3.3 includes critical loads for some types of
containers.

DEFORMATION VERSUS LOAD
CALCULATIONS

Two basic equations are used to calculate the inside
pressure of a container, the respective pressure dif-
ference, and container volume:

RTG - mgi
p=pit ) o = b
Vo 2 M,

Tc
Vo Teo

+ (3.3)

(po — pro) »

and

Vo = Voo [1 + aye (Tc — Teo)]l + AV — Vg

x [1 4+ oy (T; — Tpo)] - 3.4

Additional relationships and data are needed as
time-dependent variations of ambient pressure and
temperature, temperatures of the container wall,
headspace, and food (average). Initial values (at the
moment of closing) include volumes, pressures, and
temperatures. According to Equation 3.3, the inside
pressure of the container is the sum of the vapor
pressure of food and of the partial pressure of gas
components. According to Equation 3.4, the actual
headspace volume (V) can be calculated by adding
the container volume (increased exclusively by heat
expansion) to the pressure difference induced volu-
metric container deformation (A V'), and subtracting
the volume of food expanded by heat. The measured
relationship between AV and the pressure difference
(Ap,e.g.,seeFig. 3.9) is also required for the formula
(Koérmendy and Ferenczy, 1989; Kormendy et al.,
1994, 1995).
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Table 3.3. Critical Loads of Tinplate Cans and Glass Jars

Container Critical load (kPa)
Material Vo d j ep Apj Ap> Notes
Tinplate can 860 99 0.18 0.18 103 -52 Apl: bulging
0.22 0.22 138 —60 of end plates
0.24 0.24 159 —67
3200- 153 0.28- 0.3- 75— —43 Ap;:
4760 0.30 0.32 95 -53 indentation
at the jacket
6830 160 0.28 0.3 78 =51
Glass jar + - 79 - 0.24 107 - Apj: opening
twist-off lid of the lid
of tinplate

Note: Vo—volume (cm?); j—jacket thickness (mm); d—can diameter or lid diameter for jars (mm); ep—end plate thickness or

lid plate thickness (mm).

QUALITY ATTRIBUTE CHANGES
ATTRIBUTE KINETICS

Besides the concentration of favorable and unfavor-
able constituents, enzyme activity, sensory attributes,
related physical properties, etc., the concentration of
surviving microbes can also be regarded as a quality
attribute. Namely, similar descriptive kinetic meth-
ods, concepts of extreme values and averages are used
for changes in microbial concentration.

The typical method to measure variations of time-
dependent attributes in food is by laboratory testing at
a number of different constant temperatures, provid-
ing for all major conditions of (industrial) heat treat-
ment. The next step is the fitting of expertly chosen
relationships to data, and the simultaneous evaluation
of kinetic constants.

Heat inactivation of microbes belongs to the popu-
lation change dynamics field. Since early years (about
1920), first-order equations had been used, mean-
while, a number of other equations were also fitted to
experimental results (Casolari, 1988; Kérmendy and
Kormendy, 1997). The method that shows promise
is based on the distribution of lethal time of the in-
dividual microbes combined with the two paramet-
ric Weibull distribution (Peleg and Penchina, 2000;
Koérmendy and Mészaros, 1998). The Weibull distri-
bution is useful for fitting to diverse types of time-
dependent inactivation courses by selecting appro-
priate constants.

The generally used first-order (exponential)
equations are

N = Ny x 1077/P, (3.5)

and

D = D, x 107-1/z, (3.6)

The first equation is valid for constant temperature,
the second one describes the variation of the deci-
mal reduction time (D) versus temperature (7). Dy,
T; are arbitrary (though expedient) reference values.
Time-dependent variation of the logarithm of the con-
centration of surviving microbes is linear. The value
of z is the temperature increment effecting the deci-
mal reduction of D. Naturally, D is not the decimal
reduction time in non-exponential relationships.

Reaction theory principles should be used to deter-
mine changes in time-dependent chemical concen-
trations (Levenspiel, 1972; Froment and Bischoff,
1990). However, mostly fitted relationships are used
instead of more exact calculations. Kinetic constants
are: rate constant (k, or rate constants), energy of acti-
vation (E, ), reference temperature (7;), and reference
rate constant (k;). The rate constant is independent
of the initial concentration if the kinetic equation is
based on a sound chemical background, otherwise a
fitted rate constant might only be valid for a fixed ini-
tial concentration (see more details in the publication
of Kérmendy and Mészéros, 1998).

Empirical (i.e., fitted) equations describe the time-
dependent variation of sensory attributes and of re-
lated physical properties (color, consistency, etc.).
Concentration based attributes follow a linear mix-
ing law, i.e., the attribute intensity of a mixture of dif-
ferent volumes and intensities is the weighted mean
of component intensities. This evident rule is not
valid for sensory attributes (see Kormendy, 1994; for
food color measurements).
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ATTRIBUTE INTENSITY VERSUS
TIME-DEPENDENT TEMPERATURE
IN FooD HOLDING CONTAINERS

Temperature always varies during a heat treatment
process (see Fig. 3.5). No general procedure exists
for calculating time-dependent attribute intensity at
variable temperature from constant temperature ex-
periments. Notwithstanding, a few useful methods
have been developed since about 1920 and more are
expected in the future.

The equivalent sterilization time (F) at constant
reference temperature (7;) induces the same lethal
effect as the actual time-dependent temperature
variation:

T ro-t,
F=/10 z dr.

0

(3.7)

The previous integral was used later for pasteuriza-
tion (P), enzyme inactivation (E), chemical and sen-
sory attribute variation (C), replacing the symbol F
by P, E, C (cooking value), respectively. Equation 3.7
had been derived originally for first-order (i.e., ex-
ponential) destruction. It could be proved later that

Part I: Processing Technology

Equation 3.7 is applicable in all those cases, where at-
tribute intensity at constant temperature depends only
on /D or kt. There are methods for other variable tem-
perature changes (Kérmendy and Kérmendy, 1997,
Peleg and Penchina, 2000). Equations 3.6 and 3.7
undergo modifications, when the z-value is replaced
by the energy of activation (Hendrickx et al., 1995).
The attribute intensity at the end of a process is eas-
ily available by substituting 7y, D; (or k) and the
equivalent time (F, P, E, C) into the constant temper-
ature intensity versus time relation [e.g., into Eq. 3.5].
Computerized calculation should provide three inten-
sities in a container: the maximum, the minimum, and
the average (see “Background of Microbial Safety”
and Table 3.1). The “cold point” of a vertically posi-
tioned container is near the bottom, at a distance less
than 25% of the container height, in case of natural
convection.

CALCULATION METHODS FOR
FLOW-THROUGH TYPE APPARATUS

The residence time is uniform for all food elements
in case of in-container pasteurization. As a contrast,

E ()
min~"
14102
0.343.102
Figure 3.10. Average attribute
intensity at the discharge valve of a 0.2+
flow-through type unit. E(t) =
time-dependent density (frequency)
function of the residence time
distribution, k = first-order rate 0.1
constant, exp(—kt) = time-dependent
intensity variation per initial intensity.
The definite integral gives the average
discharge intensity per initial intensity,

illustrated by the hatched area. f,, 7: O
dead time and expectation value of
E(1), respectively.

exp (—kt)-E (1)

exp (—kt)-E (1)

oj exp (—kt)-E (t) dt
0

10

t, min
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food elements reside for different time intervals in a
unit of a flow-through type apparatus, and a distribu-
tion function characterizes residence time. A sample
at the discharge port of a unit is a mixture of food
elements of different residence time intervals. It has
been proved for liquid food that the average of the
concentration of surviving microbes at the exit can
be calculated according to the equation:

N = N/ E(t) x 107/P d, (3.8)
0

if food temperature is constant (suspended parti-
cles are small enough too) and exponential inac-
tivation law exists [see Eq. 3.5]. Equation 3.8 is
based on macromixing principles (Levenspiel, 1972)
and can be easily converted for other inactiva-
tion kinetics. Figure 3.10 demonstrates the essence
of calculation useful for a constant temperature
unit.

No definite solution exists for a variable tempera-
ture unit, presumably the approximation of Bateson
(1971) will be useful in the future. As a consequence
of his idea, an average temperature (T) can be as-
sessed for a variable temperature unit and the per-
taining value: D substituted into Equation 3.8. The
heat treatment equivalent for average attribute inten-
sity (F) is now:

— N
F = —log — 3.9)

Ny
The overall equivalent of an apparatus with serially
connected units (e.g., heating, constant temperature,

and cooling) is the sum of the individual units equiv-
alents (Kormendy, 1994, 1996).

LIST OF SYMBOLS

Bi Biot number

C dimensionless constant

C cooking value (min)

D decimal reduction time or time constant
(min)

D average of D (min)

E enzyme inactivation value (min)

E, energy of activation (kJ/kmol)

E() density function of the residence time

distribution (earlier: frequency
distribution, min~")

Jeo o

cooling and heating rate indexes: time
needed for the decimal reduction of the
difference between outside and inside
temperatures (min)
F sterilization or lethality value (equivalent,
min)
F average of F
g gravitational constant (m/s?)
Gr Grashof number
H water column height (m)
cooling rate and heating rate lag factors
k rate constant (for first-order kinetics,
min!)
m dimensionless exponent
mg mass of a gas component (kg)
M molar weight of a gas component
(kg/kmol)
n number of gas components
N concentration of living or surviving
microbes (cm ™)
N average of N (cm™)
Nu Nusselt number
P absolute pressure in a container (kPa)
P pasteurization value (equivalent, min)

Pr Prandtl number

0 number of containers pasteurized in unit
time (min—')

R universal gas constant [kJ/(kmol K)]

Re Reynolds number

K spoilage ratio

St Stanton number

t time (min)

tm total treatment time (min)

T temperature (K, °C)

\% volume in connection with a
container (m?)

w inside volume of an apparatus (m?)

We Weber number

z temperature increment for the decimal
reduction of D (K, °C)

oy volumetric heat expansion coefficient
(Kfl , ocfl)

Ap pressure difference, inside minus outside
pressure (Pa, kPa)

AV volume change of a container due to
mechanical load (m?)

p density of water (kg/m>)

P compactness ratio

Indexes: C = container, f = food, G =

headspace, i = serial number of gas components,
0 = initial value, r = reference value.
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INTRODUCTION

Freezing is one of the best methods for long-term stor-
age of fruits. Freezing preserves the original color,
flavor, and nutritive value of most fruits. Fresh fruits,
when harvested, continue to undergo chemical, bio-
chemical, and physical changes, which can cause de-
terioration reactions such as senescence, enzymatic
decay, chemical decay, and microbial growth. The
freezing process reduces the rate of these degrada-
tion reactions and inhibits the microbiological activ-
ity. However, it should be recognized that a number
of physical, chemical, and biochemical reactions can
still occur and many will be accentuated when rec-
ommended conditions of handling, production, and
storage are not maintained. Although few microor-
ganisms grow below —10°C, it should be recognized
that freezing and frozen storage is not a reliable bio-
cide. The production of safe frozen fruits requires
the same maximum attention to good manufacturing
practices (GMP) and hazard analysis critical control
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points (HACCP) principles as those used in fresh
products. The quality of the frozen fruits is very
dependent on other factors such as the type of fruit,
varietal characteristics, stage of maturity, pretreat-
ments, type of pack, and the rate of freezing. The
freezing process reduces the fruit temperature to a
storage level (—18°C) and maintaining this temper-
ature allows the preservation of the frozen product
for 1 year or more. Fruits are frozen in different
shapes and styles: whole, halves, slices, cubes, in
sugar syrup, with dry sugar, with no sugar added, or
as juices, purees, or concentrates, depending on the
industrial end-use. The influence of freezing, frozen
storage, and thawing on fruit quality has been exten-
sively reviewed (Skrede, 1996; Reid, 1996; Hui et al.,
2004). The objective of this chapter is to describe
the main principles of manufacturing and processing
of frozen fruits (selection of raw material, pretreat-
ments, packaging, freezing process, and frozen stor-
age) and review the current topics on the sensorial
and nutritional quality and safety of frozen fruits.

FREEZING PRINCIPLES

The freezing process reduces food temperature un-
til its thermal center (food location with the highest
temperature at the end of freezing) reaches —18°C,
with the consequent crystallization of water, the main
component of plant tissues. Water in fruit and fruit
products constitute 85-90% of their total composi-
tion. From a physical point of view, vegetable and an-
imal tissues can be considered as a dilute aqueous so-
lution, which is the natural medium where chemical
and biochemical cellular reactions take place and mi-
croorganisms grow. Crystallization of water during
freezing reduces water activity (ay,) in these tissues
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(°C)

TEMPERATURE

TIME (HOURS)

Figure 4.1. Typical freezing curves of foods at different
rates: (a) very slow; (b) fast; and (c) very fast
(Fennema, 1976).

and consequently produces a decline in chemical and
biochemical reactions and microbial growth. Freez-
ing also involves the use of low temperatures and
reactions take place at slower rates as temperature
is reduced. The study of temperature changes during
freezing is basic to an understanding of how prod-
ucts are processed. Figure 4.1 shows typical freezing
curves at different freezing rates. When the product
is cooling down to 0°C, ice begins to develop (see
section A-S, Fig. 4.1). The exact temperature for
the formation of first ice crystal depends on the type
of product and is a consequence of the constituents
concentration independent of water content; for ex-
ample, fruits with high water content (*90%) have
a freezing point below —2°C or —3°C, while meat
with less water content (*~70%) has a freezing point
of —1°C; the main difference being the high sugar
and organic acid concentration in fruits. Ice forma-
tion takes place after the product reaches a temper-
ature below its freezing point (—5°C to —9°C) for
only a few seconds. This process is known as super-
cooling (position S in Fig. 4.1). After that, due to heat
release during the first ice formation, the temperature
increases until the freezing point is reached (position
BinFig. 4.1). Section B-C in Fig. 4.1 corresponds to
the freezing of most of the tissue water at a tempera-
ture that is practically constant, with a negative slope
from a decline of the freezing point due to solute
concentration. The increase of solute concentration
as freezing progresses causes the unfrozen portion to
undergo marked changes in such physical properties
as ionic strength, pH, and viscosity. This increases

the risk of enzymatic and chemical reactions, e.g.,
enzymatic browning or oxidation-reduction, with ad-
verse effects on frozen fruit quality. A short B—C sec-
tion increases the quality of frozen fruit. This means
that a fast rate freezing produces a better quality
frozen fruit (see curves b and c of Fig. 4.1). Sec-
tion C-D corresponds with the cooling of the prod-
uct until the storage temperature, with an important
increase of solute concentration in the unfrozen por-
tion. Below —40°C, new ice formed is undetected.
Up to 10% of the water can be unfrozen, mainly
joined to protein or polysaccharide macromolecular
structures that take part in the physical and biochem-
ical reactions. In frozen foods the relationship be-
tween the frozen water and the residual solution is
dependent on the temperature and the initial solute
concentration. The presence of ice, and an increase
in solute concentration, has a significant effect on the
reactions and state of the fruit matrix. The concen-
tration of the solute increases as freezing progresses;
and thus, solute concentration of the unfrozen matrix
can leach out of the cellular structures causing loss
of turgor and internal damage. Solute-induced dam-
age can occur whether freezing is fast or slow, and
cryoprotectants, such as sugars, are usually added to
aqueous solution to reduce the cell damage. (Reid,
1996; Rahman, 1999).

FREEZING RATE

Controlling the freezing rate is an important aspect of
reducing cell damage, which causes important qual-
ity losses in frozen fruits. Three types of cell damage
due to freezing have been reviewed:

e solute-induced damage
¢ osmotic damage
e structural damage.

Although solute-induced damage is present in fast
and slow freezing processes, it can be minimized by
slow speed. Osmotic and structural damages are de-
pendent on the rate of freezing.

Freezing rate is the speed at which the freezing
front goes from the outside to the inside of the prod-
uct, and depends on the freezing system used (me-
chanical or cryogenic), the initial temperature of the
product, the size and form of the package, and the
type of product. The freezing process (as a function
of the rate) can be defined as follows (IIR, 1986):

e Slow, 1 cm/h

e Semiquick, 1-5 cm/h
¢ Quick, 5-10 cm/h

e Very quick, 10 cm/h.
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Figure 4.2. Ice crystal formation in plant tissues at slow speed (Fig. 4.2, up) and at fast speed (Fig. 4.2, down).

Generally, quick freezing produces better quality
frozen fruits. Rates between 5 and 10 cm/h for “in-
dividual quick freezing” is an efficient way to obtain
individual frozen fruits with high quality. The rate of
freezing is very important in plant tissues because it
determines the size, form, and status of the ice crys-
tals, factors that affect cell wall integrity. If the rate
of freezing is very slow, large ice crystals are formed
slowly in the outer of cells and water from the cells
migrate out by osmotic pressure (Fig. 4.2, up). Then,
the cellular membranes are damaged during thawing,
and the consequence of migration is an important drip
loss.

Also, in slow cooling, large sharp ice crystals are
formed and may cause damage to delicate organelle
and membrane structure of the cell. As a conse-
quence enzymatic systems and their substrates may

be released, leading to different effects such as off-
flavors and color and textural changes, etc. These ef-
fects can be prevented by applying prefreezing treat-
ments like the addition of chemicals or by blanching,
aheat treatment that denatures the enzymes. In arapid
rate freezing process, small size and round ice crys-
tals increase at the same time, both inside and outside
of the cell, and structural and osmotic damages are
minimal (Fig. 4.2, down). Although fast freezing is
better than slow freezing in fruit and vegetable prod-
ucts, the importance of freezing speed is sometimes
misleading. The initial advantage obtained by fast
freezing can be lost during storage due to recrystal-
lization as a consequence of temperature fluctuations.
Also, some products, such as whole fruits, will crack
if they are exposed to extremely low temperature.
This is due to volume expansion, internal stress, and
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the contraction and expansion phenomenon (Reid,
1996; Rahman, 1999).

FACTORS AFFECTING FROZEN
FRUIT QUALITY

The freezing of fruits slows down, but does not stop,
the physical, chemical, and biochemical reactions
that produce their deterioration. There is a slow pro-
gressive change in sensorial and nutritional quality
during frozen storage that becomes noticeable af-
ter a period of time. Safe, high-quality frozen fruits
with maximum nutritional values can be produced if
diligent controls are maintained at all times. These
include temperature control, extended quality shelf
life, microbiological safety, and the retention of nu-
trients.

Two principles dominate the control of quality
and safety in frozen foods: product-process-package
factors (PPP) and time-temperature-tolerance factors
(TTT). PPP factors need to be considered at an early
stage in the production of frozen fruits and they are
the bases of commercial success of the product. The
PPP factors are as follows:

e Product: High-quality frozen food requires
high-quality raw materials and ingredients.

* Process: The speed and effectiveness of the
freezing operations and the use of additional
processes (blanching, etc.).

® Package: Packaging offering physical and
chemical barriers.

TTT factors maintain the quality and safety during
storage. TTT concepts refer to the relationship be-
tween storage temperature and storage life. For dif-
ferent foods, different mechanisms govern the rate
of quality degradation and the most successful way
of determining practical storage life is to subject the
food to long-term storage at different temperatures.
TTT relationships predict the effects of changing or
fluctuating temperatures on quality shelf life (IIR,
1986).

Safe, high-quality frozen fruits with maximum nu-
tritional values can be produced if the directions given
below are followed:

* selection of suitable product for freezing

e PPP factors

¢ knowledge of the effect of freezing, frozen
storage, and thawing on the fruit tissues that
causes physical, chemical, and biochemical
changes

e stability of frozen fruits (TTT factors)
¢ thawing
* microbiological quality and safety of frozen fruits.

SELECTION OF SUITABLE PRODUCT FOR
FREEZING

High-quality frozen fruit requires high-quality raw
material. Generally, quality cannot be gained from
processing, but it certainly can be lost. Fruits are
best when frozen fully ripe but still firm and at the
peak of quality, with a pleasing color, texture, flavor,
and maximum nutritional value. Great differences of
frozen fruit quality exist between fruit varieties and
cultivars based on chemical, biochemical, and phys-
ical characteristics that determine the sensorial and
nutritional quality. Differences in cell wall structure,
enzyme activity, amounts of pigments, sugars, or-
ganic acids, volatile compounds, vitamins C, A, and
E, and other components are factors that affect the
differences in sensorial and nutritional quality of raw
fruits. Freezing potential of fruit varieties or culti-
vars are evaluated with practical trials after freezing,
frozen storage, and thawing of the fruit products.
The suitability of varieties or cultivars for freezing
can be studied on the basis of physical (texture and
color), physical-chemical (pH, acidity, and soluble
solids), chemical (volatile, pigments, and polyphe-
nol compounds), nutritional (vitamins and dietary
fiber content), and sensorial aspects (firmness, color,
and taste). These kinds of studies have been done
with different fruits such as kiwi (Cano and Marin,
1992; Cano et al., 1993a), mango (Marin et al., 1992;
Cano and Marin, 1995), pineapple (Bartolomé et al.,
1996a, b, c), papaya (Cano et al., 1996a; Lobo and
Cano, 1998), raspberry (De Ancos etal., 1999, 2000a,
b; Gonzélez et al., 2002), strawberry (Castro et al.,
2002), and other fruits. Another criterion for selec-
tion of suitable variety or cultivar can be the enzy-
matic systems activity (polyphenoloxidase, perox-
idase, lipoxygenase, etc.), in raw fruit and during
freezing and frozen storage. Employing varieties with
low enzymatic activities could reduce the develop-
ment of browning, off-flavors and off-odors, and
color and textural changes (Cano et al., 1990b, 1996b,
1998; Gonzalez et al., 2000).

Harvesting fruits at optimum level for freezing pur-
poses is difficult. The need for efficient production
often implies the use of mechanical harvesting at a
time when the fruit has reached an acceptable matu-
rity level to avoid mechanical damage. Postharvest
techniques allow the storage of unripe climateric
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fruits at specific atmosphere, temperature, and hu-
midity conditions until they reach proper maturity
levels to be frozen (Cano et al., 1990a, b; Marin et al.,
1992). Nonclimateric fruits (strawberries, raspber-
ries, etc.) are harvested, preferably when fully ripe
but still firm, cooled immediately after picking, and
frozen as soon as possible (Génzalez et al., 2002).
However, the quality advantages of immediate freez-
ing could not be detected after a long frozen storage
period (6—12 months) (Plocharski, 1989).

PREPARING, PRETREATMENTS, AND
PACKAGING

Successful freezing should retain the initial quality
present in the raw fruit selected for freeze processing
according to freshness, suitability varietal for freez-
ing, and sensorial and nutritional characteristics. Re-
taining this quality level prior to freezing is a factor of
major importance to obtain high-quality frozen fruits.

Preparing

Fruits must be prepared before freezing according
to the frozen fruit end-use. Washing, rinsing, sorting,
peeling, and cutting the fruits are not specific steps for
frozen fruits; these are preparatory operations similar
to other types of processing but must be carried out
quickly and with great care to avoid damaging the
fragile fruit tissue. Peeling, stone removal, and cut-
ting in cubes, slices, or halves are usually mechanical
operations. Decreasing the size of the product before
freezing results in a faster freezing and consequently
a better frozen fruit quality. For economical factors,
certain fruits like peaches, apricots, and plums are
frozen whole immediately after harvesting and peel-
ing; stone removal and cutting is done after a partial
thawing.

Consumption of fruit juices and nectars has in-
creased in the world due to recommendations for bet-
ter nutrition and healthier diets. Fruits and fruit juices
meet these recommendations. Nectars and fruit juices
can be manufactured with fresh fruit but with frozen
fruit higher yields are obtained.

At present, frozen juices represent an important
segment of the international drink industry. Preparing
fruit for frozen juice requires different steps: press-
ing, clarification, heat treatment, and concentration.
Also purees and pulps represent an important in-
gredient for the manufacturing industries for dairy
products, cakes, ice-creams, jellies, and jams (Chen,
1993).

Pretreatments

The importance of enzyme content to fruit qual-
ity has been extensively reviewed (Philippon and
Rouet-Mayer, 1984; Browleader et al., 1999;
Robinson and Eskin, 1991; Friedman, 1996). En-
zymes, namely polyphenoloxidase (PPO), peroxi-
dase (POD), lipoxygenase (LOX), catalase (CAT),
and pectinmethylesterase (PME) are involved in the
fast deterioration of fruit during postharvest hand-
ling and processing. Enzymes not inactivated be-
fore freezing can produce off-flavors, off-odors, color
changes, development of brown color, and loss of vi-
tamin C and softness during frozen storage and thaw-
ing. Water blanching is the most common method
for inactivating vegetable enzymes (Fellows, 2000).
It causes denaturation and therefore, inactivation of
the enzymes that also causes destruction of thermo-
sensitive nutrients and losses of water-soluble com-
pounds such as sugar, minerals, and water-soluble
vitamins. Blanching is rarely used for fruits be-
cause they are usually consumed raw and heat treat-
ment causes important textural changes. An alter-
native to blanching fruit is to use ingredients and
chemical compounds that have the same effect as
blanching.

Blanching. Heat treatment to inactivate vegetable
enzymes can be applied by immersion in hot wa-
ter, by steam blanching or by microwave blanching.
Hot water blanching is usually done between 75°C
and 95°C for 1-10 min, depending on the size of the
vegetable pieces. Hot water blanching also removes
tissue air and reduces the occurrence of undesirable
oxidation reactions during freezing and frozen stor-
age. Steam blanching reduces the water-soluble com-
pounds losses and is more energy efficient than water
blanching. Of all the enzymes involved in vegetable
quality losses during processing, POD and CAT seem
to be the more heat stable, and thus could be used as
an index of adequate blanching. Generally, a qual-
ity blanched vegetable product permits some POD
and CAT activity. Complete POD inactivation in-
dicates overblanching. Blanching also helps to de-
stroy microorganisms on the surface of the vegetable.
Blanching destroys semipermeability of cell mem-
branes and removes cell turgor. Reduced turgor is
perceived as softness and lack of crispness and juici-
ness. These are some of the most important sensorial
characteristics of eating fruit. Although loss of tissue
firmness in blanched frozen fruits after thawing indi-
cates that blanching is not a good pretreatment for the
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majority of the fruits, some results have been interest-
ing (Reid, 1996). Hot water blanching peeled bananas
prior to slicing, freezing, and frozen storage produced
complete PPO and POD inactivation and a product
with acceptable sensorial quality (Cano etal., 1990a).
Microwave blanching has not been an effective pre-
treatment for banana slices (Cano et al., 1990b) but
interesting results have been obtained with frozen ba-
nana purees (Cano et al., 1997)

Addition of Chemical Compounds. Substitutes
for thermal blanching have been tested with differ-
ent enzymatic inhibitors. They are mainly antibrown-
ing additives such as sulfiting agents (sulfur dioxide
or inorganic sulfites salts) and ascorbic acid, which
are applied by dipping or soaking the fruit in dif-
ferent solutions before freezing (Skrede, 1996). En-
zymatic browning involving the enzyme PPO is the
principal cause of fruit quality losses during posthar-
vest and processing. PPO catalyzes the oxidation of
mono- and orthodiphenols to quinones, which can
cyclize, undergo further oxidation, and polymerize
to form brown pigments or react with amino acids
and proteins that enhance the brown color produced
(Fig. 4.3).

The proposed mechanisms of antibrowning addi-
tives that inhibit enzymatic browning are (1) direct
inhibition of the enzyme; (2) interaction with inter-
mediates in the browning process to prevent the re-
action leading to the formation of brown pigments;
or (3) to act as reducing agents promoting the re-
verse reaction of the quinone back to the original phe-
nols (Fig. 4.3). (Friedman, 1996; Ashie et al., 1996).
Other acid treatments such as dipping in citric acid or

hydrochloric acid solution (1%) could be a com-
mercial pretreatment for browning control and qual-
ity maintenance of frozen litchi fruit (Yueming-
Jiang et al., 2004). Although all the fruits contain
polyphenolic compounds, some fruits as peaches,
apricots, plums, prunes, cherries, bananas, apples,
and pears show a greater tendency to develop brown-
ing very quickly during processing. Research efforts
have been done to develop new natural antibrowning
agents in order to replace sulfites, the most powerful
and cheapest product until now, but they cause ad-
verse health effects in some asthmatics. In this frame-
work, maillard reaction products have been recog-
nized as a strong apple PPO inhibitor (Billaud et al.,
2004). Also, some frozen fruits like apples and che-
rimoya are pretreated by dipping its slices in sodium
chloride solutions (0.1-0.5%) in combination with
ascorbic or citric acid, in order to remove intracel-
lular air and reduce oxidative reactions (Reid, 1996;
Mastrocola et al., 1998).

Fruit texture is greatly changed by freezing, frozen
storage, and thawing. Fruits have thin-walled cells
rich in pectin substances, in particular in the middle
lamella between cells, and with a large proportion of
intracellular water, which can freeze resulting in cell
damage. Freezing—thawing also accelerates the re-
lease of pectin, producing de-esterification of pectins
and softens the fruit tissue. Optimum freezing rate re-
duces tissue softening and drip loss, and the addition
of calcium ions prior to freezing increases the firm-
ness of fruit after thawing. These ions fortify the fruit
by changing the pectin structure. Calcium maintains
the cell wall structure in fruits by interacting with the
pectic acid in the cell walls to form calcium pectate.
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Dipping in calcium chloride solution (0.18% Ca) or
pectin solution (0.3%) improves the quality of frozen
and thawed strawberries (Suutarinen et al., 2000).

Osmotic Dehydration: Addition of Sugars and
Syrups. Dipping fruits in dry sugar or syrups is
a traditional pretreatment to preserve color, flavor,
texture, and vitamin C content and to prevent the
browning of freezing—thawing fruits. Sugar or syrups
are used as cryoprotectants by taking out the fruit
cell water by osmosis and excluding oxygen from
the tissues. Partial removal of water before freezing
might reduce the freezable water content and de-
crease ice crystal damage, making the frozen fruit
stable. Therefore, minor damage to cellular mem-
branes occurs and oxidative reactions and enzymatic
degradation reactions are minimized. The process
of dehydration before freezing is known as dehy-
drofreezing (Fito and Chiralt, 1995; Robbers et al.,
1997; Bing and Da-Wen, 2002). During osmotic de-
hydration, the water flows from the fruit to the os-
motic solution, while osmotic solute is transferred
from the solution into the product, providing an im-
portant tool to impregnate the fruit with protective
solutes or functional additives. Syrup is considered
a better protecting agent than dry sugar. Dry sugars
are recommended for fruits, such as sliced peaches,
strawberries, figs, grapes, cherries, etc., that produce
enough fruit juice to dissolve the sugar. Dipping fruit,
whole or cut, in syrup allows a better protection than
dry sugar because the sugar solution is introduced in-
side the fruit. Syrup concentrations between 20% and
65% are generally employed, although 40% syrup is
enough for the majority of the fruits. Sucrose is the
osmotic agent most suitable for fruits although other
substances, including sucrose, glucose, fructose, lac-
tose, L-lysine, glycerol, polyols, maltodextrin, starch
syrup, or combinations of these solutes can be used
(Bing and Da-Wen, 2002; Zhao and Xie, 2004).
Osmotic dehydration is carried out at atmospheric
pressure or under vacuum. Among developments in
osmotic treatments, vacuum impregnation may be the
newest. The exchange of partial freezable water for
an external solution is promoted by pressure, pro-
ducing different structural changes and lower treat-
ment time than osmotic dehydration at atmospheric
pressure. Successful applications of dehydrofreez-
ing and vacuum impregnation on fruits have been
recently reviewed (Zhao and Xie, 2004). Great color,
flavor, and vitamin C retention have been achieved in
frozen—thawed strawberries, raspberries, and other

types of berries treated with a 20% or 40% syrup
concentration before freezing and long-term frozen
storage between 6 months and 3 years (Skrede, 1996).
The effects of dehydrofreezing process on the qual-
ity of kiwi, strawberry, melon, and apples have been
reported (Garrote and Bertone, 1989; Tregunno and
Goff, 1996; Spiazzi et al., 1998; Talens et al., 2002,
2003). The quality and texture of dehydrofrozen and
thawed fruit has been improved by using osmotic
solutions in combination with ascorbic acid solu-
tion (antibrowning treatment) and/or calcium chlo-
ride or pectin solutions (Skrede, 1996; Suutarinen
et al., 2000; Talens et al., 2002, 2003; Zhao and Xie,
2004). Another important factor contributing to fruit
quality improvement is vacuum impregnation, which
isuseful in introducing functional ingredients into the
fruit tissue structure, conveniently modifying their
original composition for development of new frozen
products enriched with minerals, vitamins, or other
physiologically active nutritional components (Zhao
and Xie, 2004).

Packaging

Packaging of frozen fruits plays a key role in protect-
ing the product from air and oxygen that produce ox-
idative degradation, from contamination by external
sources, and from damage during passage from the
food producer to the consumer. Package barrier prop-
erties protect the frozen fruit from ingress of oxygen,
light, and water vapour, each of which can result in
deterioration of colors, oxidation of lipids and unsat-
urated fats, denaturation of proteins, degradation of
ascorbic acid, and a general loss of characteristic sen-
sory and nutritional qualities. Similarly, barrier prop-
erties protect against the loss of moisture from the
frozen food to the external environment to avoid ex-
ternal dehydration or “freezer burn” and weight loss.
The primary function of food packaging is to protect
the food from external hazards. In addition, packag-
ing materials should have a high heat transfer rate to
facilitate rapid freezing. Also, the package material
should not affect the food in any way, as indicated by
European Directives on food contact materials, in-
cluding migration limits (EC Directives 1990, 1997)
and the Code of Federal Regulations in the United
States regarding food contact substances (CFR 2004).
A wide range of materials has been used for packag-
ing of frozen fruits, including plastic, metals, and pa-
per/cardboard, or polyethylene bags. Laminates can
provide a combination of “ideal” package properties.
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Table 4.1. Relative Oxygen and Water Vapour Permeabilities of Some Food Packaging Materials
(References Values Measured at 23°C and 85% RH)

Relative Permeability

Package Material Oxygen (ml m~2 day ! atm™) Water Vapour (g m~2 day™!)
Aluminum <50 (Very high barrier) <10 (very high barrier)
Ethylene vinyl acetate (EVOH) <50 (Very high barrier) variable

Polyester (PET) 50-200 (High barrier) 10-30 (high barrier)
Polycarbonate (PC) 200-5000 (Low barrier) 100-200 (medium barrier)
Polyethylene (PE)

High density (HDPE) 200-5000 (Low barrier) <10 (very high barrier)

Low density (LDPE) 5000-10,000 (Very low barrier) 10-30 (high barrier)
Polypropylene (PP) 200-5000 (Low barrier) 10-30 (high barrier)

Source: Atmosphere Controle 2000 (http://atmosphere-controle.fr/permeability.html).

Board and paper packages are often laminated with
synthetic plastics to improve the barrier properties.
Table 4.1 shows some comparisons of barrier prop-
erties for arange of common package materials. Fruit
products can be packaged before freezing (fruits with
sugar or syrup, purees and juices concentrated or not)
or after freezing (whole or cut fruits). The impor-
tance of packaging material to the stability of frozen
fruits has been reviewed (Skrede, 1996). In general,
quality differences (pigment content, ascorbic acid
retention, color, and consistency) between frozen
products packaged in different types of packages are
mainly detected after a long period of frozen storage
(>3 months) and at temperatures over —18°C.

EFFECT OF FREEZING, FROZEN STORAGE,
AND THAWING ON FRUIT TISSUES:
PHYSICAL, CHEMICAL, AND BIOCHEMICAL
CHANGES

Plant Cell Structure

Understanding the effect of freezing on fruit requires
a short review of plant cell structure. A relationship
between cell structure properties and freezing cell
damage has been extensively reviewed (Reid, 1996;
Skrede, 1996). Plant cells are surrounded by a mem-
brane and interspersed with extensive membrane sys-
tems that structure the interior of the cell into nu-
merous compartments. The plasmalemma or plasma
membrane encloses the plasma of the cell and is the
interface between the cell and the extracellular sur-
roundings. Contrary to animal cells, plant cells are
almost always surrounded by a cell wall and many
of them contain a special group of organelles inside:

Vacuole

Mitochondrion Cytoplasm

Nucleous

Endoplasmic
Reticulum

Figure 4.4. Cross-section of a plant cell.

the plastids (chloroplasts, leucoplasts, amyloplasts,
or chromoplasts) (Fig. 4.4).

An important property of the plant cell is its ex-
tensive vacuole. It is located in the center of the cell
and makes up the largest part of the cells volume
and is responsible for the turgor. It helps to main-
tain the high osmotic pressure of the cell and the
content of different compounds in the cell, among
which are inorganic ions, organic acids, sugars,
amino acids, lipids, oligosaccharides, tannins, an-
thocyanins, flavonoids, and more. Vacuoles are sur-
rounded by a special type of membrane, the tonoplast.
The cell wall of plants consists of several stacked cel-
lulose microfibrils embedded in a polysaccharide ma-
trix able to store water thereby increasing the cell vol-
ume (hydration and absorbtion). According to their
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capacity to bind or store water, the polysaccharides
involved in the matrix can be classified as follows:
pectin>hemicellulose>cellulose>lignin.

Pectins are mainly polygalacturonic acids with
differing degrees of G-galactosyl, L-arabinosyl or
L-rhanmosyl residue and are predominant in the
middle lamella, the layer between cells. The de-
esterification process of pectin is related to the soft-
ness of fruit tissues during ripening and processing.

Physical Changes and Quality

Volume Expansion. The first factor that produces
mechanical damage to the cell is the volume expan-
sion due to the formation of ice that affects the in-
tegrity of cell membrane.

Recrystallization. Ice crystals can change the
quality of frozen fruits in different ways. First, the
speed of freezing affects frozen—thawing fruit qual-
ity. Slow speed freezing produces large and sharp ice
crystals that can produce mechanical damage to the
fragile plants cell membranes, causing the cell or-
ganelles to collapse and lose their contents (sugars,
vitamins, pigments, volatile compounds, phenol, en-
zymes, etc.) and a breakdown of the pectin fraction in
the cell wall which affects fruit tissue texture. During
frozen storage, retail-display, or the carry-home pe-
riod, fluctuations in product temperature produces ice
recrystallization that affects the number, size, form,
and position of the ice crystal formed during freezing.
Frequent large fluctuation produces partial fusion of
ice and the reforming of large and irregular ice crys-
tals that can damage cellular membranes and produce
a freeze-dried product, allowing sublimed or evapo-
rated water to escape.

Sublimation: Freezer Burn. The sublimation of
the ice may occur during frozen storage if the pack-
aging product is unsuitable. Moisture loss by evapo-
ration from the surface of the product leads to “freezer
burn,” which is recognized as a light-colored zone on
the surface of the product. Dehydration of the prod-
uct can be avoided by improving the type of package,
increasing humidity, and decreasing the storage tem-
perature.

The recrystallization and freezer burn dehydration
increase with temperature fluctuations, but the harm-
ful effect of these two processes on frozen fruit qual-
ity can be decreased by lowering the storage temper-
ature below —18°C (IIR, 1996)

Chemical and Biochemical Changes
and Quality

The chemical and biochemical reactions related to
sensorial and nutritional quality changes of fruits are
delayed but not completely stopped at subzero tem-
perature. Quality changes, such as loss of the original
fruit color or browning, developing off-odour and oft-
taste, texture changes, and oxidation of ascorbic acid,
are the main changes caused by chemical and bio-
chemical mechanisms that affect fruit quality. Also,
pH changes in fruit tissues detected during freezing
and frozen storage can be a consequence of these
degradation reactions.

Color Changes. Color is the most important qual-
ity characteristic of fruits because it is the first at-
tribute perceived by the consumers and is the basis
for judging the product acceptability. The most im-
portant color changes in fruits are related to chemi-
cal, biochemical, and physicochemical mechanisms:
(a) breakdown of cellular chloroplasts and chromo-
plasts, (b) changes in natural pigments (chlorophylls,
carotenoids, and anthocyanins), and (c) development
of enzymatic browning.

Mechanical damage (ice crystals and volume ex-
pansion) caused by the freezing process can disinte-
grate the fragile membrane of chloroplasts and chro-
moplasts, releasing chlorophylls and carotenoids,
and facilitating their oxidative or enzymatic degra-
dation. Also, volume expansion increases the loss of
anthocyanins by lixiviation due to disruption of cell
vacuoles.

(i) Chlorophylls. Chlorophylls are the green pig-
ment of vegetables and fruits, and their structures
are composed of tetrapyrroles with a magnesium ion
at their center. Freezing and frozen storage of green
vegetables and fruits cause a green color loss due to
degradation of chlorophylls (a and b) and transfor-
mation in pheophytins, which transfers a brownish
color to the plant product (Cano, 1996). One exam-
ple is kiwi-fruit slices that show a decrease in chloro-
phyll concentration between 40% and 60%, depend-
ing on cultivar, after freezing and frozen storage at
—20°C for 300 days (Cano et al., 1993a). Differ-
ent mechanisms can cause chlorophyll degradation;
loss of Mg due to heat and/or acid, which transforms
chlorophylls into pheophytins; or loss of the phytol
group through the action of the enzyme chlorophyl-
lase (EC 3.1.1.14), which transforms chlorophyll into
pheophorbide. Loss of the carbomethoxy group may
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Figure 4.5. Pathways of chlorophyll
degradation.
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also occur and pyropheophytin and pyropheophor-
bide can be formed (Fig. 4.5.) (Heaton et al,
1996).

Acids, temperature, light, oxygen, and enzymes
easily destroy the chlorophylls. Thus, blanching
(temperature/time), storage (temperature/time), and
acidity are the important factors to be controlled
during processing in order to preserve chlorophylls.
Other chlorophyll degradation mechanism can cause
degradation by the action of peroxides, formed in the
fruit tissue due to the oxidation reaction of polyunsat-
urated fatty acids catalyzed by the enzyme LOX. An
important quality parameter employed to determine
the shelf life of frozen green fruits is the formation of
pheophytins from chlorophylls. As different types of
enzymes can be involved in chlorophyll degradation
(LOX, POD, and chlorophyllase), blanching and ad-
dition of inorganic salts such as sodium or potassium
chloride and sodium or potassium sulphate are effi-
cient treatments to preserve green color (IIR, 1986;
Cano and Marin, 1992; Cano et al., 1993a, b).

(ii) Carotenoids. Carotenoids are among the most
abundant pigment in plant products and are respon-
sible for the yellow, orange, and red color of most of
the fruits. All of them are tetraterpenes and contain 40
carbon atoms in eight isoprenes residues. [3-carotene
and lutein are the carotenoids present in most of the

fruits. Important sources of these pigments are as
follows (Figure 4.6):

® [3-cryptoxanthin: oranges

¢ lycopene: tomatoes, watermelon, papaya and
persimmon

e q-carotene: banana and avocado

e zeaxanthin: orange and peach

Carotenoids are affected by pH, enzymatic activ-
ity, light, and oxidation associated with the conju-
gated double bond system. The chemical changes
occurring in carotenoids during processing have
been reviewed by several authors (Simpson, 1986;
Rodriguez-Amaya, 1997). The main degradation re-
action that damages carotenoid compounds is isomer-
ization. Most plants appear to produce mainly trans
forms of carotenoids but with increased temperature,
the presence of light, and catalysts such as acids, iso-
merization to the cis forms increases, and the biolog-
ical activity is dramatically reduced. However, heat
treatments of products rich in carotenoids reduce the
degradation of carotenoids because of the inactiva-
tion of enzymes LOX and POD. Blanching fruits be-
fore freezing could be efficient in the preservation
of carotenoids due to enzyme inactivation. Al-
though most carotenoids are heat resistant, some
carotenoids, such as epoxycarotenoids, could be
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Figure 4.6. Structure of more frequent
carotenoids present in fruits.

affected. Carotenoids are fat-soluble pigments and
breakdown of chromoplasts, by heat treatment or
mechanical damage, improves their extraction with
organic solvents and bioavailability but not their
loss by lixiviation (Hof et al., 2000). Freezing with-
out protector pretreatment slightly decreases total
carotenoid concentration (20%) of some fruits rich
in carotenoids, such as mango and papaya. But after
12 months of frozen storage at —18°C, an important
decrease of total carotenoid concentration (between
40% and 65%) occurred, although the carotenoid pro-
file was unchanged (Cano and De Ancos, 1994; Cano
et al., 1996b). Similar results have been found with
frozen tomato cubes. A pronounced stability of total
carotenoids, [3-carotene, and lycopene was recorded
up to the 3rd month of storage. But after 12 months of
storage at —20°C, the losses of carotenoids reached
36%, of B-carotene 51%, and of lycopene 48%
(Lisiewska and Kmiecik, 2000). Freezing and frozen
storage could affect the carotenoid structure and con-
centration depending on the type of fruit and culti-

var (pH, fats, antioxidants, etc.) and the processing
conditions (temperature, time, light, oxygen, etc.)
(Simpson, 1986; Rodriguez-Amaya, 1997).

(iii) Anthocyanins. Anthocyanins are one class
of flavonoid compounds, which are widely dis-
tributed plant polyphenols, and are responsible for
the pink, red, purple, or blue hue of a great num-
ber of fruits (grape, plum, strawberry, raspberry,
blackberry, cherry, and other types of berries).
They are water-soluble flavonoid derivatives, which
can be glycosylated and acylated. The effect of
freezing, frozen storage, and thawing in different
fruits rich in anthocyanins pigments have been re-
viewed by Skrede (1996). Anthocyanins in cherry
fruit underwent pronounced degradation during stor-
age at —23°C (87% after 6 months), but they are
relatively stable at —70°C storage (Chaovanalikt and
Wrolstad, 2004). But in raspberry fruit, the stabil-
ity of anthocyanins to freezing and frozen storage
depends on the seasonal period of harvest. Spring
cultivars were practically unaffected by freezing and
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frozen storage for 1 year at —20°C, but autumn
cultivars showed a decreasing trend in total
anthocyanin content (4-17%)(De Ancos et al.,
2000b). In general, the freezing process does not af-
fect the level of anthocyanins in raspberry fruit (De
Ancos, 2000; Mullen et al., 2002). Authors explain
degradation of anthocyanins during frozen storage by
different chemical or biochemical mechanisms. An-
thocyanins are water-soluble pigments located in the
vacuoles of cell and are easily lost by lixiviation when
the cell membranes break down. Also oxidation can
play an important role in anthocyanin degradation
catalyzed by light. PPO and POD enzymatic activ-
ities have been related to anthocyanin degradation.
Thus, frozen—thawed cherry discoloration disap-
peared when the fruits were blanched before freezing.
The changes in pH during processing can affect an-
thocyanin stability. Maintenance of red fruit requires
an acid medium (pH < 3.5). The flavylium cation
structure of anthocyanins transfers a red color to the
fruit. But an increase in pH value produces a change
from red to blue until the product is colorless, a conse-
quence of transforming flavylium cation into a neutral
structure (Fig. 4.7).

The loss of characteristic red color can also be pro-
duced by formation of the anthocyanin complex with

different products present in the fruit matrix: ascor-
bic acid, acetaldehyde, proteins, leucoanthocyanins,
phenols, quinones, metals (Fe’+ and AI**), hydrogen
peroxide, etc. (Escribano-Bailon et al., 1996).

(iv) Enzymatic Browning. Browning usually oc-
curs in certain fruits during handling, processing, and
storage. Browning in fruitis caused by enzymatic oxi-
dation of phenolic compounds by PPO(EC 1.10. 3.1)
(Martinez-Whitaker, 1995). PPO catalyzes either one
or two reactions involving molecular oxygen. The
first type of reaction is hydroxylation of monophe-
nols, leading to formation of o-hydroxy compounds.
The second type of reaction is oxidation of o-hydroxy
compounds to quinones that are transformed into
polymeric brown pigment (Fig. 4.3). Freezing, frozen
storage, and thawing of fruits, like mangoes, peaches,
bananas, apples, apricots, etc., quickly develop color
changes that result in nonreversible browning or
darkening of the tissues. Freezing does not inactivate
enzymes; however, some enzyme activity is slowed
during frozen storage (Cano et al., 1998). Browning
by PPO can be prevented by the addition of sulfites,
ascorbic acid, citric acid, cysteine, and others. The ad-
dition of antibrowning agents has been discussed in
the pretreatments section. Selection of varieties with
low PPO activity could help to control browning in
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frozen—thawed fruits (Cano et al., 1996b; Cano et al.,
1998).

Flavor and Aroma Changes. Volatile compounds
forming the fruit flavor (alcohols, esters, aldehydes,
ketones, acids, furans, terpenes, etc.) are produced
through metabolic pathways during harvest, posthar-
vest, and storage and depend on many factors re-
lated to species, variety, and type of processing. Al-
though freezing is the best way to preserve fruit aroma
(Skrede, 1996), frozen storage and thawing can mod-
ify the natural fresh aroma of some fruits such as
strawberries (Larsen and Poll, 1995), but other fruits
like kiwi (Talens et al., 2003) or raspberry fruits (De
Ancos, 2000) do not significantly modify the aroma
profile. Freezing, frozen storage, and thawing affect
fruits volatile profile in different ways depending on
the type of fruit and variety.

Instead of being destroyed during freezing, some
enzymes are released. This can cause cell disruption
and is one factor in the development of off-flavors
and off-odors in plant products during frozen storage.
Blanching is the main tool used to inactivate enzymes
before freezing, but most fruits suffer important tex-
tural changes when blanched. POD enzyme activity
has been related to the presence of different volatile
compounds such as hexanal, which is produced dur-
ing lipid oxidation and confers an unpleasant odor to
the frozen—thawed product. Cell structure disruption
during freezing and frozen storage favors an increase
in or preserved important enzymatic POD activity
levels in different thawed fruits [mango (Marin et al.,
1992) and papaya (Cano et al., 1998)]. It is impor-
tant to select the suitable fruit varieties for freezing,
based on high volatile compounds concentration and
low enzymatic activity, to obtain high-quality frozen
fruit.

Textural Changes. Texture of frozen fruits is de-
pendent on chemical and biochemical modifications
of the cell wall and middle lamella components
(pectins, hemicelluloses, and celluloses). Freezing
causes severe texture loss due to the cryoconcen-
tration phenomena, which can induce cell wall
degradation and a decrease in liquid retention. The
size and location of ice crystals cause cell membrane
rupture that promotes enzyme and/or chemical
activity and contributes to mechanical damage in
cell wall material. The influence of freezing rate
on tissue integrity, texture, and drip loss has been
reviewed by different authors (Skrede, 1996; Cano,

1996; Reid, 1996). Ice recrystallization also leads to
greater damage during frozen storage (Reid, 1996).
Pectin is an important component of fruit cell wall.
In fact, a decrease of the pectin fraction during
freezing and frozen storage has been related to a
reduction of firmness in different fruits (Lisiewska
and Kmiecik, 2000).

Nutritional and Antioxidant Status Changes.
Consumption of fruits is related to a good nutritional
status and contributes to the prevention of degenera-
tive processes, particularly the lowering of the inci-
dence and mortality rate of cancer and cardiovascu-
lar disease (Steinmetz and Potter, 1996; Tibble et al.,
1998; Willcox et al., 2003). Nutritional compounds
found in fruits are vitamins, sugars, minerals, pro-
teins, and fats. Fruits are the main dietary source of
vitamins C, A, and E, which are indispensable for
human life. The protective effect of a rich fruit diet
has been attributed to certain bioactive compounds
with antioxidant and antimutagenic properties. Vita-
mins A, and C, carotenoids, and phenolics are the
main bioactive compounds that contribute to the an-
tioxidant characteristics of fruits (Rice-Evans et al.,
1996; Miller and Rice-Evans 1997; Boileau et al.,
1999; Gardner et al., 2000). Retention of the nutri-
tional and antioxidant value of fruit is the main goal of
all the processing methods, and freezing and frozen
storage can be one of the less destructive methods in
terms of long-storage periods.

(i) Vitamin C. Freezing processes have only a slight
effect on the initial vitamin C content of fruit (Cano
and Marin, 1992; Marin et al., 1992; De Ancos,
2000). The destruction of vitamin C (ascorbic acid)
occurs during freezing and frozen storage, and this
parameter has been employed to limit the frozen stor-
age period of frozen fruit. The main cause of loss of
vitamin C is the action of the enzyme ascorbate ox-
idase. If pretreatments or freezing processes do not
destroy this enzyme, it is continuously active during
the frozen storage. Vitamin C degradation depends
on different factors, such as time—temperature con-
ditions, type of fruit, variety, pretreatments, type of
package, freezing process, etc. (Skrede, 1996). Thus
as the frozen storage temperature decreases, higher
vitamin C retention is achieved for different fruits like
berries, citrus, tomato, etc. (Skrede, 1996; Lisiewska
and Kmiecik, 2000). Also, significantly different vi-
tamin C retention values have been achieved between
varieties of fruits such as raspberry (De Ancos, 2000),
mango (Marin et al., 1992), and kiwi (Cano and
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Marin, 1992), which were frozen and stored under
the same conditions. Vitamin C stability in freez-
ing and frozen storage of strawberries seems to be
more dependent on storage temperature than on the
type of freezing process. Nonstatistical differences
were observed between strawberries processed by
fast rate freezing (at —20°C) and quick rate freez-
ing (at —50°C to —100°C), but great loss was shown
between strawberries stored at —18°C and —24°C
(Sahari et al., 2004).

(i) Provitamin A and Antioxidant Carotenoids.
Some carotenoids, like 3-carotene, a-carotene, and
[B-cryptoxanthin, are recognized as precursors of vi-
tamin A. These provitamin A carotenoids, in addition
to lycopene and lutein, constitute the group of an-
tioxidant carotenoids. The prevailing opinion is that
freezing and frozen storage do not prevent degra-
dation of carotenoids. The content of {3-carotene,
and consequently the provitamin A value, was de-
creased during frozen storage of mango (Marin et al.,
1992), kiwi (Cano and Marin, 1992), papaya (Cano,
1996), and tomato (Lisiewska and Kmiecik, 2000).
The losses were mainly due to the activity of en-
zymes (POD, LOX, and CAT), particularly during
frozen storage in an oxygen environment. Lycopene,
a characteristic carotenoid in tomato fruit, has been
recognized as a powerful antioxidant (Rao and Agar-
wal, 1999; Lavelli et al., 2000). After 3 months of
frozen storage (—20°C and —30°C), great stability of
lycopene was recorded. After this period, slow losses
occurred, the rate being faster at the higher storage
temperature. After 12 months at —20°C and —30°C,
the lycopene content was 48% and 26%, respectively,
lower than that in the raw material (Lisiewska and
Kmiecik, 2000). Other authors have reported an in-
crease in the extraction of lycopene after 1 month of
frozen storage, although after 3 and 6 months the loss
of lycopene concentration was significantly higher
than 40% (Urbanyi and Horti, 1989). Papaya fruit
could be an important source of lycopene, but freez-
ing and frozen storage at —20°C during 12 months
produced a significant loss of lycopene concentration
(34%) in frozen papaya slices (Cano, 1996).

Further discussion on the effect of freezing, frozen
storage, and thawing on carotenoid stability are in-
cluded in the section of color changes.

(iii) Phenolic Compounds. The freezing process
does not modify either total phenolic content or el-
lagic acid concentration in raspberry fruit. There is an
increasing interest in ellagic acid, a dimeric deriva-
tive of gallic acid, due to its anticarcinogenic and an-
tioxidant effects. Although frozen storage produces a

slight decrease in ellagic acid content because of PPO
enzyme activity, frozen storage is a good methodol-
ogy to preserve phenolic compounds during long-
term periods (De Ancos, 2000).

(iv) Antioxidant Capacity. Radical scavenging ca-
pacity, a measure of the antioxidant capacity of fruit
extracts, was not affected by freezing and long-term
frozen storage (De Ancos, 2000).

(v) Dietary Fiber. Comparative studies on dietary
fiber content between fresh fruit pulp and the corre-
sponding frozen fruit pulp have shown that frozen
fruit pulp has lower fiber content than fresh fruit
pulp. Freezing and frozen storage induced significant
dietary fiber losses ranging from 18% for mango to
50% for other fruits like guava (Salgado et al., 1999).

STABILITY OF FROZEN FRUIT

Physical, physicochemical, chemical, and biochemi-
cal changes that occur in frozen fruit during the stor-
age period lead to a gradual, cumulative and irre-
versible loss of quality that limits the storage life
of frozen fruit. Temperature and length of storage
time are the principal factors that limit the frozen
storage period of fruit and are known as TTT fac-
tors. In general, lower storage temperatures lead to
longer storage life. TTT data for each fruit was de-
termined by different quality analysis of samples of
the same product, identically processed, and stored
at different temperatures in the range of —10°C to
—40°C. Atcertain intervals of frozen storage, sample
quality was analyzed. Sensorial analysis, loss of vi-
tamin C, and changes of chlorophylls to pheophytin,
or other types of pigment degradation, are the qual-
ity analyses used to determine the storage life of the
frozen fruit. On the basis of TTT data, different terms
have been established to determine the suitable frozen
storage life. “High-Quality Life” has been defined as
the storage period quality of a frozen product com-
pared to a similar quality of a product just frozen.
After this time, frozen fruits are still suitable for
consumption, and a second term has been defined
as “Practical Storage Life” or the storage time pe-
riod that provides frozen foods suitable for human
consumption. Table 4.2 shows the “Practical Stor-
age Life” for different frozen fruits stored at —12°C,
—18°C, and —24°C. Fruit frozen with sugar or syrup
added is more sensitive to an increase in frozen stor-
age temperature because they freeze at lower tem-
perature than fruit frozen without sugar. Thus, straw-
berries without sugar stored at —12°C have longer
“Practical Storage Life” (5 months) than fruit with
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Table 4.2. “Practical Storage Life” at Different Frozen Storage Temperatures (In Months)

Fruit —12°C —18°C —24°C
Strawberry/raspberry/peach 5 24 >24
(Strawberry/raspberry/peach) + sugar 3 24 >24
Apricot/cherry 4 18 >24
(Apricot/cherry) + sugar 3 18 >24
Fruit juice (concentrated) - 24 >24

Source: Institute of International Refrigeration (IIR, 1986).

sugar (3 months). These times for suitable storage
were obtained on the basis of high-quality raw prod-
ucts, processing in suitable conditions, and without
temperature fluctuations during frozen storage. In-
creasing and fluctuating temperature may occur dur-
ing transport and retail display. Temperature fluctua-
tions shorten the storage life of frozen foods because
of accelerated degradation reactions and increased
quality loss (IR, 1986; Cano, 1996).

THAWING

The quality of the original fruit, preserved by freez-
ing, is retained by quick thawing at low temperature
in controlled conditions. During incorrect thawing,
chemical and physical damage and microorganism
contamination can also occur. Fruit products exhibit
large losses of ascorbic acid (up to 40%) and color
changes when thawed for an unusually long period,
e.g., 24 h at room temperature. Good results in terms
of vitamin C and anthocyanins retention (90%) were
achieved by thawing small frozen fruits such as bil-
berry, raspberry, black currant, red currant, and straw-
berry at room temperature (18-20°C/6-7 h), in a
refrigerator (2—4°C/18 h), or in a microwave oven.
Color and ascorbic acid retention of fruit was equally
affected by thawing temperature and time. Thorough
thawing must be determined by taking into account
the size of the fruit and/or the type of packaging
(Kmiecik et al., 1995).

MICROBIOLOGICAL QUALITY AND SAFETY
OF FROZEN FRuUITS

Fruit microflora are dominated by spoilage yeast,
moulds, and bacteria, but occasionally the presence
of pathogenic bacteria, parasites, and viruses ca-
pable of causing human infections has also been
documented. Fruits can become contaminated with
pathogenic microorganisms while growing in fields,
orchards, vineyards, or greenhouses, or during
harvesting, postharvest handling, processing, distri-

bution, and food preparation (Beuchat, 2002). Freez-
ing halts the activities of spoilage microorganisms in
foods but can also preserve some microorganisms for
long periods of time. During the freezing process, mi-
crobial growth can occur when freezing does not take
place rapidly due to increasing temperature or fluc-
tuations during frozen storage, transport or retail dis-
play (greater than —18°C), and during slow thawing.
Frozen foods have an excellent overall safety record.
However, the few outbreaks of food-borne illness as-
sociated with frozen foods indicate that some, but not
all, human pathogenic microorganisms are killed by
freezing processes. Outbreaks associated with frozen
foods have been reviewed by Lund (2000). Freezing
does not destroy Clostridium botulinum, the spoilage
organism that causes the greatest problems in plant
food processing. However, C. botulinum will not
grow and produce botulin toxin (a poison) at frozen
storage temperature below —18°C or low pH of fruit.
Acid media of fruit is a protective factor against
microorganism growth. The effect of freezing and
frozen storage on the microbiology of some frozen
fruit products has been reviewed (Skrede, 1996). Al-
though spoilage microorganisms are not a great prob-
lem in frozen fruit and fruit juices, some outbreaks
and illnesses associated with frozen food consump-
tion have been due to fruit products. Cases of hep-
atitis A that were produced by frozen raspberries
in the United Kingdom (Reid and Robinson, 1987)
and frozen strawberries in the United States (DHHS,
1997) have been referenced. When thawing frozen
food, it is important to remember that if the raw prod-
uct is contaminated and freezing does not totally de-
stroy spoilage and pathogenic microorganisms, as the
temperature of food rises, there may be microorgan-
ism growths, mainly on the surface of the product. To
preserve safety in frozen fruits, recommended tem-
perature requirements exist for each stage of the cold
chain. It is recommended that frozen fruits be main-
tained at —18°C or colder, although exceptions are
allowed during brief periods as during transportation
or local distribution (—15°C). Retail display cabinets
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should be at —18°C and never warmer than —12°C
(IIR, 1986).

Freezing effects on different types of microor-
ganisms have been recently studied (Archer, 2004).
Yeast, moulds, viruses, bacteria, and protozoa are
affected in different ways by freezing, frozen stor-
age, and thawing cycles. Although Gram-negative
bacteria (Salmonella spp. Escherichia coli, etc.) are
more susceptible to freezing than Gram-positive ones
(Listeria monocytogenes, Staphylococcus aureus,
etc.), the nature of the food can change the survival of
some former organisms. Freezing kills microorgan-
isms by physical and chemical mechanisms, and fac-
tors related to freezing parameters (ice formation, rate
of cooling, temperature/time of storage, etc.), or food
matrix composition and nutritional status, or phase of
growth determine the survival of the microorganism
(Lund, 2000). Several mechanisms have been pro-
posed to explain the damage caused to microorgan-
isms by freezing. Cellular damage caused by internal
or external large ice crystals and increase of external
or internal solute concentration are some of the mech-
anisms proposed. Better understanding of the interac-
tions between physical and chemical changes in the
microorganism cell and food matrix during freezing,
frozen storage, and thawing processes could lead to
the designing of safe freezing processes where the
microorganisms, if they are present, would not sur-
vive. For spoilage and pathogenic microorganisms,
the freezing process becomes an important hurdle to
overcome (Archer, 2004).

Legislation

Special rules for frozen food safety regulations
have not been adopted by either the United States
or the “European Communities (EC)” authorities.
Frozen food is regulated by the general rules
for food processing safety. Codex Alimentarius
Commission adopted special rules for frozen foods—
Recommended International Code of Practice for
Processing and Handling of Quick Frozen Food. The
Commission recognized not only temperature as the
main consideration to maintain frozen food qual-
ity (Codex Alimentarius, 1976) but also other fac-
tors. The production of safe frozen food requires
maximum attention to GMP and HACCP princi-
ples in all the production chain, from raw material
(farm) to consumer freezer (table), and to all the
steps in between. In the United States, the minimum
sanitary and processing requirements for producing
safe and wholesome food are an important part of

regulatory control over the safety of the nation’s food
supply and are ruled by GMP (FDA, 2004). HACCP
and Application Guidelines were first adopted by
The National Advisory Committee on Microbiolog-
ical Criteria For Foods (NACMCEF) for astronauts
(1970), seafood (1995), low-acid canned food and
juice industry (2002-2004). Other food companies,
including frozen foods, already use the HACCP sys-
tem in their manufacturing processes (NACMCEF,
1997). The Codex Alimentarius also recommended
a HACCP-based approach to enhance food safety
(Codex Alimentarius, 1999).

The central goal of The European Commission on
food safety policy is to ensure a high level of protec-
tion for human health and consumer interests in re-
lation to food. The Commission’s guiding principle,
primarily set out in its White Paper on Food Safety,
is to apply an integrated approach from farm to table
covering all sectors of the food chain, feed produc-
tion, primary production, food processing, storage,
transport, and retail sale. The establishment of the
European Food Safety Authority (EFSA) was one
of the key measures contained in the Commission’s
White Paper on Food Safety. EFSA is the keystone of
European Communities (EC, 2002) risk assessment
regarding food.

FREEZING METHODS

The rate of freezing and the formation of small ice
crystals in freezing are critical to reduce tissue dam-
age and drip loss in fruit thawing. Different types
of freezing systems are designed for foods. The se-
lection of suitable freezing systems is dependent on
the type of product, the quality of frozen product,
desire, and economical reasons. Freezing systems
are divided according to the material of the heat-
transmission medium (Rahman, 1999):

1. Freezing by contact with cooled solid or plate
freezing: The product is placed between metal
plates and then adjusted by pressure. This method
is used for block or regular form products.

2. Freezing by contact with cooled liquid or immer-
sion freezing: The fluids usually used are sodium
chloride solutions, glycol and glycerol solutions,
and alcohol solutions.

3. Freezing with a cooled gas in cabinet or air-blast
freezing: Air-blast freezing allows quick freez-
ing by flowing cold air (—40°C) at relatively high
speed between 2.5 and 5 m/s.
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4. Cryogenic freezing: Food is frozen by direct con-
tact with liquefied gases, nitrogen and carbon
dioxide. Nitrogen boils at —195.8°C and the sur-
rounding food temperature reaches temperatures
below —60°C. This is a very fast method of
freezing and the rapid formation of ice crystals
reduces the damage caused by cell rupture, pre-
serving sensorial and nutritional characteristics.
Cryogenic freezing is recommended for cubes,
slices, medium or small whole fruits but is not ap-
propriate for whole medium and large fruits such
as prunes, peaches, etc., due to the risk of crushing.

FUTURE PERSPECTIVES

Irradiation. lonizing radiation has been used as
a safe and effective method for eliminating bacte-
rial pathogens from different foods and disinfecting
fruit, vegetables, and juices. The application of low-
dose (<3 kGy) irradiation to a variety of frozen plant
foods to eliminate human pathogens has been stud-
ied. The amount of ionizing radiation necessary to re-
duce the bacterial population increases with decreas-
ing temperature. Significant softening was achieved
at —20°C, but textural changes were not shown when
lower ionization doses were employed at higher tem-
peratures (—5°C) (Sommers et al., 2004).

High Pressure. The quality of frozen/thawed prod-
uct is closely related to freezing and thawing pro-
cesses (Cano, 1996). The rate of freezing and the
formation of small ice crystals in freezing are critical
to minimize tissue damage and drip loss in thawing.
Several reports have studied the use of high pres-
sure at subzero temperature (Bing and Da-Wen, 2002;
LeBail et al., 2002). The physical state of food can
be changed by the external manipulation of pres-
sure and temperature according to the water phase
diagram. The main advantage of high-pressure freez-
ing is that when pressure is released, a high supercool-
ing can be obtained, and as a result the ice-nucleation
rate is greatly increased and the initial formation of
ice is instantaneous and homogeneous throughout
the whole volume. The use of high pressure facili-
tates supercooling, promotes uniform and rapid ice
nucleation and growth, and produces small size crys-
tals, resulting in a significant improvement of product
quality (LeBail etal., 2002; Bing and Da-Wen, 2002).

From a structural point of view, damage to cells
during processing is diminished due to the small size
of ice crystals, resulting in a significant improve-
ment of product quality. These advantages have been

tested with different fruit tissues. Fruit tissues were
frozen under pressure. Peach and mango were also
cooled under pressure (200 MPa) to —20°C without
ice formation, and then the pressure was released to
0.1 MPa. By scanning electron microscope , it was
observed that the cells of fruits frozen under pres-
sure were less damaged compared to those frozen us-
ing traditional freezing process, including cryogenic
freezing (Otero et al., 2000).

High-Pressure Thawing. Thawing occurs more
slowly than freezing. During thawing, chemical and
physical damage can occur, as well as microorgan-
ism contamination that can reduce the quality of the
frozen/thawed product. From a textural point of view,
an incorrect thawing can produce an excessive soft-
ening of the plant tissue. A quick thawing at low tem-
perature to avoid rising temperature could help in as-
suring the food quality. High-pressure thawing would
be a new application of high-pressure freezing. Re-
cent studies showed that high-pressure thawing can
preserve food quality and reduce the necessary thaw-
ing time. High-pressure thawing was more effective
in texture improvement than was atmospheric pres-
sure thawing (Bing and Da-Wen, 2002).
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FRUIT DRYING

Fruit drying has a long tradition. Inhabitants living
close to the Mediterranean Sea and in the Near East
traded fruits that had been dried in the open sun. Dried
fruit is a delicacy, because of the nutritive value (66—
90% carbohydrate) and shelf life. For example, in-
habitants of hillside villages isolated from the outside
world by snow ate diets consisting primarily of seeds
and dried fruits.

Today, the production of dried fruits is widespread.
Nearly half of the dried fruits in the international
market are raisins, followed by dates, prunes, figs,
apricots, peaches, apples, pears, and other fruits. Sig-
nificant amounts of sour cherries, cherries, pineap-
ples, and bananas are also dried. The selection of
fruit for drying depends on local circumstances and
customs. For example, in the Middle East, lemons
with thin peel are dried whole. The taste and aroma
are preserved in the brownish inner fleshy part, which
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remains soft. In the United States, blackberries, cow-
berries (ligonberries), and grapes are dried, while in
Spain, red grapes are dried.

Apricots, dates, plums, and tropical fruits are dried
in the sun in several countries, while apples, pears,
prunes, and peaches are dried by artificial means.
Dryers with natural air ventilation were used in the
19th century in California for apple drying or to finish
products that have previously been dried by the sun.
Fruits dried in the sun or in dryers with natural air
ventilation are referred to as “evaporated fruit,” while
fruits dried in dryers with artificial ventilation are
described as “dehydrated fruits.”

Fruits can be dried whole, in halves, or as slices,
or alternatively can be chopped after drying. The
residual moisture content varies from small (3—-8%)
to large (16-18%) amounts, according to the type
of fruit. Significant amounts are packaged in small
portions (200-1000 g) in manufacturing plants. Of-
ten, countries importing dried fruit repackage it to
meet the needs of consumers and large kitchens. Fruit
mixtures are widely consumed both in the United
States and Europe. Fruit is packed as a mixture or
each component is packed separately in a transparent,
appealing packaging. Well-known components are
round slices of apples, apricots and peaches, pear
halves, prunes, sour cherries, and dates. Often, wal-
nuts and almonds are also added to the mixture.

Dried fruit is widely used by the confectionery,
baking, and sweets industries. Soup manufacturing
plants use dried fruits in the various sauces, garnish-
ments, puddings, and ice powders, and food for in-
fants and children. Dried fruits are used in various
teas, e.g., rose hips, and by the distilling industry
(dried prunes, apricots). Applications include fruit
powders processed from juices or pulps that dissolve
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quickly. The development of the fruit powders
was possible through processing, which preserves
color and flavor (vacuum drying, lyophilization, and
swelling). Artificial drying made it economically
possible to use raw materials at competitive prices
and of high quality; examples are apples, prunes, and
rose hips. Various milling procedures make it pos-
sible to dry highly valuable berries with soft flesh
(strawberries, raspberries) and mature stone-fruits
(apricots, peaches) (Burits and Berki, 1974).

STATE OF WATER IN FRUITS

Fruit drying involves removing water in different
forms (both free and bound) and different amounts.
The amount and manner of water removal change
the structure of fruit depending on the type of bond-
ing, and also determine the character of the recon-
stituted dried material. Among the various bonding
forms of water, the strongest is the chemical, physico-
chemical bonding, followed by adsorption, osmotic,
micro- and macro-capillary, and, finally, rehydration
(Imre, 1974). During drying, the weakest bound wa-
ter is removed first; removing moisture by breaking
stronger bonds requires energy. Removal of free wa-
ter does not change the character of the material in
either the dried or rehydrated states. Significantly
higher energy and special procedures are required
to remove bound water, i.e., to decompose the higher
bonding energies (Ginzburg, 1968, 1976).

EQUILIBRIUM STATES

By putting wet material into a closed space, water
molecules change to the gaseous state forming a mix-
ture of air and water vapor. At the same time, the
molecules of the water vapor adsorb on the surface
of the material by moistening it. After a given time,
the number of molecules adsorbed on the surface of
the material and the number of molecules that change
to the gaseous state becomes equal. At this time, there
is a state of equilibrium between the gaseous atmo-
sphere in the space and the solid material. The state
of the gaseous atmosphere can be characterized by its
water activity, which is the ratio of the partial pres-
sure of water vapor to the saturated partial pressure.
The equilibrium relative humidity of the material can
be determined from the water activity:
_n

aw ) 5.1)
P2

where a,, is the water activity, p; is the partial pres-
sure of water in the food, and p; is the saturated vapor
pressure of water at the same temperature.

The moisture content characterizes the state of the
material, i.e., its water content expressed in kg related
to 1 kg of dried material. The equilibrium between
the atmosphere and the wet material is highly af-
fected by temperature. Knowledge of the correlation
between the various factors influencing equilibrium
has primary importance for drying technology, since
the air moistening state determines the final mois-
ture content being reached at the drying temperature.
The relationship among the three features of the state
makes it possible to have three types of planar repre-
sentations.

¢ The sorption isotherm represents the function of
the moisture content of the material with the
water activity at constant temperature.

¢ The sorption isobar is the function of the
temperature and the moisture content of the
material at the equilibrium relative humidity
(ERH).

¢ The sorption isostheta represents the water
activity as a function of the temperature at
constant moisture content of the material.

Drying technology uses the sorption isotherms
most frequently. Determination of the sorption
isotherms is done by actual or theoretical mea-
surements. For representation of isotherms, several
empirical correlations were proposed (e.g., Halsey,
1948; Henderson, 1952; Chung and Pfost, 1967).
Several authors dealt with correlations of sorp-
tion data for fruits. Requirements necessary for a
good correlation can be found in numerous reports
(Ratti et al., 1989; Crapiste and Rotstein, 1986;
Guggenheim, 1966; Iglesias and Chirife, 1976; Pfost
etal., 1976; Thompson, 1972). Several methods exist
for determination of the sorption isotherms of fruits
by measurements. One method consists of the mea-
surement of the relative moisture content and tem-
perature at equilibrium by placing the material with
a known moisture content into a closed air space.
The measured relative moisture content is equal to
the equilibrium relative vapor content. Air moisture
values measured at the same temperature but differ-
ent levels of moisture gives sorption isotherms for a
specific fruit. Other methods of measuring sorption
isotherms make use of air space with a constant rel-
ative vapor content established either by cooling and
heating of the saturated air or by salt crystal solutions
in a desiccator. The moisture content of the material
put into the air space becomes constant, reaching a
state of equilibrium. The relative vapor content and
the moisture content of the material measured at the
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Figure 5.1. Sorption isotherms of some fruits.

temperature of the air space will be one point on
the sorption isotherm (Jowitt et al., 1983; Mazza,
1984; Wolf and Jung, 1985). Figure 5.1 shows sorp-
tion isotherms of some fruit.

Knowledge of the sorption isotherms of a material
is of primary importance from a practical point of
view (Wolf et al., 1985). To ensure a product with
the required moisture content, sorption isotherms are
used to determine the state of the air (temperature,
relative vapor content) (Shatadal and Jayas, 1992).
The temperature and relative vapor content predict
the remoistening and deterioration of a dried product
with a given moisture content during storage. Further,
it has great importance in selecting the drying proce-
dure and predicting dryability, the binding strength of
the moisture, and the shelf life of the fruit (Maroulis
et al., 1988). If on the sorption isotherm, low mois-
ture content relates to high a,, value, the material
is highly hygroscopic, and drying can be done only
with care in a climate-controlled space or in vacuum.
Drying procedures with dry air can also be used for
fruit having higher moisture content, e.g., fruit at a
low ay, value. The design of any process in which
the transfer of heat is involved requires knowledge
of density as well as thermal properties of fruits be-
ing processed. Properties of fruits are discussed by
Lewis (1987), Lozano et al. (1979), and Constenla
et al. (1989). Empirical equations are proposed for
modeling using density and thermal properties of
the fruits being processed (Heldman, 1975; Choi and
Okos, 1986; Singh and Mannapperuma, 1990; Singh,
1992).

PRINCIPLES OF WATER
REMOVAL

Drying a moist material and decreasing the water
activity mean evaporation of bound water from in-
side the solid material into the atmosphere. Breaking
water bonds, releasing, and transferring heat con-
nected to phase change require energy. Drying can
be done with different types of drying energy: con-
vective (warm air), contact (cooled surface), radiative
(infrared rays), and excitation (microwave) energies.
With convective drying, the heated air low in mois-
ture content meets the wet material and as a result,
the moisture moves onto the surface of the mate-
rial and then into the drying air. Tasks of the warm
air are to transfer heat to the material being dried to
establish the drying potential and to transfer moisture
into the air. For contact drying, the heat expanded by
conduction from the cooled surface of the material
evaporates the moisture. With infrared drying, the
heat spreads from a radiating body—which can be
a spot lamp, a piece of heated metal, or ceramic—
directly to the material being dried. This method
can be well-applied using vacuum drying for very
small or chopped material (Szab6, 1987). For heat ex-
change by excitation, materials consisting of highly
polarized molecules absorb the energy of excitation,
resulting in heat necessary for drying the material.
Using this method, liquids, pastes, and highly milled
materials can be handled quickly and without a deteri-
oration of the product. Vacuum drying can be used for
heat-sensitive materials with low moisture content. In
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a vacuum with no transferring medium, convective
heat exchange cannot be applied.

MOISTURE TRANSPORT IN
SoLID MATERIAL

The phenomenon of drying is similar regardless of
the drying method. This section deals with convec-
tive drying, the most widely used method in the fruit
processing industry. The wet material (fruit) is placed
in an air space with relative moisture content lower
than the ERH of the material; moisture is transferred
from the solid material (fruit) into the drying medium
(air space).

Mass flow of the moisture (g, in kg/s) is g =
By(Ys — Yy) A, where B, is the material exchange
factor at the gaseous side (kg/m’s), Y, Y, are the
absolute vapor content of the air at the surface of
the material and in the air, respectively, (kg/kg), A is
the surface area (m?).

Simultaneously, the moisture content of the ma-
terial is decreased. The water moves from the solid
(fruit) and changes to vapor either inside or on the
surface of the solid material. This vapor moves to the
surface and goes into the air. In certain materials, such
as gels, moisture transport is caused by diffusion flow
of the water in the given material. This diffusion flow
is initiated by the moisture difference of the material
(Bartaetal., 1990). Most foods are capillary-colloidal
porous materials in which simultaneous liquid—vapor
transport can occur. The character and direction of
this transport depend on the texture, shape, and re-
lationship of capillaries and pores. The vapor pro-
duced by water evaporation in the capillary-porous
structure flows by diffusion to the surface. The so-
called Knudsen flow in the micro-capillaries can be
several orders of magnitude larger than Poiseuille
flow in macro-capillaries. In foods, the conduction
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form of energy mentioned above occurs together with
diffusion and moisture transport that is a function of
the type of material and circumstances. For industrial
calculations, the various forms of water transport can
be handled together by means of an effective apparent
diffusion parameter. Using the average apparent dif-
fusion parameter (D, m?/s) the mass flow (gm, kg/s)
of the moisture is in a stationary state:
dx

A,

dz
where A is the surface area perpendicular to the direc-
tion of the moisture transport (m?), ¢, is the concen-
tration of the solid material (kg/m?), 7 is the length in
direction of the moisture transport (m), and X is the
moisture content of the material, i.e., the amount of
water related to 1 kg dry material.

The relationship above can be derived from Fick’s
law. In a non-stationary state, the material equation
written for water results in a second order, non-
linear, parabolic differential equation, which can be
given together with the initial and boundary condi-
tions (e.g., material exchange on the surface). The
moisture distribution along the length can be de-
termined at an arbitrary drying period (Gion, 1986,
1988; Kormendy, 1985; Mohr, 1984).

dm = CsDe (52)

DRYING PROCEDURE

At steady-state conditions (constant temperature, air
flow rate, and air moisture content), the experimen-
tal results of drying are plotted by time. Generally,
the moisture content (X) related to dry material is
shown as a function of time (). This is presented in
Figure 5.2.

This plot shows a typical case where the mois-
ture from the solid material evaporates first from
the moisture layer on the surface and decreases

x (kg/kg)

Figure 5.2. Drying curve of a wet
material.
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(dx/dt) x 103

O 1 T T T T
0 1 2 3 4 5

x (kg/kg)

7 8  Figure 5.4. Drying rate curve as a

function of the moisture content.

continuously until water evaporates from the inside
of the solid material. It can be seen in the figure that
variations in the drying rate depend on time and mois-
ture content of the fruit product. This change can be
seen better if the drying curve is differentiated and
a drying flow rate curve is derived. Drying rate can
be presented as a function either of the drying period
(Fig. 5.3), or the moisture content of the material
(Fig. 5.4).

Curves for the drying rate and drying flow rate can
be divided into several parts. These parts are the re-
sult of the inner mechanism of drying and of changes
occurring during drying. In the first step of drying,
temperature equalization and moisture transport oc-
cur. In the next step, which is the constant rate period,
there is a constant moisture flow to the surface, there-
fore, the surface is always wet. The average moisture
measured at drying of the surface is the so-called
critical moisture content. The drying rate decreases
after reaching the critical moisture content. Drying
stops and the drying rate becomes equal to zero when
the average moisture content reaches the equilibrium

moisture content related to the relative vapor content
of the air. Figure 5.5 shows a curve for the average
temperature of the material.

At the initial period of drying, the temperature
of the material reaches the temperature of a wet
thermometer. The temperature does not change in
the constant rate period until reaching the criti-
cal moisture content. The temperature of the ma-
terial increases in the falling rate period and be-
comes equal to the temperature of the drying air
when drying stops. Dimensions of the material being
dried are of primary importance in drying technology
(Figure 5.6).

Linear variation of the size of the material changes
the drying period to the second power. Increasing the
drying temperature, and therefore the drying rate,
the drying period is shortened and the capacity of
the equipment is raised. This method is useful only
in the constant rate period because the higher tem-
perature of drying air does not result in significant
increases in the temperature of the material. The in-
crease in the drying rate is hindered by some stresses
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Mean temperature of the
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Figure 5.5. Average temperature of 0
drying material as a function of time.
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Figure 5.6. Effect of the size of 0
material on the drying process.
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in the material, by precipitation of the solute salts
on the surface and crust formation. The intensive air
ventilation enhances the moisture transport to the sur-
face; however, it can result in crust formation (Barta
et al., 1990). Managing the drying process takes into
account the following aspects:

* high temperature and intensive air ventilation at
the initial period

¢ mechanical removal of the surface moisture layer

* temperatures ensuring a low drying rate for a long
period at the end of drying, “quiet” ventilation.

EFFECT OF THE DRYING
AIR CHARACTERISTICS ON
THE DRYING PROCESS

It is necessary to know the factors determining the
quality of the finished product, which can help to es-
tablish the parameters of the drying procedure. The
concept of optimum drying must include the concept

of economy, or the optimal application of heat used
for drying. The external factors influencing drying are
the following: temperature, moisture content, flow
rate, direction of the drying air, and drying period.
These factors must fit the properties of the material
being dried (variety, water content, dimensions) and
the methods of preparation (Kilpatrick et al., 1955;
Lazar and Farkas, 1971; Lozano et al., 1983; Van
Arsdel, 1973; Ratti, 1991). The most important fac-
tor is the temperature of the applied air. Under the
same conditions, the lower the temperature used for
drying, the better the quality of the product. Since
an increase in temperature increases the rate of some
chemical reactions and changes the original composi-
tion and properties, it is advisable to limit fruit tem-
peratures to 60°C during the period of falling rate.
However, in the constant rate period, where the mass
transfer rate is in equilibrium with the heat transfer,
80-85°C can be achieved. The temperature of the
drying air is generally 20-25°C higher than that of
the material. In the case of drying at excessively high
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temperatures, the food temperature increases due to
the warm air. Then the evaporation of the surface
moisture occurs so quickly that there is not enough
time to remove moisture from the inside. In this case,
undesirable changes occur on the surface of the ma-
terial. Internal water evaporation becomes more and
more difficult except at higher temperatures. Because
of the very high temperature, the material becomes
too dry and fragile. Thicker plant sections dried in
this way develop a hard and strong crust while the
inside remains wet, contributing to a product that
deteriorates easily. The crust formation also causes
shrinkage inappropriate to the amount of water re-
moved, and a resistance to the forces directed in-
ward. The relatively soft inner parts move to the outer
crust and the product becomes hollow (Lozano et al.,
1983; Barta et al., 1990). The moisture gradient be-
tween the inner and outer parts can be described as
a counter flowing concentration gradient. The origi-
nally uniform distribution of solutes is more diluted
inside than on the surface layer, which has less mois-
ture. This may cause an inward diffusion of solutes
and undesirable reactions. During drying, the tem-
perature used must match the physical and chemical
properties of the material being dried. Generally, the
starting temperature is high, gradually decreased, and
then held constant for a longer period. The moisture
content of the air used for drying is also an impor-
tant factor in the drying process. Vapor absorptivity
of the air is a function of the temperature (e.g., it is
doubled by increasing the temperature by 15°C). Un-
der the same conditions (temperature, flowing rate,
etc.), the more moisture that is absorbed by the dry-
ing air, the less the moisture content at the inlet of the
dryer. Therefore, drying becomes more economical if
the outgoing air removes as much moisture as possi-
ble. The drying rate—as was mentioned earlier—can
be controlled by the appropriate temperature setting.
In order to prevent deterioration, the air moving out
of the dryer is mixed with fresh air at a ratio suit-
able for re-application. Therefore, the same, climate-
independent air is used (dryers do not work generally
in climatized rooms) with appropriately chosen rel-
ative moisture content. In this way, at least partly,
the heat of the used air is also utilized. The flow-
ing rate of the air used for drying is important both
for its appropriate usage and for the quality of the
finished product. The higher the air temperature and
its decrease, the faster the drying if there is no crust
formation. The flow rate of air must be set, so both
roles of air can be fulfilled (to evaporate the moisture
on the surface and to remove the internal moisture).

Both must occur at a given temperature interval. At
1 m/s of air flowing rate, the drying rate is double that
of air at rest and at a 2 m/s flow rate, drying is about
three times quicker. The flowing rate of the air is hin-
dered by the capacity of the food for fluidization. At
high air velocities, e.g., above 10 m/s, the drying air
can take the material along. The flowing direction of
the air can also vary in dryers. If the fresh air en-
tering the drier meets the raw material first, then the
airflow and the drying are called direct airflow and
direct drying, respectively. This is less economical,
but not harmful. If the fresh air comes in contact with
the driest material and the used air with the newest
material (or the wettest solid), the flowing of air and
drying are called counter flowing air and drying, re-
spectively. Direct flow is most commonly applied for
drying products that are more sensitive. The finished
product is the most sensitive to further drying. When
the moisture content of the material being dried is
lower, deterioration caused by heat occurs more eas-
ily. Drying air is less harmful if it has the highest
possible vapor content and the lowest temperature.
These properties are features of used air; therefore,
it is desirable that the most used air is directed to
the finished product. If the flowing direction of the
air is perpendicular to the direction of the motion of
the material, the flowing and drying are called cross-
flowing and drying, respectively. The drying period
is determined both by the raw material and the dry-
ing air according to the viewpoints discussed above.
The upper limit of the drying period is a function of
the economical factors (more efficient usage of the
dryer) and the risk of deterioration of the material be-
ing dried. The drying period for vegetables and fruits
cannot be longer than 6—7 h and moreover, with ap-
propriate controls cannot exceed 3 h. Of course, this
is highly dependent on the type of dryer. The lower
limit of the drying period is influenced by the char-
acter, species, and quality of the product. Taking into
account the risk of drying too fast, a period shorter
than 2 h is not advisable for a standard dryer. Shape,
surface area, and thickness have a significant effect
on the drying rate. The thinner the material, the larger
the surface area, and the faster the movement of mois-
ture from the inside. This happens in such a way that
the drying rate curve reaches the breaking point only
at the end of drying. Therefore, sensitive materials
can be dried at a higher temperature in thin-bedded
layers, because the drying period is shorter. This can
be done in a thin-layered columnar dryer. The very
small sphere-like drops of spray drying are highly
effective.
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PRINCIPLES OF THE
TECHNOLOGICAL
CALCULATIONS

The basis of the technological calculations is the law
of mass preservation—the sum of masses of materials
coming into the dryer is equal to the masses leaving
the dryer. For a continuous process, calculations must
be done with mass flows of the materials (expressed
in kg/s). Drying does not change the mass of the dry
material. The incoming and outgoing masses or mass
flows are equal. Therefore, the air leaving the dryer
takes with it an amount of water equal to the wa-
ter evaporated from the material being dried. If we
study the mass flow and the moisture content of the
drying air, we need to add the evaporated water mass
flow to that of the air entering the dryer. The drier
the air coming into the equipment, the more mois-
ture can be absorbed by it, therefore lower specific
air consumption is necessary (the amount of the air
needed to evaporate 1 kg water). The mass flow of air
is also influenced by the size of the conducting flue
and the velocity of the air. As an average, the temper-
ature of the used air decreases by about 20°C during
drying and about six times more air is required for
the evaporation of water than for its transfer. Drying
temperature determines the amount of heat given to
the material, therefore the degree of evaporation that
affects the structure and quality of the material (e.g.,
deterioration caused by heat). Theoretically, the heat
flow is enough to evaporate the water in food; how-
ever, this is not the case in practice. During drying,
not only water, but also food and the component parts
of the drying equipment must be heated to the drying
temperature. Extra heat is necessary to compensate
the heat losses, which are always present. Examples
are the heat contributed by the equipment together
with the warm air and food product. Heat losses can
be decreased by insulating the equipment and by us-
ing the outgoing air. Drying efficiency is the ratio of
the theoretical heat flow to the one used in practice
and depends mainly on the type of dryer and quality
of the material being dried. However, the temper-
ature, moisture content, and velocity of the drying
air also influence the drying period. Calculation of
the efficiency is given by the following mathematical
formulas. The heat flow needed to warm the material
(Pm) is

P = cq, AT (K]/s),

where c is the average specific heat of the material
(kl/kg K), g is the average mass flow of the material

(kg/s), and AT is the temperature difference in the
material (K).
The heat flow taken for evaporation (®.) is
b, =qwAHKI/s) AH >r
AH =r+ H'

where r is the heat needed to evaporate 1 kg water
at the average temperature of the material (kJ/kg),
AH is the specific enthalpy change (kJ/kg), H' is the
specific binding energy of the water (kJ/kg), and gy,

is the mass flow of the water being evaporated (kg/s).
The useful heat consumption (®,) is given by

Dy =&y + O
and the total heat consumption (®,) by
O = o, + Py

where @, is the heat loss parameter.
The total efficiency of drying (m) is

N = NdMNeq
where 1y is the efficiency of drying
o, O, + D
=—=—F 5.3
M= o, (5.3)
and
TMeq 18 the efficiency of the drier
D
MNeq = at (5.4)
DRYERS

The following literary sources can be used for de-
signing a dryer: Lazar and Farkas, 1971; Lozano
et al., 1983; Van Arsdel et al., 1973; Ratti, 1991;
Suzuki et al., 1976; Crank, 1967; Gion and Barta,
1998; Kudra, 2001; Mujumdar, 2000, 2004; Oetjen
2004. For dielectric drying, the following refer-
ences are recommended: Schiffmann, 1987; Nelson,
1983; Mohsenin, 1984; Ratti and Mujumdar, 1995;
Ginsburg, 1969; Sandu, 1986. To evaluate drying effi-
ciency itis necessary to know the capacity of the dryer
and the production ratio of the food being dried (the
ratio of the dried finished product to the raw material).
The aim of dehydration is the best usage of the prop-
erties of the raw material and capacity of the dryer
to produce the specified quality dried product. The
ideal is when the relationship among changes in heat,
moisture content of the air, and volume are matched
to changes in water leaving the material. These condi-
tions can be accomplished (including the efficiency)
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by special equipment suitable for large-scale manu-
facturing. Assumptions are difficult to make due to
variability of the equipment and materials and the
milling sizes. Therefore, there is no universal equip-
ment. Each type has an optimum working range de-
termining the type of product that can be processed
efficiently. Dehydration can be done under various
conditions in different forms; therefore, dryers with
various configurations are made ( Kudra, 2001). Their
classification can be done from several points of
view.

According to the working mode of the equipment:

® batch
e continuous.

According to the pressure in the dryers:

e atmospheric dryers
e vacuum dryers (their spread is apparent now).

According to the heat exchange:

e convection heat

¢ radiation heat

e conduction (contact) heat
e combined

e dielectric.

According to the relationship between the motion
of the drying medium and the material:

e direct flow

e counter flow

e cross-flow

e combined flow.

Menon and Mujumdar (1987) gave a detailed
scheme for the classification from another point of
view. For drying coarse products such as fruits, con-
vection dryers are mainly used. The heat exchange
medium is the warm air, and the material being dried
is placed evenly on thin-layered perforated sheets,
screens, or a grid. Pieces of the material change po-
sitioning during the movement of the trays. Due to
the low air velocity, the material dries as a station-
ary layer. Generally, at an air velocity of 1-3 m/s, air
does not carry particles. Production of coarse dried
products is done in tray, tunnel, or bend dryers and
often vacuum dryers are used. Drying for shorter pe-
riods and at lower temperature preserves the product.
It is a reversible method. Spray drying technology is
widely used for drying liquids and food pulp. Drying
as a technological process can be controlled at sev-
eral steps. The controlling possibilities of dryers are
summarized in Table 5.1.

The main requirement for rehydrating a dried prod-
uct is that, upon placing the dried product in water,
the amount of water absorbed is the same as the wa-
ter content in the original, non-dried food. The rehy-
drated product must also have, as much as possible,
the shape, consistency, color, taste, and odor of the
original food. Therefore, the dried product must be
well dehydrated. A study of rehydration can be done
by putting the dried fruit in distilled water for a given
period (1-2 h) or by cooking in salty water for 10—
20 min. The water absorptivity factor or re-hydration
index (W) is the ratio of the mass of the dehydrated
product (m,) to the one of the dry product (m,) (Barta
et al., 1990).

me U +1
my U,+1

f (5.5)
where U, is the water content of the rehydrated prod-
uct and U, is the water content of the dried product
being studied (both in mass ratio).

In addition to the remoistening index, the de-
hydrated product is evaluated by sensory and ob-
jective methods (its consistency, flavor, smell, and
color). Important requirements are the storability,
cleanliness—and if required—the size (uniformity).

DRYING TECHNOLOGY
OF FRUITS

Drying technology consists of three types of
processes:

e Preliminary, preparative procedures
* Drying procedure
¢ Processing after drying, secondary treatments.

These are closely related. Failure of a process or a
type of it cannot be repaired or only in a way which
is not economic.

PREPARATIVE PROCEDURES

The aims of the preparative procedures are to ensure
the introduction of the product to the dryer free of
foreign material and microbial impurities. Production
costs of dried product are highly dependent on the
preparative procedures, especially in processing of
chopped dried products.

Cleaning

Raw materials arriving at a plant are accepted on
the basis of a suitable standard by doing quantitative
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and qualitative studies. The incoming fruit must be
cleaned to remove impurities since impurities dam-
age the quality.

Washing

Washing can be done before cleaning, after clean-
ing, and after secondary cleaning. It is important that
washing achieves these aims:

¢ Be effective, removing impurities adhered on the
surface.

* Do not cause unnecessary losses in the dry solid
and postinfection (frequent change of water is
required).

* Do not break and crush the fruit.

e Have economic water usage.

Only water acceptable for drinking is allowed to
be used for washing fruits.

Slicing

Slicing affects the shape of the finished product,
its uniform residual moisture content, and apparent
density. During slicing, the main requirement is the
use of a non-destructive, smooth slicing surface and
uniform thickness of the slices. The blades of the slic-
ing machine must be protected from alien materials
(stone, wood, metal) and set, sharpened, and changed
frequently.

DRYING PROCEDURE

The appropriate spreading influences the uniform
warming of the fruit, loading the dryer, and air distri-
butions as well as residual moisture content. Thick-
ness of the spreading is influenced by the manner
and quality of chopping even for the same type of
product.

Excess water must be removed from the fruit by a
vibrating sieve before being loaded into the dryer.
By removing excess water, the load on the dryer
decreases significantly. The product must be dried
to the required moisture level by taking into account
parameters influencing the drying.

SECONDARY PROCEDURES

The material leaving the dryer is heterogeneous, dif-
fering in size, color, cleanliness, and moisture con-
tent (e.g., besides the appropriate cube sizes there are
smaller pieces, t00).

Finishing procedures can be placed into two
groups:

* Procedures ensuring the main requirements:
a. Classification by size
b. Classification by color, cleanliness, moisture
content
c. Air separating/classifying
¢ Improving processes which increase the variety
and value of the products:
a. Mashing, cutting, granulation
b. Fine classification into some given fractions
c. Powder grinding, sieving
d. Mixing, producing mixtures

Packing

Dried products cooled to room temperature are
packed as required by consumers. Requirements for
packing materials are the following: protect the prod-
uct against moisture, oxygen, light, alien odors, bruis-
ing, impurities, and insects. The finer the size of the
product and the higher the surface area, the more it
is influenced by damaging effects. Packaging is suit-
able if the material, closure, dimensions, strength,
labeling, and aesthetic appearance meet marketing
specifications, if it is non-toxic and ensures the safety
and quality of the product for a preset time.

Storage
At storage the following must be ensured:

e Safety of the wrapping

* Legibility of the label

e Appropriate storage temperature (conditioned,
cooled air space)

e Appropriate turning at the store

e Exclusion of risk for contamination

e Eligibility of the specification of food law

* Appropriate clean environment

e Extermination of rodents and insects.
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INTRODUCTION

The pulsed electric field (PEF) process is a new and
innovative non-thermal minimal processing technol-
ogy that is used as an alternative preservation pro-
cess for fruit juices. The aim of this technology is to
inactivate microorganisms and to decrease the activ-
ity of enzymes in order to increase the shelf life of
food products without undesirable heat and chemical
effects.

The theoretical basis of PEF technology is the use
of an external electric field to destabilize cell mem-
branes and form one or more pores in them. PEF tech-
nology applies high voltage pulses (generally 20—
80 kV/cm) for very short time (s to ms), producing
PEFs between two electrodes. This technique is very
similar to electroporation, used in cell biology and ge-
netic manipulation of cells. But, in the case of foods,
the applied pulses are shorter and much more intense.
The aim of the application of high voltage pulses to
foods is not only to disrupt temporarily the cell mem-
branes of microorganisms. However, in this process,
the microorganisms are also killed or their numbers

95

are drastically decreased by irreversible disruption of
cell membranes.

MECHANISMS OF INACTIVATION
BY PEF

The mechanism of inactivation of microorganisms
exposed to PEFs has not been fully clarified yet.
The most commonly accepted theory is based on
the dielectric breakdown of cell membranes result-
ing in changes in membrane structure and perme-
ability which occur at a critical breakdown voltage
(Kinosita and Tsong, 1977a, b; Zimmermann et al.,
1974; Coster and Zimmermann, 1975; Castro et al.,
1993). It is suggested that an external electric field in-
duces a transmembrane potential over the cell mem-
brane that is larger than the normal potential of the
cell. When the overall membrane potential reaches
a critical value, rupture takes place. According to
Zimmermann (1986), this value is around 0.7-1.1
V for most cell membranes. As shown in Figure
6.1, the cell membrane can be regarded as a capac-
itor filled with dielectric materials with a low di-
electric constant. Accordingly, free charges can be
accumulated on both sides of membrane surfaces
(Fig. 6.1a). These charges occur by the application
of an external electric field and increase the poten-
tial difference across the membrane, known as the
transmembrane potential. The accumulated charges
on two sides of the membrane are opposite and at-
tract each other resulting in membrane compression,
which leads to reduction of membrane thickness (Fig.
6.1b). Anelastic or viscoelastic restoring force stands
opposite to the increased compression. Since electric
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Figure 6.1. Schematic diagram of dielectric breakdown of cell membrane (according to Zimmermann, 1986).
(a) cell membrane with potential V', (b) membrane compression, (c) reversible pore formation, and (d) irreversible

pore formation.

compression increases more rapidly with decreasing
membrane thickness than the elastic restoring com-
pression forces, the cell membrane ruptures (Fig.
6.1c). It occurs if the critical breakdown voltage is
reached by a further increase in the external field
strength (Zimmermann, 1986).

The change in membrane permeability can be re-
versible or irreversible, depending on the external
electric field strength. When it is equal to or only
slightly exceeds the critical value, the increase in
membrane permeability is reversible and the change
in cell membrane can be recovered within a few sec-
onds after the treatment. In the food industry, when
the aim of PEF application is to kill microorganisms
in order to extend the shelf life of food products,
the magnitude of the electric field strength has to be
carefully taken into consideration.

The PEF-induced transmembrane potential (V)
depends on the electric field strength and on the cell
size (Hiilsheger et al., 1983):

Vi = FrE,

where F is the shape factor, r is the cell radius (pm),
and E is the electric field strength (V/um). With the
same magnitude of external electric field, the induced
transmembrane potential is greater in a larger cell. By
this means, the larger cells are more sensitive to PEF
than smaller ones. The shape factor is 1.5 for spheri-
cal cells. For non-spherical cells, Zimmermann et al.
(1974) derived a mathematical equation. The equa-
tion is based on the assumption that the cell shape
consists of a cylinder with two hemispheres at each
end. In this case, the shape factor is

F = L(1 —0.33d),

where L is the length of cylinder and dis the diameter.

The shape factor (F) and the critical field strength
for four microorganisms are presented in Table 6.1
(Aronsson, 2002).

The electrical breakdown of biological cell mem-
branes can be explained by mechanisms other than
dielectric breakdown. These were comprehensively
summarized, e.g., by Barbosa-Cédnovas etal. (1998a).

Table 6.1. Shape Factor and Critical Electric Field Strength of Microorganisms

Critical Electric

Shape Factor Field Strength (kV/cm)
Microorganism Minimum Maximum Minimum Maximum
Escherichia coli 1.09 1.23 12.2 14.8
Listeria innocua 1.09 1.37 36.6 36.7
Leuconostoc mesenteroides 1.24 1.31 23.0 30.4
Saccharomyces cerevisiae 1.07 1.31 2.2 18.7
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According to these authors, the breakdown can occur
for the following possible reasons: (1) threshold
transmembrane potential and compression of cell
membranes, (2) viscoelastic properties of cell mem-
branes, (3) fluid mosaic arrangement of lipids and
proteins in cell membranes, (4) structural defects in
cell membranes, and (5) colloid osmotic swelling.
The basis of these changes was explained by those
who studied the electrical breakdown of biological
membranes based on model systems such as lipo-
somes, planar bilayers, and phospholipid vesicles.

PEF SYSTEM

A PEF processing system consists of five main com-
ponents such as a power source, high voltage genera-
tor, capacitor bank, switch, and a treatment chamber
to which the voltage, current, and temperature con-
trolling, sample handling, and packaging systems can
be connected (Fig. 6.2). The power source charges the
capacitor bank and a switch is used to discharge the
energy from the capacitor bank across the food that
is held in a treatment chamber.

A laboratory scale continuous flow PEF system
(OSU-4B) designed and constructed at the Ohio
State University in the United States is presented in
Figure 6.3. This equipment is able to generate both
bipolar and unipolar square wave pulses. A syringe
pump system consisting of four syringes (syringe A
for starter, B for the sample, C for the treated sample,
and D for waste) is integrated with the system and
run, using a total of 60 ml of sample. The sample
is pumped through six PEF treatment chambers con-
nected in series containing stainless steel electrodes
with a gap of 0.29 cm (Fig. 6.4). The flow rate of
the system is up to 2 ml/s. After treated at each pair
of chambers, the sample is cooled via attached coils

that are submerged in a refrigerated water bath, set or
controlled at the treatment temperature. The pre- and
post-treatment temperatures in each pair of chambers
are monitored by thermocouples attached to the exit
of the chamber pair. The system is able to generate
pulse durations up to 10 ws. However, a minimum
pulse duration of 2 s is recommended to obtain a
good waveform. The electric field strength (E), one
of the most important factors influencing microbial
inactivation, is calculated by

E=U/d,

where U is the peak voltage of the applied voltage (V)
and d is the distance between the electrodes (cm). The
maximum output voltage and current are 10 kV and
50 A, respectively. The maximum pulse frequency
of the system is 5000 Hz, but too high a frequency
causes unnecessary heating of the sample. Therefore,
its usage must be avoided. The total treatment time
(t) can be calculated from

number of pulses received in each chamber (n;,),
number of chambers (1),
pulse duration (1) [t = npnT].

One of the most important parts of a PEF system is
the treatment chamber that consists of two carbon or
metal electrodes. Stainless steel is generally applied
but other metals may be preferable to reduce electro-
chemical attack (Barsotti et al., 1999). Parallel plates,
parallel wires, concentric cylinders, and a rod-plate
are the possible electrode configurations discussed
by Hofmann (1989). Parallel plates are the simplest
in design and produce the most uniform distribution
of electric field (Jeyamkondan et al., 1999). Numer-
ous types of static and continuous flow treatment
chambers are known which are named after the de-
signers. Examples include Sale and Hamilton (1967),

Sample
High handling
Power voltage Treatment system
source generator chamber <___4[:::]
1

] L

[ ]

Pulse Temperature
controller control
unit

Packaging
system

Figure 6.2. PEF system.
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Charging ' .
resistor Discharge switch
Rs
Treatment
Energy chamber
Power Storgge
supply capagltor

Figure 6.5. Simplified circuit for exponential decay pulse generation.

Dunn and Pearlman (1987), Grahl et al. (1992) static
treatment chamber, and Dunn and Pearlman (1987)
continuous flow treatment chamber. For a compre-
hensive summary of the different chambers, see
Zhang et al. (1995) and Barbosa-Cénovas et al.
(1998b). Also, commercially available PEF systems
for food processing are reviewed by Barsotti et al.
(1999).

The treatment chambers are designed to avoid di-
electric breakdown of foods, which occurs when the
applied electric field strength exceeds the dielectric
strength of the food, as indicated by a spark.

In the treatment chamber, electric pulses go
through the food samples. Depending on the specific
electronic system, the pulses may be exponential de-
cay, square wave, oscillatory, or bipolar. The expo-
nential decay and square wave pulses are the most
commonly applied waveforms in the PEF technol-
ogy. Although, exponential decay pulses are easier
to obtain, their efficiency has failed to produce the
desired effect. In the electrical circuit, a power sup-
ply charges a capacitor bank connected in series with
a charging resistor (Rs) (Fig. 6.5). When a trigger
signal is applied, the charge stored in the capacitor
flows through the food in the treatment chamber. Ex-
ponential decay pulse rises rapidly to a maximum
value and decays slowly to zero (Fig. 6.6). Conse-
quently, the pulses have a long tail with a low electric
field, resulting in excess heat generated in the food

Voltage

Time

Figure 6.6. Exponential decay pulse.

without bactericidal effect. A typical exponential de-
cay pulse can be characterized by a 1-3 s pulse
width and 10-100 kV/cm peak electric field strength.
The square pulse waveform maintains a peak voltage
for a longer time than the exponential decay pulses
(Fig. 6.7). Consequently, it is more energy efficient
and requires less cooling effort (Zhang et al., 1995).
The generation of square pulses is complex and usu-
ally involves a pulse-forming network with an ar-
ray of capacitors, inductors, and solid-state switching
devices (Fig. 6.8). The high cost involved prohibits
practical application of this system.
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Figure 6.7. Square wave pulse.

During PEF processing for food pasteurization, the
following main operating parameters should be con-
sidered: voltage (2-50 kV), electrode gap distance
(0.2-7 cm), electric field strength (1-100 kV/cm),
number of pulses (1-120), pulse width (1 ws—10 ms),
pulse frequency (1-1000 Hz), shape of pulses, elec-
trical characteristics, and in the case of a continuous
treatment chamber, the flow rate of liquid food. A re-
quired residence time (7;) of sample in a continuous
treatment chamber is needed to choose the flow rate
correctly (7, = volume of one chamber/flow rate).

In order to understand the effect of electric fields
on foods, it is very important to know the electrical
properties of a food item, especially the resistivity.
Barsotti et al. (1999) showed that food resistivity,
the reciprocal of conductivity, ranges from 0.4 to
100 ©-m. The electrical resistivity of a food sam-
ple has an effect on the whole circuit that is related
to the efficiency of energy transfer and temperature.
A change in conductivity affects the pulse energy
[W(J/ml)] given by the following formula:

W= O'TEZ,

Part I: Processing Technology

where o is the conductivity (S/cm), T is the pulse
length (ws), and E is the electric field strength
(V/pm).

When 7 and E are constants, W depends only on
o and, as a result, the application of the same num-
ber of pulses generates higher energy input when o
is higher (Wouters et al., 2001a). The other problem
for food systems with high conductivity in relation to
PEF is the generation of excessive heat. A high con-
ductivity of foods results in low field strengths and
excessive production of heat through the generation
of current. A low conductivity results in a more ef-
fective PEF treatment (Jayaram et al., 1993; Wouters
et al., 1999). Lowering the conductivity of food in-
creases the difference between the conductivity of the
medium and the microbial cytoplasm and weakens
the membrane structure due to an increased flow of
ionic substances across the membrane (Jayarametal.,
1993).

EFFECT OF PEF ON FOOD
PRESERVATION

ErreEcT OF PEF ON MICROORGANISMS

Sale and Hamilton (1967) were the first to report
the effect of PEF on microorganisms. Escherichia
coli, Staphylococcus aureus, Micrococus lysodeikti-
cus, Sarcina lutea, Bacillus subtilis, Bacillus cereus,
Bacillus megatherium, Clostidium welchii, Saccha-
romyces cerevisiae, and Candida utilis were sus-
pended in neutral sodium chloride solution and ex-
posed to a 5-25 kV/cm electric field strength that
was applied as a series of direct current pulses from
2 to 20 ps. The authors demonstrated that microbial
inactivation was non-thermal and it happened by
irreversible loss of membrane function. The sensitiv-
ity of microorganisms to this treatment was different

Charging Discharge
resistor Inductor switch
/\/\/ VAVAVAN NN VA VA VAU
RS
Power Treatment
supply T T T chamber
) . » . Energy |storage| capacitors
Figure 6.8. Simplified circuit for
square wave pulse generation.
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depending on the electric field strength and the to-
tal treatment time and was also dependent on the
concentration and nature of the cells treated. Yeasts
were more sensitive to treatment than vegetative
bacteria.

Numerous scientific papers and reviews (Knorr
et al.,, 1994; Pothakamury et al., 1996; Barbosa-
Cénovas et al., 1996; Barsotti and Cheftel, 1999;
Wouters et al., 1999; Raso et al., 2000) deal with
the effect of PEF on microorganisms. The inactiva-
tion of Saccharomyces cerevisiae, Escherichia coli,
Listeria monocytogenes, Listeria innocua, Staphylo-
coccus aureus, Salmonella spp., Bacillus subtilis,
and Bacillus cereues has been extensively studied.
Some results are summarized in Table 6.2 for yeast
and bacteria suspended in various media or liquid
food.

It is generally accepted that yeasts are more sen-
sitive to PEF treatment than vegetative bacteria and,
within the bacteria, Gram-negative bacteria are more
susceptible to the treatment. It has been proposed
that cell morphology affects inactivation of bacteria.
With thicker and more rigid cell wall, the microorgan-
isms are more resistant to PEF. Moreover, the mem-
brane potential theory states that induced transmem-
brane potential is correlated with cell size and shape
(Hiilsheger et al., 1983).

Considerable work has been reported on the inac-
tivation of Saccharomyces cerevisiae in fruit juices,
milk, and yoghurt (Matsumoto et al., 1991; Grahl
et al., 1992; Zhang et al., 1994a, b; Harrison et al.,
1997). Six log cycles reduction in microbial viability
could be achieved with 16 pulses for Saccharomyces
cerevisiae in potato dextrose broth at a treatment elec-
tric field of 40 kV/cm (Zhang et al., 1994c). Qin et al.
(1995) reported a six decimal inactivation of inocu-
lated Saccharomyces cerevisiae in apple juice ap-
plied ten times 2.5 s pulses of 35 kV/cm, or two
times 2.5 s pulses of 50 kV/cm. Aronsson et al.
(2001) obtained a 6 log cycles reduction of Saccha-
romyces cerevisiae when it was exposed to 30 kV/cm
and 20 pulses with 4 s pulse duration.

Zhang et al. (1994d) reported a three decimal re-
duction of Escherichia coli treated by 20 pulses at
25 kV/cm. A 4 log cycles reduction of Escherichia
coli was achieved in model foods such as simu-
lated milk ultrafiltrate, with a peak electric field
strength of 16 kV/cm and 60 pulses and a pulse width
ranging between 200 and 300 s (Pothakamury et al.,
1995a). The application of 10 pulses at an intensity of
41 kV/cm and at 37°C induced a reduction of 2.3 log

cycles for Escherichia coli suspended in milk and
3.3 log cycles when suspended in phosphate buffer.
After 63 pulses, the reduction reached approximately
4.5logcycles (Dutreux et al., 2000). Aronsson (2002)
reported a 5.4 log cycles reduction of Escherichia
coli when the latter was exposed to 30 kV/cm and
20 pulses with 4 s duration.

The Gram-positive bacteria Listeria monocyto-
genes and Listeria innocua are less sensitive to PEF
treatment than Gram-negative bacteria. Possibly, the
more rigid and thicker cell wall of Gram-positive
bacteria constitutes a protection to PEF (Aronsson,
2002). Aronsson et al. (2001) studied the effect
of PEF treatment on four organisms (Escherichia
coli, Listeria innocua, Leuconostoc mesenteroides,
and Saccharomyces cerevisiae) and found that the
most resistant organisms were Listeria innocua and
Leuconostoc mesentroides with only a 3 log cycles
reduction when compared with a 6 and 5.4 log cycles
reduction in the case of Saccharomyces cerevisiae
and Escherichia coli, respectively. Also, Reina et al.
(1998) reported a 3 log cycles reduction of Listeria
monocytogenes by PEF suspended in milk.

Jeantet et al. (1999) could achieve a 3.5 log cycles
reduction of Salmonella enteritidis by PEF treat-
ment in diaultrafiltered egg white. The effect of elec-
tric field intensity (20-35 kV/cm), pulse frequency
(100900 Hz), pulse number (2-8), temperature
(4-30°C), pH (7-9), and inoculum size (10—
107cfu/ml) were also tested. A 4.5, 5 >, and
6 log cycles reductions were obtained in the case
of Staphylococcus aureus exposed to 16, 60, and
40 kV/cm, respectively (Pothakamury et al., 1995a;
Qin et al., 1998; Zhang et al., 1994c).

Pothakamury et al. (1995b) reported a 4 to 5 log
cycles reduction of Bacillus subtilis with a peak elec-
tric field strength of 16 kV/cm and 50 pulses. The rate
of inactivation of cells increased with an increase in
electric field intensity. Heinz et al. (1999) found that
inactivation of Bacillus subtilis was a linear function
of field strength. The reduction in microbial count
of Bacillus cereus cells was hardly more than 1 log
cycle using 62 pulses at 20 kV/cm and 50 pulses at
16.7 kV/cm, respectively (Cserhalmi et al., 2002; Pol
et al., 2000). The inactivation rate could be increased
by the use of bacteriocins or irradiation (Pol et al.,
2000; Beczner et al., 2001).

Itis generally known that bacterial spores are resis-
tant to different treatments such as an electric field.
However, after germination, they become sensitive
to PEF treatment (Barbosa-Céanovas et al., 1998b,
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Barsotti and Cheftel, 1999; Pol et al., 2001a, b). The
electric fields do not induce the germination of bac-
terial spores. They can be reached by other physical
or chemical treatments. Hamilton and Sale (1967)
and later other authors (Grahl et al., 1992; Cserhalmi
et al., 2002) found that the spores of Bacillus cereus
were very resistant to PEF treatment. Marquez et al.
(1997), however, were able to decrease the number
of Bacillus subtilis and Bacillus cereus spores sus-
pended in 0.15% sodium chloride by using PEF. The
30 pulses applied resulted in a 3.4 log cycles re-
duction of Bacillus subtilis spores, while 50 pulses
gave a 5 log cycles reduction of Bacillus cereues
spores. Jin et al. (2001) could also inactivate Bacil-
lus subtilis spores by PEF treatment. They inacti-
vated 98% of the spores with a maximum PEF treat-
ment (40 kV/cm for 3500 ps). The scanning electron
microscopy (SEM) micrographs showed that after
the treatment, the spores shrank and many wrinkles
formed on their surfaces. The shrinkage and wrinkles
may indicate that the spores were inactivated.

Although these contradictory results can be ex-
plained because of different PEF conditions, more
research is needed for clarification.

Microbial inactivation by PEF has been influenced
by various factors such as process parameters (elec-
tric field strength, pulse number, pulse width, pulse
shape, processing temperature), microbial charac-
teristics (type, growth stage), and product proper-
ties (pH, conductivity). Numerous publications have
demonstrated their effects on the rate of microbial in-
activation (Vega-Mercado et al., 1997; Pothakamury
et al., 1996; Alvarez et al., 2000, 2002; Aronsson
and Ronner, 2001; Wouters et al., 2001b; Picart et al.,
2002; Cserhalmi et al., 2002; Cserhalmi and Beczner,
2003). In general, increasing the intensity of process
parameters increases microbial inactivation. Since
Gram-positive and Gram-negative bacteria are more
resistant to PEF treatment than yeasts, it has been
proposed that cell size and shape may influence the
inactivation kinetics. It also has been demonstrated
that bacterial cells in the stationary growth phase are
more resistant to PEF treatment than they are during
the exponential growth phase. Physical and chemical
properties of the products in which microorganisms
are present significantly influence the rate of micro-
bial inactivation. For example, a treatment medium
with lower pH and conductivity is more effective for
the inactivation of microorganisms. It should be un-
derstood, however, that changing any single param-
eter can affect microbial inactivation (Wouters et al.,
2001b).

Many studies have shown that PEFs cause several
morphological changes in microorganisms (Harrison
et al., 1997; Wouters and Smelt, 1997; Barbosa-
Céanovas et al., 1998b; Shin and Pyun, 1999).
Pothakamury et al. (1997) found that after PEF treat-
ment, the cell surface of Staphylococcus aureus was
rough, the cell wall was broken, and the cytoplas-
mic contents were leaking out of the cell. Transmis-
sion electron microscopy (TEM) pictures of PEF-
treated Escherichia coli cells have showed ruptured
cell walls and leakage of the cytoplasmic contents of
cells (Dutreux et al., 2000). Significant differences
could be observed between the structure of PEF-
treated and PEF-untreated Saccharomyces cerevisiae
cells studied by SEM or TEM. Surface roughening,
budding, and elongation could be observed (Barbosa-
Canovas et al., 1998b; Harrison et al., 1997). Mor-
phological changes were observed in Listeria in-
nocua cells after PEF treatment (Calderon-Miranda
etal., 1999). By increasing the electric field strength
(30-50 kV/cm), the cell wall of Listeria innocua
lost smoothness and uniformity and at 40 kV/cm or
higher electric field strength, extracellular material
was observed in the surroundings of cells. Surface
roughness of cell walls, clumping of cytoplasm, and
cytoplasmic disruption also were observed. TEM re-
sults of Rowan et al. (2000) showed ruptured cell
walls of Bacillus cereus cells with leakage of intra-
cellular contents or cellular debris after 6000 pulses at
30 kV/em.

ErrEcT OF PEF ON ENZYMES

Compared to the amount of information on the ef-
fects of PEF treatment on microorganisms, there is
limited information on the inactivation of enzymes
and the results are very contradictory. According to
the results summarized in Table 6.3, the sensitiv-
ity of enzymes to PEF treatment is very different
from that of microorganisms. The process parame-
ters, the character of medium, and the structure of
the enzyme significantly influence the enzymatic in-
activation (Yeom and Zhang, 2001; Van Loey et al.,
2002). For example, the activity of alpha-amylase
from Bacillus licheniformis decreased significantly
after 30 exponential decay pulses at 26 kV/cm. Af-
ter PEF treatment, the remaining activity was only
15% (Ho et al., 1997). However, PEF treatment of
alkaline phosphatase resulted in inconsistent results
ranging from 5% to 96% inactivation (Ho et al., 1997,
Barbosa-Canovas et al., 1998b; Castro, 1994; Castro
etal.,2001). In contradiction, Grahl and Markl (1996)
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6 Non-Thermal Pasteurization of Fruit Juice Using High Voltage PEF 107

who applied exponential decay pulses at 21.5kV/cm
could not detect any decrease in the activity of alka-
line phosphatase in raw milk.

Hoetal. (1997) studied the effect of 30 exponential
decay pulses at 50 kV/cm on glucose oxidase from
Aspergillus niger. PEF treatment induced inactiva-
tion was 75%.

Grahl and Mirkl (1996) and Ho et al. (1997) ob-
served 65% and 85% loss in lipase activity by apply-
ing exponential decay pulses at21.5 and at 88 kV/cm,
respectively.

Yeom et al. (1999) studied the inactivation of pa-
pain which was treated by 200-500 square wave
pulses of 4 ws at 20-50 kV/cm. The effect of treat-
ment was not perceptible immediately after the treat-
ment. But, after 24 and 48 h of storage at 4°C, signif-
icant papain inactivation was observed. After 24 h of
storage, the treatment resulted in approximately 85%
decrease in papain activity.

Studying the effect of PEF treatment on the quality
of Valencia orange juice, Yeom et al. (2000) investi-
gated the effect of treatment on pectinmethylesterase
activity. After PEF treatment at 35 kV/cm, the re-
maining activity of pectinmethylesterase was only
12%. In this study and probably others as well, the
process temperature may have played a great part
in the inactivation of enzymes since the outlet tem-
perature after the treatment chamber was 60°C. Van
Loey et al. (2002) studied the inactivation of pectin-
methylesterase dissolved in distilled water and in real
food systems. After PEF treatment (10-30 kV/cm,
5 and 40 ps pulse width, 1 and 100 Hz frequency,
1-1000 pulses), pectinmethylesterase activity was
less than 10%. Moreover, the PEF treatment of or-
ange juice resulted mostly in an increased enzyme
activity. According to the authors, it probably hap-
pened because of cell permeabilization and the re-
lease of intracellular pectinmethylesterase. Similar to
pectinmethylesterase, peroxidase and polyphenolox-
idase, dissolved in distilled water, were also resistant
to PEF treatment. In contradiction to the results of
Van Loey et al. (2002), Giner et al. (1997) obtained
62-97% inactivation of polyphenoloxidase after PEF
treatment at 24 kV/cm. A moderate 25-30% reduc-
tion in peroxidase activity was obtained by applying
PEF treatment at 21.5 kV/cm and at 73.3 kV/cm, re-
spectively (Grahl and Mérkl, 1996; Ho et al., 1997).

Vega-Mercado et al. (1995a, b) studied the effect of
PEF treatment on plasmin in simulated milk. Apply-
ing 50 pulses at 45 kV/cm decreased plasmin activity
by 90%. The same authors investigated the inactiva-
tion of an extracellular protease from Pseudomonas

fluorescens by PEF treatment. An 80% reduction
in enzyme activity was obtained after PEF treatment
with 20 pulses at 18 kV/cm. At lower electric field
strength (15, 14 kV/cm), but higher number of pulses
(98, 32), 60% and 40% reduction were achieved, re-
spectively.

The above results confirm that the effects of PEF
treatment on enzyme activity remain contradictory
and more research is needed for clarification.

EFrECT OF PEF ON FOoOD QUALITY

Much of the focus in PEF research is on its effects
on microorganisms and enzymes in order to develop
a new non-thermal electrical pasteurization process.
But this work would be not complete without knowl-
edge of the effects of the PEF process on physical,
chemical, and sensory properties of food products.
It is generally accepted that the application of high
voltage pulses leads to significant inactivation of mi-
croorganisms, while causing little changes in food
quality as compared to traditional thermal pasteur-
ization. Food products minimally processed by PEF
are expected to retain fresh, physical, chemical, and
nutritional characteristics, and may possess an ex-
tended refrigerated shelf life (Zarate-Rodriguez et al.,
2000).

It must be emphasized that foods are typically de-
gassed prior to PEF to avoid the dielectric breakdown
of them. The dielectric breakdown is often caused by
gas bubbles because the electric field is enhanced
within these bubbles. It is therefore recommended
to avoid or reduce the presence or formation of such
bubbles. The prior deaeration of foods is useful, espe-
cially when these products are subjected to a turbulent
flow in the continuous treatment chamber (Barsotti
et al., 1999). However, such prior deaeration can re-
sult in the loss of volatiles and hence quality (Jia et
al., 1999).

Ortega-Rivas et al. (1998) investigated the effect
of high voltage pulses on soluble solids (Brix®),
pH, acidity, and color of apple juice. After apply-
ing 2, 4, 8, and 16 pulses at increasing (50, 58, and
66 kV/cm) electric field strength, quality attributes
were unchanged except for color. The PEF-treated
juices became paler as a function of applied electric
field strength. Jin and Zhang (1999), studying the ef-
fect of PEF treatment on quality of cranberry juice,
found that the overall volatile profile of the sample
was not affected by the treatment. No significant dif-
ference in color was observed between the untreated
and treated samples.
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PEF treatment of a protein-fortified fruit beverage
by Sharma et al. (1998) resulted in less protein de-
naturation and less loss of vitamin C in comparison
to heat treatment. Also, the PEF-processed beverage
maintained its natural orange juice like color better
than the heat-treated one which developed a slightly
whitish color. Jia et al. (1999) compared the effects of
PEF on flavor compounds of orange juice with the ef-
fects of heat processing. The average losses of flavor
compounds in orange juice processed at 30 kV/cm
for 240 or 480 ws were 3% and 9%, respectively,
compared to 22% for heat processing. According to
the authors, the flavor loss was mainly due to vac-
uum degassing in the PEF process. The same re-
search group investigated the change in vitamin C and
color of fresh orange juice due to PEF treatment (Qiu
et al., 1998). The PEF treatment eliminated 99.9%
of the microflora, yet caused little loss of vitamin C
and color compared with heat pasteurization. Simi-
lar results were obtained by Yeom et al. (2000) who
also studied the effects of the PEF process on orange
juice. At35kV/cm, PEF-treated orange juice retained
greater amounts of vitamin C and five representative
flavor compounds than the heat-pasteurized orange
juice during storage at 4°C. The PEF-treated orange
juice had a lower browning index, higher whiteness,
and higher hue angle values than the heat-pasteurized
juice during storage at 4°C. Brix® and pH values were
not significantly affected by treatment. Evrendilek
et al. (2000), studying the microbial safety and shelf
life of apple juice and cider processed by PEF, found
that PEF not only extended the shelf life of fresh
apple juice and cider, but also maintained a fresh
flavor. Their results at 4°C and 22°C storage tem-
perature indicated that PEF processing was signif-
icantly effective in retaining vitamin C content in
samples. Both PEF and heat processing of apple cider
did not affect color stability during storage. Freshly
pressed raw apple juice was PEF-treated and investi-
gated by Harrison et al. (2001). They found that the
PEF-treated apple juice could be stored at 4°C for
1 month with little or no change in its volatile flavor
compounds.

According to Mok and Lee (2000), PEF steriliza-
tion of rice wine resulted in superior quality and less
change in color and sensory properties than rice wine
sterilized by heat. Similarly, the results for PEF treat-
ment of various vegetable and fruit juices result in
little or no change in physical and chemical proper-
ties of samples (Table 6.4) (Lechner and Cserhalmi,
2004; Cserhalmi et al., 2004a, b).

APPLICATION

One of the most important advantages of PEF treat-
ment is minimal heat production during treatment,
yet sufficient microbial inactivation. The shelf life
of PEF-treated food products can be significantly
extended without undesirable changes in physical,
chemical, and sensory properties. Owing to this
property, the PEF technology might be a potential
alternative preservation process to heat pasteuriza-
tion. Numerous liquid foods and beverages, includ-
ing orange, apple, cranberry and peach juices, pea
soup, beaten eggs, and skim milk, have been suc-
cessfully processed with PEF by several research
groups (Vega-Mercado et al., 1997; Qin et al., 1995;
Barbosa-Canovas et al., 1998b; Bendicho etal., 2002;
Gongora-Nieto et al., 2003). Krupp Maschinentech-
nik GmbH in Hamburg, Germany, was one of the
first that successfully applied PEF to fluid foods such
as orange juice and milk (Castro et al., 1993). Pure
Pulse Technologies, Inc., that was discontinued more
than 2 years ago, has patented the PEF preserva-
tion of some fluid foods such as dairy products, fruit
juices, and liquid eggs (Dunn and Pearlman, 1987).
Washington State University has achieved prominent
success in PEF treatment chamber design and con-
struction and in the application of PEF preservation
technology to orange juice, apple juice, milk, eggs,
and green pea soups (Barbosa-Canovas et al., 2000).
Ohio State University plays an important role in PEF
equipment design and in pilot scale application of it
for food preservation such as apple juice and cider,
orange, and cranberry juices. Berlin University of
Technology has applied high electric field pulses, es-
pecially for the permeabilization of plant membranes.
The aim of their work is to aid and optimize the re-
lease of valuable metabolites such as pigments, fla-
vors, bioactive components, and enzymes from plant
cells and tissues and to affect mass and heat transfer
for subsequent unit operations (dehydration, extrac-
tion, freezing) to improve fruit and vegetable juice
quality (Angersbach and Knorr, 1998).

FUTURE OF PEF

In spite of a considerable volume of work document-
ing the effects of PEF treatment on microorganisms,
enzymes, and the quality of treated food products,
additional systematic research is needed to assure
the safety of foods processed by PEF technology.
Researchers worldwide have many ongoing projects
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110 Part I: Processing Technology

with a focus on a better understanding of PEF and
the answer to industrial and regulatory demands for
the commercialization of this method. Major efforts
are needed to define:

e inactivation kinetics and processing conditions
that allow a more reliable comparison among
different systems

e effects of the process on different food
components

¢ flow hydrodynamics

e treatment uniformity

For PEF to become a viable food industry appli-
cation, both the capital equipment costs and the en-
ergy consumption of the process must be reduced.
According to Vega-Mercado et al. (1999), the ini-
tial investment costs may be between $450,000 and
$2 million depending on the scale of the operation.

The short- and long-term research works are com-
prehensively summarized by Barbosa-Céanovas et al.
(2000):

* Confirmation of the mechanisms of microbial and
enzyme inactivation.

Identification of the pathogens of concern most
resistant to PEF.

Identification of the surrogate microorganisms for
the pathogens of concern.

Development of validation methods to ensure
microbiological effectiveness.

¢ Development and evaluation of kinetic models
that take into consideration the critical factors
influencing inactivation.

Optimization and control critical process factors.
Standardization and development of effective
methods for monitoring consistent delivery of a
specified treatment.

Treatment chamber design uniformity and
processing capacity.

Identification and application of electrode
materials for longer operation time and lower
metal migration.

Process system design, evaluation, and cost
reduction.
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MINIMALLY PROCESSED FOODS
TERMINOLOGY AND CLASSIFICATION

Consumer demands for convenient but fresh and
healthy foods are driving the food industries to apply
new and mild preservation techniques, which satisfy
the increasing market demands for fewer preserva-
tives, higher nutritive value, and fresh sensory at-
tributes. Traditional preservation technologies and
techniques highly affect the appearance, sensorial
characters, and the nutritional value. “Minimal pro-
cessing techniques have emerged to meet this chal-
lenge of replacing traditional methods of preserva-
tion whilst retaining nutritional and sensory quality”
(Ohlsson and Bengtsson, 2002).

Several terminologies are used for the definition
“minimal processing.” According to Huis in’t Veld
(1996), minimal processes are those which “mini-
mally influence the quality characteristics of a food
whilst, at the same time, giving the food sufficient

115

shelf life during storage and distribution.” Fellows
(2000) considers that “minimally process technolo-
gies are techniques that preserve foods but also retain
to a greater extent their nutritional quality and sen-
sory characteristics by reducing the reliance on heat
as the main preservative action.”

“Minimally processed” is an equivocal term that is
applied to such different types of products as precut,
prepackaged fresh produce or fresh meat for short re-
frigerated storage, and mildly cooked or pasteurized
foods (meals or meal components) that can be stored
under refrigeration for more than 1 week.

The original purpose of minimal processing was
to minimize the heat treatment (thermal processing)
used by traditional thermal techniques to reduce the
quality loss that has been caused by long- and high-
temperature treatments. The target to reduce the qual-
ity loss and to extend the shelf life of food including
fruit and fruits products forced researchers to develop
the nonconventional heat treatment to achieve better
balance between preservation and quality and to de-
velop new techniques that extend the shelf life of the
products.

However, minimal processing does not inactivate
completely all microorganisms present in the raw
material. Thus, the microbiological safety during
the shelf life of minimally processed foods depends
largely on

1. an appropriate refrigerated storage and distribu-
tion, which prevents the growth of hazardous mi-
croorganisms and

2. restriction of “use-by” time period.

In addition, intrinsic hurdles to microbial growth
may contribute to the safety of these products either
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originating from the raw material or introduced
during processing [e.g., low pH, reduced water activ-
ity, natural antimicrobials, and modified atmosphere
packaging (MAP)].

The aim of this chapter is to give a short review
about the minimal processing techniques used for
extending the shelf life and quality of fruits and fruit
products and the microbiological safety of such prod-
ucts.

There are several systems to classify the methods
of preservation used for minimal processing tech-
nology. The traditional classification is based on
the methods and main effects of the preservation.
Ohlsson and Bengtsson (2002) distinguish these dif-
ferent groups:

e thermal methods, with subgroups classified
according to the heating system of the food:
minimal processing by thermal conduction,
convection and radiation, aseptic and semiaseptic
processing, sous—vide processing, infrared
heating, electric voltage heating, electric
resistance/ohmic heating, high-frequency and
radio frequency heating, microwave heating, and
inductive electrical heating;

nonthermal methods: irradiation, high-pressure
processing, pulsed discharge of high capacitor,
pulsed white light, ultraviolet light, laser light,
pulsed electric field (PEF), oscillating magnetic
field, ultrasound, pulse power system, air ion
bombardment;

* MAP;

active and intelligent packaging; and

use of natural food preservatives.

The main effects of using traditional thermal
method for fruits preservation are as follows: the
loss of fresh appearance, destruction of the respira-
tion pathways that serve as the energy for the life of
the cell, and the irreversible change of some compo-
nents, such as protein coagulation, starch shrivelling,
texture softening, formation of aroma compounds,
loss of vitamin and minerals, or formation of some
thermal reaction components. The desirable or non-
desirable effects of heat treatments depend on the
exposure time and temperature. Minimal processing
uses mild heating to avoid nondesirable effects or
quality change of the processed food.

The bases of nonthermal methods of minimal pro-
cessing are different, and only few methods are
sufficiently effective in inactivating microorganisms
or enzymes that play the main role in the deterio-
ration. Most of them need combination with other

preservation methods such as refrigeration and MAP
for the prolongation of shelf life and maintenance of
quality and safety.

As fruits are living products with active respiration
even after harvesting, it is possible to classify the
minimal process technologies used for processing of
fruits and fruit products:

1. minimal processing technologies with active res-
piration of fruits and its products and

2. minimal processing technologies for processed
fruit products that destroy the respiratory activ-
ities of fruits during processing.

The other chapters of this book deal with the basic
concept of preservation systems and methods used
in preservation or minimal processing. Therefore, in
this short chapter, we would like to discuss only the
MAP of fresh fruits and fruit products, covering the-
ories, concepts, and practices.

PRINCIPLES OF MAP OF MINIMALLY
PROCESSED FRUITS

Fresh fruits continue to respire after harvesting. This
means that the carbohydrate content of the fruits as
the substrate of respiration will be involved in the
oxidation process. The products will be CO,, water,
and, of course, energy that appears as heat produc-
tion. The rate of respiration is highly affected by a
temperature involving Arrhenius kinetics (Q;o values
are about 2-3), and as balanced reaction it is affected
by the concentration of O, and CO,. The Q;o means
how many times the respiration rate changes if tem-
perature increases by 10°C. The value of it serves
information about the temperature sensitivity of fruit
metabolism like respiration. Qj¢ values are of the or-
der of 3 for chemical reactions. The O, involved in
the oxidation of NADH' and FADH " determines the
direction of the pathway. The CO, level affects the
activity of the enzyme decarboxylase responsible for
the decarboxylation process of the organic acids in
Krebs cycle. Respiration is a balanced reaction. A re-
duction in oxygen and an increase in carbon dioxide
will reduce the rate of respiration, thus extending the
shelf life of the product.

To prolong the storage life of fresh fruits and veg-
etables, controlled atmosphere (CA) storage is fre-
quently used. The basic CA effect on biochemical
reactions can also be used to extend the shelf life
of processed and ready-to-use fruit products. These
products are often peeled and sliced and they are pre-
ferred as fruit dishes by consumers. The technique
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that provides CA condition for this ready-to-use fruit
dishes is usually MAP.

Opposite to the nonrespiring foods that are pack-
aged often without any O, respiring products such
as freshly peeled and sliced fruits require O, to pro-
duce enough energy to maintain their integrity and
quality (aerobic respiration). When these products
are packaged (to meet the requirement of safety of
ready-to-use food), the key factor in controlling res-
piration is the gas atmosphere at a certain temper-
ature, especially the concentrations of oxygen and
carbon dioxide.

When the fruit tissues respire, they take up oxy-
gen and release carbon dioxide. The increased car-
bon dioxide and decreased oxygen cause a reduction
of the respiration rate of the fruit tissue. This reduces
the energy available for chemical changes that oc-
cur in fruits and vegetables, resulting in slower rates
of ripening and prolonged preripening storability of
produce. In the case of ripening fruits, the MAP is
used to control the ripening. In the case of plant prod-
ucts that are marketed in an immature form to retard
the senescence of cut fruits, MAP may be used to
prevent browning of the cut surface when fruits are
sliced (Stiles, 1991).

In fruits, the concentrations of both CO, and O,
are important. The reduced O, concentration between
20% and 2% level decreases the rate of respira-
tion. The effect is higher at lower oxygen concen-
tration, according to a negative exponential funtion
curve. Some oxygen needs to be present to prevent
an anaerobic environment, which can be physiolog-
ically harmful to tissue metabolism. The critical O,
concentration that initiates anaerobic respiration de-
pends on the respiratory activity of fruit tissue. Each
produce has its own tolerance of oxygen and response
to lowering of O, level. At the critical O, level, the
anaerobic respiration starts producing acetaldehyde
and alcohol, which poison the tissue, cause physio-
logical disorders or death, and lead to quality loss of
perishable fruit. The total absence of O, results in
off-flavor development and softening. The effect of
reduced O level in delaying the ripening of fruits can
be reversed by using ethylene, which is the natural
hormone of ripening. A reduced O, level decreases
the biosynthesis of ethylene. According to Burg and
Burg (1967), the ethylene receptor contains a metal
ion and, when it is in its oxidated state, the binding of
ethylene is enhanced. However, the effect of hypoxia
on ethylene biosynthesis and action may be indirect.
It suppresses the effects of hypoxia on the induction
of 1-amino-cyclopropane-1-carboxylic acid (ACC)

synthase and/or synthesis of transducer of ethylene
action (Wiley, 1994).

The effect of CO, on senescence is unclear. It is
suggested that CO; is a competitive inhibitor of ethy-
lene. Experiments indicate that CO, may indeed di-
minish the action of ethylene, provided the concentra-
tion of the latter is less than 1 pl/l (Solomos, 1994).
Fidler et al. (1973) observed, in the case of apple,
that CO, enhances the inhibitory effects of low O,
on respiration in the concentration range of 1-27%
CO,. It is also supposed that CO; is responsible for
the ACC oxidase action (Kuai and Dilley, 1992). The
tolerance against high CO, level is different in dif-
ferent fruits. Strawberries can tolerate high CO, level
up to 20%, peach up to 10-15%, but McIntosh apples
are damaged by about 3% CO, level.

The inhibitory effect of CO, on growth and
metabolism of microorganisms was pointed out by
Dixon and Kell (1989). This can be exploited in the
preservation of refrigerated food. Carbon dioxide hy-
drates and dissociates in the water content of food. In
most food systems, this involves the following equi-
librium (Eq. 7.1) because the pH values are less than
eight.

CO; + H,0 < H,CO3 <> HCO3™ + H™. (7.1)

The concentration of CO; in solution depends on
its partial pressure in the gas phase, temperature,
and pH. As pH increases above 8.0, carbonate ions
are formed and the equilibrium is shifted further to
right. Detailed antimicrobial mechanisms of CO, are
not fully understood but theorized as follows (Yuan,
2003):

e When CO, comes in contact with membrane
proteins, it changes the ionic charges of the cell
membrane, which can then interrupt the transport
of specific ions needed for maintaining
homeostasis in the cytoplasm.

¢ CO, permeates the membrane and reacts with
water in the cytoplasm (see earlier). The hydrogen
ions formed acidify the inside of the cell and the
organism requires cellular energy to pump the
protons back out. This added energy requirement
creates a burden on the cells, thereby inhibiting
their growth.

* CO; plays a role by either inducing or repressing
the synthesis of some cytoplasmic enzymes.

The possibility of the growth of psychrotrophic
pathogens such as Listeria monocytogenes is substan-
tially less in MAP fruit products than that in higher
pH vegetables or in food of animal origin packed
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Table 7.1. Permeability Characteristics of Some Plastic Film (Dégen 2002)
Transmission Rate (g/m?/day at 38°C and 90% RH)

Film Type Density (g/cm?) Water Vapor (0)3 CO,

Low density 0.92 15-22 6000-8000 540,000
polyethylene (LDPE)

High density 0.96 2 2100 7000
polyethylene (HDPE)

Polypropylene (PP) 0.88-0.90 3-10 1600-5300 4000-9000

Polyvinylchlorid (PVC) 1.25-1.45 40-100 300-8000 1500

Polystyrene (PS) 1.05 100-150 2200-6500 10,000-24,000

Polyvinylidine chloride 1.68 3 16 0

(PVDC)

with high partial pressure of carbon dioxide, but it
may be higher in prepared salads packed with only
low concentration of carbon dioxide (Molin, 2000).

Important parameters influencing the shelf life of
freshly prepared produce are the respiration rate, stor-
age temperature, relative humidity (RH), initial mi-
crobial load, packaging film and equipment, filling
weight in the package, volume and area, light, etc.
The respiration rate is affected by product type and
size, degree of preparation, product variety and grow-
ing conditions, maturity and tissue type, atmospheric
composition, and temperature (Kader et al., 1989).

For minimally processed food products, there is
a great effect of peeling and slicing on the tissue
metabolism. The observed changes include a rise
in respiration, DNA and RNA synthesis, including
new enzymes, membrane degradation, and the ap-
pearance of novel mRNA (Laties, 1978). Investiga-
tion has shown that slicing induces a three- to five-
fold rise in respiration over that of the parent plant
organ. With aging, there is a further two- to threefold
increase in respiration (Laties, 1978). Numerous ex-
periments have shown that the nature of both respi-
ratory substrates and pathways changes with aging
of slices (Wiley, 1994). The increased CO, produc-
tion of wounded or sliced fruits is further increased
by microorganisms living on the surface with good
condition for propagation.

MODIFIED ATMOSPHERE PACKAGING OF
FRESH MINIMALLY PROCESSED FRUIT

The food package must protect and contain the prod-
uct from the place and time of preparation and man-
ufacture to the point of consumption. The packaging
materials have additional task in MAP technology.

The factors that affect MAP—induced atmosphere
within the package are respiration rate, mass of prod-
uct in the package, the optimal gas concentration of
the fruit in the pack, the free gas volume in the pack,
etc. (Geeson et. al., 1985; Hong and Gross, 2001).
The other factors are the packaging film factors, such
as permeability of film used for packaging and the
surface and mass ratio in the package.

The permeability of film for CO, and O, are mainly
determined by the material and the thickness of the
film, the area of the surface, and the gas concentration
difference between the outside and inside of the pack-
age. Since the respiring minimally processed (MPR)
products utilize considerable oxygen, suitable plastic
film for this type of MPR should have arelatively high
oxygen permeability to avoid an oxygen-depleted
atmosphere within the package. The gas transmis-
sion rates for some polymeric film used for MAP are
shown in Table 7.1.

Plastic films used for MAP of fresh fruits need
to have relatively high permeability to O, and CO5.
Most films have higher permeability to CO; than O,
because of the solubility of CO, in polymer. It is sug-
gested that the permeability of film used for MAP of
respiring products need to be five times higher for
CO; than that for O, to result in adequate O, in-
takes and CO; outputs on the surface. Because an
O, concentration of less than 10-12% has an effect
on respiration of fruits products, it can be proposed
that the effective O, concentration should be below
5-6% to prolong the shelf life of the product. At
2-3% O,, there is a high risk of anoxia. The max-
imum tolerable CO, concentrations for many fresh
products are in the range of 2-5%.

Active packaging system uses O, and CO, ab-
sorbers in the sealed pack. Some of the absorbers
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being used are calcium hydroxide, activated charcoal,
and sometimes magnesium oxide. Sometimes C,Hy
absorbers like potassium permanganate are used to
prevent the accelerating respiring effect of ethylene.

Minimal Pretreatment Processing

The minimal process operations should be valuable
adjuncts to MAP for successful extension of the shelf
life of fruit commodities. These operations include
washing to remove the nondesirable materials from
the surface (soil, insects, pesticides, etc.) and cool the
produce, trimming to remove unsound tissue, sepa-
rating inedible portions from desirable edible seg-
ments, cutting edible tissue into suitable shapes and
sizes, cooling and temperature conditioning, and ap-
plying food additives for pH adjustment, microbial
control, oxidative reaction control, and texture mod-
ification.

The choice of washing method of fruits is depen-
dent on the purpose of washing and the delicacy of
the tissue. The wash water should have a low mi-
crobial count and a suitable temperature for effective
cleaning. Chlorine is the most widely used among the
sanitizing agents in wash water available for fresh
produce. However, the most that can be expected
at permitted concentrations is a 1- to 2-log popu-
lation reduction and the reaction of chlorine with
organic residues can form potentially mutagenic or
carcinogenic reaction products (Sapers, 2003).

Tissue shearing involves trimming, pitting, peel-
ing, and coring. Such shearing actions cause de-
compartmentalization of cellular components and the
bruising of tissue near the shear surfaces. Both de-
compartmentalization and bruising of tissue lead to
oxidative reactions such as the enzymatic browning
reaction with the consequence of product darkening
and off-flavor development. The presence of cut sur-
faces with a consequent release of nutrients, the ab-
sence of treatments enables to ensure the microbial
stability, the active metabolism of fruit tissue, and the
confinement of final product enhance the growth ex-
tent of the naturally occurring microbial population in
minimally processed fruits. The low-acid fruits such
as cut melon and tropical fruits can also favor the pro-
liferation of pathogenic species such as Salmonella
spp. and enteropathogenic Escherichia coli up to the
infective threshold.

Another problem that necessitates further phys-
iological and biochemical studies is that cut fruit
products can lose rapidly their typical flavor and

develop loss of freshness even in refrigerated storage,
due to changes in some volatile aroma compounds
(Lamikanra and Richard, 2002).

Cooling and temperature conditioning are used to
decrease the respiratory activities and control the
propagation of microorganisms. Cooling methods
for removing the thermal energy include forced-air
cooling, hydro-air-cooling, hydro-cooling, ice con-
tact cooling, and vacuum cooling, selected according
to fruit characteristics.

Tropical and subtropical fruits and some temper-
ate fruits are susceptible to a low-temperature tissue
disorder called chilling injury. Generally, the lowest
injury-safe temperatures for fruits and vegetables are
in the range of 5-13°C.

Spoilage control is one of the most important fac-
tors of MAP fruits and fruit products. For fruits with
pH values below 4.5 yeast, lactic acid bacteria, and
fungi are the major contributors to spoilage. Chlorine
in wash water is effective at a level of 10-200 ppm
to inactivate molds, yeasts, and bacteria. For effective
bacterial control, the chlorinated water must have a
pH of 6 or lower. Sometimes hot water is used be-
fore peeling to reduce the microbial load on the sur-
face. The temperature used is between 45 and 62°C,
but some fruits such as berries are sensitive to hot
water.

Food additives diffused or infused into fruit tissues
are used in reducing the pH, modifying the textural at-
tributes, inhibiting microbial growth and preventing
discoloration. Some fruits may have pH values above
pH 4.6 and under MAP conditions, spoilage and pos-
sibly human pathogen growth may occur. Generally,
as the pH of a cut produce decreases, there is less
growth of spoilage and human pathogens. Lemon
juice, citric acid, or ascorbic acid can be added to
cut fruits for pH adjustment prior to MA packag-
ing. Calcium in plant tissues is involved in the delay-
ing of senescence, reducing respiration, decreasing
ethylene production, increasing tissue firmness, and
preventing enzymatic browning. The increase in tis-
sue firmness with an elevation of tissue calcium is
caused by the interaction of the calcium ions with
pectin polysaccharides in both the middle lamellae
and parenchyma cell walls. Control of browning is
important to the feasibility of fruit processing. Un-
til recently, the most commonly used agents to pre-
vent enzymatic and nonenzymatic browning were
sulfites which were multifunctional; besides inhibi-
tion of browning they could control the growth of
microorganisms, acted as antioxidants and carried
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out other technical functions. However, they were
corrosive, destructive to some nutrients, and could
produce softening and off-flavors. The use of sulfit-
ing agents to prevent the browning of fresh-cut fruits
and vegetables was banned by the U.S. Food and
Drug Administration in 1986. The review of Laurila
et al. (1998) shows that the inhibition of brown-
ing in minimally processed fruits and the search for
practical and functional alternatives to sulfite agents
have received a great deal of attention but with lim-
ited success. Apple slices treated with combinations
of some reducing agents, enzymatic inhibitors, and
calcium-containing compounds derived from natu-
ral products resulted in the extension of storage
life and better maintenance of quality (Buta et al.,
1999).

One of the important stages of pretreatment pro-
cess is draining. After the peeling, slicing, and disin-
fection washing, the high water content on the surface
serves as a good environment for the propagation of
microorganisms. Thus, it is necessary to reduce wa-
ter on the surface. The most effective draining is cen-
trifuging and removing about 2-3% water content
from the surface, depending on the type and texture
of the fruit.

The final stage of processing is packaging. The
pretreated product is placed into the pack and sealed.
Sometimes, vacuum is used to reduce the oxygen con-
tent of the fruit tissue. A mixed gas with increased
CO; and reduced O; is introduced into the pack to
provide a good environment to reduce respiration
and to prolong the shelf life. It usually takes place
in the packaging room, the most critical zone in the
processing chain. This room has to be appropriate
for the temperature of the product and the hygienic
requirement of the processing.

Handling and Distribution

The quality of modified atmosphere packaged and
minimally processed fruits or fruits products in the
distribution chain is affected by many factors. The
quality maintenance is aided by the following proce-
dures in the distribution chains (Faith, 1994):

* minimizing handling frequency

e providing continued control of temperature, RH,
CA conditions during storage and transport

e transferring product from truck to refrigerated
storage immediately

* rotating products on a first-in/first-out basis

* stacking individual cases no more than five cases
high.

The most important factor is the temperature.
High temperature or its fluctuation increases the
human risk of the product and decreases the quality
and shelf life.

Temperatures to be used during processing and dis-
tribution and their relationship to the sensitivity of
products are described in Table 7.2.

MICROBIOLOGICAL SAFETY OF
MINIMALLY PROCESSED FOODS

Although the presence of pathogenic bacteria on food
products have historically been associated mainly
with food of animal origin, recently vegetable prod-
ucts have come under increased interest as sources of
food-borne illnesses (Beuchat, 1996).

Minimal processing, such as MAP, can retard mi-
croorganisms causing quick spoilage. However, the
extended shelf life of chilled foods may present
potential microbial hazards due to the possible
growth of psychrotrophic pathogenic bacteria, with-
out spoilage symptoms, particularly because there
is always a risk of temperature abuse (Beuchat,
1996). At seriously abusive temperatures, even some
mesophilic pathogens can proliferate (Nguyen and
Carlin, 1994). Studies show that CO, has little im-
pacton some food-borne pathogens, such as Clostrid-
ium botulinum, Yersinia enterocolitica, Salmonella
typhimurium, E. coli, Staphylococcus aureus, L.
monocytogenes, and Campylobacter (Hintlian and
Hotchkiss, 1986).

Fruits AND FruliT PRODUCTS

Prepackaged fresh-cut fruits that have been peeled
or cut in a raw state, ready-to-eat, and unpasteur-
ized fresh juices are one category of minimally pro-
cessed foods. Among problems that limit the shelf
life and commercial development of fresh-cut fruit
are browning, softening, flaccidity (loss of water),
microbial decay, and safety (King and Bolin, 1989;
Rajkowski and Baldwin, 2003).

The pH of many fruits is lower than 4.0. This low
pH, combined with the presence of organic acids,
generally prevents the growth of pathogenic bac-
teria. Therefore, incidents of outbreaks and cases
of fruit-borne microbiological diseases are low as
compared to those of other foods (Beuchat, 1996).
However, changes are taking place in agricultural
practices: greater use of animal waste and munici-
pal waste on land; an increasing use of fruits grown
in and transported from all parts of the world. All
these changes including development of novel types
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Table 7.2. Suggested Parameters for MAP of Fruits Regarding Their Temperature Sensitivity

(Gorris, 2000)

Type of Product Temperature (°C) RH (%) 0, (%) CO, (%)
Fruit (cool ripened)

Apple 14 90-95 1-3 0-6
Pear 0-1 90-95 2-3 0-2
Fruit (cool ripened)

Apricot 0-1 90 2-5 0-2
Blackberry 0-2 90

Cherry 0-2 85-90

Currant red 0-1 90 5-10
Grape 1-2 90

Kiwi 0-2 85-90 3-5
Peach 0-2 85-90 1-2 5
Plum 0-1 85-90 2 2-5
Raspberry 0-1 85-90

Strawberry 0-1 90

Fruit (warm ripened)

Avocado 12-13 90 2-3 4-7
Banana 12-14 85-95 2-3 8
Fruit (warm ripened)

Mango 8-12 90 2-5
Pineapple 11-13 85-90 2-4 5-10
Fruit (cool-ripened citrus product)

Grapefruits 10-16 90 5-10 0-1
Lemon 3-5 85-90 5-10 0-1
Mandarin 1-4 85-90 5-10 0-1
Orange 1-6 85-90 5-10 0-1

of product may give rise to new problems (Lund and
Snowdon, 2000; Beuchat, 2002; Rajkowski and
Baldwin, 2003). Conditions during the growth of
fruits and their handling influence contamination and
affect the microbiological safety of fruits and fruit
products. Major sources of microbiological contam-
ination are animal feces, biosolids, or contaminated
water used (Beuchat, 1996; Ait and Hassani, 1999).
Fruits should not be collected from orchard grounds
used for grazing. Following production, the processes
of harvesting, washing, cutting, slicing, packaging,
and shipping can create additional conditions where
contamination can occur.

The formation of a mycotoxin, patulin, by the mold
Penicillium expansum in rots occurring in apples is
a major problem in the production of apple juice
(Stratford et al., 2000).

If acidic fruits and fruit products are contaminated
with certain pathogenic bacteria, then they may sur-
vive for a sufficient time to cause disease (Miller and
Kasper, 1994; Parish, 1997). Unpasteurized juices

from apple and citrus have been commercially avail-
able for many years and have a record of safety
problems (Rajkowski and Baldwin, 2003). Contam-
ination of apples with manure from grazing cattle
was probably the cause of outbreaks of infection
with Salmonella, Escherichia coliO157, and Cryp-
tosporidium parvum, a parasitic protozoon, associ-
ated with unpasteurized apple juice and apple cider
(Besser et al., 1993; McLellan and Splittstoesser,
1996; Centers for Disease Control and Prevention,
1997). Similarly, oranges that have fallen to the
ground and contaminated with Salmonella and have
been processed without adequate washing were sus-
pected as the cause of infection associated with un-
pasteurized orange juice. Consumers, particularly the
young, elderly, or immunocompromised for any rea-
son, are now warned by government advisories that
drinking unpasteurized fruit drinks can make them ill
(Tauxe et al., 1997).

Escherichia coli O157:H7 appears to have ac-
quired a Shigella-like toxin gene and is capable of
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causing illness from a very low infective dose. Infec-
tions can cause death from hemorrhagic colitis and
hemolytic uremic syndrome. The bacterium has been
associated with animal feces from many sources, in-
cluding cattle. Escherichia coli O157:H7 is acid tol-
erant, and its viability may remain for weeks in apple
cider (Zhao et al., 1993). The bacterium is heat sen-
sitive; its D value in apple juice proved to be 18 min
at 52°C (Splittstoesser et al., 1995).

Some less acidic fruit products may even permit
the growth of certain pathogens and may be thereby
a potential source of microbiological disease of the
consumer (Zhuang et al., 2003). The pH of can-
taloupe and honeydew melons is between 6.2 and
6.7 and that of watermelons and papaya is between
5.8 and 6.0 and between pH 4.5 and 6.0, respectively
(Splittstoesser, 1996). Because melons are grown on
the ground, it is difficult to prevent contamination
with microorganisms. If melons with a contaminated
rind are cut, then the edible part may be contami-
nated by the cutting knife and maintenance of the
cut melon at ambient temperature can also result in
the growth of pathogenic bacteria. Salmonella spp.
and Shigella spp. have been shown to multiply on
the cut surface of these produce at 23°C (Escartin
et al., 1989; Golden et al., 1993). Escherichia coli
O157:H7 multiplied on cubes of cantaloupe and wa-
termelon at 25°C and high humidity (Del Rosario and
Beuchat, 1995). Even Campylobacter jejuni was re-
ported to survive on sliced watermelon and papaya
for sufficient time to present a risk to the consumer
(Castillo and Escartin, 1994). When fresh-cut mel-
ons were inoculated with C. botulinum, then treated
with UV light to inactivate vegetative microorgan-
isms, and packaged using passive MAP, storage re-
sulted in marginal spoilage and botulinal toxin for-
mation (Larson and Johnson, 1999).

The growth of C. botulinum was also demonstrated
in fresh tomatoes with metabolic association of fungi
Fusarium, Alternaria, and Rhizoctonia (Draughon
etal., 1988). Transfer of Salmonella Montevideo into
the inner tissue of tomato by cutting has also been
demonstrated (Lin and Wei, 1997). Salmonella spp.
have been reported to multiply at 22-25°C on the
cut surface of tomatoes with a pH between 3.99 and
4.37 (Asplund and Nurmi, 1991; Wei et al., 1995).
L. monocytogenes was able to maintain its original
population density numbers in chopped tomatoes for
up to 2 weeks of storage at 10 or 21°C (Beuchat and
Brackett, 1991). All these observations also reflect
the importance of cold temperature chain manage-
ment.

The possible use of certain plant volatiles to pre-
vent microbial growth, thereby improving the shelf
life and safety of minimally processed fruits, have
been widely investigated recently in response to con-
sumer pressure to eliminate chemically synthesized
additives. Literature data (Lanciotti et al., 2004) in-
dicate that aroma compounds and their combination
with other hurdles such as CO,, mild heat treatment,
pH reduction, etc., can represent useful tools to in-
crease shelf life and safety of specific minimally pro-
cessed fruits. The in vitro efficacy of a number of
plant volatiles has been demonstrated, e.g., Utama
etal. (2002); however, their application potential may
also be limited by their eventual phytotoxicity and
human toxicity.

Using certain lactic acid bacteria to improve the
microbial safety of minimally processed refrigerated
fruits and vegetables, e.g., fruit-based salads through
competitive inhibition of pathogenic bacteria, also
in combination with other hurdles, seems to be a
promising research field (Breidt and Fleming, 1997).

Due to the above-mentioned problems, prevention
of microbial contamination of fresh fruits is impor-
tant to control microbiological safety of them or of
their products. To minimize these hazards, growers,
packers, and shippers should use good agricultural
and management practice (FDA, 1998). In 1998,
the FDA issued guides, which describe good agri-
cultural and manufacturing practices for fresh fruits
and vegetables covering water quality, manure man-
agement, worker training, field and facility sanita-
tion, and transportation (FDA, 2001). Kvenberg et al.
(2000) developed a generic hazard analysis critical
control points (HACCP) plan mandated for the pro-
duction of fruit and vegetable juices.

Antimicrobial Agents in Wash Water

Washing with water can reduce the number of mi-
croorganisms on the produce. However, when an-
timicrobial agents such as chlorine are used in wash
water in usual concentrations (e.g., 100 mg free chlo-
rine per liter at pH 6.5-7.0 for 20 min), the reduction
may only be of the order of 10- to 100-fold (Beuchat,
1998; Beuchat et al., 1998; FDA, 1998). The antibac-
terial activity of chlorine solutions is mainly due to
hypochlorous acid and it is influenced strongly by the
pH of the solution. A pH of 6.5-7.0 is suitable. Be-
low a pH of 6.0, the hypochlorite solutions become
too unstable for use. In addition to chlorine, treat-
ments with chlorine dioxide, trisodium phosphate,
organic acids, hydrogen peroxide, and ozone have
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also been investigated as alternative antimicrobial
chemicals; however, none of them appears to be more
effective than chlorine for decontamination of fruits
(Lund and Snowdon, 2000; Sapers, 2003). This role
of chlorine is mainly to prevent the spread of bac-
teria in the wash water rather than to kill them on
the surface of the fruit. Golden et al. (1993) showed
that chlorinated water reduced but did not eliminate
Salmonella contamination once it was on the rind
of melon. They concluded that chlorine was only a
risk reduction factor, and other preventive measures
were needed to further reduce the risk of Salmonella
on melon rind. Novel means of applying sanitizing
agents such as vacuum infiltration, vapor-phase dis-
infection, or surface pasteurization with hot water
washing show promise for more powerful antimicro-
bial effects; however, they are not yet fully developed
(Sapers, 2003).

Considering the relatively poor efficacy of chemi-
cal sanitizers, it is a challenge for further research to
understand the competitive inhibition of pathogens
by naturally occurring microorganisms on produce
in fresh-cut packages during storage.

NEW METHODS OF MINIMAL
PROCESSING WITH
MICROBICIDAL EFFECT

Recently, a new type of mild heat processing, i.e.,
cooking food in vacuum packaging (so-called “sous-
vide” treatment) is increasingly used, especially for
the catering sector. However, this technology is ba-
sically for other types of commodities, not for fruit
products consumed raw, because, except juices, they
cannot be heat pasteurized without the loss of quality
preferred by consumers. Several nonthermal physi-
cal treatments, however, such as ionizing irradiation,
high hydrostatic pressure (HHP), or PEF (for liquid
products) are emerging and show utility to improve
the microbiological safety of minimally processed
foods including fruit products (Parish, 1997; Tewari,
2003). For optimizing new technologies, an item-
by-item approach is required to design processing
conditions of the food materials, and it is essential
to know the tolerance level of different microorgan-
isms in specific situations. A comprehensive review
on the kinetics of microbial inactivation for alter-
native food processing technologies has been made
available by the U.S. FDA Center for Food Safety
and Applied Nutrition (USFDA/CFSAN, 2003) on
the basis of a task-force work of the Institute of Food
Technologists.

IRRADIATION

In addition to the microbial decontamination of food
of animal origin by irradiation, a combination of ion-
izing radiation and other treatments has been inves-
tigated for the reduction of microbial load of fruits
and fruit products. Limited studies using apple slices
in the dose range of 1-5 kGy showed microbiologi-
cal efficacy (Hanotel et al., 1990). However, the lim-
iting factors in irradiation of horticultural products
are sensorial changes, particularly softening of fruit
and vegetable tissues (Yu et al., 1996). Therefore,
doses higher than 1-2 kGy are not feasible for these
practical reasons. Low-dose irradiation may be im-
plemented as a terminal, postpackaging treatment for
fruit juices, fruit salads, etc. Irradiation of fresh and
minimally processed fruits, vegetables, and juices has
been discussed recently in detail by Niemira (2003).
The FAO/IAEA Joint Division runs presently a co-
ordinated research program on the use of irradiation
to ensure hygienic quality of fresh, precut fruits and
vegetables, and other minimally processed food of
plant origin (FAO/IAEA, 2001).

The present regulatory limit in the United States
for fresh fruits and vegetables is 1.0 kGy. Further-
more, irradiation is limited to specific uses, basically
for disinfestation and delay of overripening. In 1999,
a coalition of U.S. food processors petitioned to the
U.S. Food and Drug Administration to amend the
regulation to allow doses up to 4.5 kGy for a wide va-
riety of refrigerated foods including juices and up to
10 kGy for frozen foods, including juices too. Elim-
ination of human pathogens is the primary goal of
these requested dose limits; the potential for exten-
sion of shelf life is regarded as a secondary goal
(NFPA, 2000).

In recent studies in Hungary, the low-dose irra-
diation of 1 kGy reduced the viable cell number
of L. monocytogenes 4ab No.l10 strain by two log
cycles and E. coli O157:H7 ATCC 4388 strain by
more than 5 log cycles, when they were inoculated
on sliced tomatoes and precut cantaloupe and water
melon samples. (Mohacsi-Farkas et al., 2001).

Regarding fruit juices, the majority of research ef-
forts in the past were related to irradiation targeted at
spoilage organisms such as yeasts and molds rather
than bacterial pathogens (Monk et al., 1994). Recent
studies, however, provide information on matters of
microbiological safety. A radiation dose of 1.0 kGy
effectively eliminated three isolates of Escherichia
coli O157:H7 tested in inoculated commercial ap-
ple juices showing Djy values of 0.12, 0.16, and
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0.21 kGy, respectively (Buchanan et al., 1998). (Do
value is the required radiation dose to reduce the num-
ber of viable microorganisms by a factor of 10 or
one log cycle.) The same authors showed that the ra-
diation sensitivity of the three strains was reduced
from 54 to 67% by previous growth of their cultures
in acid environments. A Dy value of 0.35 kGy has
been reported for Salmonella enteritidis irradiated
in reconstituted orange juice (Niemira, 2001). Four
Salmonella serotypes irradiated in orange juice also
varied in their radiation resistance with Do values
of 0.71 kGy (S. anatum), 0.48 kGy (S. newport),
0.38 kGy (S. stanley), and 0.35 kGy (S. infantis)
(Niemira et al., 2001), providing a 5-log reduction
even for the most resistant isolate (S. anatum) at
3.5 kGy dose level.

Irradiation is known to oxidize a portion of total
ascorbic acid (vitamin C) to its dehydro form (Ro-
mani et al., 1963). However, both these forms of the
vitamins are biologically active, suggesting minimal
nutritional impact (Thayer, 1994).

Sensorial properties of irradiated juices have been
the subject of several studies. Dose limits for de-
tectable flavor degradation and browning may vary
greatly, as a function of the differences in com-
position, variety, and maturity of the source fruit
(Niemira, 2003).

HicH HyprosTATIC PRESSURE (HHP)
TREATMENT

HHP processing of foods has been explored ex-
tensively during the past two decades and several
HHP-processed commercial fruit products are al-
ready available in countries such as Japan, the
United States, and some Western-European countries
(Tewari, 2003). Actually, it is easier to adapt this pro-
cess to acid foods than to low-acid products.

HHP in the range of 200-900 MPa for several
minutes inactivates the vegetative cells of microor-
ganisms, compared to heat pasteurization (Patterson
et al., 1995), without damaging the low molecular
weight food components, well maintaining thereby
the nutritional and sensory characteristics of high-
moisture foods in flexible packaging. The isostatic
principle of HHP treatment implies that the transmit-
tance of pressure is uniform and instantaneous (inde-
pendent of size and geometry of food). The extent of
microbial inactivation of HHP is not only species de-
pendent but also influenced by the physicochemical
environment such as water activity and pH. Inactiva-
tion of bacterial spores requires combined processes:
pressure with elevated temperatures or other inimical

agents. Besides shelf-life extension, already widely
studied, more systematic efforts are needed to de-
velop databases to predict extents of inactivation of
specific pathogenic microorganisms under specific
conditions to ensure the reliability of HHP as an alter-
native to traditional preservation processes for con-
taminants of target foods. For example, isostatic HHP
reduced the counts of Escherichia coli O157: H7
and various serovars of Salmonella in fruit juices.
The pathogens were found to be most sensitive in
grapefruit juice and least sensitive in apple juice (Ra-
jkowski and Baldwin, 2003).

HiGH-VOLTAGE PULSED ELECTRIC
FieLD (PEF)

This nonthermal technology, which is aimed for lig-
uid food pasteurization, was recently comprehen-
sively reviewed, e.g., by Ho and Mittal (2000). The
PEF system consists of a set of electrodes introduced
into the fluid food in the treatment chamber, a pulse
generator, a capacitor, and a switch. The pulse gen-
erator charges the capacitor. When it is discharged,
the resulting high-energy field pulse creates electri-
cal potential difference across the cell membrane of
the suspended cells. When the electrical potential ex-
ceeds a certain critical value by a large amount, the
change in the cell membrane becomes irreversible,
leading to cell death. The critical electrical poten-
tial for vegetative bacterial cells is approximately
15 kV/ecm (Mertens and Knorr, 1992; Knorr et al.,
1994).

The microbicidal effects in aqueous systems de-
pend not only on the voltage and electric field
strength, pulse period, and number of pulses applied
but also on the fluid properties (electrical conductiv-
ity, density and rheological properties). The process
parameters used for batch processing are of a wide
range: 2.5-43 kV DC voltage, 0.6-100 kV/cm elec-
tric field strength, 1 pus—10 ms pulse width, 0.2-50 Hz
pulse frequency, and 1-120 pulse number applied
(Tewari, 2003). Studies on real food products such as
fresh fruit juices are still limited and the majority of
researchers have been using small-size, batch mode
equipments. Even fewer studies report yet the ex-
perimental work on continuous-flow and pilot-scale
systems.

CONCLUSIONS

Implementation of good agricultural, manufacturing,
and distribution practices is needed to prevent con-
tamination of minimally processed fruits and fruit



7 Minimally Processed Fruits and Fruit Products and Their Safety 125

products. New washing and decontamination tech-
nologies are emerging and will eventually become
part of HACCP programs. Strict temperature con-
trol of minimally processed commodities is of emi-
nent importance. However, if sufficient temperature
control during the chill distribution chain cannot be
achieved, additional hurdles are necessary to ensure
product safety. Safety criteria and recommendations
for their harmonization have been summarized by an
EU FAIR Concerted Action (Martens, 1999). In ad-
dition, inactivation of several enzymes is necessary
to ensure stability of fruit juices by new technologies
alternative to thermal technologies while minimally
affecting the quality and organoleptic character-
istics (Barrett and Anthon, 2003). Selection of
optimal process conditions requires an item-by-item
approach. Regarding regulatory issues associated
with novel processing technologies, the safety assess-
ment of process-specific effects needs to be carried
out on a case-by-case basis.
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INTRODUCTION

Fresh-cut fruits appeared in the market as a re-
sponse of a consumer trend toward fresh-like high-
quality products as well as an increase in popularity
of ready-to-eat products. Therefore, fresh-cut fruit
produce requires new preservation techniques capa-
ble of keeping the safety and quality of commodi-
ties long enough to make distribution feasible and
achievable.

Fresh-cut products were firstintroduced in the mar-
ket by western countries such as the United States,
which has an efficient commercial distribution.

Fresh-cut fruits and vegetables are also called
lightly processed, ready-to-eat, and minimally pro-
cessed fruits and vegetables. These products are usu-
ally defined as those processed by appropriate unit
operations such as washing, peeling, slicing, and
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packaging, including chemical treatments which may
have a synergistic effect by using a combination
of them (Wiley, 1994). The processing of fresh-cut
produce includes packaging in modified atmosphere
(MA) as well as storage at 2-4°C, during the whole
shelf life of about 7-10 days (Fig. 8.1).

For processors, achieving microbiologically safe
products with sensorial and nutritional fresh-like
values is still a challenge despite the amount of re-
search already spent on this topic (Bett et al., 2001).
As a result of peeling, cutting, and preparation of

RECEIVING

PRECOOLING

L

| WASHING AND DISINFECTION |

PEELING

I

| SIZE REDUCTION | . ;
| Antimicrobial agents |

| DIPPING TREATMENTS | Antibrowning agents |

PACKAGING | Texture preservatives |

REFRIGERATION

il

Figure 8.1. Flow diagram of fresh-cut produce.




130 Part I: Processing Technology

ready-to-eat fruits, a large number of physiological
phenomena such as biochemical changes and
microbial spoilage takes place and may result in
degradation of color, texture, and flavor. As the ac-
ceptance of consumers for fresh-cut fruits is mainly
based on appearance as well as flavor and texture,
these attributes will determine the commercial
durability of fresh-cut produce.

Processing factors are not only related to deterio-
rating processes but also to a great number of physio-
logical factors such as cultivar, growing and harvest-
ing practices, postharvest treatments, and/or maturity
at processing. These could determine the feasibility if
fruits can be processed as a fresh-cut product (Rocha
et al., 1998; Soliva-Fortuny et al., 2002a).

This chapter aims to introduce the main factors of
minimal processing, which affect the handling of raw
material, processing, packaging, and distribution of
fruits. Thus, the key requirements for extending mi-
crobiological, sensory, and nutritional shelf life of
fresh-cut fruits are analyzed in each step of the pro-
duction chain.

HYGIENIC REQUIREMENTS
FOR FRESH-CUT FRUIT
PROCESSING FACILITIES

Because the natural barrier of skin is removed and
damage is inflicted to the fruit tissue, fresh-cut fruits
need to be processed under strict sanitary conditions.
Unlike whole fruits, fresh-cut products can be spoiled
by hazardous human pathogens (FDA, 2001). Micro-
biological risks must be reduced and controlled from
the orchard to the consumer.

The appropriate handling of whole fruits during
harvest and postharvest can significantly reduce the
risk of contamination prior to processing. If fruits
were contaminated with pathogenic microorganisms
during these steps, sanitation with chlorine or other
disinfectants would not assure the product safety.
Cleaning operations of field bins, drenchers, storage
chambers and other possible sources of cross contam-
ination must be carefully controlled to ensure proper
sanitation.

The risk of product contamination does not stop at
this point. Adherence to good manufacturing prac-
tices and the implementation of hazard analysis crit-
ical control points (HACCP) are strongly advised
in a processing plant for such commodities. Within
the processing plant, hygienic conditions should be
maintained. All workers, maintenance personnel, and
visitors should be required to wear gloves, caps and

appropriate smocks, and footwear. Hygiene training
should insist on the importance of hand washing us-
ing bactericidal soap and water before entering the
plant. Gloves should also be renewed several times
during a working shift. General advice should be fol-
lowed regarding the conditions during processing.
Proper sanitation of the processing facilities must be
conducted to ensure the exclusion of harmful bacte-
ria. In addition, low temperatures are helpful to in-
hibit microbial growth and to minimize the respira-
tion of the cut fruit in response to mechanical bruises
(Toivonene and DeEll, 2002). Refrigeration temper-
atures below 8-10°C are advised. Also, cooling of
dipping solutions or transport water is an effective
way of controlling microbial spoilage, although some
microorganisms, even pathogenic ones such as Liste-
ria monocytogenes, can grow under those conditions
(Zagory, 1999).

Do not use field bins. Use only plastic washable
boxes or pallet boxes that are more appropriate for
maintaining the sanitation. Compartmentalization of
each step of the process, especially the first, may
help to prevent cross contamination of the product
throughout processing. Before the cutting operations,
a rinse in chlorinated water may reduce the initial
loads of naturally occurring microorganisms. Design
of hygienic equipment for these processes is required.
Most equipment available in the market has been
adapted from the existing machinery used by fruit
preserve producers. Mechanical peelers that remove
the skin, seed, and debris, with isolation of the parts
in contact with the product from other components of
the machine, are under development. It is also impor-
tant to assure that the cutting blades are kept clean and
sharp. An alternative to blade peeling technologies
could be the use of water jet cutting systems, which
would substantially reduce the risk of cross contami-
nation during this step. However, the high cost of wa-
ter jet systems can limit their use in the fruit industry.

The next processing steps are generally conducted
to extend the fresh-cut fruit shelf life, although little
can be done to reduce much of the contamination.
Dips to stabilize the cut surfaces are often blends of
antioxidant and/or antisoftening agents (Rosen and
Kader, 1989; Gorny et al., 1998a). Since it is not
possible to replace these solutions after a single batch,
because of the high cost of the products used, they
represent a high risk of cross contamination through
the plant process. New methods are being developed
to sanitize these solutions, given that chlorine, ozone,
ultraviolet (UV) light, and other possible methods of
decontamination, such as thermal treatments, are not
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compatible with most antioxidant treatments (FDA,
2001).

QUALITY OF RAW MATERIAL

Fruits, once detached from the plant, undergo a phys-
iological response consisting of processes such as
transpiration, respiration, and ripening. Transpira-
tion leads to loss of water and the consumption of
substrates during respiration that converts the stored
energy into usable energy to sustain life. Thus, the
higher the transpiration and respiration, the shorter
the shelf life. Such processes are mainly responsible
for wilting, shrinking, and loss of firmness among
other phenomena, which adversely affect the senso-
rial quality of produce (Amiot et al., 1995; Kader,
2002; Soliva-Fortuny et al., 2004).

The quality of fresh-cut fruits depends directly on
the quality of the raw material and other factors re-
lated to processing, storage, and distribution (Gorny
et al., 1998b). These factors include the condition of
the raw materials such as firmness, size, variety, and
ripeness at processing. These significantly affect the
shelf life and quality of produce.

The ripening process is induced by the gaseous
plant hormone ethylene and related factors char-
acterized by physical, chemical, physiological, and
metabolic changes. Ripening seems to have an
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important influence on sensorial features related to
the flavor and texture of fruit. Ethylene may be re-
sponsible for the synthesis of enzymes that lead to
ripening and subsequent senescence and degradation
(Perera and Baldwin, 2001). In fact, these adverse
effects of ethylene on quality tend to be enhanced
in climacteric fruits, since ripening implies a larger
evolution of ethylene and an abrupt rise in respira-
tion rates when ripeness is about to take place. Gen-
erally, climacteric immature fruits are more likely to
shrivel and undergo physiological alterations during
processing. Overripe fruits may produce less ethy-
lene but are more sensitive to mechanical damage
and fungal development. Softness, mealiness, and in-
sipid flavor are some sensorial characteristics related
to excessive maturity at processing (Kader, 2002).
Ethylene production observed during the first weeks
of storage under passive packaging conditions can
double that of ripe fruits, compared to fresh-cut ap-
ple and pear slices processed in a partially-ripe state
(Fig. 8.2). Therefore, the ripeness stage of fruit at
processing was clearly determinant for shelf life of
fresh-cut apple slices (Soliva-Fortuny et al., 2002a).

The quality of fresh-cut produce is related to an ap-
propriate selection of cultivars. In pears, the shelf life
based on flesh firmness and cut surface discoloration
can be affected by cultivar. Barlett pears showed
the longest shelf life among cultivars such as Bosc,
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Figure 8.2. Ethylene concentrations in the package headspace of fresh-cut pears processed at different maturity
states: circles, mature-green pears; squares, partially-ripe pears; and triangles, ripe pears.
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Anjou, and Red Anjou pears (Gorny et al., 2000). Ad-
ditionally, the most important factors that determine
the shelf life of fresh-cut peach and nectarine slices
(Gorny et al., 1999) are as follows:

¢ selection of cultivars

* maturity at harvest, and

* proper storage: temperature (0°C) and relative
humidity (RH) (90-95%)

PROCESSING

WASHING AND SANITIZING RAw
MATERIALS FOR FRESH-CUT
Fruit PRoODUCTS

Washing and sanitizing of raw fruits is required to
remove pesticide residues, plant debris, and other
possible contamination as well as microorganisms
responsible for quality loss and decay. Fruit products
undergo fermentative spoilage by lactic acid bacteria
or yeasts resulting in the production of acids, alco-
hol, and CO,. Fermentative species of yeasts such as
Kloeckera and Hanseniaspora occur naturally on the
surfaces of fruits and are capable of causing fermen-
tative spoilage (Barnett et al., 2000)

Raw material is generally immersed in tap water,
whereas sanitizing agents are added to process wa-
ter to effectively reduce the microbial loads on the
fruit surface. The use of chlorine at a concentration
no greater than 200 ppm has been widely reported as
an effective sanitation treatment of both whole and
fresh-cut fruits (Lanciotti et al., 1999; Gorny et al.,
2000; Dong et al., 2000, Bett et al., 2001; Soliva-
Fortuny et al., 2002b). In melon and watermelon, the
sanitation of the whole fruit is usually achieved by
using dips ranging from 50 to 1000 ppm of sodium
hypochlorite (NaOCI) (Qi et al., 1999; Portela and
Cantwell, 2001). The effectiveness of NaOCl on mi-
crobicidal activity is related to the concentration of
the sanitizer as well as pH and temperature. On the
other hand, chlorine efficacy may be influenced by
the type of produce and diversity of microorganisms
that fruits contain (Beuchat, 2000).

New sanitizing agents have been introduced in the
past few years because of concern about the prod-
ucts obtained when chlorine is decomposed by or-
ganic matter, resulting in the formation of potentially
harmful substances.

Other sanitizers such as hydrogen peroxide
(H,0,), chlorine dioxide, peroxyacetic acid, and or-
ganic acids have been used for washing produce.
Hydrogen peroxide (H,O,) demonstrates a broad-
spectrum efficacy against virus, bacteria, yeasts, and

bacterial spores, although it is less active against
fungi than bacteria (Block, 1991). Its bacteriocidal
effect is based on the production of hydroxyl free rad-
icals (OH), which attack essential cell components,
including lipids, proteins, and DNA (McDonnell
and Russell, 1999). Thus, this treatment was rec-
ommended for fresh-cut melon and analogous fruits
because it extended the shelf life by 4-5 days in
comparison with the chlorine treatment (Sapers and
Simmons, 1998). Sapers (1996) also showed that hy-
drogen peroxide vapor treatments were highly effec-
tive in reducing loads of microorganisms on whole
prunes and table grapes. Hydrogen peroxide solu-
tions used alone or in combination with commer-
cial sanitizing agents achieved more effectiveness
in decontaminating apples, which contained non-
pathogenic strains of Escherichia coli, than by using
chlorine or other commercial sanitizing agents for
fruits or vegetables (Sapers et al., 1999). However,
exposure to HyO, vapor caused bleaching of antho-
cyanins in strawberries and raspberries. This treat-
ment could also be unfit for pome fruits due to the
presence of residual contents in the product (Sapers
and Simmons, 1998).

Several published studies have assessed the effi-
cacy of different sanitizers against E. coli O157:H7
on inoculated apples. Apples washed with 80 ppm
of peroxyacetic acid reduced the microbial loads by
about 2 logs and a 5% acetic acid wash reduced the
load by about 3 logs when compared to water wash
(Wright et al., 2000). On the other hand, 80 pg/ml
of chlorine dioxide, 16 times the recommended con-
centration, was needed to reduce the population of
E. coli O157:H7 by 2.5 logs (Wisniewsky et al.,
2000).

Ozone and UV light could be other alternatives to
traditional sanitizing agents as these sanitizing pro-
cesses are not only effective in destroying microor-
ganisms but they could also improve the safety of
fruits because of the lack of residues on produce.
Fungal deterioration of blackberries and grapes was
decreased by ozonation of the fruits (Beuchat, 1992).
Recent studies supported this work, ozone expo-
sure at 0.3 ppm inhibited the normal aerial growth
of the mycelia and prevented sporulation on peach
wounds inoculated with Monilinia fructicola, Botry-
tis cinerea, Mucor piriformis, and Penicillium ex-
pansum and stored for 4 weeks at 5°C and 90%
RH. Under 0.3 ppm ozone, gray mold, caused by
B. cinerea, spread from the decayed fruit to adja-
cent healthy fruit among table grapes was also com-
pletely inhibited, when fruits were stored for 7 weeks
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at 5°C (Palou et al., 2002). In citrus fruit, the expo-
sure to ozone did not reduce the final incidence of
postharvest green mold, caused by Penicillium dig-
itatum, and postharvest blue mold, caused by Peni-
cillium italicum Wehmer, although infections devel-
oped more slowly on fruits stored in an ozonated
atmosphere than on fruits stored in an ambient air
atmosphere (Palou et al., 2001).

UV light could also be effective as a minimal
processing alternative for extending the shelf life
of fresh-cut fruits. The effect of UV light (UVC,
N =254 nm) may be based on its direct effect on
pathogens because of DNA damage as well as its
ability to simulate biological stress in plants and con-
sequently, by inducing resistance mechanisms in dif-
ferent fruits against pathogens. Actually, the expo-
sure of melon slices to UV light decreased the con-
centrations of most of the aliphatic esters by over
60% of the amounts present in fresh-cut fruit and re-
sulted in the production of terpenoid compounds in
response to biological stress, particularly (3-ionone,
which is capable of inhibiting the microbial growth
in the fruit tissue (Lamikanra et al., 2002). UV light at
a wavelength of 253.7 nm (UVC) was applied to ap-
ples inoculated with E. coli O157:H7, achieving alog
reduction of approximately 3.3 logs at 24 mW/cm?
(Yaun et al., 2004).

MECHANICAL OPERATIONS

Mechanical operations during minimal processing
damages fruit tissues, which in turn limits the shelf
life of products. Operations including peeling, cor-
ing, cutting, and/or slicing are responsible for such
phenomena as microbial spoilage, desiccation, dis-
coloration or browning, textural changes, and de-
velopment of off-flavor or off-odor. During the
preparatory steps of minimal processing, the natural
protection of fruit (the peel) is generally removed and
hence, they become highly susceptible to microbial
spoilage. During processing, the leakage of juices and
sugars from damaged tissues allow the growth and
fermentation of some species of yeasts such as Sac-
charomyces cerevisiae and Saccharomyces exiguous
(Heard, 2002).

Damage on plant tissues may make them more sus-
ceptible to attack by pathogenic microorganisms and
contamination with human pathogens. Cross contam-
ination may occur during cutting and shredding oper-
ations because sanitation in raw fruits may not have
been carried out properly (Garg et al., 1990). The
whole fresh fruits with bacterial soft rot and fungal

rot were shown to have a high incidence of contam-
ination with Salmonella spp. (Wells and Butterfield,
1997, 1999).

Although safety is the most important attribute to
be taken care in food, color, texture, flavor, and nu-
tritional value are also the primary limiting factors in
determining the product’s acceptability by the con-
sumer. Therefore, the influence of cutting operations
on quality should be taken into account. It is clear
that turgor pressure has a great effect on the textural
response, as it has been reported for minimally pro-
cessed melon by Rojas et al. (2001). In bananas, less
ethylene production and lowest respiration rates were
observed when a 1-cm thick transverse cutting sec-
tion was chosen (Abe et al., 1998). In apples or pears,
the core and adjacent tissues should be removed dur-
ing cutting operations because these parts are suscep-
tible to browning (Soliva-Fortuny et al., 2001).

Enzymatic browning is regarded as one of the most
important problems related to color deterioration in
fresh-cut fruit produce. Such phenomenon is caused
by the discoloration of fruit by the action of a group
of enzymes called polyphenol oxidases (PPOs). This
enzymatic reaction consists of the oxidation of phe-
nolic substrates, found naturally in many fruits, to
o-quinones, which is highly reactive and will react
with (Whitaker and Lee, 1995):

¢ other quinone molecules

e other phenolic compounds

e the amino group of proteins, peptides, and amino
acids

e aromatic amines, thiol compounds, ascorbic acid
(AA), etc

Browning phenomena are caused when, after me-
chanical operations during processing, enzymes,
which are liberated from the tissues, come in contact
with phenolic compounds. However, several factors
may contribute to the development of brown pig-
ments due to enzymatic browning. The tendency
toward browning may be influenced by high concen-
tration or types of phenolic compounds in fruits as
well as high PPO activity (Garcia and Barrett, 2002),
ripeness stage, activity of oxidative enzymes, oxygen
availability, and compartmentalization of enzymes
and substrates (Nicoli et al., 1994; Rocha, 1998). Ac-
cording to Soliva-Fortuny (2002b), in mature apples,
the chloroplast begins to disintegrate, causing a sol-
ubilization of PPOs, which would increase the over-
sensitivity of browning. In pears, browning is related
to phenolic and PPO compositions, whose contents
may vary according to cultivar, stage of maturity, and



134 Part I: Processing Technology

postharvest storage conditions (Amiot et al., 1992). It
was found that, in pear fruits of different varieties, the
susceptibility to browning and the phenolic content
were not greatly different, although a significant de-
crease in the phenolic content occurred with delayed
harvest times (Amiot et al., 1995). Reduced rates of
enzymatic browning in pears may be related to low
levels of PPO (Soliva-Fortuny et al., 2002b).

It has been shown that the pectinolytic and pro-
teolytic enzymes may be responsible for softening
when they are exuding from bruised cells during slic-
ing operations. Not only do these enzymatic mech-
anisms play a significant role in the softening pro-
cess but also affect the morphology, cell wall-middle
lamella structure, cell turgor, water content, and bio-
chemical components (Harker et al., 1997). Peeling
and cutting also result in high rates of moisture loss
from cut surfaces as was reported in pears by Gorny
et al. (2000). Increased rates of water loss lead to
wilting and/or shriveling, limiting factors of quality
in fresh-cut produce (Toivonene and DeEll, 2002).

Low temperatures minimize the effects of me-
chanical injuries because they are able to reduce
enzymatic activity, metabolic reactions, and micro-
bial growth. Processing is performed at around 10—
15°C and washing water is generally refrigerated
(Ahvenainen, 1996). Rinsing the peeled and/or cut
product in cold water is suggested to keep products
in a suitable range of temperature or for removing
cellular exudates released during mechanical opera-
tions.

D1pPING TREATMENTS

Dipping treatments after peeling and/or cutting re-
duce microbial loads and rinse tissue fluids, thus re-
ducing enzymatic oxidation during storage and the
growth of microorganisms.

Due to the low pH values of most fruits, the
main typical flora consists of moulds and yeasts.
Both fungi and yeasts are responsible for the pro-
duction of a wide range of enzymes. Among these,
pectic enzymes should be taken into account be-
cause of their role in the degradation process of
plant polymers. B. cinerea and Aspergillus niger
were found to be important fungi on fruits as
well as yeasts such as Canidia, Cryptococcus, Fa-
bospora, Kluyveromyces, Pichia, Saccharomyces,
and Zygosaccharomyces (Chen, 2002). Also, the abil-
ity of lactic acid bacteria to alter the food flavor
might contribute to the relatively rapid flavor loss
in fresh-cut fruits. In fact, the deterioration of fresh-

cut cantaloupe stored at 20°C was related to Gram-
positive bacteria and an increased production of lactic
acid (Lamikanra et al., 2000). During the spoilage of
fruits, Gram-negative bacteria such as pseudomon-
ads are believed to degrade the fruit tissues by the
production of pectic enzymes.

Consumption of fresh-cut fruits is associated with
foodborne disease due to some pathogenic bacte-
ria such as Cyclospora cayetanensis in raspberries,
Salmonella spp. in precut watermelons, and Shigella
spp. in fruit salad, among others (Heard, 2002). In
general, pathogens may often be able to grow on some
fruit surfaces such as melon, watermelon, papaya, or
avocado because of the high pH value of the fruits. For
example, Shigella species can survive on sliced fruits,
including watermelon and raw papaya (Escartin et al.,
1989). A recent study suggests that, after contamina-
tion, Campylobacter jejuni, a common cause of food-
borne bacterial gastroenteritis in developed countries
worldwide, may continue to survive on cantaloupe
pieces and strawberries (Kdrenlampi and Hénninen,
2004). Escherichia coli O157:H7 can grow within
damaged or wounded apple tissues (Dingman, 2000).
The ability of E. coli O157:H7 to grow in the moder-
ate pH of a bruise will likely predispose the bacterium
for survival in a fresh-cut fruit. Therefore, the use of
damaged fruits will increase the risk for contamina-
tion of fresh-cut products in comparison to surface
contamination of whole apples.

Citric acid has been widely used as an effective
preservative because it is able to reduce the pH of cut
fruits such as orange (Pao and Petracek, 1997), apple
(Rochaet al., 1998), peach, apricot, kiwifruit (Senesi
and Pastine, 1996), avocado (Dorantes et al., 1998),
and bananas (Moline et al., 1999). However, there is
a consumer demand for more natural food where the
use of chemical additives is reduced or eliminated.
Hence, the use of antimicrobial agents from plants
and plant products can represent a natural alterna-
tive to food additives. These substances, generally
regarded as safe (GRAS), are able to inhibit microor-
ganisms and determine flavor and quality because
of the presence of some volatile compounds (Utama
et al., 2002). Some natural constituents, such as hex-
anal, hexanol, 2-(E)-hexenal, and 3-(Z)-hexenol, re-
sponsible for the aroma of some vegetables and fruits,
provide protective action against microbial prolifer-
ation in wounded areas (Gardini et al., 2002). The
effectiveness of hexanal in improving the quality of
minimally processed apples is based on its antimicro-
bial activity, its ability to delay color deterioration of
slices, and its interconversion to volatile compounds
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giving an enhancement of aromatic properties. The
formation of volatile compounds such as hexanol and
hexyl acetate may be beneficial as they are regarded
as inhibitors of the polyphenol oxidase (Valero et al.,
1990). Hexanal totally inhibited mesophilic bacte-
ria at 4°C and considerably prolonged the lag phase
of psychrotrophic bacteria. Its presence also signifi-
cantly inhibited, at abuse temperatures, the growth of
moulds, yeasts, mesophilic, and psychrotrophic bac-
teria (Lanciotti et al., 1999). Hexanal, 2-(E)-hexenal,
as well as hexyl acetate are also capable of inhibiting
some pathogenic bacteria. In fresh apple slices, their
addition at levels of 150, 150, and 20 ppm for hexanal,
hexyl acetate, and 2-(E)-hexenal, respectively, may
have a bactericidal effect on L. monocytogenes, and
caused a significant extension of lag phase of E. coli
and S. enteritidis inoculated at levels of 10*~10° cfu/g
(Lanciotti et al., 2003) In addition, the antimicrobial
activities of hexanal, 2-(E)-hexenal, and hexyl acetate
are positively affected by a rise in temperature, since
their action is dependent on vapor pressure (Lanciotti
etal., 1999). The antimicrobial action of essential oil
constituents seems to be related to their solubility in
the microbial membrane (Karatzas et al., 2000), their
partition in the cytoplasmatic microbial membranes
(Juven et al., 1994) or the perturbation of membrane
permeability (Tassou et al., 2000). Fruit essential oils
may either reduce the growth of S. cerevisiae inocu-
lated at levels of 10? cfu/ml or increase the death rate
of E. coli inoculated at levels of 10°cfu/ml, under tem-
perature abuse conditions. Citrus essential oils may
be compatible with the organoleptic characteristics
of minimally processed fruit. Thus, some research
carried out by Lanciotti et al. (1999) suggested the
addition of citrus, mandarin, cider, lemon, and lime
essential oils to fresh sliced fruit mixtures (apple,
pear, grape, peach, and kiwifruit) to inhibit the prolif-
eration of naturally occurring microbial populations.
In fact, citrus oxygenated monoterpenes have been
reported as molecules with the highest antifungal ac-
tivity, and citral as the most active compound against
P. digitatum and P. italicum (Caccioni et al., 1995).
The addition of chemical agents is the most com-
mon way to control browning phenomenon. They can
either affect the enzyme or their substrates. AA has
been generally used as an antibrowning agent. This
reducing agent indirectly inactivates the PPO enzyme
by degrading the free radical of the histidine molecule
at the active site and by reducing the cofactor Cu’>*
to Cu', thereby causing the cuprous ion to dissociate
more readily from the enzyme (Osuga and Whitaker,
1995). AA is able to prevent the browning caused

by PPO reducing quinones back to phenolic com-
pounds before they undergo further reaction to form
brown-colored pigments. The antibrowning effects of
AA have been widely demonstrated in several fresh-
cut fruits under a wide range of conditions (Agar
et al., 1999; Gorny et al., 1999; Rocha et al., 1998;
Dorantes et al., 1998; Soliva-Fortuny et al., 2002b;
Senesi et al., 1999; Buta et al., 1999; Soliva-Fortuny
etal., 2001). Cysteine as a reducing agent is also ca-
pable of inhibiting enzymatic browning, although the
amount required is often incompatible with product
taste (Richard-Forget et al., 1992). However, among
a wide variety of antibrowning compounds, Dorantes
et al. (1998) chose cysteine as the best inhibitor of
browning in minimally processed avocado slices.

Acidulants, such as citric acid, are effective in pre-
venting the fresh-cut produce from browning due to
its dual effect on PPO enzyme by chelating copper
and its action as an acidulant (Sapers, 1993). Opti-
mum PPO activity is observed at pH 6.0-6.5, while
little activity is detected below pH 4.5 (Whitaker,
1994). Sodium chloride, as potassium chloride, is
known to control browning when they are used at
pH < 3.5 (Rouet-Mayer and Philippon, 1986). Cal-
cium chloride may confer undesirable bitterness to
the product when it is used at concentrations in excess
of 1% (Perera and Baldwin, 2001). However, acidu-
lants are not often used alone because it is difficult
to achieve efficient browning inhibition. Neverthe-
less, the acid combination with a chemical reductant
may show a major effect. According to Pizzocaro
et al. (1993), above 90% inhibition of PPO in apples
cubes was reported by using a mixture of 1% AA
+ 0.2% citric acid or 1% AA + 0.5% sodium chlo-
ride. Effects of citric acid and/or AA dips were not
effective in controlling the browning of pear slices
but an improvement in color was shown by adding
1% CaCl, and storage under 2.5°C for 1 week, rather
than water-treated control slices (Rosen and Kader,
1989). Sapers and Miller (1992) suggested that PPO
inhibition could be due to the firming action of cal-
cium, which reduces the leakage of PPO and its
substrates at the exposed cut surfaces. Gorny et al.
(1998a) also reported the effectiveness of a dip for
1 min in 1.0% CaCl, + 2% AA, in reducing pear
slice surface browning.

4-Hexylresorcinol (4-HR) inhibitory action is
based on its interaction with PPO, which compro-
mises the ability of the enzyme to catalyze the re-
action. Luo and Barbosa-Canovas (1996) showed a
synergistic effect in browning inhibition using 0.01%
4-HR and 0.5% AA in combination. Thus, not only
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an improvement in the inhibition of browning in ap-
ple slices was provided but also the residual level of
4-HR in apple slices decreased in comparison with
the use of 4-HR alone.

Some blends of additives have been proved to ex-
tend the storage life of fresh-cut produce. A mix-
ture of 0.001 M 4-HR + 0.5 M isoascorbic acid +
0.05 M calcium propionate 4 0.025 M homocysteine
maintained the freshness of apple slices for 4 weeks
at 5°C (Buta et al., 1999). Other combinations have
been suggested as effective in preventing fresh-cut
pears from browning. For instance, 4-HR in com-
bination with sodium erythorbate had a significant
effect on maintaining the color of fresh-cut Anjou
pears (Sapers and Miller, 1998). A dip in 0.01 4-
HR + 0.5% AA + 1-0% calcium lactate solutions
also provided color stability during 30 days refrig-
erated storage (Dong et al., 2000). Recently, Gorny
et al. (2002) reported minor changes in the surface
color of Barlett pear slices treated with 2% AA + 1%
calcium lactate + 0.5% cysteine provided that the lat-
ter chemical was added at pH 7 or otherwise the ap-
pearance of pinkish-red colored compounds may oc-
cur (Richard-Forget, 1992). In banana slices, among
the antioxidants tested by Moline et al. (1999), it was
concluded that citric acid + N-acetylcysteine pro-
vided the best results in browning inhibition during
1 week storage.

Residual core tissues on fresh-cut apple and
pear slices are more susceptible to browning than
parenchyma tissue, and the product shelf life is usu-
ally limited (Sapers and Miller, 1998). Therefore,
the addition of polyphosphate to an acidic browning-
inhibitor treatment such as a pH 2.9 dip containing
AA + citricacid suppressed core browning for at least
3 weeks at 4°C, whereas formulations without hex-
ametaphosphate failed within 1 week (Pilizota and
Sapers, 2004).

Softening is a major factor limiting the shelf life
of fresh-cut produce. It is generally regarded that
pectinase enzymes such as pectin methylesterase and
polygalacturonase are responsible for texture losses
in plant tissues. Polygalacturonase hydrolyzes the
a-1,4-glycosidic bond between the anhydrogalactur-
onic acid units resulting in the degradation of tex-
ture because of hydrolysis of the pectin polymers. On
the other hand, pectin methylesterase hydrolyzes the
methyl ester bonds of pectin to give pectic acid and
methanol. Stability and integrity of plant tissues de-
pend on the maintenance of cellular structures, which
may undergo a progressive degradation due to pro-
cessing and storage. Calcium salts as chloride and

lactate may be added to maintain such a structural
integrity. This benefit is related to the high affinity
of pectin acid to form calcium bridges. Hydrolysis of
pectin to pectic acid in the presence of Ca®* results in
texture firming due to the formation of crossbridges
between Ca?* and carboxyl groups of the pectic acids
(Perera and Baldwin, 2001). The effect of calcium
salts is focused on its ability to increase the number
of calcium-binding sites. The effect of CaCl, dips
at concentrations ranging from 0.1% to 1% (Bett et
al., 2001; Rosen and Kader, 1989; Sapers and Miller,
1998; Soliva-Fortuny et al., 2002c, 2003) has been
widely reported in texture preservation. A concentra-
tion of 2.5% of CaCl, has been regarded as optimal
to preserve the texture of minimally processed melon
(Luna-Guzman et al., 1999). In kiwifruit slices, dif-
ferences between 1% and 2% CaCl, treatments were
not found. In addition, a retention of AA was ob-
served in the slices (Agar et al., 1999). However,
the use of calcium chloride at concentrations above
0.5% has been reported as responsible for off-flavors
in cantaloupe slices, whereas this effect was not
observed in samples treated with calcium lactate
(Luna-Guzman and Barret, 2000).

DRAINAGE

Prior to packaging, the cut fruit should be submitted
to a drainage step. The excess water or juice is un-
desirable because it may be an excellent medium for
the growth of microorganisms. Moreover, some enzy-
matic reactions can be accelerated leading to a rapid
degradation of the fruit flavor and/or appearance. A
good drainage is also important between steps of the
same process to avoid cross contamination through-
out the processing line. When the mechanical in-
tegrity of the fruit allows it, spinning could be an
alternative to drainage but at much lower speeds than
those currently used for leaf vegetables (Rosen and
Kader, 1989; Bett et al., 2001; Gorny et al., 2002).

PACKAGING

Modified atmosphere packaging (MAP) has allowed
fresh-cut produce to take a leap in the market. This
technology consists of the use of low oxygen (O,)
and/or high carbon dioxide (CO;) atmospheres to
slow the degradation processes that occur through-
out storage. It also provides to the product a moisture
barrier that keeps high values of RH in the environ-
ment, thus avoiding dehydration of the cut surfaces.
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Because tissue respiration is substantially in-
creased after processing, it can often account for the
atmosphere modification that is needed to reach a
desired equilibrium of gas concentrations. With this
aim, plastic materials with high enough O, trans-
mission are under development to prevent excessive
modification of the package headspace atmosphere.
Too low O, levels and/or excessive amounts of CO,
in the package headspace are often detrimental to the
fruit shelf life because anaerobic respiration, leading
to fermentative processes, and the subsequent pro-
duction of undesirable metabolites and physiologi-
cal disorders is induced (Zagory and Kader, 1988;
Soliva-Fortuny et al., 2002a). Sometimes, the modi-
fication is not achieved soon enough to avoid brown-
ing and other undesirable reactions of quality loss,
and the packaged needs to be initially flushed with
an appropriate gas mixture. The package area and
the ratio of product/gas are also important to reach
an adequate O,/CO, balance.

However, the recommended values differ between
fruits and even between cultivars and physiological
state. Neither are threshold values to avoid such unde-
sirable quality degradation processes known in detail.

Low O, atmospheres have been extensively used
to extend the shelf life of cut fruits. Recommended
concentrations for each fruit are displayed in Table
8.1. The benefits of reducing the amounts of O, sur-
rounding media are well reported in literature. De-
pleted O, levels help to reduce respiration of the cut
fruits and thus limiting the consumption of sugar,
starch, and other energy storage products that are
responsible for texture and flavor changes. Also, a

large number of enzymatic processes in which O,
is involved can be limited, especially those related
to browning. Together with elevated CO, concentra-
tions, appropriate amounts of O, may also control
ethylene production by injured tissues, probably be-
cause O; is necessary for the conversion of 1-amino-
cyclopropane-1-carboxylic acid to ethylene (Yang,
1981).

Rosen and Kader (1989) reported a substantial de-
crease in browning of sliced pears and in texture loss
of strawberry slices throughout MAP storage. Sen-
esi et al. (1999) reported that fresh-cut pears were
preserved for 15 days under passive packaging con-
ditions. These results are in agreement with those
of Soliva-Fortuny et al. (2002a, 2004) in apples and
pears, although oxygen concentrations facilitated a
dramatic increase in ethylene evolution. Gorny et al.
(1999) suggested the use of 0.25 kPa O, + 10 kPa
CO, atmospheres to extend the shelf life of fresh-cut
peach and nectarine slices to control ethylene produc-
tion and respiration rates. Higher CO, concentrations
(20 kPa) were discarded because off-flavor formation
was detected in the product. Atmospheres of 2 kPa
0O, + 10 kPa CO, have been shown to be suitable for
improving the quality of fresh-cut processed man-
goes. Qi et al. (1999) tested similar gas compositions
(2 kPa O, 4+ 10 kPa CO;) with honeydew melons,
achieving a good visual appearance during 6 days
storage, but results by Ayhan et al. (1998), who ex-
tended the shelf life of the product for 15 days with
5 kPa O, packaging atmospheres, may indicate that
CO; can be even more detrimental than beneficial to
the fruit product. The results achieved in this field

Table 8.1. Recommended Modified Atmosphere Concentrations for Different Fresh-Cut Fruits

Commodity Atmosphere Bibliographic Source
Apple <1 kPa O, Gil et al. (1998)
Soliva-Fortuny et al. (2002b)
Pear 0.5 kPa O, Rosen and Kader (1989)
Gorny et al. (2000)
2 kPa O, Soliva-Fortuny et al. (2004)
Peach 2 kPa O, + 12 kPa CO, Palmer-Wright and Kader (1997)
0.25 kPa O, + 10 kPa CO, Gorny et al. (1999)
Kiwifruit 2 kPa O, + 5 kPa CO, Agar et al. (1999)

Cantaloupe melon
Honeydew melon

4 kPa O, + 10 kPa CO,
2 kPa O, 4 10 kPa CO;, 5 kPa O,

Watermelon 3 kPa O, + 15 kPa CO,
Mango 2 kPa O, + 10 kPa CO,
Persimmon 2 kPa O, + 12 kPa CO,
Strawberries 1-2 kPa O, + 10 kPa CO,
Citrus Air

Bai et al. (2001)

Qi et al. (1999) Ayhan et al. (1998)
Cartaxo et al. (1997)

Nithiya et al. (2001)
Palmer-Wright and Kader (1997)
Watada et al. (1996)

Palma et al. (2003)
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are sometimes contradictory and rely on numerous
factors but it is agreed that MAP alone is not enough
to prevent fresh-cut fruit from senescence.

Atmosphere modification is also very important
to control microbial spoilage of fresh-cut fruits. The
proliferation of aerobic microorganisms can be sub-
stantially delayed with reduced O, levels. Gram-
negative aerobes such as Pseudomonas are especially
inhibited in front of Gram-positive, microaerophilic
species such as Lactobacillus. CO, inhibits most
aerobic microorganisms, specifically Gram-negative
bacteria and moulds (Al-Ati and Hotchkiss, 2002).
Anaerobic conditions inhibit the growth of aerobic
spoilage microorganisms, which usually warn con-
sumers of spoilage. On the contrary, the growth of
anaerobic pathogenic microorganisms may be fa-
vored by these conditions. Maintenance of refrigera-
tion conditions is also crucial. In fruits with high pH,
such as melon, presence of Clostridium botulinum
toxin has been reported after 9 days storage at 15°C
(Larson and Johnson, 1999).

During the past several years, the use of enriched
O, atmospheres has been suggested in many stud-
ies. This MAP technique has been shown to be par-
ticularly effective in inhibiting enzymatic browning,
preventing anaerobic fermentation reactions, and in-
hibiting both aerobic and anaerobic microbial growth
in fresh produce (Kader and Ben-Yehoshua, 2000).

Edible Coatings

Edible coatings may be a good alternative or com-
plementary to MAP packaging. Appropriate formu-
lations may be a way of controlling surface quality
losses due to damaged tissues. They may reduce the
gas exchange rates and especially the water vapor
rates between the fruit product and its environment
and also represent an excellent way of incorporating
additives to control reactions that are detrimental to
the quality (Baldwin et al., 1995). Reduction of sur-
face water activity can be achieved by infiltration of
fruit pieces with juices, sucrose syrups, or glycerol
with suitable water-soluble polymers (Wong et al.,
1994).

Edible coatings can be composed of one or more
ingredients of proteic, lipidic, or polysaccharide na-
ture. Alone, they are unlikely to be effective for fresh-
cut fruits. Polysaccharides and proteins are normally
hydrophilic and do not behave well as moisture bar-
riers (Nisperos-Carriedo, 1994). Lipid coatings, on
the contrary, have good barrier properties for water
vapor but may be incompatible for fresh-cut fruits

from the point of view of flavor (Hernandez, 1994).
Combined or emulsified, some coatings may be an al-
ternative to improve the quality of some precut fruits.
Casein-lipid emulsions and cellulose polymers have
already been reported to reduce surface desiccation of
peeled carrots (McHugh and Krochta, 1994; Howard
and Dewi, 1994; Avena-Bustillos et al., 1994).

Browning of fresh-cut apples has been reported
to be reduced when appropriate antioxidants are
combined with different coatings such as cellulose
(Baldwin et al., 1996), chitosan/lauric acid (Pennisi,
1992), alginic acid/casein/lipid (Wong et al., 1994),
or whey protein concentrate (Sonti et al., 2003). Bi-
layer coatings made of polysaccharide and lipid also
reduced water loss and respiration processes in fresh-
cut apples (Wong et al., 1994). Chitosan, a polysac-
charide coating, has shown to extend the shelf life
of fresh fruits (El-Ghaouth et al., 1991; Kittur et al.,
2001) and has a great potential to be used in fresh-
cut products because of its natural preservative effect
against fungi (Baldwin, 1999).

A great amount of materials, especially polysac-
charides or emulsions, require in-depth studies. Nev-
ertheless, it is difficult for edible coatings to become
a preeminent technology for fresh-cut fruit process-
ing, but using them as a way of improving the effect
of other treatments and reducing surface dehydration
is more feasible. Therefore, accurate nonempirical
knowledge about the processes that undergo in coated
products is still necessary to further develop applica-
tions for fresh-cut produce (Cisneros-Zevallos and
Krochta, 2002).

DISTRIBUTION AND COMMERCIAL
STORAGE OF FRESH-CUT
Frurt COMMODITIES

The commercial shelf life of fresh-cut fruits is mostly
determined by storage temperature. Because fresh-
cut products continue to respire and are highly sus-
ceptible to be spoiled by microorganisms, the chill
chain (temperatures ranging from 0°C to 4°C) must
be kept throughout every stage to achieve optimum
freshness, quality, and safety. Consumers should also
be aware of the storage requirements of this produce
and information about handling at home should be
provided by producers and retailers. Special attention
must be dedicated to the temperature of display cases.
Opverfilled shelves, blocked return airflow, or even the
position of the product in the shelf may impact the
product temperature significantly. In addition, opti-
mal temperatures are rarely achieved. Refrigeration
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may account for more than 50% of the annual electric
energy costs of a supermarket (RTTC, 2004). There-
fore, small temperature changes are commercially
significant because supermarkets operate on a nar-
row profit margin and increased energy costs impact
their competitiveness.

There are few research works that take into account
temperature oscillations throughout storage and the
subsequent limitation of the product shelf life. Gorny
et al. (1998b) reported that the shelf life of fresh-cut
“Flavorcrest” peach and “Zee Grand” nectarine pro-
cessed at optimal maturity and stored at 0°C under a
continuous flow of humidified air was reduced by one
half, when the storage temperature was increased to
10°C. This degradation was attributed to an increase
in respiration rates and ethylene production at high
temperatures.

REGULATIONS FOR FRESH-CUT
PRODUCE

As pointed out above, concerns about safety issues
need to be strengthened for fresh-cut produce. This
is being translated into higher requirements for pro-
cessors and distributors but information about storage
and handling should also reach consumers. Neverthe-
less, the development of HACCP specific plans for
the fresh-cut product industry is not yet mandatory.
A deficient manipulation of these produce, especially
during the primary stages, may entail a high risk of
contamination with human pathogenic microorgan-
isms and the possibility of foodborne illnesses.

Regulatory initiatives specific for fresh-cut prod-
ucts are still under development. However, the United
States and most European countries already have
regulations relative to fresh-cut produce. Most of
them limit the counts of aerobic microorganisms to
10° cfu/g at expiration date. Pathogenic microor-
ganisms are not allowed (Salmonella) or greatly re-
stricted (E. coli, L. monocytogenes) in ready-to-eat
meals prepared from raw vegetable products.

On September 2001, United States Food and Drug
Administration (FDA), together with the Institute of
Food Technologists (IFT) issued a document entitled
“Analysis and Evaluation of Preventive Control Mea-
sures for the Control and Reduction/Elimination of
Microbial Hazards on Fresh and Fresh-Cut Produce”
(FDA, 2001). This document presents a comprehen-
sive guide about potential microbial risks in fresh-cut
produce and how to handle them throughout produc-
tion, processing, and distribution.

The Codex Alimentarius Commission is currently
developing a code of hygienic practice for precut
fruits and vegetables to ensure consumer health pro-
tection and adequate trade practices in this field. The
draft of this code, CX/FH 00/5 (FAO, 2001), was
introduced by France and has been submitted to alle-
gations prior to a definitive proposal. The Code will
represent a valuable tool for the standardization of
this market all over the world.

Another important issue is regarding the safety of
the chemical substances involved in fresh-cut fruit
processing. GRAS-listed additives (generally recog-
nized as safe by the United States Food and Drug
Administration) should be used. The list of additives
and their specifications of the Codex Alimentarius
Commission is also a world reference in this subject.

FINAL REMARKS

The fresh-cut fruit industry is expected to continue
growing during the forthcoming years. The Interna-
tional Fresh Produce Association forecasts sales of
$15 billion in 2005 in the United States up from the
current $10-12 billion sales.

However, there are still many research goals to be
achieved to allow the continued growth of the fresh-
cut fruit market.

Future challenges include the development of pro-
cedures that ensure high quality and safety standards
for fresh-cut fruit produce. Special attention should
be dedicated to investigate new treatments to improve
quality and to extend the microbiological shelf life to
prevent the growth of pathogenic microorganisms.
The effect of nontraditional sanitizers and new com-
pounds from natural sources that appear to be health-
ier for consumers also needs to be assessed. Further-
more, it would be important to study the influence
of traditional and new packaging systems on safety,
specifically with a proper regard for the growth of
human foodborne pathogens. Last but not least, it is
necessary to develop better technology for the en-
tire processing chain, from the growing fields to con-
sumers. This will permit processors to achieve more
stable products and to meet the highest hygienic stan-
dards.
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INTRODUCTION

Food processing as such had its onset as a practice
when mankind stepped into culinary operations us-
ing agricultural and livestock products. The kitchen-
based operations include cleaning, cutting, and con-
ditioning for ultimate consumption. The conditioning
of food as such includes addition of taste-promoting
ingredients. The preservative aspects followed imme-
diately and the classical examples included fruits and
vegetable preserves like preserves and pickles. The
earliest oriental foods included fermented products
made from rice, soya, and milk. Similarly the wine
making included earliest practices of fermentation
and product flavoring. All these operations needed
extraneous substances to enhance the product quality
(Giese, 1993). These substances included ingredients
such as sugar, salt, spices, oils, etc., of natural origin.
The modern concept of food processing has given
a new dimension, and conventional household food
processing has undergone metamorphosis to grow
into a full-fledged food technology. The concept of
food additives keeping in pace with the technological
advancement enlarged their horizon encompassing a
number of functional additives to improve the qual-
ity, shelf life, nutritional status, economies, as well
as aesthetics of the products.

Atpresent, we have more than 2500 additives for an
intentional use during production, processing, pack-
aging, or storage of foods. Therefore, the general
definition acceptable for any additive reads as “any
substance added to food in restricted quantities other
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than the original food components during produc-
tion, processing, packaging, or storage.” The gen-
eral version of defining food additives needs further
elaboration to explain the nature of direct and indirect
food additives:

e Direct food additives: Any substance added to the
food intentionally in smaller quantities for
functional purpose during food processing.

¢ Indirect food additives: Substances entering into
the food in small quantities during processing or
packaging.

Direct additives are classified further depending
on the functionality (Branen and Haggerty, 2002).
However, flavors occupy an important and dominant
position among them, due to their widespread re-
quirement in different types of food products. Food
additives have a key role to play in bringing about
many advantages, i.e., safety and improved nutrition;
diversity in product profiles; increased sensory value
of the products through optimization of unit opera-
tions in processing; and finally offering affordably
priced food products.

SAFE AND NUTRITIOUS FOODS

The safety and nutritional aspects are the most impor-
tant aspects of direct food additives. Safety includes
all the preservatives and constitutes an important as-
pect of food processing. As such food safety goes
far beyond food preservation and includes the usage
of food additives viz. antioxidants, which restrict the
formation of toxic substances besides maintaining the
vitamin status. Vitamin and mineral supplementation
caters to the nutritional requirements and prevents
possible deficiencies of the same.

PropucT DIVERSITY

In the case of processed fruits, we have a variety
of products and to name a few major categories,
e.g., beverages (fruit-flavored carbonated beverages
and noncarbonated beverages); thermally processed,
dehydrated, and frozen products; structured, glazed,
and candied fruits; salads, desserts, pies, bars, jams,
jellies, and marmalades.

The use of additives is involved at one step or the
other in all the technologies involved. Various types
of functionalities are derived from these products for
optimizing sensory properties such as color, aroma,
taste, and texture besides being instrumental in ensur-
ing the preservative aspect directly or in synergism

with physical conditioning such as water activity reg-
ulation or thermal processing.

Low-calorie products are the watchwords of today,
and artificial sweeteners and fat substitutes play an
important role in their developments. The use of sac-
charin and cyclamates opened the market for various
food products with reduced calories. Aspartame is the
latest sweetener, which is showing immense potential
in low-calorie fruit beverages. Similarly, emulsifiers
and stabilizers besides fat substitutes such as sucrose
polyesters have significantly reduced the use of fat in
food formulations. In the next decade, it is likely that
functional additives and neutraceuticals will domi-
nate the global market (Sloan, 2000). The fruit-based
products may contribute substantially in this section
as reservoirs/carriers of many health-promoting sub-
stances such as dietary fiber, vitamins, minerals, and
natural antioxidants. In fact, the modern biotechno-
logical methods have further enhanced the functional
ingredients in the fresh produce itself and a separate
class of additives with genomic origin has emerged.

EcoNoMic BENEFITS

The economic benefits derived from the use of food
additives are plenty. The use of enzymes in juice
clarification results in significant rise in the yield of
fruit juices. Similarly, the nonnutritional sweeteners
could provide economic benefits through judicious
use of their sweetness potency vis-a-vis conventional
sweeteners (DuBois, 1992). The other direct use of
additives is food preservation itself as the raw mate-
rials, i.e., fresh fruits, in the case of fruit products, are
procured during the glut seasons and their preserva-
tion in the form of processed pulp/products, directly
contributes to the value addition.

OPTIMIZATION OF UNIT OPERATIONS

Several food additives are used as aids in food
processing. Clarification enzymes such as pectin
methylesterase and polygalacturonase optimize the
juice extraction operations. Similarly, the osmophilic
coatings facilitate better osmoregulation of solid con-
tents during osmotic dehydration of fruits. Itis a well-
known concept that additives such as acidulants and
ascorbic acid when charged in dip solutions can im-
part better color profiles to the products on size reduc-
tion. In this case, additive charged solutions can allow
size reduction operations for enough time, without
discoloration of the product, for further processing
(Sapers and Miller, 1995).
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SENSORY AND CONVENIENCE
OPTIMIZATION

Sensory value is also one of the important aspects
of value addition during food processing, and there
are a number of food additives, which enhance sen-
sory perception. A host of nonpreservative additives
has the functionality to improve the sensory value of
food products (Ollikainen et al., 1984). Color, aroma,
taste, and texture constitute the sensory value, and
each one of them is enhanced by a range of food
additives.

Convenience is another important aspect of food
products and there are a number of food additives,
which are potential promoters of convenience. Quick
cooking nature of the processed foodstuffs is an im-
portant aspect, and it is achieved by additives such
as bicarbonates and polyphosphates in processed
products such as legumes (Uebersax and Occena,
1993).

Table 9.1. Classification of Food Additives

All the abovementioned factors illustrate the use-
fulness of food additives and their significant role in
the establishment of food processing as a full-fledged
technology. However, along with the increase in the
use of food additives a number of doubts have also
developed with regards to the safety aspects and the
associated health risks, warranting the necessity to
have a balanced code of regulation to minimize the
risks involved.

CLASSIFICATION

Food additives are classified primarily as direct
and indirect food additives as per the definitions
mentioned earlier. The direct food additives en-
compass all the intentionally added additives. They
are classified based on their chemical nature as
well as functionality (Branen and Haggerty, 2002)
(Table 9.1).

Food Additives
Direct Food Additives
No. Chemical Classes Functional Classes Indirect Food Additives
1. Inorganics Preservatives Catalysts
Phosphates Antimicrobials Lubricants
Sulfites Antioxidants Propellants
Salt, etc. Antibrowning agents
2. Synthetic chemicals Nutritional additives
Dyes Vitamins
Silicones Amino acids
Benzoates Fiber
Vitamin A, etc. Minerals
Fat substitutes
3. Extraction products Coloring agents
Gums Natural colorants
Essential oils Synthetic colorants
Vitamin E, etc.
4. Fermentation derived products Flavoring additives
Enzymes Sweeteners
Yeasts Natural and synthetic flavors

Citric acid, etc.

Flavor enhancers
Texturizing agents
Emulsifiers
Stabilizers

Miscellaneous additives

Chelating agents
Enzymes
Antifoaming agents
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The classification of food additives includes mul-
tifunctional food additives. There are many addi-
tives, which qualify as multifunctional. Sulfur and
its compounds have different functionalities such as
antimicrobial, antienzymatic, and anti-nonenzymatic
(Josyn and Braverman, 1954). Acidulants such as
citric acid too have multiple functions, i.e., acidi-
fication, metal chelation, antimicrobial, and antiox-
idative. The classification is flexible enough for the
multifunctional additives to be included in different
functional categories.

GOVERNMENTAL REGULATIONS

Fruit and vegetables and their products inclusive
of food additives and pesticides/biocides are regu-
lated both by international and national regulations
by means of food laws. Food additives need to be
approved by the regulating bodies both in terms of
usage as well as dosage, as they are basically ex-
traneous substances added to food products to bring
about a variety of benefits such as sensory quality,
nutritional value, and storage stability of the prod-
ucts besides being the processing aids (Sumner and
Eifert, 2002). The regulation of food additives is an
absolute necessity as misuse can cause far-reaching
health implications in children as well as adults. Food
safety as such demands stringent regulatory measures
to ensure total food safety to the consumers. At the
same time, the food laws need to be flexible enough
to render techno—commercial feasibility, optimal sen-
sory quality, and shelf stability. Therefore, in order
to maintain a dynamic balance between the legisla-
tion and the product development, the specifications
are periodically subjected to revision by national and
international bodies concerned with coining of stan-
dards and monitoring of the same.

Different countries have their own regulatory
norms encompassing the list of approved addi-
tives and their enforcement procedures. The fore-
most among the governmental regulations are Food
and Drug Act (FDA), European Union standards,
and Codex Alimentarius, which constitutes the
FAO/WHO joint regulatory body (Somogyi, 1996).
These bodies as such dominate the global food sec-
tor as they encompass an umbrella of developed and
developing countries involved in world trade. Cer-
tain salient features of FDA and Codex are described
below.

Foop aND DruG AcT (FDA)

The FDA had come to the fore with the first law
tabled during 1906. The Delany Committee report

in 1952 gave a comprehensive recommendation to
include newer additives in quick succession to fill
the vacuum as the food industries felt the increasing
demand for food additives in their product develop-
mental activities (FAO, 1996). The amendment in
1958 gave rise to three distinct classes of food addi-
tives: (a) substances approved by FDA prior to 1958,
(b) substances that are generally recognized as safe
(GRAS), and (c) substances without prior sanction
or GRAS status and defined as food additives.

GRAS Substances

The GRAS feature is a novelty brought in by the FDA
and it has paved way for the filing of many affirmation
petitions seeking the status (FDA, 1995). The seekers
of GRAS status find the GRAS clause an ideal way
to make the extraneous substances of nonfood/food
origin in their process, compatible with the law.

The major features considered for affirmation of
GRAS status are as follows:

1. General recognition of safety may be based only
on the views of experts qualified by scientific train-
ing.

2. General recognition of safety based on scientific
procedures shall require the same quantity and
quality of scientific evidence as is required to ob-
tain the approval of a food additive regulation of
the ingredient.

3. General recognition of safety through experience
based on common use in food prior to January
1, 1958, may be determined without the quantity
or quality of scientific procedures required for the
approval of the food additive regulation.

4. Any food substance of biological origin with
known use record prior to January 1, 1958, for
which no known safety hazard exists, shall qual-
ify to be GRAS.

5. Distillates, isolates, extracts, and concentrates of
extracts of GRAS substances.

6. Reaction products of GRAS substances.

7. Substances not of a natural biological origin, in-
cluding those for which evidence is offered that
they are identical to a GRAS counterpart.

8. Substances of natural biological origin intended
for consumption for other than their nutrient prop-
erties.

The GRAS status compliance makes a substance
safe subject to limits prescribed for products with
standards of identity. The GRAS list is constantly
reviewed with addition and deletions. Natural acids
and synthetic color additives are subject to the color
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additive act of 1960 and are not included in the food
additive regulations. Some of the successfully pe-
titioned substances include aspartame, acesulfame-
K, gellan gum, and polydextrose. The safety issues
shroud additives such as butylated hydroxy anisole
(BHA) and saccharin.

Indirect Food Additives

Indirect additives are also important as many extra-
neous substances may come in contact with food
and contaminate it during processing, i.e., lubricating
oils and parts of machinery (Somogyi, 1996). Un-
der the general provisions of indirect food additives
(Congress for Federal Regulation, CFR 21.174.5),
the following aspects need to be taken into notice:

1. Any substance used as a component of articles that
contact food shall be of pure quality suitable for
its intended use.

2. The quantity of any food additive substance that
may be added to food as a result of use in articles
that contact food shall not exceed, where no limits
are specified, that which results from use of the
substance in an amount not more than reasonably
required to accomplish the intended physical or
technical effects.

3. Substances that under conditions of good manu-
facturing practice (GMP) may be safely used as
components of articles that contact food include
the following, subject to any prescribed limita-
tions.

(a) GRAS in or on food
(b) GRAS for intended use in food packaging
(c) Substances of prior sanction or approval.

CODEX ALIMENTARIUS

The Codex Alimentarius Commission was estab-
lished to implement the joint FAO/WHO standards
program, the purpose of which is, as set in the statutes
of the commission, to protect the health of consumers
and to ensure fair practices in the food trade, to
coordinate all work on food standards in different
countries, to determine priorities in the coining of
standards, and to finalize the standards after accep-
tance by governments (Anon, 1992). Basically, the
Codex Alimentarius is a collection of internationally
adopted food standards presented in a uniform man-
ner to ensure consumer health and fair practices in
trade.

The general principles for the use of food addi-
tives specify that food additives shall conform to an

approved specification, i.e., the specifications of
identity and purity recommended by the commission.
Alist of 450 additives has been indexed since 1997 as
a compendium of all specifications prepared by the
FAO/WHO joint expert committee on food additives
(JECFA). The other important bodies/committees as-
sociated with the Codex include joint meeting on pes-
ticide residues (JMPR) (Anon, 1998) with FAO and
WHO jointly constituting the body.

The status of GMP is a novelty brought in by the
Codex to include a host of substances added dur-
ing fruit processing. GMP encompasses a number of
substances, which allows restricted usage of addi-
tives to a quantity not more than what is required to
achieve the desired technological effect and in accor-
dance with the Codex general principles for the use of
food additives, with emphasis on the allowed daily
intake (ADI) of specific substances (Anon, 1992).
GMP necessarily involves the following aspects:

¢ The quantity of the additive added to food does
not exceed the amount reasonably required to
accomplish its intended physical, nutritional, and
other technical effect in food.

The quantity of the additive that becomes a
component of food as a result of its use in the
manufacturing, processing, or packaging of a
food and which is not intended to accomplish any
physical or other technological effect in the food
itself is reduced to the extent reasonably possible.
The additive is of appropriate food-grade quality
and is prepared and handled in the same way as a
food ingredient. Food-grade quality is achieved in
compliance with the specifications as a whole and
not merely with individual criteria in terms of
safety.

Codex Alimentarius has adopted an international
numbering system for all approved food additives
and the food categories have also been specified un-
der food category numbers. Some of the individual
numbers for food additives have been specified as
follows:

e glacial acetic acid, 280

e BHA, 320

e ascorbic acid, 300

e calcium alginate, 404

® aspartame, 951

e carbon dioxide, 290

e beet red, 162

e chlorophyll, copper complexes, 1411
¢ benzoic acid, 210

e cyclamates, 952.
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The fruit product categories are as follows:

4 Fruits and vegetables (including mush-
rooms and fungi, roots and tubers, pulses
and legumes) and nuts and seeds

4.1 Fruit

4.1.1 Fresh fruit

4.1.1.1  Untreated fruit

4.1.1.2  Surface treated fruit

4.1.1.3  Peeled or cut fruit

4.1.2 Processed fruit

4.1.2.1  Frozen fruit

4.1.2.2  Dried fruit

4.1.2.3  Fruit in vinegar, oil, or brine

4.1.2.4  Canned or bottled (pasteurized) fruit

4.1.2.5 Jams, jellies, and marmalades

4.1.2.6  Fruit-based spreads other than4.1.2.5 (e.g.,
chutney)

4.1.2.7  Candied fruit

4.1.2.8  Fruit preparations including pulp and fruit
toppings

4.1.2.9  Fruit-based desserts, including fruit-
flavored, water-based desserts

4.1.2.10 Fermented fruit products

4.1.2.11 Fruit fillings for pastries

4.1.2.12 Cooked or fried fruit

STATUS OF FOOD ADDITIVE

INDUSTRY

The food additive market is estimated at $20 billion
according to Leatherhead Food International (Anon,
2002). The largest market segment within the food
additives is flavors at 30% followed by hydrocol-
loids at 17%, acidulants at 13%, flavor enhancers at
12%, sweeteners at 6%, colors at 5%, emulsifiers at
5%, vitamins and minerals at 5%, enzymes at 4%,
chemical preservatives at 2%, and antioxidants at 1%.
Annual growth is projected at 2-3% over the next 5
years, with the market expected to reach $22 billion in
2005.

The strongest growth section will include vita-
mins and minerals. There is an increasing demand
for natural varieties of flavors and colors at the ex-
pense of synthetics. Similarly, the demand for natural
antioxidants over synthetic ones is also growing. It
is also believed that more emphasis will be laid on
health. The use of hydrocolloids as fat substitutes
along with enhanced growth in artificial sweeteners
may dominate the proceedings in the food industry
based on food additives. As far as the preservatives
are concerned, the sector may further grow from its

current position of 2%, as Latin American, Asian, and
Eastern European countries may continue their quest
toward foods with longer shelf life. There can also
be a greater demand for ethnic food flavorings, par-
ticularly as ingredients in preprepared dressings for
salads to restrict microbiological contaminants oth-
erwise originating from spice ingredients (Mannikes,
1992).

The demand for food additives in various sectors
varies considerably depending on consumer require-
ments of different countries. The level of utiliza-
tion also differs within various food manufacturing
sectors depending on the functional requirements of
such applications viz, solubility, thermal and light
stability, and compatibility with human metabolism
(Robach, 1980).

The demand for food additives is primarily dis-
tributed among the three sectors, i.e., commodity
processing sector, pharmaceuticals and drugs sector,
and the food manufacturing sector (Fig. 9.1). The
blenders and bulk suppliers play a major role in coor-
dinating the overall blending, repackaging, and distri-
bution to the utility sectors. The commodity suppliers
are the sources of primary and secondary processed,
value-added commodities such as purees and juice
concentrates for the manufacturing sector as such,
which may be termed as tertiary processing during
which fruit ingredients are used as per the standards
of identity (21 CFR 150.160).

Of the two phases of fruit product manufacturing,
i.e., commodity processing and ultimate fruit product
manufacturing, the use of additives is the maximum
in the second phase accounting for nearly 60-70%
of total food additives used in the fruit-based indus-
tries. Among unit operations carried out in commod-
ity processing, operations such as extraction/refining,
clarification, and concentration require the bulk of
the additives, while formulating, extrusion, freez-
ing, dehydration, and fermentation involve their in-
tensive use for the product manufacture (Somogyi,
1996).

The use of additives in fruit processing is expected
to grow especially in the areas such as artificial sweet-
eners, flavors, and texturizing agents. However, the
regulations are expected to be more stringent, ne-
cessitating the need for more emphasis on the use
of natural ingredients, such as natural colors, fla-
vors, and preservatives, which qualify to be in the
GRAS list (Robach, 1980). The nutritional additives
may gain an increased demand, as fruit-based func-
tional foods are likely to constitute a major food
category.
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ACIDULANTS

Fruit processing as such involves physical, biochemi-
cal, and microbial stabilization of the processed prod-
ucts. Acidification has been in practice and its origin
dates back to the onset of human civilization. Ori-
ental preserves, such as fermented vegetable prod-
ucts and pickles, clearly indicate the identification
of the preservation potential of acidulants. The dual
functionality of acidulants in imparting tartness to the
product besides the preservative function makes them
congenial to widespread food applications. Fruit and
vegetable products are the major ones to use acid-
ification, as the sensory value of the product is not

impaired and at times the taste is improved as a result
of flavor enhancement (Gardner, 1972). In fruit prod-
ucts, acidification is usally accompanied by adjust-
ment of the total soluble solids so that the brix/acid
value is comparable to that of fresh fruits. An adjust-
ment in the Brix—acid ratio has been found to take
care of the sensory perception, enabling a variety of
fruit products to undergo acidification and have the
advantages such as preservative and antioxidative ef-
fects. The oriental vegetable products such as pickles
require a characteristic sourness/tartness to attain an
optimal sensory value. The advantages of acidifica-
tion can be best utilized by clear understanding of
product profile and an appropriate acidulant can be
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selected to obtain the optimal sensory perception and
shelf life of the finished product (Dziezak, 1990).

SELECTION OF ACIDULANTS

The following aspects help in selecting the suitable
acidulants for specific food products.

Regulatory Considerations

1. The GRAS nature of the acidulant needs to be
ascertained. The GRAS substances may be used
in foods not covered by standards of identity and
which do not have restrictions on their usage lev-
els, provided GMP are followed.

2. If the acidulant is covered as a food additive, as in
the case of fumaric acid, it has to be regulated by
the food additive regulation.

3. For foods covered by standards of identity, the
maximum levels prescribed need to be followed.

4. If any local regulations exist, they should be con-
sidered while selecting an acidulant.

Functional Considerations

1. Effect of acidulant on the overall product profile.

2. Matching of solubility characteristics with the pro-
cess conditions and acidulant concentrations re-
quired.

3. Hygroscopic characteristic requirements of dry
mixes.

4. Suitability of the acidulant to impart an optimal
level of tartness at the functional pH.

5. Physical form and particle size for application in
dry mixes.

6. Screening of several acidulants based on feedback
from the market/user for optimum product appli-
cations.

FuNcTIONS

Acids and their salts serve a variety of functions in
foods that include the following, with the dominant
ones being antimicrobial (Levine and Fellers, 1940)
and flavoring (Hartwig and McDaniel, 1995):

1. Flavoring to provide a desired taste and intensity,
which enhances, blends, or modifies the overall
flavor of the product.

2. Reduction in pH to prevent or retard the growth of
microorganisms as well as germination of spores
and to increase the lethality of the process.

3. Maintenance or establishment of pH through
buffering action. Usually a combination of free
acids and salts are used.

4. Chelation of metal ions to assist in minimiz-
ing lipid oxidation (Cu and Fe), reducing color
changes, and controlling texture in some fruits and
vegetables.

5. Alteration of the structure of foods including gels
made from gums (pectin and carrageenan) and
proteins.

6. Modification of sugar crystallization in hard candy
manufacture.

Diversity in Different Acidulants

Different acidulants offer a host of functional diver-
sity for various food applications warranting closer
scrutiny for optimal utility: (1) flavor, (2) acidity,
(3) metal-chelating activity, (4) antimicrobial activ-
ity, (5) solubility, (6) hygroscopicity, and (7) cost.

MECHANISM OF ACTION

Acidification is one of the major functions of acidu-
lants apart from preservation and flavor enhance-
ment. At equal concentrations, the acidulants vary
in their ability to depress pH and the degree/intensity
of the tartness produced. The percentage required to
replace anhydrous citric acid varies from 55% to 60%
in case of phosphoric acid; 67-72% for fumaric acid;
80—-85% for tartaric acid; 78—83% for malic acid; and
110-115% for adipic acid. The use of glucono-delta-
lactone (GDL) is gaining an increasing popularity
due to the novel features such as slow hydrolysis
and mild acid flavor. In fruit processing, acidulants
are used extensively and the Brix—acid ratio is main-
tained at appropriate levels to optimize the sensory
perceptions. The products include nectars, squashes,
jams, and jellies (Seiferi, 1992).

The other major function of acidulants is preser-
vation and safety assurance. In 1970s, considerable
research took place on the action of organic acids on
the microbial cell at the molecular level. It is well
known that the mode of action of an acid was re-
lated to the undissociated portion of the molecule
(Huntur and Segel, 1973). This action is deemed
more important than any other external change in pH
brought about by the addition of acids. The undis-
sociated moiety of a weak acid penetrates rapidly
to the interior of the cell because of its lipid solu-
bility and discharges the gradient diffusion through
the plasma membrane and dissociates internally. The
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dissociated forms of weak acids, on the other hand,
could not be absorbed by microorganisms to any great
extent.

Murdock (1950) found that citric acid inhibited the
flat-sour organisms isolated from tomato juice, and
this inhibition appeared to be related to the inher-
ent pH of the product. Citric acid, rather than acetic
or lactic acids, also inhibited thermophilic bacteria
(Fabian and Graham, 1953). In addition to the pH-
lowering effects of citric acid, a secondary inhibitory
effect is attributed to the chelation of essential min-
erals. It is believed that inhibition may have been
attributable to chelation of essential metal ions by
citrate rather than inherent acid inhibition. Chelation
has also been believed to be an influencing factor
in inhibiting the growth of Staphylococcus aureus
(Rammell, 1962). There has been a number of stud-
ies that have attributed the antimicrobial activity of
citric acid to the chelation of metal ions, which are
essential for microbial growth (Beuchat and Golden,
1989).

Citric acid is also used conventionally as a syn-
ergist for antioxidants and to retard browning reac-
tion. Usage levels for citric acid have been found to
be 0.1-0.3% with an antioxidant level of 100-200
ppm (Dziezak, 1986). The specialized uses include
the function as a gelling agent. The structured fruits
can be taken as an example to illustrate the specific
aspect. Alginates are gelled with calcium salts under
acidic pH (Kaletunc et al., 1990). Pectinacious fruits
are largely subjected to structuring using a variety of
acidulants especially GDL.

RANGE OF PRODUCTS

A wide variety of fruit-based products possess acidu-
lants as a direct food additive:

(1) Beverages
(a) fruit-flavored carbonated beverages
(b) fruit-flavored noncarbonated beverages
(c) dry beverage powders
(d) low-calorie beverages (diet beverages).

Among the abovementioned products fruit-
flavored carbonated beverages are the recent ones.
Usually these beverages are made with 10% nat-
ural juices for health-conscious consumers. Citric
and malic acids are used in fruit-flavored carbonated
beverages. Tartaric acid is generally used in lime-
flavored beverages. The noncarbonated beverages in-
clude fruit drinks, nectars, and isotonic beverages as

“thirst quenchers.” Fruit-flavored dry beverages make
use of acidulants such as citric, malic, and fumaric
acids for imparting tartness along with the release
of carbon dioxide from carbonate salts of sodium
and calcium. Fruit-flavored diet beverages yielding
50% fewer calories than comparable products make
use of acidulants to control pH of the beverage so
that desired sweetness characteristics can be achieved
(Dziezak, 1990).

(2) Candies, structured fruits, and fruit gums: A
wide variety of acidulants are used in these fruit-
based products. Fruit-flavored candies are popu-
lar products and several patents exist in this area
(Dwivedi, 2003). The candied fruit products are ex-
truded in a ribbon/belt format, capable of being ex-
truded and rolled on to itself to form a candy roll. The
product as such includes sweeteners, fruit flavors,
binders, water, stabilizers, and acidulants. Fassin and
Bachmueller (2000) described the manufacture of
fruit gum confectionary, based on the preparation of
fruit gum mass by heating water, sweetener, gelling
agent, acidulants, flavorings, and fruit/vegetable ex-
tracts.

In the case of structured fruits, GDL has been used
as an acidulant to prepare structured hydrocolloid
gels with fruit pulp and sugar as the major ingre-
dients (Nussinovitch et al., 1991). Apple sauce and
grape juice concentrates have been texturized to ob-
tain gelled products with excellent consistency using
GDL as an acidulant and gelling agent to liberate cal-
cium from calcium hydrogen phosphate, which ulti-
mately caused the gelation of the product (Kaletunc
et al., 1990).

(3) Thermal processed fruits: Acidulants are also
widely used in thermally processed fruit and veg-
etable products. In the canning process, citric, lactic,
malic, and other organic acids are used to lower pH
to 4.6 or below. This addition allows lower tempera-
tures and shorter processing times to be used for the
inhibition of sporulation and growth of microor-
ganisms without any loss of flavor, color, and tex-
ture in the finished product (Rajashekhara et al.,
2000).

CoMMONLY USED ACIDULANTS

The most commonly used acidulants are acetic acid,
citric acid, malic acid, phosphoric acid, fumaric acid,
and tartaric acid. The physical and functional char-
acteristics of the commonly used acidulants are de-
scribed in Table 9.2. Except fumaric acid, the other
acidulants are generally recognized as safe (GRAS).
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Table 9.2. Physical and Functional Characteristics of Major Acidulants Used in Fruit Processing

Range of
Appln in
Physical Fruit
No. CFR Form PKa Industry Taste Type of Products
1. Citric acid 184.1033 Crystalline 3.14  Very high A burst of Carbonated and
(GRAS) powder 4.77 tartness noncarbonated
6.39 beverages
Wines, jams, and
jellies
Desserts and fruit
squashes
Canned and frozen
products
2. Fumaric 172.350 White 3.03 Low Tart Frozen
acid (Food granules 4.44 concentrates
additive) or Cider and apple
crystalline drinks
powder
3. Malic acid 184.1069 Crystalline 34 Medium Smooth Fruit-flavored
(GRAS) powder 5.11 tartness sodas
4. Phosphoric  182.1073 Liquid 2.12 Low Acrid Buffering agent in
acid (GRAS) 7.21 jams and jellies
12.67
5. GDL 184.1318 White 3.7 Medium Neutral taste  Salad dressings
(GRAS) crystalline acidic
powder paste
upon hy-
drolysis
6.  Tartaric acid 182.1073 Crystalline 298 Medium Extremely Cranberry and
(GRAS) powder 4.34 tart grape-flavored
fruits
Jams and jellies
7 Acetic acid  184.1009 Clear 475 High Tart and Pickled fruits
(GRAYS) colorless sour
liquid

Citric, malic, and acetic acids are widely used in a va-
riety of fruit products inclusive of canned and frozen
products, fruit-flavored carbonated and noncarbon-
ated beverages, jams, jellies, and pickled fruits. Sud-
den burst of tartness is a major characteristic of acidu-
lants such as citric acid, and the use of GDL is gaining
increasing popularity to overcome the problem.

Glucono-Delta-Lactone (GDL)

It is an inner and neutral ester of gluconic acid and
gets hydrolyzed in aqueous solutions to form glu-
conic acid (Fig. 9.2). Gluconic acid is a natural

constituent of juices and honey and an intermedi-
ate in glucose oxidation. The functionality involves
slow hydrolysis under moist conditions, resulting in a
gradual and continuous decrease in pH. At the end of
hydrolysis equilibrium mixture exists, consisting of
gluconic acid as well as delta- and gamma-lactones.
The rate of acid formation increases with tempera-
ture and the intensity of acidification depend on the
concentration of GDL and the temperature.

The slow rates of acidification by GDL and its mild
taste set it apart from other acidulants. The use of
GDL is gaining increasing popularity. In case of fruit
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Figure 9.2. Hydrolysis of glucono-delta-latone.

products apart from the juices it is widely used in
jellies and structured fruits. The relatively higher cost
of GDL is a drawback for its extensive use in lieu of
acidulants such as citric and malic acids (Montinez
etal., 1997).

PRESERVATIVES

The preservative category of food additives is a
large group encompassing a number of functionali-
ties. Though the basic understanding of preservatives
is about their antimicrobial activity, it encompasses
other functions such as antioxidation and antibrown-
ing activities. Chemical preservatives are defined by
FDA (1979) as “any chemical that when added to
food tends to prevent or retard deterioration but does
not include common salt, sugars, vinegars, spices and
oils extracted from spices, substances added to food
by direct exposure thereof to wood smoke, or chemi-
cals applied for their respective insecticidal or herbi-
cidal properties.” The antioxidants and antibrowning
agents constitute the preservatives responsible for re-
stricting the chemical deterioration of the products,
whereas the antimicrobials are responsible for the
protection from biological hazards. Often the syn-
ergistic effects of antioxidants with antimicrobials
could give the best result in terms of shelf life (Bra-
nen et al., 1980).

During fruit processing a number of antimicro-
bials, antioxidants, and antibrowning agents are used
as additives. The number of antimicrobials approved
for use in food is remarkably limited. The primary

food additives cited in FDA are (1) sodium ben-
zoate, (2) calcium and sodium propionates, (3) sorbic
acid and potassium sorbate, and (4) parabens. These
preservatives are often used in combination with
other methods of preservation such as refrigeration,
freezing, and dehydration to obtain better control of
deleterious organisms. Certain important preserva-
tives such as organic acids and sulfites are multifunc-
tional and their functionalities include preservation
as well as antioxidation and antibrowning activities.

ANTIMICROBIALS
Selection of Antimicrobials

The selection of antimicrobials has to be carried out
appropriately to obtain the best possible preservative
function. The following criteria need to be followed
for the selection of approximately 30 compounds,
which can legally be used as antimicrobials in food
products (Fulton, 1981):

1. Antimicrobial and chemical properties of the com-
pound.

2. Composition of the target food.

3. The type of preservation technique adopted for the
product.

4. The type and quantum of microbiological load.

5. The safety and regulatory aspects of the antimi-
crobial for use in the specific product.

6. Cost effectiveness of the antimicrobials.

Mode of Action

1. The mode of action of antimicrobials can be either
bactericidal or bacteriostatic and generally falls
into one of the following categories (Davidson
et al., 2002).

2. Reaction with the cell membrane causing in-
creased permeability and loss of cellular con-
stituents.

. Inactivation of essential enzymes.

4. Destruction of functional activity.

w

ANTIMICROBIALS IN PROCESSED
Fruit PrRoDUCTS

In processed fruits, the widely used antimicrobials are
benzoates, sorbates, propionates, and parabens, apart
from acidulants and sulfites. The selection of appro-
priate antimicrobial for use in fruit products takes
notice of the low pH as well as the target organisms,
mostly yeasts and fungi due to the low pH.
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Benzoates

Benzoates have a typical aromatic ring structure.
Benzoic acid and sodium benzoate are widely used in
anumber of fruit products with an effective functional
pH range of 2.5-4.0. These compounds are used pri-
marily as antimycotic agents, and most yeasts and
fungi are inhibited by 0.05-0.1% of the undissoci-
ated acid. Food-poisoning and spore-forming bacte-
ria are generally inhibited by 0.01-0.02% of undis-
sociated acid, but many spoilage bacteria are much
more resistant. Therefore, benzoic acid cannot be re-
lied upon completely for effective preservation of
foods capable of supporting bacterial growth (Baird-
Parker, 1980). The antimicrobial properties have been
attributed to undissociated benzoic acid according to
the results of a study involving the uptake of ben-
zoates by Saccharomyces cereviceae (Macris, 1975).
Benzoates have an advantage of low cost compared
to other antimicrobial additives. The lower pH makes
benzoates suitable for use in maraschino cherries,
fruit pie fillings, fruit-based carbonated and noncar-
bonated beverages, pickles, sauces, fruit preserves,
and minimally processed acidified vegetables (Raju
etal.,2000). The benzoate compounds are most effec-
tive in the low-pH acid foods such as apple cider, soft
drinks, tomato sauce/ketchup, and the like and not as
effective in low-acid vegetables such as peas, beans,
lettuce, etc. The pKa value of benzoate is 4.2 making
a pH range of 4.0-5.0 as the functional pH, and most
of the fruit products fall within this range. At a pH
of 6.0, which is normal for many vegetables, only
1.5% of the benzoate is undissociated (Jay, 1986).
Care should be taken with the addition of benzoates
to acid foods because they can deliver a “peppery” or
a burning taste sensation at levels of about 0.1%.

As far as regulatory status is concerned, benzoates
are considered as GRAS substances with a max-
imum limit of 0.1% set apart (21 CFR 184.1021
and 21 CFR 189.1733). In most of the countries,
the maximum permissible-use concentration is 0.15—
0.25%. Sodium benzoate is used as an antimicro-
bial in carbonated and still beverages (0.03-0.05%);
syrups (0.1%); cider (0.05-0.1%); jams, jellies, and
preserves (0.1%); and pie pastry fillings and salads
(0.1%).

Parabens

Alkyl esters of p-hydroxy benzoic acid are collec-
tively known as parabens and are permitted in the
United States with reference to methyl, ethyl, and

heptyl parabens. Parabens are most effective against
molds and yeasts and as such less effective against
bacteria especially the Gram-negative bacteria. The
pKa of these compounds is around pH 8.47. Their an-
timicrobial activity tends to increase with the length
of the alkyl chain and extends up to pH 7.0 (Dziezak,
1986). It is also known that the parabens are effective
inhibitors of growth and toxin production of Clostrid-
ium botulinum (Robach and Pierson, 1978).

Parabens are used in fruit juices, salads, and arti-
ficially sweetened jams and jellies. The methyl and
propyl esters of parabens are considered GRAS with
a maximum total content of 0.1% (21 CFR 184.1490
and 21 CFR 184.1670).

Sorbates

Sorbic acid is a monocarboxylic fatty acid that
is used to preserve foods. Sorbic acid is slightly
soluble in water, whereas the potassium salt is
highly water soluble up to 58.2 g/100 ml at 20°C
(Chichester and Tanner, 1975). The optimum pH
range for effectiveness extends up to 6.5, higher than
the upper range of benzoates and propionates but
below that of parabens. A number of reports ex-
ist regarding the antimicrobial activity of sorbates.
Spoilage-causing and heat-resistant fungi such as
Neosortorya fischeri along with the ascospores were
subjected to studies on thermal death rate, and the
sorbate was found to control the organism without
impeding the sensory value of preserved fruit juices
such as grape and mango (Rajashekhara et al., 1998).
Effective inhibition of fungi was also observed in
low-sugar preserves through the synergistic effects of
sorbates and water activity regulation. Sorbates are
currently used to preserve dehydrated prunes, figs,
and many beverages such as orange juice, lemonade,
and apple juice (Robach, 1980).

Sorbates are considered GRAS substances (21
CFR 182.3089), and they have been used in more than
90 food products having standards of identity. Sorbic
acid is considered as one of least harmful antimi-
crobial preservatives, even at levels exceeding those
normally used in foods (Sofos and Busta, 1981).

Acidulants

The preservative role of acidulants is discussed ear-
lier under the category of acidulants. The undis-
sociated moiety is responsible for the bactericidal
property of acidulants. They act to reduce the pH,
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minimizing microbial growth and often enhancing
the effect of weak acid preservatives. The mecha-
nism of action leading to preservative function may
be attributed to lowering of pH as well as metal ion
chelation. Citric acid has been primarily used in many
fruit-based products, representing more than 60% of
all food acids used. Malic acid and GDL are rela-
tively newer and emerging acidulant preservatives,
with the potential to impart excellent sensory prop-
erty to the fruit products. The GRAS status of food
acidulants along with the cost effectiveness favor the
widespread use in a variety of fruit products includ-
ing fruit-flavored carbonated and noncarbonated bev-
erages.

Sulfites

Elemental sulfur and sulfur compounds are known to
show antimicrobial activity and sulfur obtained from
volcanic lava as well as hot spring water containing
sulfur are used extensively for various dermal infec-
tions and wounds. The pKa values for sulfur dioxide
are 1.76 and 7.2, indicating a rather weak dibasic
acid. It is useful to have sulfur dioxide in a salt form.
The dry salts are easier to store and less of a problem
to handle than the gaseous or liquid forms (Ough,
1983). In water solutions, sulfur dioxide shows the
following reaction equilibriums:

SO, + H,0 5 [H,S0;3]
[H,SO;] < HSO;~ +HF
HSO;™ < SO; 24+ H'

The growth inhibiting or lethal effects of sulfurous
acid are most intense when the acid is in the unionized
form (Hailer, 1911). It was also noted that bacteria
were much more sensitive to sulfur dioxide than were
yeasts and molds. It is also known that the bisulfites
had lower activity than sulfur dioxide against yeasts
and the sulfites had none. The three main groups of
microbes of interest in the high acidic beverages and
fruits are (1) acetic acid-producing and malolactic
bacteria, (2) fermentation and spoilage yeasts, and
(3) fruit molds.

As far as food applications are concerned, sulfites
are used in a number of fruit products, i.e., dried
fruits, frozen fruits, fruit-based beverages, glazed
fruits, jams, and jellies within the purview of GMP
and GRAS. However, any product with sulfur diox-
ide levels above the detectable limits needs to specify

on the labels the nature of sulfitation and the residue
levels (Taylor et al., 1986).

The FDA considers sulfur dioxide and several sul-
fite salts as GRAS (21 CFR 182). However, sulfites
cannot be used in fruits and vegetables intended to
be served, presented, or sold raw/fresh to the con-
sumers. They are allowed in fruit juices and concen-
trates, dehydrated fruits, vegetables and wine. The
maximum level of sulfur dioxide allowed in wine
has been set at 350 mg/1 by the regulating body for
the U.S. alcoholic beverage industry. Sulfur elicits al-
lergenic responses in certain individuals, especially
steroid dependent and therefore, the usage levels in
ready-to-eat fruit and vegetable products have been
under stringent scrutiny, leading ultimately to its ban
in such products (Anon, 1990).

BIOPRESERVATIVES

The use of biopreservatives is gaining an increasing
popularity. These are basically of biological origin
and therefore can easily be considered GRAS as com-
pared to the chemical additives. The biopreservative
“nisin” is the foremost among them as the use of
nisin is gaining momentum for a range of food ap-
plications. The compound is a peptide produced by
the lactic bacteria Lactococcus lactis sp. lactis. The
structure and amino acid content of nisin was deter-
mined by Gross and Morell (1971). The solubility is
56 mg/ml at pH 2.2, while at pH 5.0 the solubility is
3 mg/ml.

Nisin by itself has a narrow spectrum affecting only
Gram-positive bacteria including Bacillus, Clostrid-
ium, Enterococcus, Lactobacillus, Listeria, Pedio-
coccus, and Staphylococcus. The spectrum of ac-
tivity of nisin can be expanded to include Gram-
negative bacteria by combining it with chelating
agents, such as ethylene diamine tetra acetic acid
(EDTA) (Carneiro et al., 1998).

Nisin as a food additive has been approved in many
countries. The FDA has approved nisin as a prepa-
ration (21 CFR 184.1538) with a content of not less
than 900 IU/mg. It is approved to inhibit the growth
of C. botulinum spores in pasteurized cheese spreads
with fruits and vegetables. It has been accorded a
GRAS status with a maximum use level of 250 ppm.
As such itis used to reduce the thermal process levels
in different canned products and the future for nisin
appears bright as a need is being felt to decrease the
thermal processing levels to protect finished product
flavor (Davidson et al., 2002).
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ANTIBROWNING AGENTS

Antibrowning agents are of special significance in
fruit products as a majority of them are susceptible
to browning reaction during processing and storage.
The fruit products are highly susceptible toward the
browning reactions of both the nonenzymatic and en-
zymatic nature. The major reasons for higher rate of
browning in fruit products can be cited as, abundance
of sugars with particular reference to reducing sugars.

Nonenzymatic browning is a maillard reaction
between carbonyl and amino groups with a host
of intermediates, finally resulting in the formation
of nitrogenous polymers and copolymers known as
melanoidins. Nonenzymatic browning reactions can
also result in the loss of vital nutrients such as ascor-
bic acid, which gets oxidized to dehydroascorbic
acid, which further undergoes aldol condensation or
reaction with amino groups to form brown pigments
(Loescher et al., 1991).

Browning due to ascrobic acid is very important
in processed fruit juices enriched with vitamin C.
Nonenzymatic browning can also take place due
to sugar degradation, iron complexing of polyphe-
nols (Smith, 1987), and oxidation of polyphenols by
hypochlorites (Choi and Sapers, 1994).

Nonenzymatic browning reaction in fruits and veg-
etables depends on a number of factors such as
(1) product composition, (2) moisture content of the
product, and (3) storage temperature and exposure to
oxygen. The compositional factors include maillard
precursors or ascorbic acid (Kennedy et al., 1990).
Nonenzymatic browning in fruits and vegetables can
be inhibited by refrigeration and through the control
of water activity in dehydrated foods (Labuza and
Saltmarch, 1981). Other methods of control include
use of glucose oxidase for reduction of glucose levels,
reduction of amino nitrogen content in juices by ion
exchange, packaging with oxygen scavengers, and
use of sulfites (Bolin and Steele, 1987). Sulfhydryl-
containing amino acids have been found to be nearly
as effective as bisulfite in inhibiting nonenzymatic
browning in a model system (Friedman and Molnar,
1990). However, cysteine treatment was ineffective
in dried apple (Bolin and Steele, 1987).

Additives to control nonenzymatic browning are
used in a number of fruit products such as dehydrated
fruits, glazed fruits, beverages, fruit bars, texturized
fruit products, and fruit candies. The sulfite treat-
ment levels vary in foods widely depending on the
application. Residual levels usually do not exceed
several hundred parts per million but may approach

1000 ppm in certain fruit and vegetable products
(Taylor et al., 1986). FDA has proposed that max-
imum residual sulfur dioxide levels of 300, 500, and
2000 ppm be permitted in fruit juices, dehydrated
potatoes, and dried fruits, respectively (FDA, 1988).

ANTIOXIDANTS

Antioxidants as food additives have a highly signif-
icant role in preserving many oxidation-susceptible
fruit products. However, fruit products are different
compared to cereal and meat products in terms of
lipid contents and the use of antioxidants is primarily
aimed at restricting the discoloration due to enzy-
matic browning, besides the loss of carotenoid con-
tents.

The FDA has defined the antioxidants as sub-
stances used to preserve food by retarding deterio-
ration, rancidity, or discoloration due to oxidation
(CFR 21.170.303). These reactions cause browning,
discoloration of endogenous pigments, loss of nutri-
tional value from destruction of vitamin A, C, D, or
E, and essential fatty acids such as linolenic acid.
Special problems arise in fruits such as avocado due
to higher lipid content leading to the possible de-
velopment of rancid off-flavors and toxic oxidation
products (Dziezak, 1986).

The basic antioxidant effect arises out of four types
of antioxidants, i.e., free radical scavengers such as
BHA and butylated hydroxyl toluene (BHT); reduc-
ing agents such as ascorbic acid; chelating agents
like EDTA; and secondary antioxidants like dilauryl
acid. In case of fruit products, reducing and chelating
agents are of prime importance due to their function-
ality in the prevention of enzymatic browning.

ENnzymMATIC BROWNING

Enzymatic browning is the discoloration that re-
sults in the oxidation of monophenolic compounds of
plants or shellfish in the presence of atmospheric oxy-
gen and polyphenoloxidase (PPO). The monophe-
nolic compounds are hydroxylated to o-diphenols
and the latter are oxidized to o-quinones (Fig. 9.3)
(Mayer and Hanel, 1979). PPO (EC 1.14.18.1) is also
known by other names such as tyroninase, polyphe-
noloxidase, and catechol oxidase, etc. The quinones
condense and react nonenzymatically with other
phenolic compounds, amino acids, etc., to produce
pigments of indeterminate structure. A variety of phe-
nolic compounds is oxidized by PPO (Fig. 9.4), the
most important substrates being catechins, cinnamic



9 Food Additives in Fruit Processing 159

OH OH 0

PPO + 02
R R oH R ©
Monophenol  O-Dihydroxy Phenol ~O-Quinone

Complex brown
Polymers

Figure 9.3. Enzymatic browning reaction.

acid esters, 3,4-dihydroxy phenyalanine, and tyro-
sine. The optimum pH for PPO activity is between
5 and 7. The enzyme is relatively heat labile and can
be inhibited by acids, halides, phenolic acids, sulfites,
chelating agents, reducing agents such as ascorbic
acid, and quinone couplers such as cysteine and var-
ious substrate-binding compounds.

Enzymatic browning is a significant problem in a
number of important commodities, specifically fruits
such as apples, pears, peaches, bananas, and grapes.
The discoloration limits the shelf life of many min-
imally processed foods (Huxsoll et al., 1989) and is
also a problem in the production of dehydrated and
frozen fruits and vegetables (Shewfelt, 1986). Enzy-
matic browning can be controlled in some fruit and
vegetable products by blanching to inactivate PPO
(Hall, 1989). However, blanching cannot be used for
certain products with delicate flavors as the heat can

be detrimental to some, necessitating the need for
the use of chemical additives, apart from the physi-
cal measures such as moisture regulation, molecular
oxygen exclusion, and lowering of storage tempera-
tures.

Sulfites are effective inhibitors of PPO and hence
widely used for the regulation of enzymatic brown-
ing in a variety of fruit products. Sulfiting agents such
as sulfur dioxide, sodium sulfite, and sodium and
potassium bisulfites and metabisulfites are used ex-
tensively to prevent enzymatic browning apart from
their effective role in restricting the nonenzymatic
browning process. These additives can also act as
bleaching agents, antioxidants, and reducing agents
as well as to check the microbial growth (Taylor et al.,
1986). However, the increasing awareness toward the
health hazards of sulfur compounds as food additives
has necessitated the search for potential substitutes.

SULFITE SUBSTITUTES

Sulfite substitutes for the prevention of enzymatic
browning include a host of additives viz. ascorbic
acid, metal chelators, sulfhydrl amino acids, and
acidulants. Such substitutes must be cost effective
and approved for food use by FDA (Sapers, 1993).
The search for sulfite alternatives has largely re-
mained inconclusive, as sulfites are multifunctional,
whereas the alternatives are effective substitutes only
for one or two of the functionalities obtained with
sulfites. It is unlikely that a multifunctional sul-
fite substitute can be developed easily. Rather, a
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Figure 9.4. Common substrates
for polyphenol oxidase.
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combination of several active ingredients formulated
to meet the needs of specific commodities and prod-
uct types could be developed.

The best known alternative to sulfites is ascor-
bic acid, which is a highly effective inhibitor of
enzymatic browning, primarily because of its abil-
ity to induce quinones, generated by PPO-catalyzed
oxidation of polyphenols, back to phenolic com-
pounds before they can undergo further reaction to
form brown pigments. However, ascorbic acid once
added is completely oxidized to dehydro ascorbic
acid (DHAA) by this reaction, quinones can accumu-
late and undergo browning. In addition, DHAA can
itself lead to nonenzymatic browning. At high con-
centrations, ascorbic acid can directly inhibit PPO
(Vamos-Vigyazo, 1981).

Ascorbic acid and its isomer erythorbic acid have
been used for a long time as inhibitors of enzymatic
browning (Sapers and Miller, 1995). This compound
is added to syrups or applied by dipping the fruit in
solutions containing the browning inhibitor. Penetra-
tion can be enhanced by vacuum infusion (Guadagri,
1949).

Most of the ascorbic acid formulations contain
ascorbic acid or its sodium salts; an acidulant such as
citric acid, a calcium salt, a phosphate salt, sodium
chloride, and cysteine; and preservatives such as ben-
zoates or sorbates. A list of potential sulfite substi-
tutes is given in Table 9.3. The research and devel-
opment activities in this line are gaining increasing
popularity resulting in a spurt in the development of
formulations as substitutes for sulfites. However, the
FDA approval is likely to be obtained for these for-
mulations with proven use record of ingredients and
GRAS substances as such.

FOOD COLORS AND FLAVORS

Colors occupy an important place among the food
additives and play an important role in the sensory
perception of the products. The functions to be con-
sidered for understanding human reactions to foods
can be listed as follows:

¢ Perception — Food selection

¢ Motivation — Increase or decrease in appetite

¢ Emotion — Attractive foods for pleasure

e Learning — Prediction of food properties based on
color and

¢ Thinking — Understanding of unusual food
properties based on color.

Both artificial and natural colors are used exten-
sively for several food applications including fruit
products. Prior to deciding the type of color to be
used for a specific food, the following considerations
need to be made (Meggos, 1994):

e target shade

* physicochemical attributes of food

* nontechnical and marketing requirements
e target countries

¢ food processes involved

e packaging type

e storage conditions.

The FDA defines any color additive as “dye, pig-
ment or any other substance made by a process of
synthesis or similar artiface, or extracted, isolated or
otherwise derived with or without intermediate or fi-
nal change of identity, from a vegetable, animal, min-
eral, or other source and that, when added or applied
to a food, drug or cosmetic or to the human body or
any part thereof, is capable of (alone or through reac-

Table 9.3. Some of the Potential Sulfite Substitutes and Their Functionalities

No. Additive

Functionality

1 Ascorbic acid

2 Sodium chloride (inorganic halide)

3. Carrageenan (sulfated polysaccharide)
4. Xanthan gum

5 Protease enzymes

6 4, O-Hexyl resorcinol

7

Kojic acid
8. EDTA
9. Polyvinyl pyrollidone
10. Cyclodextrins
11. Cysteine and N-acetyl cysteine
12. Sodium pyrophosphate

PPO inhibition, O, exclusion

PPO inactivation

O, exclusion

O, exclusion

PPO inactivation

PPO inhibition, O, exclusion

PPO inhibition, reduction of O-quinones
to O-diphenols

PPO inhibition by chelation

Polyphenol binding

Complex formation with PPO

Complexing with PPO

PPO inhibition by chelation
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tion with another substance) imparting color thereto.”
(FDA, 1986)

As per the federal regulations, food colors are
termed as certified and uncertified colors. The per-
manent list of dyes consists of the following and the
specific lakes are provisionally listed as follows (Von
Elbe and Schwartz, 1996).

No. Dyes Lakes

1. Blue no. 1 (brilliant Provisional
blue FCF)

2. Blue no. 2 (indigo) Provisional

3. Red no. 3 (erythrosine) -

4. Red no. 40 (allura red Provisional
AC)

5. Yellow no. 5 (tartrazine) Provisional

6. Yellow no. 6 (sunset Provisional
yellow FCF)

7. Green no. 3 (fast green Provisional
FCF)

The approved dyes and lakes are used depending
on the nature of the food product. Dyes are water-
soluble compounds, which manifest their color by
being dissolved. The dyes are used to color a variety
of fruit products inclusive of beverages and jellies
with the maximum GMP limit of 300 ppm. Lakes are
extensions of food, drugs, and cosmetics (FD&C)
and are water-soluble dyes on a substrate of alumina
hydrate. Lakes are used in oily products or products
with less moisture. Lakes are also used in products
requiring a distinct separation of color.

UNCERTIFIED COLORS

The permanent list of uncertified colors include a
number of natural or natural-identical colorants in-
clusive of pigments derived from different fruits,
vegetables, spices, algae, flowers, food grains, and
oil seeds such as corn, cotton seed, etc. Apart from
the derivatives of sugar-like caramel, the list also
includes compounds such as ferrous gluconate. As
such the permanent list of uncertified colors consists
of (Von Elbe and Schwartz, 1996) (a) annatto ex-
tract, (b) canthaxanthin, (c) 3-carotene, (d) 3-apo-8-
carotenal, (e) beet powder, (f) ferrous gluconate, (g)
grape color extract, (h) grape skin extract, (i) saffron,
(§) fruit and vegetable juices, (k) paprika, (1) oleo-
resin, (m) riboflavin, (n) carrot oil, (0) caramel, (p)
turmeric, (q) turmeric oleoresin, (r) cochineal extract,

(s) defatted and cooked cotton seed flour, (t) Syn-
thetic iron oxide, (u) dried algae, (v) aztec marigold
extract, (w) corn endosperm oil, and (x) titanium
dioxide.

Among the uncertified colors, three synthetic
carotenoids appropriately termed as natural-identical
compounds are permanently listed by FDA as food
color additives that are exempt from certification.
They are 3-carotene, [3-apo-8-carotenal (apocarote-
nal), and canthaxanthin (FDA, 1986). Carotenoid
crystals are sensitive to light and oxidation and re-
quire storage under vacuum or inert gas (Emodi,
1978). Carotenoids can be converted into products
with both water and fat dispersibilities. Carotenoids
are generally used within a range of 1-25 ppm of
food and are among the colorants with the highest
tinctorial potency (Dziezak, 1987). 3-carotene, apoc-
arotenal, and canthaxanthin were approved by FDA
in 1956, 1963, and 1969, respectively. The maximum
usage levels are guided by GMP and standards of
identity.

A variety of natural plant extracts and fruit/
vegetable juices chiefly constitute natural colors of
biological origin among the uncertified colors. The
stabilized forms of natural colorants are gaining in-
creasing popularity and soon may dominate the food
colorant industry as such.

The uncertified colors are covered under Title 21
section 401. However, wherever the standards of
identity are promulgated the added color needs to be
authorized by such standards. The maximum use lev-
els of some specific colorants are canthaxanthin at 66
mg/kg solid or pint of liquid; similarly, apocarotenal
is slated at a maximum level of 33 mg/kg food. Tita-
nium dioxide should not exceed 1% by weight of the
food. As such the regulations favor the widespread
use of the uncertified colorants.

FLAVORS

Flavors are aroma-rendering additives in the form of
extracts or concentrates. They are complex ingredi-
ents that play a key role in food acceptance. When
flavors are perceived as the food is eaten, their sen-
sation immediately evokes feelings about the degree
of pleasure in the immediate moment and at the same
time strongly influences the intentions about the con-
sumption of that type of food at a later date.

The flavors are usually classified using a definitive
scheme based on both origin as well as usage (Hall
and Merwin, 1981), as shown in Table 9.4.
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Table 9.4. Some Important Natural Flavors

Types Examples

Condiments Mustard, catsup, and vinegar

Spices Black pepper, ginger, celery, basil, and caraway

Fruit juice concentrates Concentrated lemon, orange, cherry, and apple
flavorings and juices

Processed flavors Starter distillate and hydrolyzed vegetable protein

Oleoresins Oleoresins of cinnamon, celery, ginger, and black pepper

Essential oils Nutmeg, celery, and cinnamon

Aromatic chemicals Vanillin, anethol, menthol, citral, and isobutyl methoxy
pyrazine

Table 9.5. Forms of Commercial Flavor Products

a. Solid form Encapsulated flavors, crystals, spray-dried powders,
dried extracts, plated powders, and freeze-dried
powders.

Advantage Highly volatile compounds such as dimethy] sulfide,

methyl mercaptan can be encapsulated to provide
flavors in solid form

b. Semisolid paste Oleoresins and fruit concentrates
Advantage Easy dispersion and uniform flavoring
c. Liquid flavors Flavors in emulsified form with a compatible solvent
base
Advantage Suitability for beverages and other liquid products

Commercial Forms Sethi, 2004). Some of the GRAS flavors are men-

Flavors are available in different commercial forms tioned below (Table 9.6).
and their usage depends on the nature of the flavor as

well as the type of product, as shown in Table 9.5. SWEETENERS

Sweeteners are widely used in fruit processing and
apart from sensory properties a number of functions
are also attributed to the sweeteners. Sweeteners are
1. To render new taste to the product or to enhance one of the earliest food additives subjected to exten-

FUNCTIONALITIES OF FLAVORS

the already existing flavor. sive use. The preservative function was the major one
2. To substitute for flavor losses during processing. put to practice for natural sweeteners such as sucrose.
3. To replace the components missing from the over- Ever since, extensive research has led to the devel-

all flavor of the product. opment of several sweeteners of natural or synthetic
4. To mask the undesirable flavors. origin (Fig. 9.7).

As far as product applications are concerned, fruit

| CHARACTERISTICS OF SWEETENERS
flavors, both natural and synthetic, represent around

48% of the total sales value. Fruit beverages con- 1. Sweeteners are of nutritive as well as of nonnutri-
stitute the largest user of fruit flavors followed by tive nature. In other words, they are either metab-
desserts, jams, and jellies. Citrus flavors are the most olized for obtaining energy or not metabolized.
popular flavors among the fruit flavors. 2. Sweeteners can be of natural or synthetic origin.
As far as the regulatory status is concerned, FDA Products arising out of modification of natural
has been working closely with Flavor and Extract sweeteners are also considered as natural.
Manufacturers Association (FEMA) to obtain infor- 3. Low-calorie sweeteners are also known as dietetic

mation on the identity and safety of flavors (Sethi and sweeteners. The high-intensity sweeteners pave
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Table 9.6. Some of the GRAS flavoring
substances

FEMA No. Substance Primary Name
3909 Cyclo hexanone

3912 9-Decenal

3923 3-Hexenal

3941 Maltol propionate

3958 Phenyl acetate

3961 2-Propyl pyragine

way for low-calorie inputs due to lesser quantity
of sweetener used.

4. Fruit products such as juice concentrates and de-
hydrated juice powders can also be used as natural
sweeteners.

5. Sweeteners such as sugars have high degree of
humectant function and are, therefore, used suc-
cessfully as preservatives to regulate water activity
in the food products, which ultimately leads to the
protection against microbial spoilage.

6. Sweeteners are successfully used as effective tools
in fruit product design, paving way for the devel-
opment of a variety of beverages and concentrates.

The list of high-intensity sweeteners extensively used
for food applications is given in Table 9.7.
PoLyoLs

Polyols (sugar alcohols) are reduced carbohydrates
and are used widely for food applications due to their

special sensory and dietary functions, e.g., sorbitol,
xylitol, mannitol, and lactitol (Giese, 1993). They
are used in glazed/dried and texturized fruits. The
FDA had accorded an “interim approval” for sorbitol,
xylitol, mannitol, and lacitol within an overall range
of 1.8-2.4 Kcal/g. The additional functionalities of
polyols include high viscosity, hygroscopicity, cool
taste, sequestering ability, retardation of crystalliza-
tion, and bulking ability. Polyols such as sorbitol are
widely used in dietetic foods, as it can be metabo-
lized without insulin and is noncariogenic. However,
excessive intake of polyols has laxative effect.
Although honey, sugar, and other traditional sweet-
eners have been exploited for their taste, caloric
value, and functional abilities in foods for hundreds of
years, the discovery and use of most alternate sweet-
eners date back to the past century. Three alternate
sweeteners (Fig. 9.7) are currently approved for use
in the United States, i.e., acesulfame-K, aspartame,
and saccharin. Cyclamates were considered GRAS
at one time but are now banned from use. Apart from
steviocide, thaumatin is a natural alternate sweetener
obtained from the fruit proteins of the West African
plant Thaumatococcus danielli. Under the trade name
“Talin,” thaumatin has undergone numerous safety
tests and results indicate that it is safe at the levels
that it would be consumed (Higginbotham, 1986).
Talin has an unusual taste profile, with a lingering
sweet taste 2000 times sweeter than that of sucrose.
Use of this compound as a flavor enhancer is permit-
ted in chewing gum in the United States, where it
is in the FEMA’s GRAS list. Thaumatin is likely to
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Figure 9.5. Chemical structures of widely used alternate sweeteners.
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Table 9.7. Features of Some Important High-Intensity Sweeteners

Sweeteners Relative Sweetness
Acesulfame-K 200
Aspartame 200
Cyclamates 30
Saccharin 200-700
Sucralose 600
Steviocide 300

Application Regulatory Status

Canned fruits, low-sugar FDA approved
jams and jellies, and
dry beverage mixes

Tabletop sweeteners, and FDA approved
dry beverage mixes

Fruit flavor enhancer, Approval pending
making of tartness in
citrus products

Stewed fruits, canned FDA approved
fruits, jams, jellies,
and diet drinks

Jams, jellies, and canned Approval pending
fruits

Less use in fruit products Approval pending

attract further attention in the area of natural alternate
sweeteners.

HYDROCOLLOIDS:
THICKENERS, STABILIZERS,
AND GUMS

Thickeners, stabilizers, and gums are the basic textur-
izing additives and are widely used in fruit process-
ing. In fact among the food additive industry, apart
from flavor industries, the ones concerned with the
texturizers form the core of the industry in terms of
net turn over of the finished products. Hydrocolloids
are long-chain polymers that function as thickeners
and stabilizers.

FuncTtioNs oF HYDROCOLLOIDS

1. Suspension of particulate matter in food products

along with the regulation of crystallization.

2. Optimization of rheological properties of solid as
well as liquid food products. The major parameters
include flow and mouth-feel properties.

. Stabilizers for oil and water emulsion systems.

. Binding of dry and semidry products.

. Optimized gelation to give both hard and soft gels.

. Foam stabilization and flavor fixation.

AN B W

The major sources of hydrocolloids are plant prod-
ucts viz. gum exudates, seeds, seaweeds. Products
obtained by fermentation and chemically modified
polysaccharides also contribute to the development
of hydrocolloids for different food applications. A
variety of terms are often used to describe hydro-

colloids. The terms are based either on the origin of
the product or on the function for which it is being
used. Three of the most common terms employed are
gums, stabilizers, and hydrocolloids. The term “gum”
describes a wide variety of water-soluble thickening
and gelling polysaccharides (Carr, 1993).

“Stabilizer” is another term used in the food in-
dustry to describe products that prevent separation
of multicomponent food systems during storage. An-
other term that addresses both the behavior and phys-
ical characteristics of food gums is “hydrocolloids.”
This term is a contraction of two terms “hydrophilic
colloid” and describes the water loving nature and
colloidal characteristics of this class of compounds
(Table 9.8).

The use of hydrocolloids in fruit processing is on
the rise. Apart from the general use of pectin in
fruit bars for texturization and in jams for the pur-
pose of gelling, newer fruit products such as struc-
tured fruits involve novel applications of state-of-art
gelling agents. Ample information is available on the
mechanical properties of gelling agents such as algi-
nates with or without other polysaccharides (Pelaez
and Karel, 1981). Nevertheless, for texturizing pulp
or concentrated fruit juice, optimal gelling conditions
need to be introduced, i.e., the pH of the pulp/juice
concentrate. Calcium alginate gels have been found
to be superior causing continuity in gel formation
(Wood, 1975). Fruit pulps such as mango pulp have
been texturized using hydrocolloids such as alginates
(Mougquet et al., 1992).

As far as the regulatory aspects are concerned,
the above-listed hydrocolloids are approved by FDA
and are classified as either food additives or GRAS
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Table 9.8. Classification of Hydrocolloids
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Type of
No. Hydrocolloid  Functions Sources Food Applications
1. Unmodified Thickener Potato, cereals tapioca, and Pie fillings
starch Gelling, adhesive, and arrow root Jams and jellies
film former
2. Modified Bodying and gelling Products of chemical Pie fillings
starch Improvement of viscosity modification of natural Canned fruits
and other rheological polysaccharides Fruit-based desserts
parameters
Thermal resistance
against higher as well
as lower temperatures
Modification in gelling
To improve solubility and
gelling in cold water
3. Casein Film former with cohesive ~ Milk Edible films for
and adhesive properties packaging of
precut fruits and
vegetables
4. Guar gum Stabilizer Guar beans Beverages
Water-based frozen
fruit desserts
5. Gum Arabic Stabilizer Exudate from genus Acacia  Beverages
Emulsifier Emulsifier for citrus
oils and flavors
6. Carrageenan Gelation Irish moss Frozen desserts
Structured fruits
7. Pectin Gelation Fruit wastes Jams and jellies
Texturization as binder Beverages
Stabilizer Fruit bars
Fruit snacks and
desserts
8. Xanthan gum  Stabilizer Fermentation product from Beverages
Gelation Xanthomonas Puddings
comprestris Dry mixes of
beverages
9. Carboxy Thickener Modified cellulose Dry drink mixes
methyl Stabilizer Fruit-flavored syrups
cellulose

substances (CDR 121.172.580-CDR121.172.874).
Their safety has been promulgated by JECFA and
EEC.

EMULSIFIERS

Emulsions are necessary for obtaining homogeneity
in liquid foods having a tendency toward phase sep-
aration during processing/storage. Emulsifiers have

lipophilic as well as hydrophilic groups enabling the
products to bring together the water and oil moieties
without phase separation.

Apart from phase separation, the other functions
of food emulsifiers are to enhance stability in flavors
and fats and oils by restricting the onset of rancid-
ity. Emulsions are also used for better crumb texture
in baked products due to optimal starch complex-
ing property (Thompson and Buddemeyer, 1954).
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Usually except lecithin most of the emulsifiers are
used in combinations. The important emulsifiers used
widely are as follows:

* Mono- and diglycerides

¢ Acetylated monoglycerides

¢ Sucrose fatty acid esters

¢ Stearoyl-2-lactylates

* Propylene glycol esters

e Sorbitan esters

* Diacetyl tartaric acid esters of monoglycerides
(DATEM)

FDA permits lecithin, mono- and diglycerides, and
DATEM as GRAS. The other emulsifiers are ap-
proved under the standards of identity at specific
levels. In fruit products, emulsifiers find applica-
tions in flavor emulsions, beverages, pie fillings, fruit
desserts, and salad dressings (Mahungu and Artz,
2002).

ENZYMES

Enzymes are biological catalysts and proteinaceous
in nature. The use of enzymes in food processing
in general and in fruit industries in particular is an
offshoot of advances in fermentation/biotechnology.
Enzymes, which exist within the fruits, perform a
number of functions such as softening, flavor devel-
opment, ethylene biosynthesis, etc. Vegetables and
fruits are also rich in oxidases, a class of enzymes,
such as PPO and peroxidase, which cause browning
reaction and off-flavor development, which is detri-
mental to the fruit quality (Whitaker, 1996).

In case of fruit processing, enzymes are used
mainly as processing aids aimed at specific functions,
such as:

* improvement in juice extraction yields
e increment in solids recovery

e improvement in filtration

removal of nonnutritional factors
flavor enhancement

viscosity modifications

anticlouding operations

antifouling operations for membrane
concentrations.

Enzymes of commercial importance used in fruit
processing are (a) pectinases, (b) cellulases, (c)
amylases, and (d) glucose oxidase. Pectic enzymes,
i.e., pectin methylesterase and polygalacturonase are
used often in combination with amylases and cel-
lulases in fruit and vegetable juice clarifications to

obtain higher juice yields and clarity. The turbid-
ity/cloudiness of fresh fruit juices can be decreased
with pectinase treatment due to the removal of nega-
tively charged pectin deposits on particulate matter,
which ultimately results in the coagulation of turbid-
ity causing materials (Yamasaki et al., 1967). Enzy-
matic treatment of soft fruit pulp facilitates pressing
and improves juices and anthocyanin pigment yields
(Neubeck, 1975). Pectin degrading enzymes are also
used to degrade highly esterified apple pectin and
increase juice yields (Devos and Pilnik, 1973). Amy-
lases are often used along with pectinases to clarify
juices such as banana to obtain optimal juice yields.
Similarly, application of cellulases also facilitates
higher recovery of juices due to the degradation of
cellulosic matrix. Cellulases are also used for waste
treatments from fruit processing units for the devel-
opment of value-added products. Glucose oxidase in
combination with catalase is used to protect citrus
juices from off-flavor development (Scott, 1975) and
in the prevention of enzymatic browning in frozen
fruits (Somogyi, 1996).

As far as the regulatory aspects are concerned,
enzymes are considered as direct food additive as
per FDA. The source organisms play an important
role in the affirmation of GRAS status. Pectinases
as well as glucose oxidase derived from Aspergillus
niger are considered as GRAS. Same holds good with
o-amylase and cellulase derived from A. niger.

VITAMINS

Vitamins occupy an important place in nutrition and
participate in a variety of biological processes. Fruits
are rich sources of both water-soluble as well as fat-
soluble vitamins. Vitamin A precursors in the form of
carotenoids are available in significant proportions in
several fruits. On the other hand, fruits are also rich
sources of vitamin C. Certain fruits, i.e., seabuck-
thorn is known to be a good source of vitamin E.
Apart from this, vitamins are usually used as sup-
plements. The supplements may be directed toward
compensating the processing losses. The processing
loss of water-soluble vitamins is significant and sup-
plementation is required to maintain the nutritional
balance. Thermally processed fruit extracts need such
supplementations due to heavier loss of vitamins dur-
ing heat processing as well as subsequent storage of
the product (Kanner et al., 1982).

Apart from supplementation, vitamins also have
certain functional properties. Vitamin C is widely
used as ascorbic acid in dextro- or levo-rotatory forms
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as a natural antioxidant. Vitamin E (tocopherols) is
also known as a potential antioxidant. Ascorbic acid
on oxidation can inhibit PPO activity by restrict-
ing the availability of molecular oxygen required for
the reaction. Fruit processing unit operations such as
blanching, thermal processing, and freezing consid-
erably reduce vitamin C content. The storage losses
add to the processing losses, demanding necessary
supplementation (Kacem et al., 1987). The other
functionalities include use of riboflavin-5-phosphate
as a colorant.

The FDA considers vitamins as GRAS and nutri-
tional supplements. Pantothenate is allowed as a food
additive and requires label-mediated expression with
regards to the concentration used. Some of the com-
mercial forms are marketed as follows:

e vitamin A as vitamin A acetate;

¢ thiamine as thiamine hydrochloride;

e pantothenic acid as calcium pantothenate;

¢ pyridoxin as pyridoxine hydrochloride;

e ascorbic acid as ascorbic acid, calcium ascorbate,
sodium ascorbate; and

e vitamin E as tocopherol acetate, DL-a-tocopherol.

SAFETY AND HEALTH
IMPLICATIONS OF FOOD
ADDITIVES

The safety and health implications of food additives
are given utmost importance in framing the stan-
dards and regulatory measures. The FDA as well as
Codex Alimentarius and other national and interna-
tional bodies stress on the need of ADI as a premier
aspect to restrict cytotoxicity-induced health hazards.
ADI limits are usually expressed in terms of chemi-
cal exposure of body on unit body weight basis and
are based on authentic risk assessment (Winter and
Francis, 1997).

The concept of ADI renders more flexibility to
maximum limits prescribed for various food cate-
gories with regards to standards of identity. Lowest
observed effect level (LOEL) and no observed effect
level (NOEL) form the bases of risk assessment in
framing the ADI levels. ADI is the NOEL value di-
vided by 100 when the NOEL is derived from animal
studies or the NOEL value divided by 10 when the
NOEL relates to human data (Renwick, 1996).

The risks involved in overuse or underuse of ad-
ditives can give rise to several types of risks, i.e., (a)
microbial hazards, (b) nutritional hazards, (c) color
additive hazards, (d) environmental hazards, and (e)

immunological/physiological hazards. The typical
symptoms of health-based hazards include hypersen-
sitivity and associated allergic reactions. The allergic
reactions may cause respiratory problems such as
asthma. The cross reactions of sulfites and steroid
dependency in asthma patients have given rise to
novel debates and amendments in regulations, which
ultimately resulted in the ban of sulfites in ready-
to-eat fruit- and vegetable-based products (Anon,
1990).

Toxicological research continues to throw light on
implications of chemical toxicity hitherto unknown.
Colorants, antimicrobial compounds, antioxidants,
antibrowning agents, and sweeteners continue to re-
ceive regulatory restrictions. The advent of functional
foods, dietary supplements, and transgenic products
offer plethora of challenges to ensure safety to the
consumers. Food sector is basically a buyers mar-
ket, and it is important to keep the “psyche” of the
consumer in a satisfaction mode. Mere toxicologi-
cal certification may not necessarily satisfy the con-
sumer. The regulatory authorities, therefore, are strik-
ing a fine balance between consumer safety and the
manufacturer’s product requirements to keep up op-
timal quality and commercial feasibility (Branen and
Haggerty, 2002).

Labeling is being optimally used to overcome
many problems and at the same time keeps the con-
sumer aware of the compositions involved along with
the statutory warnings, if any. The usefulness of ad-
vanced labeling can come a long way in bridging the
gap among regulator, processor, and consumer.

FUTURE TRENDS

The future trends in research and development as well
as in commercial application involving direct food
additives may be outlined as follows:

1. Increased stress on natural preservatives, sweet-
eners, colorants, and antioxidants.

2. Minimal or no use of chemical additives with em-
phasis on physical conditioning of the products.

3. Advanced research on gene products for transgen-
ics and comprehensive studies on the health im-
plications thereof.

4. Restriction in additive use by adopting hurdle-
based processing.

5. Labeling strategies to counter growing toxicolog-
ical concerns.

6. Consumer awareness and technical strategies to
prevent misuse of food additives.
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INTRODUCTION

Since the middle of the 20th century environmen-
tal pollution has increased, as a result of technologi-
cal development and an explosion in the population.
Consequently, international, states, and civil organi-
zations joined forces to limit economic development
that contribute to environmental pollution—water,
air, soil, and landscape—that endangers human life
(Anon, 2003).

The concept of “sustainable development” trig-
gers the interest of an increasing number of people
who pay attention to the environment not only in their
workplace but also in their homes.

National leaders often refer to cooperation be-
tween the economic sector and the state as an
essential requirement to success. Thus environmen-
tal protection and economic growth are closely re-
lated. Economic growth enables the implementation
of environmental protection. However, within the
framework of a market economy, economic growth
cannot be sustained without protection of the envi-
ronment and the living world. Industry should op-
erate in a more efficient way, producing more prod-
ucts with less input and waste. Moreover, customer
preferences should also be more sustainable (Vermes,
1998).
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THE IMPACT OF FOOD
PRODUCTION ON THE
ENVIRONMENT

Production and acquisition of food, which is nec-
essary to sustain life, is, at the same time, contin-
uously changing the environment. Traditional rural
production was environmentally friendly; closed sys-
tems were developed since farmers utilized the by-
products and wastes of food processing. There was a
dynamic balance between nature and humans: plants,
animals, and humans formed an ecological system.

However, since the beginning of the industrial
revolution, the emphasis of agricultural and in-
dustrial development has been on short-term eco-
nomic gains instead of ecological equilibrium (Anon,
1996a).

Today, with improved technology there is more ef-
ficient production with greater yields, consequently,
there is less attention given to the preservation of
natural resources and utilization of wastes and by-
products (Henningsson et al., 2004).

FooDp INDUSTRY AS AN ENVIRONMENTAL
POLLUTER

Waste management, placement and disposal, are crit-
ical aspects of food processing. The percentage of
by-products and wastes in food processing is 30%
(Fehr et al., 2002; Anon, 2001; Tuncel et al., 1995).
The majority of food industry wastes and by-products
(of plant origin) is used as animal feed (Adebowale,
1985). Only 2-3% is marketed for human use. Some
30% of all production waste are so-called dangerous
waste (mainly of animal origin), which requires spe-
cial treatment, for example, the disposal of sludge
resulting from sewage treatment (Pandi, 2001). The
food industry is not a heavy environmental pollut-
ing industry. Production and packaging wastes are
significant, however, because of the size of the food
processing industry. The role of food industry is to
convert agricultural raw materials of plant and animal
origin to foodstuffs suitable for human consumption.
This process unavoidably results in wastes and by-
products unfit for consumption. Food industry wastes
can be further classified as technological waste (some
of them are “dangerous”) and sludge and packaging
wastes. This chapter will deal only with fruit produc-
tion waste, since further processing can decrease the
burden to the environment.

The amount and ratio of waste depend on the given
branch of the food industry (Di Blasi et al., 1997,

Huebner and Kienzle, 2001; Poonam-Nigam et al.,
2001).

However, because of differences in ownership and
size of individual food industry companies (e.g., in-
creasing role of small and middle scale enterprises),
certain branches have different impacts on the envi-
ronment (Woods, 1998).

Some technological waste is of animal origin
(80%), which will not be included in this chap-
ter (Williams, 1995; Apellaniz et al., 1996; Anon,
2003). Technological waste of plant origin is usually
not considered dangerous. Wastes may be burned,
used for animal feed, or used for human appli-
cations. However, there are some wastes of plant
origin that are “dangerous” (Békési and Pandi,
2001)

¢ Asbestos and silica filters used by the beverage
industry

e “Blue precipitate” that is the result of “blue
clarification” in wine making (it can be used for
tartaric acid production, but this leads to sewage
containing cyanide compounds and disposal is
still a problem)

BiroLoGicAL AND EcoONOMICAL
ENVIRONMENT, JUSTIFYING
WASTE MANAGEMENT

Agricultural production and further processing can
become one of the most serious sources of pollu-
tion (Di Blasi et al., 1997). Because of cheap en-
ergy and raw materials following World War II, lit-
tle attention was given to utilizing by-products. An
increase in the number of industrial plants in turn
increased the volume of by-products. Further treat-
ment and environmentally friendly disposal and dis-
tribution were not the main interest of the industry.
This paradox could be handled by directing wastes
back into production (Howitt, 1997). This is not a
new solution, since classic agricultural technology
also utilized by-products, e.g., the fodder industry
used waste from vegetable oil production (Bulla,
1994).

The process is also influenced by economical
conditions since the expense of converting waste
products into useable products will happen only if
the expenses do not exceed the final selling price.
Such decisions can be supported by operations re-
search to determine inaccurate economic value of
by-products (Cheeseborough, 2000; Henningsson
et al., 2004).
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OPPORTUNITIES FOR
UTILIZING FOOD INDUSTRY
WASTES AND BY-PRODUCTS

Food industry wastes and by-products are geograph-
ically scattered, of large volume and low nutritional
value. Consequently, their collection, transportation,
and processing costs of by-products can exceed the
selling price. The real difference between the main
product and by-products is the level of profit. If we
could produce valuable products from food industry
waste through new scientific and technological meth-
ods, environmentally polluting by-products could be
converted into products with a higher economic value
than the main product.

The utility of raw materials—to what extent the
valuable components can be converted to the end
product—depends on the following factors:

e Nature and quality of raw material

* Type, characteristics, and quality criteria of the
finished product

e Technological process

e Technical level and condition of the machinery

e Human factors

The difference between the useful components of
the raw material and the end product is called the pro-
duction loss. The role of waste utilization is important
in terms of environmental protection, too. Food in-
dustry wastes are usually organic substances and can
pollute our environment if not disposed prudently.
All in all, food industry wastes and by-products are
substances that originate from production and can
be further utilized in other ways. For example, fruit
wastes from cleaning and seeding are used for feed
without further treatment.

Solid and liquid food industry wastes and by-
products possess long traditions. Although large-
scale industry methods are not always efficient, the
technical development of food companies conform
more and more to the BAT principle, applied in
Europe (Anon, 1996b). The term “BAT” (best avail-
able techniques) is defined in Article 2(11) of the EC
Directive (Integrated Pollution Prevention and Con-
trol) as “the most effective and advanced stage in
the development of activities and their methods of
operation which indicate the practical suitability of
particular techniques for providing in principle the
basis for emission limit values designed to prevent
and, where that is not practicable, generally to re-
duce emissions and the impact on the environment
as a whole.”

In Europe, the BAT group is working to develop
and distribute information on how to avoid pollution
when using production methods for various com-
mercial products. The aim is to further the utiliza-
tion of the BAT within selected fields (for exam-
ple in the field of fruit processing). The object is
to reduce the burden on the environment as much
as possible. Due to the diversity of the fruit indus-
try, examples of techniques and methods proven suc-
cessful in some cases are not necessarily applica-
ble directly to other cases. Each technique should
be assessed case by case, taking into consideration
the age, the scale, and the geographic location of
the processing plant, as well as the product port-
folio and the type of process. The best strategy is
to establish a working environment, which means
defining policies, monitoring environmental impact
of specific activity, and setting up goals to enhance
performance.

The application of this principle contributes to de-
creased quantity of waste and water consumption
and has several environmental advantages. Never-
theless, the amount of food processing wastes and
by-products—that are the most important issues of
food processing environmental strategies—is signif-
icanteven if this principle is applied properly (Perédi-
Visérhelyi, 2004).

UTILIZATION OF BY-PRODUCTS
FOR FEEDING

Feed production has become a new industry. More
and more plants are processing by-products as raw
materials, many of which were not used in traditional
feeding technologies. The finished products (feed)
thus produced can be full (value) mixtures or con-
centrates to be mixed at local fodder-plants. Some-
times these products are patented and producers en-
close directions for use, which is usually controlled.
Factories preparing, producing, and using the feed
are interdependent and operate in a complex ecolog-
ical system that can build on agricultural and indus-
trial production plants to utilize waste (Adebowale,
1985).

There is no sharp distinction between the two alter-
natives as plants (e.g., forage mixers) processing for
only one company can be involved in production or
paid work. On the other hand, vertical integration can
also establish complex systems. Disposition can be
the top priority in waste management in addition to
profitability (Subburamu et al., 1992).
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THE ROLE OF B1oMASS IN WASTE
UTILI1ZATION

Biomass production and utilization are of great im-
portance both in the short and the long run. Biomass
refers to all organisms (microorganisms, plants, and
animals), both living and recently dead; products of
biotechnology-related industries; all biological prod-
ucts, wastes and by-products (human, animal, pro-
cessing industry, etc.). Food industry production,
where the agricultural raw materials become food-
stuffs, is a primary source of biomass transformation
(Hammond et al., 1996; Stabnikova et al., in press).

Evaluating the potential of biomass production
and utilization and developing a system that in-
cludes relevant recommendations for practical ap-
plications has been discussed in scientific litera-
ture (Mahadevaswamy and Venkataraman, 1990;
Viswanath et al., 1992; Bouallagui et al., 2004). Ani-
mal feeding is such a potential utilization. Mass feed
production takes substantial amounts of land; how-
ever, these areas could be used for plant production
for export, meanwhile by-products could be partially
substituted for feed. The profitability of ruminant
farming requires a cost decrease without a decline
in production.

EVALUATION OF WASTE UTILIZATION
TECHNIQUES

The above enumeration expresses the value of uti-
lization procedures. The highest new values can be
obtained by the introduction of by-products in human
nutrition; meanwhile burning (if its energy is not uti-
lized) is primarily “waste elimination.” Primary con-
ditions for the introduction and implementation of
technologies selected for utilization are as follows:

* Preserving and storing by-products of different
origins geographically. This means that they are
decentralized. To gather them, distant transport is
required.

Reasonable solutions for transport. This means to
achieve cost effectiveness. That is, the best traffic
logistics for the minimum cost and the most
effective transportation technology.

Ensuring the space, building, machinery,
equipment, energy, and personnel requirements of
processing.

Before making a decision to utilize by-products,
an evaluation of the by-products should be made on
the following issues:

¢ Concentrated or widely scattered origin?

e Seasonal or continuous availability?

¢ Quantity (large or small)?

¢ Concentration of valuable substances (high or
low)?

The ideal utilization choice is usually determined
by complex evaluation and short-run economical
analysis.

According to international experiences, by-
product utilization and waste-free technologies are
most sophisticated in developed countries, where
food production is also on a high level. In less devel-
oped countries the use of such technologies commen-
surate with the financial resources (Polpraser, 1996),
thus

e the easiest use for by-products of plant origin is
plant fertilizer

¢ biogas production and burning combined with
energy recovery are still not widespread

e the use of food industry by-products (bran, coarse
or oleaginous seeds, and feed yeast) as a feed
supplement is a cheap and simple procedure

¢ by-products with high water content need to be
dried or concentrated prior to further processing

e primarily by-products, rich in protein, are used
for feeding, and

e human application is the most expensive, due to
high requirements for equipment and energy.
Fruit processing (e.g., pectin production) is a
good example to illustrate this kind of utilization

WASTES AND BY-PRODUCTS
OF FRUIT PROCESSING

The aim of fruit processing is to transform fresh fruits
into preserved products. Therefore, the selection and
elimination of components unsuitable for human con-
sumption, lead to by-products and wastes. There is
no sharp limit between the two categories as indus-
tries processing substances of biological origin are
in close cooperation; the by-product of one industry
can be a valuable secondary raw material for another.

Apple processing is a good example for the afore-
mentioned principle. Although apples (canned ap-
ples, apple juice, etc.) are the finished product, and
the by-product, apple pomace, is the secondary raw
material of pectin production. However, if this by-
product goes to the refuse, it becomes waste and pol-
lutes the environment. Generally, in Hungary as well
as the rest of the world, the majority (60—65%) of
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food industry by-products become waste and a bur-
den to the environment (Szenes, 1995).

In order to meet stringent environmental require-
ments, modern fruit processing should minimize the
amount of by-products and waste, decrease energy
utilization, produce high-quality foodstuffs without
polluting the soil, air, and spas (Barta et al., 1997).

Fruit processing wastes differ from other wastes

e they are organic and therefore, decompose. Most
go back into the soil, due to natural biomass
circulation, or decompose without pollution;

e they are large in volume with high water content.
In spite of the high volume their origin is
scattered, making gathering and utilization
difficult and expensive; and

e they tend to deteriorate, thus limiting the storage
period, even under appropriate circumstances,
which include low temperatures, controlled
humidity, and storage in dark and dry places.

Apart from the main finished product, unused sub-
stances are considered as waste and by-products.
These can be utilized in different ways depending
on their texture and content.

Certain by-products can be valuable resources for
human nutrition if special technologies are used.
They include

¢ precooling techniques (Brosnan and Sun, 2001)

e solid-state production (Zheng and Shetty, 2000)

¢ Gas chromatic evaluation of residues (Pugliese
et al., 2004)

e the beneficial effects of grinding, soaking, and
cooking on the degradation of dangerous matters
in fruit waste (Tuncel et al., 1995)

¢ Others

Some examples are

e pectin from apple pomace

e aromas and coloring agents from fruit waste
e oils from seeds

e tartaric acid from wine lees

Also, further processing of by-products can trans-
fer their valuable compounds into new products:

e Distillery wastes can be added to feed after
appropriate treatment.

¢ Household and gardening wastes are utilized for
soil improvements.

¢ All organic by-products can be utilized in a
profitable way, if used for biogas production
(methane production) or burning (especially if

combined with recovery) (Prema Viswanath et al.,
1992; Mahadevaswamy and Venkataraman,
1990).

PoLLUTION PREVENTION AND CONTROL
IN FRUIT PROCESSING

Reductions in wastewater volumes up to 95% have
been reported through implementation of good prac-
tices. Where possible, adopt the following measures:

e Use clean raw fruit, reducing the concentration of
dirt and organics (including pesticides) in the
effluent.

¢ Use dry methods such as vibration or air jets to
clean raw fruit. Dry peeling methods reduce the
effluent volume (up to 35%) and pollutant
concentration (organic load reduced up to 25%).

* Separate and recirculate processed wastewaters.

e Use countercurrent systems where washing is
necessary.

¢ Use steam instead of hot water to reduce the
quantity of wastewater to be treated.

* Remove solid wastes without the use of water.

¢ Reuse concentrated wastewaters and solid wastes
for production of by-products.

As an example, recirculation of processed water
from fruit preparation reduces the organic load by
75% and water consumption by 95%. Similarly, the
liquid waste load (in terms of biochemical oxygen
demand, BOD) from apple juice processing can be
reduced by 80%.

Good water management should be adopted, where
feasible, to achieve the levels of consumption pre-
sented in Table 10.1 (Anon, 1998).

TARGET POLLUTION LOADS

Implementation of cleaner production processes
and pollution prevention measures can yield both

Table 10.1. Water Usage in the Fruit
Processing Industry

Water Use (cubic meters

Product Category per metric ton of product)
Canned fruit 2.5-4.0

Frozen fruit 5.0-6.0

Fruit juices 6.5

Jams 6.0

Baby food 6.0-9.0

Source: Anon, 1998.
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Table 10.2. Target Loads Per Unit of Production, Fruit Processing Industry

Fruit
Waste Volume Solid Waste
Product (m3/U) BOD (kg/U) (kg/t product)
Apricots 29.0 15.0
Apples 90
All products 3.7 5.0
All except juice 5.4 6.4
Juice 2.9 2.0
Cranberries 5.8 2.8 10
Citrus 10.0 3.2
Sweet cherries 7.8 9.6
Sour cherries 12.0 17.0
Bing cherries 20.0 22.0
Dried fruit 13.0 12.0
Grapefruit
Canned 72.0 11.0
Pressed 1.6 1.9
Olives 38.0 44.0 20
Peaches 180
Canned 13.0 14.0
Frozen 5.4 12.0 200
Pears 12.0 21.0
Pineapples 13.0 10.0
Plums 5.0 4.1
Raisins 2.8 6.0
Strawberries 13.0 53 60
Source: Anon, 1998.
economic and environmental benefits. The target Solid Fruit Wastes

loads per unit of production are shown in Table 10.2
(Anon, 1998). The data refer to the waste loads aris-
ing from the production processes before the imple-
mentation of pollution control measures. These levels
are derived from the average loads recorded in a major
study of the industry and should be used as maximum
levels of unit pollution in the design of new plants.

BY-PRODUCT TREATMENT AND
UTILIZATION IN THE CASE OF CERTAIN
FRruUIT-BASED PRODUCTS

The processing of fruits produces two types of waste:
solid waste [e.g., peel/skin (Larrauri et al., 1997; Negi
et al., 2003; Fernandez et al., 2004), seeds (Noguchi
and Tanaka, 2004), and stones (Lussier et al., 1994)]
and liquid waste [juice (Gil et al., 2000) and wash
water]. A serious waste disposal problem can attract
flies and rats in the processing room, if not corrected
properly. If there is no plan to use the waste products,
they should be buried or fed to animals in distant
locations.

There are possible ways to use some solid fruit
wastes, which are discussed below. However, it is
stressed that a full financial evaluation should be done
before the implementation of any of the suggestions.

One major goal in using fruit wastes is to ensure
a reasonable microbiological quality in them. This
means that one should process waste products on the
same day that they become available. It is not ad-
visable to store wastes until the end of the week’s
production before processing them. Even with this
precaution, the wastes being used will most likely
contain moldy fruit (discarded during processing),
insects, leaves, stems, soils, etc. This will contami-
nate any products derived from such wastes.

Therefore, some preliminary separation is needed
during processing, such as

¢ peel and waste pulp in one bin

¢ moldy parts, leaves, soil, etc in a second bin,
which may be discarded

e stones, seeds, etc., in a third bin
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Possible Products
The six main products from wastes include

¢ candied peel

* oils

® pectin

¢ re-formed fruit pieces
* enzymes

* wine/vinegar

Each is discussed below.

Candied Peel. Peel from citrus fruits (orange,
lemon, and grapefruit) can be candied for use in, for
example, baked goods and snack food. In addition,
shreds of peel are used in marmalades, similar to
the process of candying. That is, boil the slices or
shreds of peel in a 20%-sugar syrup for 15-21 min
and progressively increase the sugar concentration in
the syrup to 65-70 Brix (percentage of sugar moni-
tored by a refractometer) during soaking of the food
for 4-5 days. It is then removed, rinsed, and given a
final drying in the sun or in the hot air drier. This can
serve as a secondary product for a fruit juice or jam
processor. This assumes that a large food company is
interested in buying the candied peel as an ingredient
for their products. In one application, candied melon
skin has been used to substitute for sultanas in baked
goods and, in another, candied root vegetables have
found a similar market.

QOils. The stones of some fruits (e.g., mango, apri-
cot, and peach) contain appreciable quantities of oil
or fat, some of which have specialized markets for
culinary or perfumery/toiletry applications. Palm ker-
nel oil is well known as a cooking and industrial oil.
In addition, some seeds (e.g., grape, papaya, and pas-
sion fruit) contain oil with a specialized market. Of
course, for any commercial product in any country,
the goal is to identify the import/export agents in-
terested in such products. After that, the processor’s
responsibility is to produce the oil to satisfy the cus-
tomer in terms of sufficient quantity and stringent
quality standards. Obviously, the manufacturer has
to secure proper equipment to produce the oils at a
reasonable cost.

The process involves grinding the seeds and nuts
to release the oil without a significant rise in temper-
ature, which would spoil their delicate flavors, with
the exception of palm kernel oil. Generally, a powered
hammer mill is needed for nut and kernels. A press
is needed to extract the oil. Since the existing manual
presses have not been tried for this application, a cer-

tain amount of experimentation is needed to establish
oil yields and suitability of the equipment. Solvent
extraction is not recommended for small-scale appli-
cations. However, steam distillation of citrus peel oils
is well established for small-scale operations.

The crude oil may be sold to be refined elsewhere,
but it is likely that the producer is responsible for the
initial refining.

Pectin. This is a gelling agent used in jams and
some sweets and occurs in most fruits, ranging from a
low to a high level. Commercially, pectin is extracted
from citrus peel and apple pomace, the residue left af-
ter apple juice has been removed. Other tropical fruits
may contain high levels of pectin, passion fruit be-
ing a notable example. The utilization of the “shells”
remaining after pulp removal may permit pectin ex-
traction.

In most developing countries, pectin is imported
from Europe or United States. This may look like a
good market or opportunity for processors in these
countries to provide pectin locally to substitute for
imports. However, there are major problems:

¢ In countries where this has been tried, it has not
been possible to produce pectin at a cost lower
than that for imported products.

It is difficult to produce pectin powder on a small
scale, although liquid pectin is possible.

There are many types of pectin, each with specific
properties suitable for a particular application.
For example, pectin for jams as a preserve differs
from that used in jam as an ingredient in baked
goods.

Re-formed Fruit Pieces. Fruit pulp can be recov-
ered and formed into fruit pieces. Although the pro-
cess is relatively simple, the demand for this product
is low. Therefore, a thorough evaluation of the poten-
tial market is recommended before investing in the
enterprise (Kilham, 1997).

The process involves preparing a concentrate by
boiling the fruit pulp, followed by sterilization. Sugar
may also be added. A gelling agent, sodium alginate,
is then combined with the cooled pulp and then mixed
with a strong solution of calcium chloride. All ingre-
dients are safe for human consumption, being legal
food additives in most countries. The calcium and
the alginate combine to form a solid gel structure and
the pulp can therefore be re-formed into fruit pieces.
The most common way is to pour the mixture into
fruit-shaped moulds and allow it to set.
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Itis also possible to allow drops of the fruit/alginate
mixture to fall into a bath of calcium chloride solu-
tion where they form small grains of re-formed fruit,
which can be used in baked goods. Commercially, the
most common product of this type is glaced cherries.

Enzymes. Commercially, the three most important
enzymes from fruit are papain (from papaya), brome-
lain (from pineapple), and ficin (from figs). Eachis a
protein-degrading enzyme used in such applications
as meat tenderizers, and washing powders and is also
used in leather tanning and beer brewing. However,
it is unlikely to be economical to harvest these en-
zymes from fruit processing waste. Currently, even
the more efficient process of collecting enzymes from
fresh whole fruit is no longer economical. Changes
in both large-scale production with higher quality
standards and use of biotechnology to produce “syn-
thetic” enzymes mean that small-scale producers will
be unlikely to compete effectively. In addition, there
are proposals to phase out the use of these enzymes
in food products in Europe and United States. Their
market is therefore declining. Consequently, it is not
cost effective to harvest enzymes from fruits process-
ing waste.

Wine/Vinegar. Although products such as wine or
vinegar should be produced from fresh, high-quality
fruit juices in order to obtain high-quality products,
it is technically feasible to produce them from both
solid and liquid fruit wastes. Solid wastes should be
shredded and then boiled for 20-30 min to extract
the sugars from the fruit and to sterilize the liquid.
Several batches of waste may be boiled in the same
liquid to increase the sugar concentration. This is then
filtered through boiled cloth to remove the solids and
cooled in preparation for inoculation with yeast. Lig-
uid wastes should be separated during production to
ensure that fruit juice is kept separate from wash wa-
ter. For example, the juice could be drained from a
peeling/slicing table into a separate drum. The juice
is then boiled for 10-15 min and treated as above.

The liquid is then inoculated with “wine” yeast
and not bread or beer yeast and fermented in the
normal way for wine production. This can then
undergo the standard second fermentation to produce
fruit vinegar.

In summary, each of the above uses of fruit waste
requires

¢ a good knowledge of the potential market for the
products and the quality standards required

¢ an assessment of the economics of production

¢ a basic familiarity with the production technique

 areasonable capital investment in equipment

e a fairly large amount of waste available to make
utilization or harvesting worthwhile

For small-scale operations, where reducing pollu-
tion or increasing waste disposal is more important
than process economics, the most likely solution is
to use wastes as animal feeds.

SOME EXAMPLE OF RESEARCH AREAS FOR
THE UTILIZATION OPPORTUNITIES OF
FrulT PROCESSING BY-PRODUCTS

Several valuable substances—fibers, coloring agents,
gelling agents—can be extracted from the wastes of
fruit-based products. The way and goal of utilization
is determined by the economic efficiency of extrac-
tion and the market potential. It is not easy to collect
data about the quantity of fruit waste and widespread
treatment techniques.

The following literatures review the types of
by-products, modern treatment technologies, and
approaches of utilization. It does not deal with tra-
ditional methods, which can be found in standard
literature:

e Fruit stones constitute a significant waste disposal
problem for the fruit processing industry.
High-quality activated carbon can be produced
from waste cherry stones (Lussier et al., 1994).

e Fruit processing wastes including apple,
cranberry, and strawberry pomace were used as
substrates for polygalacturonase production by
Lentinus edodes through solid-state fermentation
(Zheng and Shetty, 2000).

e Watermelon peel constitutes 44% of the whole
fruit weight. In the study of Madhuri and
Kamini-Devi (2003), the potential to produce
preserved products such as pickles, tutti-fruiti,
vadiyams, and cheese using the white portion of
watermelon rind was investigated.

e Fruit wastes (pineapple, mixed fruit, and maosmi)
were investigated as possible substrates for citric
acid production by solid-state fermentation using
Aspergillus niger (Kumar et al., 2003).

e In 1996, a laboratory study was conducted by
Hammond et al., to assess ethanol production
potential from banana waste.

e Citrus junos is one of the important citrus fruits in
Japan. The fruit juice is an ingredient used in
sauces and salad dressings for its special flavor.
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After juice extraction, the fruit pulp is usually
dumped as waste at a large cost. The
manipulation of food processing wastes is now
becoming a very serious environmental issue. The
peel of C. junos fruit was found to possess potent
allelopathic activity and a methanol extract of the
peel inhibited the growth of several weed species
(Fujihara and Shimizu, 2003).

¢ A method is described by Drunen and
Hranisavljevic (2003) for the enrichment of fruit
products with beneficial substances (e.g.,
antioxidants) extracted from processing waste,
e.g., fruit peel.

e Progress is described in an ongoing project in
European Union (EU) (QLKI-1999-00124) on
anthocyanin bioactivities. The investigation
covers the functional properties and the effects of
anthocyanins and anthocyanin-rich food
ingredients on heart disease. This study aims to
use such compounds as colorants and in the
development of new anthocyanin-rich functional
foods (Anon, 2002).

Successful Waste Utilization in Wine Making

Among food industry by-products of fruit or veg-
etable origin the products of wine industry are out-
standing. Grape marc and wine lees are the basic
by-products of wine making. Depending on the vari-
ety, ripeness, vintage, and harvesting time, 100 kg of
grapes produces 15-20 kg of grape marc.

The majority of grape marc goes to refuse; a small
percentage is burned or used as compost. Unfortu-
nately, it is also used for wine adulteration. Grape
marc contains seeds that possess valuable substances
such as oil, proteins, and tannins. Grape seed oil is
the most valuable because of its health-protecting and
cholesterol-lowering effects. This oil can be obtained
by pressing or extraction. It has the main advantage
of being pesticide free. Due to its valuable fatty acid
content it can be used as a foodstuff, lubricant, and
raw material for cosmetics as well. In the world’s
vine-producing lands, the quantity of marc has been
registered since 2001. In Hungary, after the EU ac-
cession, like in other wine-producing countries, the
by-products need be distilled or further utilized. EU
requirements, for instance, are that grape marc be
withdrawn from circulation within the framework of
a controlled process, and then used for feed, organic
manure, oil, distilled spirits, and tartaric acid produc-
tion (Szenes, 1995).

BY-PRODUCT UTILIZATION IN
APPLE PROCESSING

In the temperate zone, apples are the most signifi-
cant fruit economically. Apple production achieves
approximately 10% of the world’s fruit production,
with one fourth produced in Europe.

There are opportunities for the utilization of apple
press cakes

e drying
e feeding
e composting
e storing

However—both environmentally and economically
—the best technique is drying for pectin extraction.

WHAT IS PECTIN?

Pectin for use in food is defined as a polymer contain-
ing galacturonic acid units (at least 65%). The acid
groups may be free, combined as a methyl ester, or as
sodium, potassium, calcium, or ammonium salts, and
in some pectins amide groups may also be present.

COMMERCIAL PRODUCTION

Process details vary between different companies, but
the general process is as follows:

The pectin factory receives apple residues [pomace
(Carson et al., 1994)] or citrus—orange peels from a
number of juice producers (El-Nawawi and Heikal,
1996). In most cases this material has been washed
and dried, so it can be transported and stored without
spoilage.

If the raw material is dry, it can be assessed and
selected from storage when the need arises. If wet
citrus peel is needed, it has to be used immediately
on receipt because of rapid deterioration (Kim et al.,
2004).

The raw material is added to hot water containing
a processing aid, usually a mineral acid, although
others such as enzymes could be used (Schieber et al.,
2003). Water alone will extract only a very limited
amount of pectin.

After pectin is extracted, the remaining solids are
separated, and the solution clarified and concentrated
by removing some of the water. The solids can be
separated by filter, centrifuge, or other means. The
solution is then filtered again for further clarification
if necessary.

Either immediately or after a holding period to
modify the pectin, the concentrated liquid is mixed
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with an alcohol to precipitate the pectin. The pectin
can be partly de-esterified at this stage, or earlier or
later in the process.

The precipitate is separated, washed with more al-
cohol to remove impurities, and dried. The alcohol
wash may contain salts or alkalis to convert the pectin
to a partial salt form (sodium, potassium, calcium,
and ammonium).

The alcohol (usually isopropanol) is recovered
very efficiently and reused to precipitate further
pectin.

Before or after drying, the pectin may be treated
with ammonia to produce an amidated pectin if re-
quired (Braddock, 1999). Amidated pectins are pre-
ferred for some applications.

The dry solid is ground to a powder, tested, and
blended with sugar or dextrose to a standard gelling
power or a product with other functional property
such as viscosity or stabilizing effect.

Pectins are also blended with other approved food
additives for use in commercial applications.

The various raw materials yield different amounts
of extractable pectin: Pomace, 10-15%; Sugar beet
chips, 10-20%; Sunflower-infructescence, 15-25%;
and Citrus peels, 20-35%.

APPLICATION OF PECTINS

Pectin is one of the most versatile stabilizers avail-
able. Its gelling, thickening, and stabilizing proper-
ties make it an essential additive in the production of
many food products.

Traditionally, pectin was primarily used in the pro-
duction of jams and fruit jellies—industrially as well
as domestically and in low- as well as high-sugar
products. It produces the desired texture, limits the
creation of water/juice on top of the surface as well
as an even distribution of fruit in the product. With
the change in lifestyle, pectin is primarily sold for
industrial use. In some European markets it is still
sold to the consumers as an integrated component in
gelling sugar, though.

Product and application development by the major
pectin producers has over the years resulted in a large
expansion of the opportunities and applicability of
pectin. Pectin is a key stabilizer and is used in many
food products as

e fruit applications in jams, jellies, and desserts;

* bakery fillings and toppings in fruit preparations
for dairy applications

e dairy applications in acidified milk and protein
drinks, yogurts (thickening)

¢ confectionery in fruit jellies, neutral jellies;
* beverages

e nutritional and health products

e pharmaceutical and medical applications

This wide range of applications explains the need
for many different types of commercial pectin, which
are sold according to their application, for example

e rapid set pectin traditionally used for jams and
marmalades

* Slow set pectin used for jellies and some jams and
preserves, especially for vacuum cooking at lower
temperatures. It is also important for higher sugar
products like bakery and biscuit, jams, sugar
confectionery, etc.

e stabilizing pectin used for stabilizing acidic
protein products such as yogurts, whey, and soya
drinks during thermal processing

¢ Low methyl ester aminated pectin used in a wide
range of low-sugar products, reduced sugar
preserves, fruit preparations for yogurts, dessert
gels and toppings, and savory applications such as
sauces and marinades. It can also be used in
low-acid and high-sugar products such as
preserves containing low-acid fruits (figs and
bananas) and confectionery

By-PRODUCTS: COLORING AND
NONCOLORING SWEETENER

After distilling the alcohol used for the precipitation
of pectin and fruit extracts, such as sugar and fruit
acids, the natural flavors will remain. For example,
apple extract obtained from pomace will be used as
sweetening agents for the preservation of freshness
and/or coloring of food. A further possibility is to
ferment it to form apple ethanol.

At a further processing stage, special technologies
are used to remove dark natural coloring agents, min-
eral substances, and fruit acids from these fruit ex-
tracts. The resulting products will only contain the
sugars of the respective raw material that has been
processed. They will be used by the food industry as
sweetening agents (Khachatourians et al., 2001)

By-prODUCT: FODDER

After pectin is extracted, the various residues of the
original raw material are dried and pressed into pel-
lets. Due to their high energy content and nutritive
value, these products are in demand as fodder. The
residual moisture and the fodder value of these prod-
ucts are checked continuously so as to ensure that
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products of uniform quality are obtained (Bennett
and Bendigo, 2002).

OTHER WAYS FOR APPLE POMACE
PROCESSING (FIBER UTILIZATION)

After adding wine yeast to the apple pomace, remain-
ing from fruit juice and apple pulp production, the
marc is fermented at 30°C in solid phase, resulting
in a liquid with a 4-5% ethyl alcohol content. Then
it is concentrated to 10% by means of vacuum distil-
lation. With further fermentation high-quality apple
vinegar can be obtained.

If we add “A. niger” mold and methyl alcohol to
the apple pomace, its sugar content will decrease by
81% in 5 days. Meanwhile, from 1 kg of apple marc
we can extract 90 g of citric acid or a yield of 88%, if
expressed in sugar. If apple marc is treated with a thin
alkali solution we get two fractions: fibers comprising
of alpha-cellulose pentosanes (26%) and pectin (10—
18%). Both fractions can be used for apple products
as a thickener and a calorie-free texture modifier.

The Importance of Dietary Fibers
and Fiber Sources

In civilized societies, there is a preference for re-
fined and cleaned foodstuffs. However, consumers
deprive themselves of many substances that are con-
sidered healthy. A lack of fiber, for example, would
result in diseases and abnormalities, which are un-
known in uncivilized societies. Nutrition scientists
are researching the degree to which refined food will
trigger health problems (Barta, 1993). There are on-
going efforts to add back important substances, such
as dietary fibers (Larrauri, 1999; Miguel and Belloso,
1999), coloring matters, aromas, volatile compounds,
vitamins, etc. These substances have been removed
or cleared during operations to purify the food for
a convenient “end product.” They may also be the
result of a negative effect from an essential process-
ing. However, some of such “removed” substances
are very important for a healthy human life. Exam-
ples include fibers or vitamins (Ramadan and Morsel,
2003), which are added back, for health reasons or
legal requirements, after removal during processing.
Today, fiber products are very important dietary sup-
plements. The indigestible parts of plant cell wall,
such as cellulose and lignin, were considered as un-
necessary parts of foodstuffs that decrease the energy,
compositional, and sometimes even the sensory val-
ues. After gaining further information, this approach
changed and scientists ascertained that plant-based

fiber helps to prevent several diseases. They found
a relationship, for example, between the fiber con-
tent of the food and serum cholesterol of consumers.
Significant intestinal diseases can be cured and pre-
vented with an increase in food fiber.

The nutritional effect of dietary fiber components
is due to their physical and chemical properties. The
human body does not have enzymes to digest fibers.
Fibers are resistant to digestion by gastric juices, only
some bacterium can decompose a certain quantity.
Consequently, fibers possess slight nutritive value,
but they play an important role in digestion (Barta
et al., 1989).

ENVIRONMENTAL GUIDELINES
FOR FRUIT PROCESSING WASTE
MANAGEMENT

PROCESS DESCRIPTION

Fruits can be processed in many different ways de-
pending on raw materials and end products. The
techniques most frequently used are canning or bot-
tling accompanied by heat treatment, refrigeration or
freezing, fermentation, drying, pickling, and chemi-
cal preservation. In most cases the aim is to lengthen
the shelf life (to reduce the perishability) of the prod-
uct, but there are often secondary objectives related
to consumer acceptance, for example, convenience
(preparation and recipes), appeals (packaging and
presentation), eating quality, novelty, or new prod-
ucts (juices, purees, jams, or wine).

The manufacturing steps include some or all of
the following: receipt and weighing of raw materials,
storage, washing, grading, peeling, cutting, crush-
ing, filtrations, heating, cooling, preservation, pick-
ling, drying, concentration, fermentation, packag-
ing (cans, jars, vacuum packs, tetra-paks, etc.) and
storage. This includes grading and packing of fresh
fruit for market. Common examples of processed
fruit products include fruit juices (apple, orange,
etc.), canned peaches and pears, dried fruits (apri-
cots, prunes, dates, raisins, etc.), and wine and fruit
purees for commercial applications.

FrRulT WASTE CHARACTERISTICS

The fruit industry typically generates large volumes
of effluents and solid waste. The effluents contain
high organic loads, cleansing and blanching agents,
salt, and suspended solids such as fibers and soil par-
ticles. They may also contain pesticide residues from
the washing of raw materials or discarded fruits. Odor
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problems can occur with poor management of solid
wastes and effluents.

By-PRODUCTS ARE PRODUCED DURING
MANY STEPS OF THE FRUIT PRODUCTION
CHAIN

Such by-products may come from

e overstock merchandize

* screenings, tops, stems, pulps, pomace, skins,
hulls, peels, meals, seeds, fines, green chop,
pressed cake, dried fruit, and fresh fruit waste
unsold merchandize because of passed “sell by”
date

rinse water or cooking materials

below standard (size, color, and texture)
merchandize

* trimmings

e fruit harvest

The by-products can result from the processing
of almonds, apples, apricots, bananas, cantaloupe,
coconuts, dates, figs, grapes, grapefruits, lemons,
melons, nectarines, pecans, oranges, peaches, pears,
pineapples, plums, prunes, pumpkins, raisins, tanger-
ines, walnuts, and many others.

KEY ENVIRONMENTAL RISKS/LIABILITY
FACTORS

The risk/liability factors associated with water supply
and wastewater management are as follows:

* Sources of processing and potable water are
municipal, abstraction wells, and boreholes. The
quality of water is important; pretreatment may be
required depending on the initial quality and
intended use.

Large volumes of water are needed for washing
raw materials, factory cleaning, and transport of
materials within the factory.

Pollutants in wastewaters include detergents,
pesticides, suspended solids, dissolves solids,
nutrients, and microbes.

Seasonality of production can place heavy
demands on treatment/disposal systems during
the peak season.

Other issues to consider include

e Permits and fees for the usage of water.
* Availability of acceptable water during the peak
processing season(s).

¢ Potential for minimizing water use and/or
recycling water for washing.

e Integrity of the drainage system to prevent
contamination of surface or ground water. Check
drains, pipes, screens, interceptors, etc.

¢ Potential for the use of wastewater treatment plant
(facility/municipal); check type, effectiveness,
monitoring final effluent disposal to sewers or
lagoons.

¢ Regulatory compliance like discharge permits,
impact statement, enforcement, costs, etc.

SoLID WASTE DISPOSAL
The following considerations are important:

¢ Production of large volumes of bulky perishable
solid waste such as peels, stems, shells, rinds,
pulps, seeds, pods, rejected raw material, etc.

¢ The need to separate solid from liquid waste by
screening, sedimentation, flotation, etc.

* The cost of transporting waste to approved
disposal sites.

e Microbial action in stored solid waste can
produce odors.

e Vermin (e.g., rats) and insects may be attracted to
solid waste storage areas (Cholos and
Cheremisinoff, 2003).

Issues related to the above considerations are

¢ Permits and charges are usually required for solid
waste disposal.

* Approval or licensing of solid waste disposal
contractors.

e Security of access to solid waste disposal sites.

¢ Potential for process adjustment to minimize solid
waste production.

¢ Plans to utilize solid waste for fuel, fertilizer, or
animal feed.

¢ Potential treatment of solid waste (e.g., drying) to
facilitate disposal.

¢ Compliance with solid waste disposal regulations
and sanitary regulations in importing countries
may be expensive or difficult.

REFRIGERANTS IN FRUIT PROCESSING

Fruit processing plants will usually have large
cold storage facilities. The refrigerants used may
be ozone-depleting chemicals, such as CFCs, the
production of which is being phased out under
the Montreal Protocol. Ammonia, which has no
such restriction, is also used as a refrigerant. The
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release of ammonia into atmosphere, due to leaks
from cooling equipment, is a primary health and
safety concern.

MEANS OF MODERN WASTE
MANAGEMENT

FEASIBILITY STRATEGIC PRINCIPLES

Sustainable development means a sustainable use of
the environment to improve the quality of human
life without exceeding the availability of natural re-
sources. Prevention is of strategic importance. It is
the main direction of regulatory, research, and devel-
opment activities (Hollingdele, 2000).

ISSUES OF ENVIRONMENTAL POLICY,
PLANNING, AND REGULATION

Modern environmental policy requires a prudent,
target-oriented, integrated approach and universal
planning involving every region. Environmental reg-
ulation needs to be efficient regarding the cost
compared to environmental protection achievements.
Regulation should be based on general legal princi-
ples and enforcement by the “polluter pays” prin-
ciple. Environmental fines should be allocated for
solving problems with appropriate interventions
(Sherwood et al., 1995).

RESEARCH AND TECHNICAL
DEVELOPMENT

Research and technical development is of strategic
importance, providing the knowledge, procedures,
methods, and technologies necessary for the imple-
mentation of the given tasks.

ENVIRONMENTAL INFORMATION SYSTEM

Environmental data collection and processing are just
partly done in many countries. Therefore, it is neces-
sary to

¢ develop an environmental information system
involving central systems and professional
systems as well

e establish an environmental database within the
given countries and their commercial partners, too

¢ work out recommendations concerning the index
numbers and the content of environmental reports
(Woodard et al., in Press)

INSTITUTIONAL SYSTEM

The institutional system of environment protection
should be decentralized by financing and strength-
ening the organization of regional institutions (Read
etal., 1997). The system of horizontal relationships,
the activity of professional organizations, environ-
ment protection units, and the branches involved also
need to be strengthened.

SocCIAL PARTICIPATION

The implementation of environmental projects re-
quires social participation. The importance of educa-
tion, training, and information spreading is consid-
erable, in order to make people aware of the proper
solutions’ and their decisions’ environmental conse-
quences. Furthermore, the conditions of environmen-
tally conscious, healthy lifestyle need to be ensured
and communicated (Fehr et al., 2002).

INTERNATIONAL COOPERATION

The compliance of countries to future environmental
standards is of crucial importance. On the one hand,
it should be accomplished by maintaining the exist-
ing environmental and regulatory advantages. On the
other hand, it needs a reasonable adaptation of inter-
national (e.g., EU) requirements, tailored to condi-
tions unique to each country (Di Blasi et al., 1997).

Studying the situation of fruit processing wastes
and by-products, it can be stated that processing
wastes should be further utilized as secondary raw
materials (for feeding or even for human applica-
tions). As far as packaging materials are concerned,
the amount needs to be decreased, moreover selective
collection and reuse needs to be organized, with spe-
cial regard to the principles of a “closed-loop econ-
omy” approach.

CONCLUSIONS

The latest research and development have resulted
in new methods of modern waste management so-
lutions around the world. Biotechnological (biocon-
version) procedures (e.g., aerobe composting, bio-
gas production) are outstanding in this respect and
can successfully be applied. However, in the future
more extensive applications will become necessary
in the field of, e.g., animal feed supplementation,
soil conditioning products, and energetic ingredient
production.
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INTRODUCTION

Fruits have been part of man’s food since times im-
memorial. Among the preserved fruits, jams and jel-
lies constitute important products and afford means of
utilizing a large amount of sound cull fruits unsuitable
for other purposes. It is an older method than canning
and freezing (Peckham, 1964; Thakur et al., 1997).
Historically, jams and jellies may have originated as
an early effort to preserve fruits for consumption in
the off-season. As sugar manufacture became more
affordable, the popularity and availability of these
fruit products increased (Anon, 1983). Jams in their
various forms are probably the easiest by-products
made of citrus fruits. The earliest published record
of jelly making appeared in the later part of the 18th
century.
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The preparation of jams and jellies was developed
as an art by the housewife, and served as a means
of preserving fruit, corresponding to the time, when
the fruits were being harvested. Science as applied to
jam manufacture seems often to be regarded by the
general public as synonymous with sophistication.
Factory-made jam must conform to certain specifi-
cations and standards, not essential for a home-made
jam, for instance; it must be of a consistency firm
enough to meet the demands of confectioneries and
to withstand handling during transport.

The consistency depends upon the presence of
pectin. Hence, scientific jam manufacture is largely
based on the correct application of knowledge about
pectin and the laws governing the formation of the
pectin—sugar—acid gel. Jam and jelly products were
prepared with a high concentration of dissolved
solids so that fermentation could not occur. However,
only pectin and sugar are not sufficient for the forma-
tion of the products. Equally important is the acidity
of the fruit, resulting in a definite equilibrium in the
“pectin—acid—sugar” system (Breverman, 1963).

Pectin is the most essential thing in the forma-
tion of jam and jelly. Lack of knowledge about the
requirements necessary for the pectin gel formation,
frequently contributes to products of undesirable con-
sistency. The preservation industry awaited the ac-
cumulation of sufficient information on the chem-
istry of pectin and its gels to control the consistency
under commercial conditions. As the knowledge of
pectin chemistry increased, production grew and to
some extent replaced home-prepared products. Con-
sequently, the jam and jelly industry assumed con-
siderable magnitude.
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INGREDIENTS FOR JAMS
AND JELLIES

Definition and standards of identity for various fruit
preserves and jellies have been issued by the Food
and Drug Administration under the Food, Drug and
Cosmetic Act under which ingredients for jams and
jellies have been discussed. A brief outline of these
standards has been presented here. The U.S. stan-
dards for Grades were established by the production
and marketing administration (Anon, 1974, 1975).

Jellies are viscous or semi-solid foods made from
a mixture of not less than 45 parts by weight of sac-
charine ingredient. The mixture is concentrated by
heat to such a point that the soluble solids content
of the finished jelly is not less than 65%. Spices,
sodium citrate, sodium potassium tartrate, sodium
benzoate, benzoic acid, mint flavor, and harmless ar-
tificial green coloring may be optional ingredients.
Optimal saccharine ingredients are corn sugar, in-
vert sugar syrup, sucrose, honey, or combinations of
these. Pectin and designated organic acids may be
added to compensate for deficiencies of these sub-
stances in fruit juice. Inducement for adding pectin
or acid in quantities greater than required to supply
the natural deficiency of the fruit juice is eliminated
by fixing the minimum fruit juice content. The name
of the fruit or fruits present as well as spices, chemi-
cal preservatives, honey, or corn syrup used must be
indicated on the label.

Standards for jams and preserves are similar to
those for jelly except that fruits are used rather than
fruit juice ingredients, and mint flavor and green col-
oring are not optional ingredients. The fruit mixture
is concentrated by heat to such an extent that the total
soluble solids content is not less than 65% for certain
specified fruits, and 68% for others.

It is extremely difficult to account for the behavior
of gels formation. Gels are a form of matter interme-
diate between a solid and a liquid. They consist of
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Figure 11.1. Gel network in jams and jellies (the
hatched areas represents junction zones).

polymeric molecules cross-linked to form a tangled,
interconnected molecular network (Fig. 11.1) im-
mersed in a liquid medium (Oakenfull, 1991). The
water, as a solvent, influences the nature and magni-
tude of the intermolecular forces that maintain the in-
tegrity of the polymer network; the polymer network
holds the water, preventing it from flowing away in
acid medium; pectin with sugar affects the pectin wa-
ter equilibrium and forms a network of fibers through-
out the jelly (Mitchell, 1979; Rees, 1969; Thakur
et al., 1997). This structure is capable of support-
ing liquids. Figure 11.2 shows the factors affecting
the strength of the network.

TYPES AND VARIETIES
OF FRUITS

A jam manufacturer can choose a fruit from among
the following five categories:

1. Fresh fruit
2. Frozen, chilled, or cold stored fruit
3. Fruit or fruit pulp preserved by heat

Strength of the jelly

|

| l

Concentration of Pectin (%) Acidity Concentration of sugar %
0.5-1.5 pH value 64-71
(depends upon type of 2.7-3.6 (weak jelly-crystal
Figure 11.2. Factors affecting the jelly pectin) (hard jelly-no jelly) formation)

strength.

Optimum (1.0)

Optimum (3.0) Optimum (67.5)
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4. Sulfited fruit or fruit pulp, i.e., fruit preserved with
sulfur dioxide
5. Dried dehydrated fruits

Fresh fruits generally give the best jams. As pectin
is the main ingredient in the fruit that gives a set
to the jam, it is preferable to use a slightly under-
ripe fruit that is rich in pectin along with the ripe
fruit to secure the desirable gelling effect in the jam.
Apple, pear, sapota, apricot, loquat, peach, papaya,
karonda, plum, strawberry, mango, tomato, grapes,
and muskmelon have been used for preparation of
jams. It can be prepared from a single fruit or a mix-
ture of two or more.

In jelly making, pectin is the most essential con-
stituent. Although there is difference of opinion about
the exact nature of pectin, it is generally accepted
that pectin forms jellies, when mixed and boiled with
proper amounts of sugar, acid, and water. All these
constituents must be present in a particular propor-
tion for making a good jelly (Kratz, 1993, 1995).

Guava, sour apple, plum, grapes, karonda, wood
apple, loquat, papaya, and gooseberry are gener-
ally used for preparation of jelly. Apricot, pineapple,
strawberry, raspberry, etc. can be used but only after
addition of pectin powder, because these fruits have
low pectin content. Fruits can be divided into four
groups on the basis of their pectin and acid contents
(NIIR Board, 2002).

1. Richin pectin and acid: sour and crab apple, grape,
sour guava, lemon, orange (sour), plum (sour),
jamun.

2. Rich in pectin but low in acid: apple (low acid
varieties), unripe banana, sour cherry, fig (unripe),
pear, ripe guava, peel or orange, and grapefruit.

3. Low in pectin but rich in acid: apricot (sour), sweet
cherry, sour peach, pineapple, and strawberry.

4. Low in pectin and acid: ripe apricot, peach (ripe),
pomegranate, raspberry, and any other over-ripe
fruit.

Types and varieties of fruits selected should be used
without undue delay for making jam and jelly be-
cause, if kept for a long time, degradation of pectin
proceeds rapidly.

PEELS

Apart from the sorting and removal of leaves, stalks,
and undesirable portions of the fruit, which can only
be done by hand, most fruits require treatment of
some kind before they enter the boiling pan. For

example, strawberries require sometime light crush-
ing, plums require heating with minimum of water
until soft. When it is required, cherries are similarly
treated. Currants are passed through machines that
remove the stalks, gooseberries are whirled in ma-
chine (Morries, 1951).

Sour and bitter oranges are utilized by hand or ma-
chine and the peel cut of any desirable size or shape
by special machines. Sometimes admixture of cer-
tain proportion of grapefruit or lemons is used, peel
of which constitutes only a quarter to a half if utilized
in proportion to the total weight of fruit. These slices
need to be softened either by prolonged boiling, or
more rapidly by heating. The slices may be covered
with water and cooked until tender, the water being
changed at least twice during cooking. It can be done
in autoclaves under pressure of 1 atm. More rapid
softening is attained by boiling the peel in a solu-
tion of carbonate of soda or ammonium hydroxide,
which removes from the cell wall certain substances
that otherwise render the peel tough after boiling with
sugar. Ammonia is less drastic in its action than that
of soda and is preferable for use since less danger of
the peel breaking up into small fragments, which is
due to the fact that soda dissolves both hemicelluloses
and pectic subtances, whereas the former are said to
be insoluble in ammonia. It would appear that some
more research is required as to the precise causes of
the softening.

The time required to soften peel in an autoclave
depends on the size of the slices and on the pressure
and temperature employed. Some discoloration may
occur if too high pressure is used. To avoid handling
the peel after it has been softened, Morris (1935)
suggested placing the peel intended for softening in
perforated baskets of non-corrosible metal, each con-
taining sufficient peel for one batch. After having
been cooked in ammonium hydroxide or soda, the
peels may be re-cooked for a short time with a weak
solution of citric acid to remove any traces of the
hydroxide.

GELLING AGENTS

Gelling agents are used in the food industry in a wide
range of products both traditional and novel, and this
use is increasing rapidly with the increase of con-
venience foods. An ideal gelling agent should not
interfere with the odor, flavor, or taste of the prod-
uct to which it is added (Fishman and Jen, 1986).
Improvements to existing and development of new
ones require basic understanding of the processes
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of gelatin and the properties of gels at the molec-
ular level (Doublier and Thibault, 1984; May and
Stainsby, 1986).

Gels are a form of matter intermediate be-
tween a solid and a liquid. They consist of poly-
meric molecules cross-linked to form a tangled,
interconnected molecular network immersed in a
liquid medium (Flory, 1953). The polymer net-
work holds the water, preventing it from flowing
away (Oakenfull, 1987; Meyer, 1960). In gels, the
molecules are held together by a combination of weak
intermolecular forces such as hydrogen bonds, elec-
trostatic forces, Vanderwaals forces, and hydropho-
bic interactions. The cross-linkages are not point in-
teractions but involve extensive segments from two
or more polymer molecules, usually in well-defined
structures called junction zones (Rees, 1969). The
gelation process is essentially the formation of these
junction zones (Fig. 11.1).

The physical characterizations of gel are the
consequence of the formation of a continuous
three-dimensional network of cross-linked polymer
molecules on a molecular level; an aqueous gel con-
sists of three elements (Jarvis, 1984):

1. Junction zones where polymer molecules are
joined together.

2. Interjunction segments of polymers those are rel-
atively mobile.

3. Water entrapped in the polymer network.

Gels are always formed in an aqueous envi-
ronment. Thus, the interactions of protein and

polysaccharides with water are by themselves im-
portant factors in the gelation process. Both types of
polymers are strongly hydrated in aqueous solution,
so that some water molecules are so tightly bound
that they fail to freeze even at temperatures as low as
—60°C (Eagland, 1975). Although the formation of
a stable intermolecular junction is a critical require-
ment for gelation, some limitation on the interchain
association is also necessary to give a hydrated net-
work rather than an insoluble precipitate (Axelos and
Thibault, 1991).

Itis important to know the condition for the onset of
gelation in technological processes involving gelling
food products. Several methods are used to char-
acterize this change in consistency (Doesburg and
Grevers, 1960; Walter and Sherman, 1981; Beveridge
and Timber, 1989; Dhame, 1992; Rao, 1992; Rao and
Cooley, 1993). Physically, the critical stage of gela-
tion may be monitored from the loss of fluidity or
from the rise of the elastic property of the growing
network (Shomer, 1991). Table 11.1 gives different
types of jelling agents used in the manufacture of
jellies.

Gelatin is a water-soluble protein formed by initial
degradation of collagen from animal skin and bones.
Gelatin jellies have a rather soft or rubbery texture.
For these, it is normal to use an additional gelling
agent such as thin boiling starch. This involves the
texture incidentally. Gelatin gels forms reversibly on
cooling a gelatin solution. It is now well established
that the protein molecules are cross-linked to form a
network by junction zones, where the protein chain

Table 11.1. Different Types of Jelling Agents Used in the Manufacture of Jellies

Type of Gelling
Agent Origin Use
Gelatin A protein of animal origin extracted Generally, must not be boiled. To be
from bones and purified added to warm syrup for setting
on cooling
Agar/Alginates Extracted from various sea weeds Various products such as neutral

Gum Arabic/Acacia

Starch/Modified starch

Pectin

Exudates from trees

Seeds and various roots

Fruit residues particularly citrus and
apple pomace

jellies, weakened by boiling in
acid solution

Used to produce hard gums, and as
an extender and thickener in
products, e.g., Marshmallow

These have been completely and
partly replaced by other jelling
agents in gums—Turkish delight
Glazer

Used largely in acid fruit jellies but
with low melting point is used in
neutral jellies
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have partly refolded in the collagen triple helix struc-
ture (Veis, 1964).

Agar/alginates are the major structural polysaccha-
rides of algae. Agar jellies have a very soft texture.
Straight agar jellies have a characteristic “shortness”
that may be modified by the addition of gelatin, gum
Arabic, pectin, starch, etc. Alginates with a high ra-
tio of poly-B-pD-mannuronic acid (M) and poly-a-L-
guluronic acid (G) form weak, forbid gels, whereas
low M/G alginates give transparent, stiff, brittle gels,
and the gel strength depends on the nature of the di-
valent cation (Smidsred, 1974).

Gum Arabic is the most water-soluble of the natu-
ral gums (up to 50%) and their solutions are of rela-
tively low viscosity. Other advantages of gum Arabic
are its absence of odor, color, and taste. Hard jellies
can be produced with gum Arabic.

Unmodified starches, produced by wet milling of
field corn, supply the major amount of thickening ma-
terial. Modified starch is starch that has undergone
one of the varieties of treatment to alter its physi-
cal property and/or functionality (Mauro et al., 1991;
Furcsik and Mauro, 1991). They are used to extend
the bodying or gelling effect of normal starches, to
modify gelling tendencies, and to improve texture.
Starch is an essentially linear polymer of a-(1 — 4)
linked D-glucose (Wolfram and EI Khadem, 1965).
Starch gels consequently have a composite structure
of open, porous amylopectin molecules threaded by
an amylose matrix. Thus, actual gel-forming poly-
mer in starch is amylose. The molecular weight dis-
tribution of amylose depends on the plant source and
molecular weights of several millions with broad dis-
tribution have been reported (Rao et al., 1993).

Pectin is the most frequently used hydrocolloids
in processed fruits. Jams and jellies are the major
food type using larger amounts of pectin. Pectin is
a class of complex hetero polysaccharides found in
the cell walls of higher plants, where they function
as a hydrating agent and cementing material for the
cellulosic network (Muralikrishna and Taranathan,
1994).

When pectin-rich plant materials are heated with
acidified water, the protopectin is liberated and is
hydrolyzed into pectin that is readily soluble in water.
It happens in plant tissues during ripening of fruits
with the aid of an enzyme protopectinase. As the
ripening of fruit proceeds, more and more of the in-
soluble protopectin is converted into soluble pectin
(Woodmansee et al., 1959). Their composition varies
with the source and conditions of extraction, location,
and other environment factors (Chang et al., 1994).
Pectic substances in the primary cell wall have a

relatively higher proportion of oligosaccharides
chain on their backbone, and the side chains are much
longer than those of the pectin of the middle lamella
(Sakai et al., 1993).

Pectins are primarily a polymer of bD-galacturonic
acid (homopolymer of [1 — 4] a-D-galacto pyra-
nosyluronic acid units with varying degrees of
carboxyl groups methylated estrified) and rhamno-
galacturonan (hetero polymer of repeating [1 — 2]
a-L-rhamnosyl [1-L] a-D-galactosyluronic acid dis-
accharide units), making it an a-D-galacturonan (Lau
et al., 1985). The molecule is formed by L-1,4-
glycosidic linkages between the pyranose rings of
D-galacturonic acid units. As both hydroxyl groups
of p-galacturonic acid at carbon atoms 1 and 4 are
on the axial position, the polymer formed is 1,4-
polysaccharide (Sakai et al., 1993; Oakenfull, 1991).

The chemical structure of galacturonic acid and its
methyl ester are shown in Figure 11.3 and the link-
ages between different galacturonic acids and their
methyl esters in pectic and pectinic acid are shown
in Figure 11.4 (Swaminathan, 1987).

Pectic acid is composed mostly of colloidal poly-
galacturonic acid molecules, and is essentially free
from methyl ester groups. The salts of pectic acids
are either normal or acid pectates, whereas pectinic
acid ones are colloidal polygalacturonic acids con-
taining more than a negligible portion of methyl es-
ter groups. Pectinic acid under suitable conditions is
capable of forming gels with sugar and acid or, if suit-
ably low in methoxyl content, with certain metallic
ions. The salts of pectinic acids are either normal or
acid pectinates.

Studies on esterified residue in pectin claimed that
they are randomly distributed (Garnier et al., 1993;
De vries et al., 1986) or non-randomly distributed
(Mort et al., 1993a,b). However, ion exchange chro-
matography showed a random distribution of change
in citrus pectin that had undergone acid catalyzed
deesterification (Garnier et al., 1993). Such disparate
findings may, impart, be due to the length of galactur-
onate residues being examined or due to differences
in pectin source (Baker et al., 1996).

Polygalactoronic acid could be considered as a rod
in solution, whereas pectins are segmented rods with
flexibility at the rhamnose tees (Fry, 1986). The size,
charge density, charge distribution, and degree of sub-
stitution of pectin molecules can be changed biolog-
ically or chemically (Kerstez, 1951; Kratz, 1993).

The most unique and outstanding property of
pectin is their ability to form gel in the presence
of Ca’* ions in sugar and acid solution (Gordon
et al., 2000; Halliday and Bailey, 1954). Degree of
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Figure 11.3. Chemical structure of galacturonic acid and its methyl ester.

esterification, attached chain of neutral sugars, acety-
lation, and cross-linking of pectin molecules also af-
fect the texture of pectin gels (Guichard et al., 1991).
Pectin chains carry negative charge and the change
density is higher at higher pH and lower degree of
methoxylation (DM) (Gross et al., 1980). Conforma-
tion of the pectin molecules is not affected by the
branching, but side branching in pectin can result
in significant entanglement in concentrated solutions
(Hawang and Kokini, 1992; Ring and Oxford, 1985).

Depending on the DM, pectins are classified into
(1) low methoxy (LM) (25-50%) and (2) high
methoxy (HM) (50-80%) pectins, and form gels of
two types with occasional intermediates. They are
called acid and calcium gels and formed from HM
and LM pectins, respectively. In HM pectins, the ef-
fect of sugars depends specially upon molecular ge-
ometry of the sugar and the interactions with neigh-
boring water molecules (Oakenfull and Scott, 1984).
Non-covalent forces (i.e., hydrogen bonding and hy-
drophobic interactions) are believed to be responsi-
ble for gel formation in HM pectins (DaSilva et al.,
1992; Walkinshaw and Arnott, 1981). In LM pectins,
gel is formed in the presence of Ca>*, which acts as

a bridge between pairs of carboxyl groups of pectin
molecules. The two kinds of pectins are relatively
stable at the low pH levels existing in jams and jel-
lies (Pilgrim et al., 1991). HM pectin are used to
form gels in acid media of high sugar content and
LM pectins are used in products of lower sugar con-
tent (Axelos and Thibault, 1991). Pectins can be fur-
ther divided into rapid-set, medium-set, and low-set
pectin, depending upon the time the gel takes to
set.

The functionality of pectin molecules is deter-
mined by a number of factors, including DM and
molecular size (Doublier et al., 1992). Pectins of 100—
500 grades are available in the market. Their applica-
tion as a food hydrocolloid is mainly based on their
gelling properties (Voragen et al., 1986). Selection
of pectin for a particular food depends on many fac-
tors, including the texture required, pH, processing
temperature, presence of ions, proteins, and the ex-
pected shelf life of the product (Hoefler, 1991).

Combinations of gelling agents are often used be-
cause a combination gives a desirable texture. For
this reason, mixed systems are of great technological
importance (Christensen and Trudsoe, 1980; Hughes
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etal., 1980). The physical chemistry of mixed system
is obviously very complex. However, there has re-
cently been significant progress in developing a suit-
able theoretical framework, at least for two compo-
nent systems (Morris, 1986).

SWEETENING AGENTS

Sweeteners are used in fruit processing for many
functional reasons as well as to impart sweetness.
They add flavor, body, bulk, and control viscosity
that contribute to texture and prevent spoilage. It
binds moisture in fruits that is required by detrimen-
tal microorganism. Too little sugar prevents gelling
and may allow yeast and mold growth. Sugar serves
as a preserving agent and aids in jelling.

Sucrose, commonly known as table sugar (or re-
fined sugar), is the standard against which all sweet-
eners are measured in terms of quality, taste, and taste
profile. However, glucose syrups have been widely
used as a part of sugar source in recent years. An in-
vert sugar component is necessary to prevent sucrose
crystallization in high solids jellies and jams during

storage. Such crystallization is rare in products con-
taining less than 68% solids. If the concentration of
sugar is high, the jelly retains less water resulting in a
stiff jelly, probably because of dehydration (Giridhari
Lal et al., 1986).

The optimum percentage of invert sugar is between
35% and 40% of the total sugar in the jam. During
the process of inversion, molecular water is taken into
the sugars; that is the reason why 95 parts of sucrose
yield 100 parts of invert sugar. The rate of inversion
is influenced by three factors:

1. Hydrogen ion concentration (pH) of the product
2. Boiling temperature
3. Boiling time

During the process of boiling, sucrose undergoes
a chemical change. Cane and beet sugars are non-
reducing sugars. However, when boiled with acid or
treated with some enzymes, sucrose is converted into
two reducing sugars, namely dextrose and levulose
in equal parts. Sucrose has a molecular weight of
342, invert sugar 360, the difference of 18 being the
molecular weight of water molecule added during
inversion (Rauch, 1965).

Invert sugar syrup can be produced from sucrose by
the action of an acid. After the process is completed,
a suitable amount of sodium bicarbonate is added in
order to neutralize the acid, as it is frequently unde-
sirable to use strong acid in a food containing sugar.
Methods using hydrochloric, tartaric, or citric acid
are satisfactory when pure white sugar is used. Lower
grade of sugar may require larger amount of acid. A
chemist should be consulted for the quantities of acid
needed.

The addition of sugar in LM pectin gels can in-
crease gel strength and reduce syneresis (Axelos and
Thibault, 1991). For HM pectin gels, a number of
other sugars, alcohols, and polyols will permit gela-
tion. From a practical point of view, it may be ad-
vantageous to substitute other sugars for sucrose, ei-
ther because of cost, or to reduce the likelihood of
crystallization, or for flavor modification (Ahmed,
1981). Partial replacement of sucrose with other sug-
ars such as maltose, glucose, syrups, or high fructose
corn syrup altered the setting times and certain rheo-
logical properties of model gels (May and Stainsby,
1986). For example, addition of maltose reduced the
setting time and extended the pH range of gelation,
while fructose delayed setting time. Partial or com-
plete replacement of sucrose with other sugars alters
the water activity of the system and can modify the
hydrophobic interactions contributing to gelation.
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HM pectin gel forms only under acidic conditions
and when the sugar content is at least 55% (Oakenfull
and Scott, 1984). Low pH suppresses dissociation of
free carboxylic acid groups, reducing their electro-
static repulsion (Watase and Nishinari, 1993), while
sugars stabilize hydrophobic interactions between
the methyl ester groups (Oakenfull and Scott, 1984;
Brosio et al., 1993; Rao et al., 1993). Junction zone
size and the standard free energy of gelation increase
as the degree of esterification increases, being propor-
tional to the square of the degree of esterification. As
pectin ester content is lowered to 50%, jelly strength
increases, but only at progressively lower pH values
(Smit and Bryant, 1968).

Esterification levels of pectins can also have an
effect on the flavor perception of the jellies. For a
substance to be tasted, it must contact the taste buds.
Therefore, if a gel delays diffusion of the substance
to the taste bud surface perception may be controlled
by diffusion and not by the taste reaction. Guichard
et al. (1991) found, at similar gel consistencies, high
methoxyl pectin reduces taste intensity more than low
methoxyl ones.

ACIDULANTS

Acidulants are acids that either occur naturally in
fruits and vegetables or are used as additives in food
processing. Acidulants serve many functions in fruit
processing. They perform a variety of functions in
fruit processing, the primary being acidifier, pH reg-
ulator, preservative and curing agent, flavoring agent,
chelating agent, buffering agent, gelling/coagulating
agent, and antioxidant synergist.

The choice of the particular acid for any specific
food application is dependent upon a number of fac-
tors. Since each acid has its own unique combina-
tion of physical and chemical properties, the choice
should be made on the basis of the qualities required
(Watase and Nishinari, 1993). The simplest possible
use of a food acid involves decreasing the pH only.
As an example, it might be desired simply to acidify
a solution where pH adjustments are all that are re-
quired. In many cases, the selection is based upon the
ability of the acid to bring out and enhance the food
flavor. For such purposes, compatibility and blend-
ing are important factors in the choice of acid. Each
acid behaves somewhat independently of pH and not
necessarily preferred for another. Thus, citric acid is
preferred in most fruits, tartaric acid for grape, and
malic acid for apple. Since taste stability cannot al-
ways be predicted, the product should be examined

both before and after storage, when blending or sub-
stituting the acids used.

Apples differ in their organic acid profiles. Frauzen
and Helwert (1923) found oxalic 0.001, succinic
4.22, malic 69.57, citric 24.95, and lactic 1.18% in
apples. Nelson (1925), on the other hand, found a
much less complicated mixture in American apples,
the acid being entirely malic. The total acidity may be
about 1.2% (as malic acid) in apples. It shows that the
same kinds of fruits may vary, not only in the amount
but also in the kind of acid they contain. The H ion
concentration is affected very considerably by buffer-
ing substances such as organic bases and inorganic
and organic salts and is of the utmost importance in
connection with fruit preservation and a determin-
ing factor in the formation of the pectin—sugar—acid
gel.

It has been found that gel formation occurs only
within a certain range of hydrogen ion concentra-
tion, the optimum acidity figure for ions and jellies
being around pH 3.0. The gel strength fouls slowly
on decreasing and rapidly on increasing the pH value.
Beyond pH 4, no jelly formation occurs in the usual
soluble solid range. The pH value is also critical in
determining the temperature at which jellies set. In-
sufficient acidity is one of the common causes of jelly
failure. The pH value of jelly should be taken when
the jelly is concentrated sufficiently to pour. Differ-
ent juices will require different amounts of additional
acid depending upon the original acidity of the juice
and buffering capacity of the juice. The pH may be
adjusted to attain optimum flavor to control or modify
the rate of setting and to modify the degree of sugar
inversion (Smit and Bryant, 1968).

Control of pH is critical to successful gel formation
with pectin, particularly in the case of HM pectins.
Low pH increases the percentage of unionized car-
boxyl groups, thus reducing electrostatic repulsion
between adjacent pectin chains. Rapid-set pectins
with high degree esterification will gel at higher pHs
than the one with lower degree esterifications, slow-
set pectin; however, this difference is slight, with the
optimum pH for slow-set pectins being about 3.1 and
for rapid-set pectins being 3.4 (Crandall and Wicker,
1986). Substitution of other sugars for sucrose, by
modifying hydrophobic interactions between chains,
allows gels to be formed at somewhat higher pHs
(May and Stainsby, 1986). Since they rely on calcium
bonding to effect gelation, low methoxyl pectin can
form gels at higher pHs than high methoxyl pectins.
Gels can be made at pH values near neutrality (Chang
and Miyamoto, 1992; Garnier et al., 1993), which
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is advantageous in producing dairy-based products
(Baker et al., 1996).

COLORING AND FLAVORING
AGENTS

The color of jam is a factor of considerable impor-
tance (Abers and Wrolstad, 1979). A good jam should
appeal to the eye as well as to the palate. No color-
ing is required for jams produced from fresh fruit,
provided the boiling time is short and the heat not
excessive. The natural color of the fruit is, however,
always affected by presentation with SO, and in some
cases by the process of boiling, necessitating the ad-
dition of artificial color. The aim should be to restore
the original natural appearance. Only permitted edi-
ble food colors should be used.

Coal tar colors are most frequently used to a lesser
extent. It is essential that the colors should be inten-
sive, readily soluble, and stand up to high concentra-
tion in solution. As a rule, acid colors are of higher
stability than basic ones. Color should be acid proof;
many are affected by acids and particularly by sulfur
dioxide present in glucose and fruit pulp. They must
also be light proof and have certain stability to heat.
All colors suffer from prolonged and excessive heat
and should therefore be added at the last stage of the
boiling process (Rauch, 1965).

Traditionally, coal tar dyes have been used to
color jams and marmalades, particularly those pre-
pared from sulfited fruit. Color testification of jams
with natural colors, notably with anthocyanins from
grape skins, is increasing as artificial additives be-
come less acceptable to consumers (Encyclopedia
Food Science, 1993). Colors available in powder
form should be prepared just before the time of addi-
tion, since many colors have a tendency to precipitate
on standing. When dissolving, the color is mixed to a
paste with a little cold water then adding the required
amount of boiling water and stirring well.

Ordinarily jams do not require the addition of fla-
vors. If desired, they may be added when jam boiling
is nearing completion. Citrus oils and fruit volatile
compounds (recovered in the concentration of fruit
juices) can be added toward the end of the process to
improve product aroma.

PRODUCT TYPE AND RECIPES

According to the U.S. federal standard, a jam should
have a minimum of 45 parts of prepared fruit and 55
parts of sugar, concentrated to 65% or higher solids,

resulting in a semi-solid product. Jellies are simi-
lar to jams with 45 parts of clarified fruit juice and
55 parts of sugar, resulting in a minimum of 65%
solids. Both categories can utilize a maximum of 25%
corn syrup as sweetener as well as pectin and acid
to achieve the gelling texture required (Baker et al.,
1996).

On the basis of specification and the allowance
for soluble solids such as acids and pectin, it will be
seen that the finished jam or jelly, no matter what
the grade, will contain approximately the quantity of
sugar necessary to give the maximum strength to the
pectin—sugar—acid gel. It may be assured that about
3-5% of the total weight of the jam is represented
by sugar derived from the fruit; hence, about 65% is
added sugar. This figure will therefore be based on
the nature of the jam or jelly that the manufacturer
wishes to produce. If the fruit that is being used is
deficient in pectin or acid or both, or if the quantity
of fruit in the recipe is less, it may be necessary to add
pectin or acid, so that a gel with sufficient firmness
can be obtained.

Some typical recipes found useful in large-scale
manufacture of jams mentioned by Giridhari Lal et al.
(1986) are given below.

To prepare jam, the requirement of pulp (fresh or
canned) is 75 kg, with sugar 75 kg, citric acid 35 g,
pectin 150 grade 565 g, and pineapple essence 75 ml.

To prepare orange jam, 50 kg of lye peeled seg-
ments require 50 kg of sugar, citric acid 250 g, pectin
150 grade 375 g, and sweet orange essence 50 ml.

To prepare mango jam, 40 kg of mango pulp re-
quires sugar 40 kg, pectin 150 grade 500 g, citric
acid400 g, and mango essence 70 ml.

To prepare apple jam, 40 kg of apple pulp requires
sugar 44 kg, pectin 150 grade 400 g, citric acid 500 g,
and apple essence 60 ml.

To prepare mixed fruit jam, blends of mango,
pineapple, orange, apricots, papaya, guava, etc., and
equal weight of sugar to that of blended pulp taken,
and citric acid to the extent of about 0.75-1.0% by
weight of blended pulp containing pectin to the ex-
tent of 0.5-1.0% by weight of blended pulp are re-
quired depending upon the fruits used. A blend of
predominantly red food grade colors may be added
along with an appropriate essence to the desired
extent.

Jams from cherry, mulberry, strawberry,
muskmelon, jack fruit, cashew apple, etc. also
can be made in the usual way. It may, however, be
necessary to vary slightly the fruit sugar ratio and
the percentage of acid added. In some cases, it may
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be useful to supplement the flavor of the jam by
adding extra fruit flavor.

To prepare jelly from guava, ripe fruits are washed
well and cut into thin slices and covered with an equal
weight of water containing 2 g of citric acid for every
kg of guava taken. The mixture is heated gently for
about 30 min to extract pectin from the slices. The
extract is drained and to the residue, water equal to
one-fourth of the weight of slices is added and a sec-
ond extract is taken. The two extracts are combined
and strained through a piece of thick cloth to remove
the coarse particles. The strained extract is allowed
to settle overnight in a tall vessel. The clear super-
natant liquid is tested for its pectin content. The re-
quired quantity of sugar (generally an equal quantity)
is added to the extract and the mixture boiled down to
the desired consistency. The finished jelly is packed
in glass jars or in cans. By adopting the procedures
described for guava jelly, jellies can be prepared from
fruits such as apple, grape, jamun, jack fruit, etc.

Uncooked jam and jelly recipes are a newer method
of preserving fruit produce to keep fresh from the
wine flavor. These are also called freezer jams, since
they need to be stored in the freezer to preserve them.
In these recipes, the uncooked fruit is just mixed
with sugar, lemon juice pectin, and stirred. Powdered
pectin is usually dissolved in water first and then
added to the fruit. Care is taken to stir well to dissolve
as much sugar as possible, so that it would not have a
sugary or gritty jam or jelly. The jam is then usually
poured into covered plastic freezer container or can
or freezer jars and allowed to set at room tempera-
ture. It may take 24 h for the product to jell properly.
Recipes for uncooked freezer jams and jellies come
with all the pectin products available and the meth-
ods of preparation vary slightly for each (Peckham,
1964).

METHOD OF MANUFACTURE

Jam and jelly making is essentially a process that
lends itself to be controlled by a chemist. The ba-
sic important steps in selection of fruit, boiling for
setting, filling of the finished product, and packag-
ing will be discussed below. Manufacture of jams
and jellies may be considered rather simple; how-
ever, unless scientific approaches are not adhered to,
the finished product will not be perfect.

FRUIT PREPARATION

Fruits for jam making should be fully mature, pos-
sess a rich flavor and be of the most desirable

texture. Fruits are washed thoroughly with water to
remove any adhering dirt. If the fruit has been sprayed
with lead or arsenical sprays, it should be washed in
a warm solution of 1% hydrochloric acid and then
rinsed in water (Giridhari Lal et al., 1986).

All berries must be carefully sorted and washed.
Strawberries must be stemmed; peaches, pears, ap-
ples, and other fruits with heavy skin must be peeled,
while apricots, plums, and fresh prunes can be pitted
by machine. Stone fruits such as plum and apricots
require a very heavy pulping screen because of abra-
sive action of the pits. Berries should not be softened
by boiling before the addition of sugar, but need only
to be crushed (Cruess, 1948).

The proportion of sugar to fruit varies with the
variety of the fruit, its ripeness, and the effect de-
sired, although the most common ratio of sugar
to fruit is 1:1. This is usually a suitable ratio for
berries, currants, plums, apricots, pineapple, and
other fruits. Sweet fruits with low acidity such as
ripe peaches, sweet prunes, and sweet varieties of
grapes normally require less than an equal weight of
sugar.

Jams may be made from practically all varieties
of fruits. Various combinations of different varieties
of fruits can often be made to advantage, pineapple
being one of the best for blending purposes because
of its pronounced flavor and acidity.

FRUITS FOR JELLY

Fruits required for jelly making should contain suffi-
cient acid and pectin to yield good jelly without the
addition of these substances, although often in com-
mercial practice, this ideal condition is not attained.
Some fruits contain enough of both pectin and acid
for the purpose, while others are deficient in either
one or both the substances (Smith, 1972).

In the case of fruits deficient in pectin but rich in
acid, fruits rich in either pectin or commercial pectin
should be added. Both these methods have their own
merits. Combining of fruits rich in acids with those
rich in pectin is expensive than using acid or com-
mercial pectin to supplement the deficiency, but the
drawback is that the flavor of the jelly is affected.
Special care is, therefore, necessary to ensure that
the fruits are mixed in proper and judicious propor-
tions; on the other hand, commercial pectin does not
have any deleterious effect on the final flavor of the
jelly made from any particular fruit.

Of the fruits rich in pectin and acid, table varieties
of apples, sour blackberries, currants, lemons, limes,
grapefruits, sour oranges, sour guavas, and sour
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varieties of grapes, plums, and cherries are good ex-
amples. Of the fruits low in acid but rich in pectin are
sweet varieties of cherries, unripe figs, ripe melon,
and unripe bananas. Fruits that are rich in acid but
low in pectin are apricots and most varieties of straw-
berries. Fruits that may be classified as containing a
moderate concentration of both acid and pectin are
ripe varieties of grapes, ripe blackberries, ripe ap-
ples, and loquats. Fruits low in both acid and pectin
are represented by pomegranates, ripe peaches, ripe
figs, and ripe pears (Cruess, 1948).

It is customary to blend fruits deficient in acid or
pectin, or both, with fruits that have an abundance of
the required constituents.

BoIiLING

Boiling is one of the most important steps in the jelly
making process, as it dissolves the sugar and causes
union of the sugar, acid, and pectin to form a jelly. It
usually causes a coagulation of certain organic com-
pounds that can be skimmed from the surface during
boiling, and their removal renders the jelly clearer.
The principal purpose of boiling is to increase the
concentration of the sugar to the point where jelling
occurs (Ashish Kumar, 1988).

The boiling operation, while normally being a nec-
essary step in jelly making, should be as short as
possible. Prolonged boiling results in loss of fla-
vor, change in color, and hydrolysis of the pectin;
consequently, it is a frequent cause of jelly failure
(Lesschaeve et al., 1991). In jam making, the fruits
resistant to boiling are desirable to concentrate the
product by evaporation of excess moisture. Boiling
in commercial practice is usually conducted in open
steam jacketed stainless steel kettles. During boil-
ing, the juice or pulp should be skimmed, if nec-
essary, to remove coagulated material and should
be stirred to cause thorough mixing. The boiling is
continued until on cooling, the product will form
a jam or jelly of the desired consistency. The con-
centration of the mixture when this point is reached
will depend upon several factors viz., the concen-
tration of pectin, the concentration of acid, the ra-
tio of sugar to pectin and acid, and the texture
desired.

The most common method of determining the end
point is by allowing the liquid to sheet from a wooden
paddle or a large spoon. If it drips from the instrument
as thin syrup, the process is not complete. If it partly
solidifies and breaks from the spoon in sheets, or
forms jelly-like sheets on the side of the spoon, the
boiling is considered to be complete.

Boiling of the sugar solution in the presence of
the fruit acid results in inversion of some of the cane
sugar. Hence, a jelly that is boiled for a long period is
less liable to develop crystals of sucrose than a jelly
boiled for a short time. Prolonged boiling may result
in loss of flavor through evaporation, hydrolysis, or
other forms of decomposition.

Sometimes jam is boiled in a vacuum pan at a
lower temperature in the range of 65-76°C. The vac-
uum boiling or cooking minimizes the undesirable
changes in color and prevents loss of vitamin C. How-
ever, the jam mixture has to be boiled for a long time
to soften the fruit pieces resulting in some loss of
flavor which can, however, be restored by recover-
ing the volatile esters and putting them back into the
jam (Giridharilal et al., 1986). Proper control of boil-
ing is necessary to avoid over concentration of solu-
ble solids, over inversion of sugar, and hydrolysis of
pectin. Manufacture of jam can be considered rather
a simple process, but unless controlled properly may
lead to undesirable results. Figure 11.5 gives a sci-
entific approach to different factors involved in jam
production.

FILLING

The finishing of jams comprises three main steps:
(1) pre-cooling prior to filling, (2) filling, and (3)
cooling after filling.

Prolonged heating affects the appearance as well
as the keeping quality of the finished product. As the
inversion of sugar is greatly influenced by the tem-
perature, it is obvious that an efficient cooling system

RAW MATERIAL
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Figure 11.5. Factors controlling process of jam
manufacture.
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is necessary to control and check the process. Diffi-
culties are also experienced in filling, as some fruit
varieties show a tendency to float, the most suscepti-
ble being strawberry, cherry, black currant, and stone
fruit jams.These jams should be cooled until they are
near setting point, but great care must be taken not
to exceed the limit, otherwise the set will break and
the jam curdles, more so in the case of jellies (Rauch,
1965).

The efficient method in trade is filling on a roller
conveyor. The empty jars are packed into trays, each
one holding a certain number. The trays are then
moved on roller conveyer to the filling operators.
The trays containing filled jars are moved to cooling
room after the preliminary setting has taken place.
This prevents discoloration due to caramalization of
the sugar.

After being filled, jam in jars must not be cooled
too quickly. As far as canned jam is concerned, the
procedure is simple enough, the cans being passed
through a water bath. Glass jars and large containers
have to be cooled by air. This can be done by passing
them slowly through a tunnel fitted with an air blast or
keeping them in a cooling room constructed on the
same principle until the jam is well set. Automatic
filling machines that measure a definite volume of
jelly into each container are in general used in large
factories. They greatly reduce the cost of filling as
compared to that of hand filling and give more uni-
form net contents.

PACKAGING MATERIALS

The final stage of the production process is packag-
ing. A wide variety of sizes and shapes of containers
are used for jellies. Glass is the usual material, al-
though enamel-lined tin cans and special containers
are also used.

Jelly should be hermetically sealed in glass con-
tainers. A paraffin seal is not adequate to prevent
spoilage of the product. Container filled scalding hot
(in excess of 83°C) need not be pasteurized, as the
hot-filled jelly itself will sterilize the container. The
jar should be filled to at least 90% full leaving not
more than 1.25 cm head space. The scalded lids
should be loosely placed on the containers imme-
diately following filling, and then tightened firmly
within 2-3 min. This allows time for exhausting
of air from the head space. The steam in the head
space condenses when the jelly cools, creating a vac-
uum seal. Capping with superheated steam injection
is often used to attain a hermetic seal. Where the

product is not filled sufficiently hot to ensure head
space sterilization, or where superheated steam injec-
tion is not used, a post-capping sterilization treatment
is employed.

Some jellies form during boiling and filling a layer
of bubbles on the surface of the jar of hot jelly. The
jelly should be quickly skimmed while in the kettle
just prior to pouring. If the jelly can be drawn from
the bottom of the kettle, clear jelly can be filled into
the jars.

If jelly is to be poured into glass jars, the sides
of the jar should be smooth so that the jelly can be
turned out without breaking its shape or structure.
Before pouring the jelly, glass containers should be
warmed to prevent breakage. After filling, the jars
should be cooled rapidly to about 21°C. Pectin jellies
set more quickly at this temperature than at lower
temperatures. If the jelly fails to set or is weak, it is
placed in a drier to evaporate the excess of water in
it and promote setting (Giridhari Lal et al., 1986).

Deterioration in storage is now largely prevented
by hermetically sealing the jars, while still hot, in
sterile manner using metal caps fitted with rubber
gaskets. Many patented caps of this kind have been
devised which can be placed in position, sterilized
by steam jets in a steam box and, finally, held firmly
by creating a partial vacuum in the head space of the
jars, either in a specially constructed vacuumizing
chamber or merely by screwing them up tightly while
still hot. Jars sterilized and sealed in this way form
an ideally hygienic package and are to a very large
extent independent of storage conditions (Morries,
1951).

Two types of vacuum-sealed jars are in common
use. In one of these, the seal between the glass and
jar cover is made with a rubber composition ring at-
tached to the cap. This composition melts during pas-
teurization, and after cooling of the jar and contents,
it solidifies to form an air-tight seal. The lid must
be held in place with a clamp during pasteurization.
The second type of jar is sealed with a rubber gasket
similar to a fruit jar rubber, but this rubber is pressed
against the side of the jar rather than the top. Itis held
in place by friction and the cap is rolled in much the
same manner as an ordinary sanitary can top. The cap
needs no clamp to hold it in place during pasteuriza-
tion. A similar lid is pressed into position but is not
rolled (Cruess, 1948).

Small enamel-linked jam cans and gallon cans are
sometimes used for jelly. Wooden tubes or buck-
ets are often used for cheap jellies for baker’s use,
the product usually being preserved with sodium
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benzoate. The inside of cans used for jellies made
from fruits of red color should be heavily lacquered
to prevent bleaching of the color by tin salts. Some
of the jams are sold in cans. Glass containers are al-
most universally used for jams and jellies. For jams
also, the processes of filling and sealing are done by
automatic machinery as described for jellies.

FUTURE RESEARCH NEEDS

Jam and jelly production relies on the native pectins
of incorporated fruit for gel formation. Modern man-
ufacturing requirements of uniform gel strength and
appearance preclude reliance on fruit maturity and
variety. In spite of the current availability of other
gelling agents, pectin remains the universal choice
for jams and jellies, in part because of its presence
as a natural fruit ingredient, and also because of the
characteristic consistency that pectin imparts to a gel.
The joint FAO/WHO committee on food additives
recommended pectin as a safe additive with no limit
on acceptable daily intake, except as dictated by good
manufacturing practice.

In recent years, pectin has been used as a fat or
sugar replacer in low calorie foods. It is estimated
that 80-90% of commercial pectin production which
totals 67 million kg is used in the production of
jellies and jams (Crandall and Wicker, 1986). In spite
of its availability in a large number of plant species,
commercial sources of pectin are very limited. There
is therefore a need to explore other sources of pectin
or modify the existing sources to obtain pectin of de-
sired quality attributes. Modern food sciences such
as genetic engineering can be used to modify pectin
in vivo. Current knowledge of the molecular basis of
gelation in pectin has helped us to understand some
aspects of this complex phenomenon. There are still
some areas where our knowledge is scanty. So a sys-
tematic study of these observations will help in un-
derstanding the reaction processes in pectin gel for-
mation, resulting in better control of processes and
products.
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Fruits have always played an important role in human
nutrition. However, before the 20th century, drinking
squeezed fruit juices was the privilege of a few.

Welch was the first to preserve grape juice with heat
treatment in America in 1869, followed by Miiller-
Thurgan in Switzerland in 1896 (Kardos, 1962). Thus
began the production of preserved fruit juices, which
was followed by a huge development in the 20th
century. The role of vitamins and minerals in the
human body was discovered at that time, which trig-
gered substantial changes in eating habits. Conse-
quently, fruit consumption has become an everyday
need.

Due to the revolutionary development of technical
equipment, the appearance of chemicals, and biolog-
ical substances (enzymes, clarifying and flavoring
agents), and the application of new technologi-
cal procedures, especially the aseptic technique—
which enabled the production of fruit juices with-
out preservatives—of fruit juice production became
widespread.

205

MAIN FRUIT DRINK
CATEGORIES

Today, there are countless fruit juice products in the
world’s markets. They may differ substantially in
terms of raw material, composition, quality, nutri-
ent content, sensory traits, and packaging. In some
cases, the biggest difference is the brand name.

Generally, fruit juice-based drinks are classified
according to their fruit content. Thus, we can declare
three categories:

* juices and fruit musts
e fruit nectars, and
e soft drinks with fruit content

Juices and fruit musts are obtained by mechanical
procedures. They possess the color, taste, and aroma
of the original fruit and their composition is identical
as well. In the case of certain products sugar addi-
tion and vitamin enrichment are allowed, but these
have to be declared on the labelling. Juices and fruit
musts are not allowed to contain food industry ad-
ditives (preservatives, aromas, and coloring agents).
Therefore, it is consumed in fresh form soon after
production or it is preserved by heat treatment. The
permitted ingredients of different fruit beverages are
shown in Table 12.1.

According to the type of fruit, these products can be
divided into two subcategories. They can be filtered
to be transparent (e.g., grape, apple juice) or they can
be cloudy juices containing colloids like all citrus
based juices. Products belonging to this latter group
may contain fruit fibers.

Fruit nectars are made of sieved juices or from
fruit juices that are diluted with sugar syrup. They
usually contain only one fruit—such as orange,
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Table 12.1. Permitted Ingredients of Different Fruit

Beverages in Europe

Juice or
Components Fruit Must Nectar Soft Drinks
Fruit, min. (%) 100 25-502 free
Sugar, max. (%) 1,5 20 free
Acid, max. (g/1) 3b 3b free
Preservatives (mg/l) — — ++
Food additives — - ++

Note: ++ indicates according to the legislation of additives.

* Depending on fruits.
b With natural lemon juice.

apple, or peach—but they can also be made from
blends of more than one fruit juices or pulps (Szenes,
1991). In Europe, the preparation of blends and
minimum fruit content are regulated by government
standards, industrial specifications, and other volun-
tary and mandatory requirements. In order to ensure
wide international trade, these standards conform to
the recommendations of the Codex Alimentarius of
the FAO/WHO Food Standard Program (Varkonyi,
2000). However, many western countries impose
their own restrictions on imports and exports.

FRUIT DRINK RAW MATERIALS

The most important raw materials of fruit drinks, that
are available in international trade are citrus, poma-
ceous fruits, stone fruits, grape, and berries. How-
ever, all cultivated and wild grown fruits are used
for drink production. Some of the raw materials used
are suitable for juice production (e.g., apple, orange),
since their juices are enjoyable themselves. Mean-
while, the juice of other fruits (e.g., sea blackthorn,
currant sorts) is delightful only if blended with sugar
syrup.

The quality of fruit drinks, made without additives,
is basically determined by the quality of raw materi-
als. Generally, acidulous, juicy fruits with high-sugar
content and distinctive aromas are suitable for drink
production. The ripeness of raw materials is of criti-
cal importance because optimally ripe fruits possess
the ideal sugar/acid ratio and the most advantageous
flavor and aroma components. Prior to the optimal
ripeness, the fruit contains much less aromas and
sugar. On the other hand, overripe fruits may lose
their acids (e.g., vitamin C), coloring agents, and con-
sumption value (Stéger-Maté et al., 2002).

Due to the development of fruit drink consump-
tion, raw material production and juice consump-
tion were separated both geographically and in
time, then versus now. Consequently, fruit pulps and
concentrates—that are easier to store and transport—
came to the front in production. Fruit drinks, made of
these preserved semifinished products, can only be
competitive if their composition and sensory traits
are close to those made of fresh fruits. According
to different surveys, 70% of fruit drink quality com-
plaints are rooted in the raw materials. These facts
made experts, involved in production, quality control
and sales, to set up uniform quality requirements for
the clarity and origin of fruit drinks. Recommenda-
tions of this RSK (Richtwerte und Schwankungsbre-
iten bestimmter Kennzahlen) system—worked out
in Germany—for compositional features are gener-
ally accepted in the European commercial practice
(Bielig et. al., 1987). However, fruit variety, origin,
climate, production, and processing technology can
often change the composition, resulting in quality
problems. The further development of this system
led to the publication of the European Economic
Commission’s Association for Juice and Nectar Pro-
duction (AIJN), called “Code of Practice.” In this
publication, RSK values are supplemented with other
analytical features—that are generally accepted—of
apple, grapefruit, orange, and grape juices. Besides
consumption value, quality, genuineness, raw ma-
terial, and technological deficiencies, these criteria
comprise factors concerning the environmental pol-
lution of the production land, such as arsenic and
heavy metal level. Technological deficiencies usually
result in high concentration of biogenic acids, HMF
(hydroxymethylfurfural), ethylalcohol, and patulin;
thus, their maximum levels are under regulation. The
values determined by the RSK system and the AIJN
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Code of Practice are primarily used in Europe but sig-
nificant deviations may endanger the competitiveness
of products in the world market.

PRODUCTION OF FILTERED AND
CLOUDY FRUIT DRINKS

Filtered and cloudy fruit drinks are made of mechan-
ically pressed and cleaned juice directly or from the
dilution of concentrated semifinished products. As it
can be seen in the flow chart, production technology
comprises five main operations (Fig. 12.1).

Juice extraction—the elimination of the juice from
fibrous, solid particles—is a basic technological
step of fruit juice production. The fruit has to be
prepared prior to juice extraction, which is then
followed by juice clarification and drink comple-
tion. Subsequently, the finished drink is packed and
preserved.

PREPARATION STEPS
Raw Material Reception

Only those raw materials are allowed for fruit drink
production that meet the following criteria: appro-
priate ripeness and flavor, no signs of deterioration,
and free from foreign ingredients, pathogenic organ-
isms, and their effect. Moreover, raw materials have
to conform to the regulations and standards in force.
During reception, huge attention has to be paid to the
cleanliness of berries in which washing may cause
substantial damages (Szenes, 1991). The conformity
of each batch has to correspond to the methods and

examinations of the relevant descriptions. Then, it has
to be labelled for further identification and traceabil-
ity. In addition, conformity to the production tech-
nology requirements also has to be checked (crop
spraying records).

Washing

The aim of this step is to remove every contamination
from the surface of the fruit, i.e., to increase physical,
chemical, and microbiological cleanliness (Fellows,
2000).

The surface of raw materials is strongly con-
taminated by microorganisms; it can attain 10°—10°
microorganisms per gram. Even with effective wash-
ing, it can be decreased only by 3-5 orders of magni-
tude. Therefore, washing efficiency has a significant
impact on the heat treatment necessary for preserva-
tion.

Physical and chemical surface contaminations are
eliminated by water soaking, since these substances
are water soluble or their adhesion properties de-
crease in aqueous solution. The efficacy of the dis-
solving process can be increased with higher water
flow. The latter can be achieved by streaming, air in-
jection, and by mechanical means. Due to the water
flow, close contacts between fruit particles increase
washing efficiency but potentially leading to damages
to the fruits. Thus, the texture of the raw material al-
ways has to be taken into consideration when choos-
ing washing equipment. Washing usually consists of
three main steps. The first phase is soaking, which
breaks up surface contamination and eliminates soil
particles. In the case of fruits covered with wax layer
or oleaginous skin, warm water (50-60°C) is applied.

Preparation steps (reception, washing, stem elimination, selection)

Liquid extraction (chopping, preparation, pressing, diffusion)

Juice clarification » Concentration

Drink production

Filling + heat treatment

Filling + heat treatment

l

Storage

Figure 12.1. The flow chart of fruit
juice production.
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Warm water soaking or a long soaking period may
result in substantial loss of valuable fruit components
(Barta and Kérmendy, 1990).

The active phase of washing is intended to re-
move every contamination, and it is always followed
by a clean water rinse. Washing means water flows
all around the fruit, meanwhile rinsing means water
spraying in order to remove washing water residues
from the fruit’s surface.

Stem Elimination

To prepare fruits for juice extraction, in the case of
certain fruit species (e.g., cherry, sour cherry, and
plum), long green peduncle parts have to be removed.
Otherwise, they will spoil the color and other quality
traits of the juice. Mechanized stem elimination can
only be carried out in raw materials of homogenous
size that do not tend to damage and burst. The most
frequently used equipment is the belt-based solution,
but in Eastern Europe roller-based machines are still
widely used.

Selection

This step, which usually follows washing, separates
everything from the raw material that is unsuitable
for processing. These can be foreign substances, stem
and leaf particles, or mouldy, deteriorated fruits. This
activity is performed manually and requires close at-
tention. Therefore, the necessary job environments
(e.g., proper lighting and reasonably positioned waste
containers) must be provided for the workers. The se-
lection table on which this operation is done should
be able to roll the fruits, enabling the workers to ob-
serve the entire fruit surface. Both the roller-based
and belt-based machines comply with this require-
ment. In order to achieve better efficacy, proper ad-
justments must be made for single layer fruit flow
and optimal belt speed (Parker, 2003).

JUICE EXTRACTION

This operation can be divided into two steps: fruit
chopping and preparation and the separation from
solid fruit particles.

Chopping

The aim of this step is to smash, cut the fruit, in-
crease its surface, and launch cell-fluid elimination.

However, this can lead to enzymatic reactions dam-
aging valuable components. Therefore, the fruit has
to be processed immediately after chopping.

If this step is done appropriately, the fruit is not
pulpy but consists of homogenous, irregular-shaped,
few-millimeter-sized particles, which tend to form
channels to drain the liquid when pressed.

Chopped Fruit Preparation

Procedures designed to prepare chopped fruits are to
increase juice yield and prevent undesirable changes
(chemical, biological, mechanical, etc.) to achieve
better aroma, flavor, and color properties. The type
of preparation will depends largely on the type of
fruit and production technology.

There are several methods for this operation, such
as mechanical, freezing, enzymatic, vibration, ultra-
sonic, electro-plasmolytic, ion-radiation procedures,
and heat treatment (Szenes, 1991). In practice, me-
chanical operations, heat treatments, and enzymatic
solutions are widely used.

Mechanical preparation is used to chop fruit flesh,
smash the tissues, and increase the surface.

Stiff raw materials (e.g., apple) are usually
crushed; meanwhile, soft ones (e.g., red currant) are
only cracked. Crushing opens up the tissues, dam-
aging some of the cells as well, and the draining of
cell-fluid begins.

The degree of chopping is determined by the
method of juice extraction. If pressing is applied, the
chopped fruit releases the juice under a relatively
small amount of pressure. Appropriately prepared
chopped fruits contain particles of nearly identical
size, enabling channels to form for the liquid to drain.

If the fruit is chopped into very fine pieces, it
spreads easily, expands under pressure and does not
tend to form channels to drain the juice.

Diffusion-based liquid extraction requires chop-
ping to minimize the thickness of the slices and
strips. In addition the size of these pieces should form
channels to ensure the flow of the extraction liquid.
There are different devices for the crushing of fruits.
These can be specialized for a given fruit (e.g., apple
crusher) or generally used as hammer- and roller-
based machines. Their common feature is the rotat-
ing system and the pressing, shearing, pulling, and
striking forces applied.

Preparation with heat treatment is mainly used
prior to the pressing of berries, since it can increase
juice yield by 5-10%. Furthermore, this procedure
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contributes to a better color. Within the framework
of this procedure, the crushed/cracked fruit is rapidly
heated to 80-85°C and then quickly cooled back. This
short heat treatment enables different physical, chem-
ical, and microbiological processes to take place. The
denaturation of proteins and the hydrolysis of the pro-
topectin lead to the inactivation of enzymes, making
the cell walls permeable; thus, accelerating the diffu-
sion of water-soluble substances. In the case of tech-
nological failures—too long heat treatment—tissues
become too soft and damaged, then fruit will be diffi-
cult to press, and juice taste changes as well (Szenes,
1991).

There are different heat-exchanger devices for this
procedure.

Enzymatic treatments are also frequently used be-
fore pressing, to make the process easier and to in-
crease the yield.

Fruit raw materials possess different amounts and
types of pectin, depending on the species and the
variety. Pectin can be found between the cell wall
layers connecting the solid shells that contain cel-
lulose and hemicellulose. Pectin can also be found
in dissolved form in the tissues, increasing their
density and sticking properties. High pectin con-
tent negatively influences the following juice produc-
ing steps. Therefore, the level and the composition
of pectin have to be decreased or modified accord-
ing to the quality criteria of the finished product or
the production technology. The most general solu-
tion to this issue is the enzymatic treatment of the
cracked/crushed fruit with pectin decomposing en-
zymes such as pectin transeliminase and polygalac-
turonase (Aehle, 2004). The use of these enzymes
leads to the decomposition of glycoside bounds,
rapidly decreasing the viscosity of the mash (Reising,
1990).

The enzyme products added also contain cellulase
and hemicellulase enzymes in order to decompose
the cell wall and improve the permeability. Enzyme
treatment can also be carried out under cold and warm
circumstances.

Cold treatment at 20-25°C takes more hours,
which endangers the juice quality (Schmitt, 1990).

Meanwhile, warm treatment takes place in
0.5-1 hour, at 50-55°C. As enzymes are protein-
based molecules, these are heat sensitive and are only
active at certain pH values. If the temperature and pH
conditions of the mash are not optimal, successful
pectin decomposition requires longer time or higher
enzyme concentration (Dietrich, 1998).

The pressing waste of high-pectin fruits (e.g., ap-
ple) is usually used for pectin production. In these
cases, enzyme treatment should not be applied.

JUICE EXTRACTION

In this process, the liquid phase of fruits is detached
from solid particles. There are different methods for
this separation: pressing, diffusion, centrifugal proce-
dures, and reverse-osmosis (Fellows, 2000). The type
of equipment applied depends on the fruit species,
production line, and economical background. The
most widely used solution is pressing.

Pressing separates a food system into two phases.
In this case, fruit tissues mean the solid phase, while
the liquid between the particles is the liquid phase.

Pressing needs outside forces to create tension in
the system, drain liquid, resulting in shape modifi-
cation. The equipment hinders the disposal of the
solid phase and the liquid gathers in a vessel. The
remaining material, with low liquid content, is called
marc. The mostimportant parameter of pressing is the
liquid yield, which means the percentage of juice ex-
tracted, compared to the raw material at the beginning
of the process. Juice yield is basically determined
by the type of the pressing device, and the quality
and preparation of the raw material (Lengyel, 1995).
Fruit processing industry applies continuous—such
as belt- and screw-based—and intermittent—like the
package and basket type—pressing machines. In
addition, decanters are based on centrifugal forces
(Nagel, 1992).

The juice of fruits can also be detached with ex-
traction. It means that semipermeable cell walls are
made permeable following a heat treatment and the
cell fluid is then dissolved with water.

This process is featured by the degree of extrac-
tion, expressing the amount of extracted valuable sub-
stances, compared to the total valuable matter content
of the fruit.

The amount of substances diffused is in direct
proportion with the diffusion coefficient, the active
surface, and the concentration gradient (Pdtkai and
Beszedics, 1987).

In order to increase the diffusion coefficient and the
permeability of the cell walls, diffusion fluid extrac-
tion is performed at 50-70°C. Active surface can be
increased by proper chopping. The concentration gra-
dient is determined by the stream conditions and the
solvent—cell fluid ratio. However, the amount of sol-
vent applied is limited by the concentration decrease
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of the liquid extracted. Diffusion juice extraction is
usually carried out in double-screw extractor devices.

JUICE CLARIFICATION

Extracted fruit juices are usually turbid, due to
the plant particles that are water insoluble (fibers,
cellulose, hemicellulose, protopectin, starch, and
lipids) and colloid macromolecules: pectin, proteins,
soluble-starch fractions, certain polyphenols, and
their oxidized or condensed derivatives. Depending
on the finished product, these substances must be par-
tially or entirely eliminated to avoid further turbidity
and precipitation and to improve sensory attributes
(taste, smell, and color). Juice clarification can be
performed by physical-chemical methods, mechan-
ical procedures, and their combinations.

A physical-chemical clarification is applied when
eliminating all substances causing turbidity. Clarify-
ing agents and enzymes are added during this pro-
cedure. The effect of mineral clarifying agents is
based on their surface activity and electric charge.
For the clarification of fruit juices, bentonite and
solid silicic acid are used. Bentonite is of volcanic
origin belonging to the group of montmorillonites.
It possesses big surface and good thickening prop-
erties, its negatively charged particles strongly ad-
sorb positively charged proteins. Solid silicic acid is
a negatively charged colloid solution. It is usually
combined with other clarifying agents or with en-
zyme treatment. Its clarifying effect is good, with
ashort clarification period. In the case of enzymatic
pectin decomposition, solid silicic acid is added to
the juice together with the enzyme. Gelatine is a
protein-based clarifying agent that precipitates nega-
tively charged particles (polyphenols, decomposed
pectin). It is often completed with tannin, which
reacts with protein molecules. Polyvinylpolypyrroli-
don is a water-insoluble powder that primarily ad-
sorbs and precipitates polyphenols. During juice clar-
ification, the so-called protecting colloids (mainly
pectin molecules) need to be decomposed, since they
hinder aggregate formation and the settling of float-
ing substances. This process can be accomplished
with the use of enzymes. Pectin decomposition is
usually completed with starch and protein decompo-
sition, thus enzyme products marketed contain other
enzyme components as well (Dietrich, 1998; Grassin,
1990).

Mechanical clarification targets the elimination of
suspended fibers and precipitation. This process is

usually carried out in centrifuges and filtration de-
vices. In this practice, the first filtration phase is per-
formed in settling centrifuges, meanwhile decanters
are used to eliminate fibers from cloudy juices (Wel-
ter, 1991; Nagel, 1992).

Filtration is an important step of fruit juice pro-
duction. Traditional filtration is performed in slurry
layer—based devices. First filtration additives (silica,
perlite) are added to the liquid to be filtered (Szenes,
1991). The equipment can be frame, column, and
vacuum based. For the clarification of filtered juices,
membrane and ultrafiltration techniques are widely
applied (Szabd, 1995; Galambos, 2003; Capannelli
etal., 1994). These latter devices enable clarification
and filtration in one step. To increase the active pe-
riod of the membrane, enzyme treatment is usually
performed prior to the filtration (Kinna, 1990).

Clarified, filtered, or cloudy juices are ready for
consumption. These can be further processed to pre-
served products in two ways: they are packaged
right after production or concentrated to semifinished
products.

CONCENTRATE PRODUCTION

The aim of concentration is to increase the dry matter
content and decrease the water content of juices, in
order to extend shelf life and to improve transporta-
tion and storage properties. This operation has to be
implemented with minimal loss of valuable ingredi-
ents and minimal damage to sensory traits (Braddock,
1999).

Evaporation

This is the most frequently used concentration solu-
tion. From a physical point of view, it means water
evaporation by means of boiling. This operation is
carried out in evaporators, and steam ensures the en-
ergy necessary for boiling. Some of the solution’s
water content evaporates during boiling. The vapour
thus formed is then driven out from the device and
condensed. As the valuable juice components are heat
sensitive, short time, low-temperature condensation
is desired. In order to ensure low boiling point, the
process is performed under vacuum. Usually more
evaporators are applied in sequence to minimize the
energy costs. Such systems of three—four elements
are commonly used (Fabry, 1995; Fellows, 2000).
Chemical, rheological, and thermal juice prop-
erties play an important role in the condensation
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process. As these features depend on the raw ma-
terial, operation parameters may vary with the use of
different fruit species. Evaporators should be chosen
according to the juice properties. The most widely
used devices are the film, pipe, plate, and centrifugal-
based ones (Szenes, 1991).

Evaporator systems are usually combined with
aroma-recovery units. These are generally connected
to the first part of the evaporator, and condense the
most volatile aroma compounds. Aromas thus con-
densed are often remixed into the concentrate to im-
prove its smell and flavor. Otherwise, these can be
concentrated and applied as natural aroma extracts
for other fruit products.

Concentration by Freezing

This method is used for the concentration of valuable,
heat-sensitive fruit juices. During this process, the
water content of the juice is frozen with ice-crystal
formation. These crystals contain clean water, thus
solvent loss occurs in the solution. As the proce-
dure goes on, the fluid gets more and more concen-
trated and contains more and more crystals. Then the
two phases can be separated mechanically (Fellows,
2000).

This type of concentration is a very gentle process,
as there is no aroma, color, and vitamin loss due to the
low temperatures. Concentrates thus prepared con-
tain almost every valuable ingredients of the original
juice. Its disadvantages are high energy consumption
and lower concentration efficiency compared with the
heat treatment procedure (Varszegi, 2002).

Reverse Osmosis

This membrane-based fruit concentrate producing
technology is becoming more important. This means
that some of the water is filtered out of the solution.
Due to the rapid increase of osmotic pressure, con-
centrates up to 30 Brix can be produced. It is usually
used as a preconcentration step prior to the aforemen-
tioned freezing devices in order to increase capacity
(Beaudry and Lampi, 1990; Hribar and Sulc, 1990).

Fruit Concentrate Storage

The method of storage largely depends on the prop-
erties of the raw material and the characteristics of
the concentrate (Stéger-Maté and Horvath, 1997).
From the filtered, clarified juice of less valu-
able fruit (apple, grape) concentrates containing 70%

water-soluble dry-matter can be prepared. These
are microbiologically stable enough to be stored in
cooled stainless steel containers until further use.

However, colored fruits and berries can only be
concentrated up to 45-55 Brix percent depending on
the fruit species. Moreover, there are concentrates
with special composition (chandy) and ones made by
freeze concentration that hardly achieve 4045 Brix
percent. These can only be stored in frozen form or
with aseptic technology.

DRINK PRODUCTION

Clarified, filtered, and cloudy juices are usually
packed in their original composition. Meanwhile,
there are juices to which sugars or vitamins are added.

Juices are frequently made of concentrates by di-
lution. In this process the finished drink composition
should be as similar to that of the original juice as
possible. The water applied for dilution is condensed
or softened; flavors and aromas are adjusted with the
aroma compounds condensed during concentration.
As the sensory value of the product thus made is not
as good as the one made with the direct procedure,
labelling must contain the information that it was di-
luted from the concentrates.

Fruit nectars can be made of juices and concen-
trates as well. These are made of the appropriate
amount of juice or concentrate and heated sugar
syrup. Their acid content can be adjusted with lemon
juice. As far as their raw material is concerned they
can be made of one or more fruits. Their filling and
preservation is identical to that for the juices.

Packaging and Preservation of Fruit
Juices and Nectars

Prepared fruit drinks are filled into glass or plastic
bottles of different shape and size, but they can also
be packed into combined boxes. Fruit juices are pre-
served with heat treatment. According to the tradi-
tional method, the juice is heated up to 82—-85°C, then
filled at that temperature, closed, and pasteurized af-
terwards. Pasteurization is carried out at 84—-88°C for
15-45 min depending on the size of the packaging.
Following heat treatment, products are cooled back
to room temperature. However,the aseptic procedure
preserves juice quality much better. This means that
the juice is pasteurized when flowing in a closed sys-
tem, then cooled under conditions where no infection
may occur, and finally filled into previously sterilized
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containers (Buchner, 1990). This process applies heat
treatment of 100—-110°C for 0.5-1.5 min.

PRODUCTION OF FRUIT
NECTARS WITH FRUIT
FLESH CONTENT

These products are made of fruit pulps. They are ob-
tained by passing the raw materials through sieves,
thus fruit flesh can be separated from seed and skin
particles. Before performing this operation, fruits
have to undergo preparation steps. Fruit nectars con-
taining fruit flesh can be made of fruit pulp directly
after production or later from the concentrated pulp
(Fig. 12.2).

PREPARATION STEPS

This above operation includes steps such as raw
material reception, washing, stem elimination, and
selection, which are identical with the previously
introduced technology. However, the last steps are
different: coarse chopping and preheating.

Coarse Chopping

Coarse chopping is the cracking and crushing of po-
maceous fruits, which results in coarse fruit texture.

This is necessary to ensure the efficiency and smooth-
ness of preheating.

Preheating

Prior to sieving most of the raw materials are pre-
heated and is done so for two reasons. Heat treat-
ment makes fruit texture soft and lax, improving the
efficacy of sieving. It also inactivates the enzymes
found in the fruit. It is particularly important in the
case of oxidative and pectin-decomposing enzymes,
since these can damage the color and texture of the
pulp later (Binder, 2002; Fellows, 2000).

To avoid dilution during preheating, closed sys-
tems are applied. The time and temperature values of
the process depend on the type of equipment, prop-
erties of raw material, and the degree of chopping.

SIEVING

Sieving is a separation procedure from which pulp,
which consists of small fruit particles, is obtained.
The equipment applies centrifugal forces to make
tender fruit parts pass through the sieve, while hard
skin and seed particles remain on the surface. The per-
foration of the sieve determines the size of particles
detached. In order to increase sieving efficiency, this
separation is performed in more steps with decreasing
perforation sieves in line. The perforation of sieves

Fruit reception

Preparation (washing, selection, chopping)

l

Pre-heating

l

Sieving

l

Drink production

Filling + heat treatment

Figure 12.2. The flow chart of fruit

drink production. Storage

»

» Concentration

Filling + heat treatment

Storage




12 Manufacturing Fruit Beverages 213

used for fruits is between 0.4—6.0 mm (Hidegkuti and
Kormendy, 1990).

In the case of fruits containing seeds, an additional
sieve has to be built into the process to detach seeds.
This device must be more massive and possess bigger
perforations.

Sieving can be carried out under both warm and
cold conditions. Soft and vulnerable fruits (raspberry,
strawberry) are sieved cold and the pulp is heated af-
terwards, in order to inactivate enzymes. Meanwhile,
in the case of more solid, heat-resistant fruits (apple,
pear, quince) warm conditions are used to obtain bet-
ter juice yield and less sieving waste.

FruIT PULP PROCESSING AND STORING

Fruit pulp is a valuable raw material for drink produc-
tion but possesses no refreshing effect itself. There-
fore, it is used for fruit nectar production. Fruit nectar
can be made right after pulp production or later at an-
other point in time. Fruit pulp thus prepared is ready
to be stored and transported. For storage it is often
concentrated to 26-32 Brix percent.

Fruit pulps can safely be stored under aseptic cir-
cumstances, i.e., heat treatment and storage in sterile
containers. Aseptic systems are mechanically closed
under slight pressure to exclude microbiological in-
fections (David et al., 1996).

Heat treatment in aseptic technology is usually
performed above 100°C (90-120°C) for a relatively
short period (1-2 min). After pasteurization, the pulp
is cooled to about 30°C to stop further chemical re-
actions (Ott, 1990).

Filling takes place in special aseptic machines,
which also sterilizes the packaging material. Fruit
pulps are generally stored in large containers that
can range from “bag in a barrel” (120 1) to stain-
less steel tanks of more than a hundred cubic
meters. The main advantage of “bag in a barrel”
packaging is the easy transportation and the com-
patibility with international carriage system (Szenes,
1991).

PREPARATION OF FRUIT NECTARS
CoNTAINING FrRuUIT FLESH

These nectars contain not only the juice but also the
fruit flesh in refined and homogenized form. Besides
the necessary fruit content, which is regulated, sugar
syrup is also added to nectars. These products can be
flavored with lemon juice or concentrate and enriched
with vitamins. Carbohydrates or sweeteners may also

be added. Nectars can be made of one or more fruits.
As far as the raw materials are concerned, fruit pulps
and concentrated pulps can be used, combined with
filtered juices or concentrates.

First the water and sugar are blended, then the
syrup is boiled, and the fruit pulp is added. Sub-
sequently, it is supplemented with lemon juice and
vitamin solutions if necessary.

Refining is an operation that determines the nectar
quality. It is performed in colloid mills, which are
based on hydrodynamic shearing forces. Homoge-
nization chops fibers to fine particles and creates a
dispersal system. The fluid thus prepared is stable,
no settling will occur in it, even if stored. This pro-
cedure substantially decreases visible viscosity and
results in a tender smooth texture and taste (Hidegkuti
and Kérmendy, 1990).

The packaging of nectars is identical with that
for juices. General references relating to manufac-
turing fruit beverages: Ashurst, 1998; Knee, 2001;
Shewfelt, 2000; Barrett et al., 2004; Jongen (ed.),
2002; Nagy et al., 1993; Arthey and Ashurst, 1996.
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Humans consume food of both plant and animal ori-
gin, because we need mono- and polysaccharides,
organic acids, oils of plant origin, minerals, and vi-
tamins, which are found primarily in plants, and also
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need proteins of full value, essential amino acids, fats,
and fat-soluble vitamins, which are found in raw ma-
terials of animal origin. Most food products consist
of several different components of plant and animal
origin.

Food products based on raw materials from plant
and animal origin are found to be among the products
of the dairy, bakery, confectionery, canning, cold-
storage, frozen food, and distilling industries as well.
Fruits are important value-adding food components
not only in fresh, unbroken, or chopped form, but also
as preserved fruit preparations, jams, marmalades,
jellies, dried or candied products, extracts, juices,
concentrates, etc. They are harvested seasonally and
deteriorate quickly. This is the reason why the pro-
duction of food containing fruit components is prof-
itable, only if the fruit component needed for the
product has been provisionally preserved until fur-
ther utilization.

The present chapter deals with production, charac-
teristics, and quality requirements of preserved fruit
preparations and semi-prepared products that are be-
ing applied in different sectors of the food industry.
Some characteristic groups of food products contain-
ing fruit components have also been described.

FRUIT PRODUCTS AND
SEMI-PREPARED PRODUCTS
TO BE APPLIED AS FOOD
COMPONENTS

FRuIT PUREES

Fruit puree is the edible part of a fruit, pulped,
homogenized, or manufactured by a similar pro-
cess (Codex Alimentarius Hungaricus, 1996). It is
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a semi-prepared product, it contains the fruit in a
sieved, homogenous form, and contains no recogniz-
able fruit pieces. Fruit puree is not suitable for direct
consumption for most people except infants, elderly
individuals with less than adequate amount of orig-
inal teeth, and some individuals under medical care.
However, fruit puree is the raw material for produc-
tion of jams, marmalades, fruit juices, and bakery
fillings, and it is used as a component of many food
products. Industrially processed fruit purees can be
preserved by preservatives, by cooling or freezing,
by heat, by concentration, and by addition of sugar.
The best way to preserve fruit puree is with aseptic
technology. Each healthy and ripened fruit is suitable
for puree production. Regarding maturity, exceptions
can be made in the case of fruits which contain a high
concentration of pectin in the half-mature state (e.g.,
apple, gooseberry, etc.).

Preparatory operations of fruit puree processing
are washing and selection. Blanching is usually nec-
essary after selection, prior to pulping with a view to
decrease losses, energy requirement, and mechanical
stress of the sieve. Crushing of the blanched fruit is
performed gradually by passing it through a crusher
and a coarse sieve, finally through a fine sieve and
possibly through a homogenizer as well.

The homogenized fruit puree can be preserved
chemically, by adding preservatives—usually SO,
(max. 2 g/kg), benzoic acid (max. 1.5 g/kg), sorbic
acid (max. 1.0 g/kg)—or by traditional pasteur-
ization at 94-96°C after having filled the puree
in 5 1 jars and hermetically closed. In the modern
fruit processing industry, fruit purees are preserved
by aseptic technology. In this case, a continuous,
so-called “scratched-wall” heat-exchanger (type
a-Laval, Crepaco, Manzini, APV, etc.) is used for
killing yeast and mold cells which endanger the
durability of the fruit puree. The sterile product is
filled under aseptic conditions into sterile packaging
(laminated foil-bags, bag-in-box, barrels, containers,
etc.), hermetically closed, and stored until further
usage (Kormendy and Torok, 1990; Potter and
Hotchkiss, 2001).

Single-strength apple puree can be concentrated
to an intermediate extract content of 20-25°Brix in a
multi-stage vacuum-evaporator or a film-evaporator
with scraper. These evaporators are suitable also
for the production of a concentrate of 40°Brix.
Concentrated fruit purees not only enrich the
product with valuable extracts, characteristic taste,
flavor, and color, but also contribute to its functional
properties because of their high pectin and fiber
content (Hegenbart, 1994).

Most demanded raw materials for fruit prepara-
tions are berries and cherries because of their high
vitamin and mineral content, and attractive taste and
color. The vitamin content of fruits can be fairly pro-
tected by use of mild processing parameters. In this
case, the processing of fruits with high vitamin con-
tent (elderberries, rosehip, sea-buckthorn, etc.) re-
sults in fruit preparations with valuable composition;
and when used as additives, increase the nutritive
value of the combined product (Barta et al., 2002;
Lampe, 1999).

The above-mentioned berries and red grape-vine
are processed to give anthocyanin extracts and con-
centrates as well, which are used as natural food col-
orings. The stability and intensity of elderberry an-
thocyanins are increased by the fact that the high
anthocyanin content is coupled with high vitamin C
content of the fruit (Stéger-Maté et al., 2001). A sim-
ilar synergic effect between anthocyanins and vita-
min C was proved in case of blackberries as well
(Stéger-Maté et al., 2002). The anti-oxidative effect
of the anthocyanins helps to protect the vitamin C
content (Gardner et al., 2000).

Fruit PuLps

Pulp is the edible part of the fruit, possibly without
the skin, shell, stones, etc., sliced or crushed, but not
sieved (Codex Alimentarius Hungaricus, 1996). Itis a
semi-prepared product containing crushed fruit-flesh
with recognizable pieces, processed from washed and
selected raw material. It is not suitable for direct con-
sumption. The fruit processing industry is producing
jams from fruit pulp and fresh fruit as well.

Fruit pulps differ from the above-mentioned fruit
purees in the technology of crushing. “Pulping”
means to crush the washed and selected fruit-flesh
after separation of the peel, shell, stones, and stalks,
as needed, by a crusher, fruit-milling machine, or
hammer-grinder without crushing it by a sieve. These
machines crush the fruit-flesh to coarse ground, rec-
ognizable pieces. The provisory preservation of the
cleaned and crushed fruit-flesh can be performed by
preservatives, by heat, by cooling, or freezing, re-
spectively.

In case of chemical preservation, the pulp has to
be mixed with the given preservative (0.03% SO,
0.15% benzoic acid, 0.1% sorbic acid, or with their
Na or K salts, respectively). The chemical preser-
vatives are effective below pH 3.5. If the pH value
is higher, a combination of acid and preservatives
is used. This step of the technology requires careful
mixing of the pulp by a mixer of moderate revolution
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per minute, continuous injection, or filling up layer-
by-layer. Attention must be given not to crush the
fruit pieces; they must be protected in the course of
the manufacturing process.

The advantage of the heat-preserved fruit prepara-
tion is that it does not require preservatives, whereas
the considerable demand on package materials is a
disadvantage, as the pasteurization of the pulp is
often performed in 5 1 jars. Great disadvantage of
cooling in a large container is slowness, resulting in
deterioration of color, flavor, and nutrients. In case of
pulps, it is problematic to use the aseptic technology
because of the lumpy character of the product. The
cleaned and crushed fruit-flesh will be blanched in
water before pasteurization in a duplicator-kettle or
continuous blancher. (Added water cannot be more
than the water quantity evaporated during blanching.)
Acid content of the blanched product can be adjusted
to 1% by adding citric acid, and the hot pulp has to be
glassed-in and pasteurized without delay. The tem-
perature of the thermal center must attain 86—90°C.

DESICcCATED FRUITS

Dehydration of food is one of the most ancient ways
of preservation, and it is based on the realization that
the lowest limit of water-activity for microbial growth
is ay, = 0.62. Under this a,, value, neither microbes
nor the spores of the xerophyle molds are able to
Srow.

Only healthy and ripened fruits are suitable for
drying. Quality requirements for fruits as raw ma-
terial for drying include: solid fruit-flesh, easy sep-
aration of pits and skin, and small pits. Washed
and cleaned fruit-flesh is treated with SO,, if neces-
sary, to prevent enzymatic browning. This treatment
gives some protection also against microbial deterio-
ration, pests, and non-enzymatic browning (Maillard-
reaction).

Withdrawal of water from the prepared fruit-flesh
can be performed in two different ways.

¢ Under tropical climate, people take advantage of
the sunshine, and dry fruits in thin layer by slow,
natural drying (figs, bananas, peaches, and
apricots).

® Dehydration means treatment in tunnel- or
band-dryers by blowing through warm air of
60-70°C (apples, plums).

Residual water-content of dehydrated fruits is
about 12-16%, and when adequately packaged they
are long-lasting without any damage because of their

high sugar content and low (ay, = 0.72 — 0.75) water
activity.

Quality requirements related to the dried product
are the following.

e Solid, plastic, and creamy, but not sticky
consistency and leather-like surface of dried
prunes and apricots

¢ Bright color of dried apple-rings, light color of
peaches and other fruits.

¢ High sugar content, harmonic sugar/acid ratio,
and easy disconnection of the stones

* Bigger size, thin skin, and a pleasant, pliable
consistency (dried figs)

Dried grapes are taken in trade as ‘raisins,’
“sultanas,” and ‘“‘chorinths.” Raisins have a brown
color, and do not contain any pits; sultanas have a
light color without pits; and chorinths are smaller
than raisins and sultanas, and are dark colored
(Herrmann, 1966).

Dehydrated cherries and dehydrated apple prod-
ucts are widely used in foods such as pastry, confec-
tionery products, ice-cream, frozen desserts, sweets,
fruit salads, cheese, and yogurt (Somogyi et al.,
1996).

SWEETENED AND CANDIED FRUITS

Sweetened fruits, soughs, candied fruits, and
dehydrated-sweetened fruits belong to the above-
mentioned product-family. The sugar content of these
products is increased to a degree, which prevents the
growth of microorganisms. The important point here
for preservation is to achieve a low water activity
with the addition of sugars. The significant increase
of sugar content of the fruit preparation can be per-
formed by soaking in sucrose or glucose solutions
of gradually increasing concentration, under atmo-
spheric pressure or in vacuum. The concentration dif-
ference between the sugar syrup and fruit cells will
be equalized in consequence of the difference in os-
motic pressure. A saccharose content of 70-80% of
the fruit-flesh can be achieved during soaking in the
last, most concentrated sugar syrup. Its water con-
tent is decreased to 12-21% by careful drying. Cher-
ries and sour cherries, pineapples, pears, quinces,
peaches, apricots, plums, figs, green almonds and
nuts, chestnuts, gooseberries, strawberries, and rasp-
berries can be processed to candied fruits of good
quality. The surface of sweetened fruits will be coated
with sugar-glazing or with a thin layer of crystal-
lized sugar for confectionery and sweets industrial
use. The first mentioned procedure is called glazing,
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and the second one is candying. A special group of
this type of fruit preparations is produced by treating
the blanched peel of citrus fruits with sugar syrup, fol-
lowed by glazing and drying it carefully (Herrmann,
1966). Preparatory steps of the technology are sim-
ilar in all types of sweetened products, but they are
adapted to the characteristics of the raw material (e.g.,
washing, cleaning, pitting, peeling, separation of the
stems if needed, crushing, and blanching). Ready-
made fruit preparations (sweetened fruits, soughs,
candied fruits, and dehydrated-sweetened fruits) dif-
fer from each other in finishing and final appearance.
The raw material of all those products is the so-called
“egute”—the cleaned, blanched fruit, soaked in syrup
of starch or saccharose or in high-fructose corn
syrup.

In case of fruits with a high fructose content (pears,
quinces, melons, etc.), producing fruit preparations
of a low caloric content can be realized. In this case,
a concentrated syrup of Jerusalem artichoke juice
with high fructose content (75-80%) can be used for
the sweetening treatment (Barta, 1993; Bray et al.,
2004).

The aim of soaking in syrup is to saturate the
cells, which have been opened during blanching, with
sugar. Form and consistency of the fruits will be
stabilized as a consequence of this treatment, and
their volume remains constant. Following the above-
mentioned preparative operations, the fruit pieces
should be fed into a flat vessel and filled with hot
sugar syrup of 28-30°Brix. The product filled with
the syrup stays in the syrup for 2-3 days, after that the
syrup will be poured off, heated, and sweetened with
sugar to a concentration value of 35°Brix. This proce-
dure will be repeated 5—6 times, gradually increasing
the concentration of the syrup up to 60°Brix. After
having achieved this value, the hot, sweetened fruit
pieces should be dripped, filled into 5 1 jars, and filled
up with high-fructose corn syrup or starch at a con-
centration of 68-70°Brix and hermetically closed.
This semi-prepared product (egute) can be stored
and used continuously, without posing any potential
hazard.

Sweetened fruit is made from the egute after being
dripped, dried in a warm current of air, rolled in crys-
talline sugar, and packed in cellophane. Sweetened
berry preparations are manufactured also by blend-
ing whole, sliced, or crushed fruits with sugar in ratios
such as 4:1, 3:1, or 7:1 (berries:sugar). A usual pro-
cedure is to “cap” or sprinkle sugar onto the surface
of the berries, after they have been filled into pails or
drums. In the United States, the quality of the berries

is USDA Grade A or B. These products are typically
used in ice-cream, yogurt, bakery preparations, or
fillings (Somogyi et al., 1996).

The sough (glazed egute covered with a shin-
ing fondant layer) is manufactured by soaking the
semi-prepared product in a hot, over-saturated sugar
solution, finally put on a grating and dried in a hot
room. A bright fondant layer crystallizes on the sur-
face of the fruit pieces, which makes the product
attractive and protects its fresh, plastic consistency.
This procedure is called “glazing.”

Dripped, dried egute is also used to manufacture
candied fruit (fruit pieces, coated with a thin layer
of crystallized sugar). The semi-prepared product
will be soaked in cool sugar syrup of 59—-60°Brix.
The surface of the fruit pieces is covered with a
thin layer of granulated sugar. After the sweetening
treatment, the syrup will be racked from the vessel,
which is equipped with an outlet and a grating at
the bottom. The fruit layer remains on the grating,
and can drip and dry. The sugar layer on the surface
of the fruit pieces, consisting of closely united crys-
tals, protects the product from drying out quickly. An
attractive packaging improves the protecting effect
of the sugar layer and also the marketability of the
product.

To manufacture sweetened-dehydrated fruits, the
raw material is prepared in a similar way to the pro-
cedure used in the technology of canned or bottled
fruit processing (washing, cleaning, peeling, pitting,
de-stemming, halving, or slicing, and treatment of the
surface in the case of light colored fruits with a diluted
solution of citric acid or H,SO3). The prepared raw
material should be soaked 10-20 min under vacuum
in a sugar solution of 15-20°Brix at 60°C. Duration
of the treatment depends on fruit ripeness. After the
sweetening treatment, the fruits become transparent.
Because of the vacuum-effect, the inter-cellular cap-
illaries will become de-aerated, and the sugar solu-
tion will penetrate into the air space. The less aroma
the fruit contains, the lower sugar concentration has
to be adjusted (apples, pears: 30°Brix; apricots and
peaches: 35°Brix; quinces: 40°Brix).

Sweetened fruits should be carefully placed on a
sieve, slowly dried to a water content of 15-17%,
at the beginning at a temperature of 70-75°C, and
at the end at 65°C. To decrease hygroscopicity, the
sweetened-dried fruits should be rolled in sugar pow-
der. The sugar surplus can be selected by sieving,
and the product should be packed in cellophane
or in ornamental boxes (Szenes, 1995; Mathlouthi,
2003).
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FruiT JAMS, SWEETENED FRUIT PUREES,
JELLIES AND MARMALADES

These products are, according to Codex Alimentarius
Hungaricus (Magyar Elelmiszerkbnyv, 1996), fruit
preparations of jelly-like consistency, produced of
fruit purees, pulps, juices, or watery extracts of one
or more kinds of fruits and by adding sugar.

Sweetened fruit purees are fruit preparations, man-
ufactured from fruit purees (pulped and homogenized
fruit-flesh, fresh or preserved) or of fruit juices by
adding sugar, citric acid, pectin, and food colorings
possibly. They have a spreadable, bounded, jelly-like
consistency. They are generally made of one sort of
fruit, except “mixed sweetened fruit puree,” which
contains several fruits. It has a harder consistency,
and it is sliceable with a knife. Concentrated plum
puree of good quality can also be made without sugar
added. Soluble solid content of the sweetened fruit
purees achieves 56°Brix; 10-12% of this value orig-
inates from the fruit, the rest is added in the form of
beet-sugar. The Department of Canning Technology
of the Corvinus University of Budapest successfully
used high-fructose Jerusalem artichoke concentrate
for sweetening fruit preparations (Barta, 1993). In
limited amounts, fructose tolerance by diabetics is
accepted in Europe, but those products are sweet-
ened, in addition to fructose as a natural sweetener,
by the simultaneous addition of artificial sweeten-
ers and gellying additives, because in the absence of
saccharose, pectin has no gellying effect (Patkai and
Barta, 2000; Bassoli, 2003).

In the course of putting together a batch of sweet-
ened fruit puree, the pectin has to be added in the
form of a colloidal solution, which is prepared by
mixing the pectin with cold or warm water. The
sweetened fruit preparation has to be cooked in a vac-
uum evaporator. First, the fruit puree and one-third
of the needed sugar quantity should be fed into the
machine. The superfluous water quantity should be
evaporated during 25-40 min under maximal vacuum
value and at the boiling temperature corresponding
with the vacuum. Some minutes before the end of
evaporation, the missing part of the sugar quantity
and the colloidal pectin solution must be added to
the puree. After having added the rest of sugar and
the pectin solution, the evaporation is continued for
about 5 min under vacuum,; finally, the evacuation is
stopped, and the product is heated to 80-90°C. The
pH value of the sweetened, evaporated puree is ad-
justed to a value of 2.8-3.2 by adding citric acid.
After having controlled the soluble solid content of

the product, it can be filled into specified packages;
the filled packages are then closed and pasteurized. If
the volume of the package is smaller than 5 1, a pro-
cessing period of 10 min at 94-96°C is adequate for
pasteurization.

Jams are solid gels made of fruit pulp or juice,
sugar, and added pectin. They can be processed from
one single kind of fruit or from a combination of
fruits. The fruit content should be at least 40%. In
mixed fruit jams, the amount of the first-named fruit
should achieve at least 50% of the total fruit quantity
(based on UK legislation) (Anon, 2004b).

The semi-prepared product (pulp), preserved by
adding SO, should be fed into the vacuum cook-
ing kettle, and at first SO, has to be removed by
boiling under vacuum. If the semi-prepared product
has been preserved by addition of sorbic acid or by
heat treatment, the above-mentioned pre-treatment
is not necessary. A measured quantity of pulp can be
fed directly into the evaporator and the batch can be
prepared. The solid content of the jam is composed
of the solid content of fruit, sugar, pectin, and cit-
ric acid. Its recommended value is 68°Brix. “Fruit
rate” (rate of the solid content originating from the
pulp) should be between 20% and 50%, and it is al-
ways an actual quality prescription. Added pectin
and citric acid quantities should be established by
cooking-test, on the basis of quality prescriptions as
well. The pectin quantity has to guarantee the jelly-
like, suitably bounded consistency. The pH value of
the jam should be adjusted also to a value of 2.8—
3.2 by adding citric acid. The quantity of pectin and
citric acid to be added is generally about 0.3-0.5%,
depending on the original pectin- and acid content
of the fruit. The sugar quantity needed can be cal-
culated on the basis of those data. Both pectin and
citric acid are always used in the form of solutions;
and similar to the case of sweetened fruit purees,
they are added only at the end of cooking. Cooking
time for jams is 5—15 min, depending on the fruit
type.

Cooking apparatus used are open, double-walled,
steam-heated, tiltable stainless steel kettles with stir-
rer, or closed, pressure-tight vacuum-kettles.

The cooked jam is cooled to 90°C or 60-70°C,
respectively, depending on the pectin quality and de-
pending on the type of packaging material, filled into
packages with a screw- or piston loader. Jams filled
into jars should be heated at 95-100°C for a short
time. In the case of wooden or plastic packages, the
product must be preserved by preservatives (0.15%
benzoic acid, 0.1% sorbic acid, or their Na or K salts,
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respectively) (Kérmendy and Torok, 1990; Smith,
2003).

Fruit jellies and puddings are manufactured from
filtered, clear fruit juice with high pectin content
(apple-, quince-, strawberry-, gooseberry, or citrus
juice) or of strained fruit-flesh by adding sugar,
pectin, and food acids. Fruits for jelly processing
should not be fully ripe (Szenes, 1995). The intact,
healthy, and cleaned fruit is cooked in little water,
the juice should be filtered, sweetened, concentrated,
packaged, and chilled without moving it. The pack-
age should be closed only if the surface is already dry
(Ko6rmendy and Torok, 1990; Smith, 2003).

Fruit pudding is a special fruit preparation, which
is made of homogenized puree of one single kind of
fruit. It can be flavored and decorated with shelled
nut varieties (Szenes, 1995; Paltrinieri et al., 1997)
(Tables 13.1 and 13.2).

Part II: Products Manufacturing

FRrRuUIT JUICE CONCENTRATES

Fruit juice concentrates are produced by evaporation
of the superfluous water quantity of fruit juices. With-
drawal of water can be performed by

1. Heating and evaporation of water at boiling tem-
perature, generally under vacuum at low tempera-
ture in a multi-stage evaporator. Preliminary sepa-
ration of the aroma content by distillation and the
re-usage of it is important.

2. Freezing of the juice and separation of crystal-
lized ice by centrifuging (cryoconcentration or
freezeconcentration) or sublimation of ice crystals
under vacuum (lyophilization or freeze-drying).

3. Reverse osmosis (separation of water by a semi-
permeable membrane).

Natural fruit juice should be cleaned of fiber con-
tent and colloids, by clarification and sieving, but

Table 13.1. Chemical Composition of Jams, Marmalades, and Jellies, Frequently Used as Food

Components

Soluble Soluble Red Acids

Solids  Carbohydrates Sugars Saccharose Pectin (Total) Sugar/Acid
Name Product (%) (%) (%) (%) (%) (%) Ratio
Apples Jelly 65.0 64.87 - - - - -
Apricots Jam 66.2 62.0 33.1 28.2 0.50 0.71 86.34
Raspberries Jam 67.8 61.3 35.7 24.7 0.37 0.88 68.64
Raspberries Jelly 65.0 64.78 - - - - -
Cherries Jam 66.9 62.2 32.55 29.1 0.42 0.55 112.1
Red-currants Jam 66.1 58.65 47.6 10.1 0.43 0.95 60.73
Red-currants  Jelly 66.3 66.3 - - - - -
Oranges Jam 68.0 60.4 43.9 16.0 - 0.52 115.2

Source: Souci, Fachmann, and Kraut (1989).

Table 13.2. Mineral and Vitamin C Content of Jams, Marmalades, and Jellies,

Used as Food Components

Minerals Vitamin C
Name Product (mg/100 g) (mg/100g)
Apples Jelly 130 -
Apricots Jam 360 -
Raspberries Jam - 2.7
Raspberries Jelly 220 -
Cherries Jam 380 1.2
Red-currants Jam 340 20.6
Red-currants Jelly Na +K +Ca =90.0 -
Oranges Jam 140 4.0

Source: Souci, Fachmann, and Kraut (1989).
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it is possible to concentrate the opal juice as well.
Soluble solid content of the concentrate should at-
tain 62—-65°Brix to get a long-life product. The sugar
ratio of the solids is variable depending on the sort
and ripeness of the fruit. The sweetening effect of
the concentrate may also vary in case of an equal
sugar concentration because of sugar interactions.
The fruit-juice concentrates contain nearly all valu-
able components of the fresh juice: sugars, organic
acids, minerals, colorings, and natural antimicro-
bials. Therefore, they are popular additives in the
bakery-, confectionery- and dairy industry as natu-
ral sources of colorants and sweeteners.

Fruit-based sweeteners tend to be more expensive
than high-fructose corn syrup and sugar, but they
provide several advantages. They add soluble and
insoluble dietary fiber, color, a unique flavor profile,
several vitamins, minerals, and “label appeal.” Some-
times, the technologist has to use a juice-concentrate
as a source of natural sugar with reduced color,
flavor, and acidity in order to design products without
imparting a characteristic taste or color of the fruit.

Natural color extracts currently permitted by the
US Food and Drug Administration (US FDA) for
industrial use are red cabbage, beet juice or pow-
der, carmine, grape skin extract, and color extractives
from grapes. These natural colorants are defined by
the FDA as exempt from certification and are listed in
US 21 CFR 73. More than 50% of the total reducing
sugars are present as fructose which, being naturally
hygroscopic, helps to prolong the shelf life of breads
and bakery products (Cantor, 2004).

FrozeN Fruits

The Hungarian cooling and refrigeration indus-
try is processing and preserving by freezing all
characteristic fruits cultivated in Hungary: rasp-
berries, elderberries, apples, quinces, strawberries,
gooseberries, red- and black-currents, cherries, sour-
cherries, apricots, peaches, and chestnuts. Fruits are
frozen after having been harvested, receipted, se-
lected, washed, cleaned, crushed, or sliced. Freez-
ing, repeated selection, and separation of debris are
followed by packaging and storage of the frozen
product. Chemical composition of frozen fruits is
nearly equivalent to that of the fresh ones, there-
fore it can be used similarly to fresh fruits in the
bakery-, confectionery-, and dairy industry, for ice-
creams, desserts, sauces, and ready-made meals. In
case of expert processing, freezing, and storage of the
frozen product, undesirable changes are insignificant;

and by a suitable technology, these changes can be
decreased further. Undesirable changes of color are
controlled by the following factors:

¢ blanching

e other color-fixing methods

¢ packaging in concentrated sugar (fructose) syrup

¢ vacuum-packaging of the frozen product (e.g.,
vacuum-packaging of sliced apples soaked in
0.5% solution of CaCl, or NaCl)

e ascorbic or erythorbic acids

The most perishable quality parameter of frozen
fruits is their consistency, which must be taken into
consideration in the case of sensible fruits (raspber-
ries, strawberries, sour cherries, etc.). Deterioration
of the consistency causes serious troubles in the case,
if the user needs recognizable whole fruits or pieces
of well-defined form for his product (e.g., bakery fill-
ings, desserts, ice-cream, yogurts containing whole
fruits, etc.).

Color changes (darkening) of frozen, sliced apri-
cots, peaches, and apples during storage indicate the
presence of polyphenoloxidase, the activity of which
can be prevented by blanching, color-fixing, preclud-
ing the possibility of oxidation, and by the selection of
suitable sorts. Discoloring of sour cherries is caused
by oxidation of kera-cianin or of polyphenols. The
former causes discoloration, the latter induces brown-
ing (Pai, 2003).

Time of harvest and the period between harvest-
ing and processing (freezing) play a significantrole in
the development of taste and fragrant flavor. Expertly
processed and packaged frozen fruits—stored under
minimal fluctuation of temperature—do not undergo
significant loss of taste and fragrant flavor. They have
a quality nearly equivalent to fresh fruits as ingre-
dients in bakery, confectionery, and dairy products
(Beke, 2002; James, 2003).

KERNEL OF NUT VARIETIES, USED AS
BAKERY AND CONFECTIONERY ADDITIVES

Generally known as “shell-fruits” in Europe, China,
and in the United States are nuts (Juglans re-
gia L.), almonds (Amygdalus communis), and hazel-
nuts (Corylus avelana L.). Kernels of the shell-fruits
are frequently used as valuable additives of bak-
ery and confectionery products, desserts, muesli, and
ice-cream. They can be used unbroken, coarse bro-
ken or as grist, sweetened cream (marzipan: fon-
dant, flavored with almonds), and syrup. These ad-
ditives have an intensive, pleasant and characteristic
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Table 13.3. Chemical Composition of Soluble Solids of Shelled Nut Varieties, Used as Food

Components
Nutritional
Value Protein Fat Carbohydrate ~ Calium  Phosphorus Iron
Name (kJ/100 g) (g/100g) (g/100 g) (g/100 g) (mg/100 g) (mg/100 g) (mg/100 g)
Nut (Juglans 2601 14.4 62.5 £ 6.5 12.14 544 409 2.5
regia)
Almond 2318 1872  541+£09 9.08 835 454 4.1
(Amygdalus
communis)
Hazel-nut 2521 1196 61.6+1.5 11.36 636 333 3.8
(Corylus
avelana)

Source: Souci, Fachmann, and Kraut (1989).

flavoring and decorating effect, and increase signifi-
cantly the nutritional value of the product because of
their high content of digestible solids. The composi-
tion of soluble solids of shelled nut varieties is shown
in Table 13.3.

DAIRY PRODUCTS CONTAINING
FRUIT COMPONENTS

In the food market, the most important dairy products
containing fruit are fruit yogurts, milky desserts, and
functional drinks.

Soluble solid content of these products generally
does not exceed 20-30%. Sweetened berries (straw-
berries, raspberries) are very popular as dairy addi-
tives. These fruit preparations are usually either hot
filled or aseptically packaged and consist of fruit,
sweeteners, starch or other stabilizers, and flavorings
(Somogyi et al., 1996).

FRrult YOGURTS

Fruit yogurts are milk products fermented by using
special cultures of lacto-bacteria. Their consistency
may be jelly-like or fluid. They contain the fruit ad-
ditives either homogenously distributed or in layers.
Fruit preparations in dairy products call for pectin.
Pectin provides the required rheological properties
and assures the following:

¢ good dosing

e aregular fruit distribution in the container due to
their yield point

¢ a homogenous mixing with the fermented milk
product and a good shelf life of the finished
product

In layered products, the special pectin has a stabi-
lizing effect and keeps the fruit preparation separated
from the yogurt without a jellying effect (Szakaly,
2001; Anon, 2004f). In fruit yogurts, pectin provides
the fruit preparations with a smooth and creamy struc-
ture, fruit specific flavor, and prevention of synere-
sis. Low-methoxy pectin or amid-pectin additives of-
fer a solution to the problem (Imeson, 1998; Anon,
2004g). The same result can be achieved by adding
high nutritive and healthy whey-proteins to the prepa-
ration (Anon, 2004a).

Average chemical composition of fruit yogurts can
be seen on Table 13.4.

MiLK-FrRulT DESSERTS

Milk-fruit desserts are semi-finished products, made
of sugar, buffer substance, fruit, and water mixed
with an equal amount of cold milk. The result is a
gel which forms within minutes after mixing. Stable,
jelly-like consistency, prevention of syneresis, and
a characteristic fruit aroma are requirements for the
fruit additives of milk-fruit desserts (Anon, 2004a).

Individually quick-frozen (IQF) berries and cher-
ries are appropriate for premium dairy products such
as refrigerated desserts. Some processors offer IQF
fruits infused with a sugar solution to prevent them
from freezing solid in frozen applications (Berry,
2001).

CHEESES WITH FRUIT ADDITIVES

Dried fruits are typically not used in dairy applica-
tions. However, finely chopped or diced versions can
add a great deal of flavor to more unique applica-
tions such as cream cheese spreads, Cheddar cheese,
and butter. Cheeses contain either finely pulped fruit
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Table 13.4. Average Chemical Composition of Fruit Yogurts

Liquid Fruit Fermented Milk
Contents Fruit Yogurts Yogurts with Fruit Juice
Protein (g/100 g) 2.9-3.0 3.1 2.5
Carbohydrate (g/100 g) 12.1-13.8 11.6 11.0
Fat (g/100 g) 2.64.6 1.1 1.0
Energy (kJ/100 g) 353-454 290 266

Source: Anon (2004c¢).

additives uniformly dispersed or layers of fruit
pieces, similar to fruit yogurts. Berry and cherry
preparations are most suitable as cheese additives
(Berry, 2001). Cherries have been used successfully
in the production of spreads and cottage cheese sauce
(Hendrick et al., 1969).

Raisins endow some types of cheeses with a char-
acteristic taste and flavor (Anon, 1990).

ALCOHOL-FREE MILKY BEVERAGES

Fruit components are generally added to milky bev-
erages in the form of fruit juice concentrates. Car-
rageen or other hydrocolloid additives ensure homo-
geneity of the product. Milk beverages flavored with
small quantities of banana puree have been devel-
oped mainly for children, as a product of very high
nutritional value.

CONFECTIONERY PRODUCTS
AND FROZEN SWEETS
CONTAINING FRUIT
COMPONENTS

The confectionery industry is using fresh and pre-
served fruits as filling for chocolates and candies
and to decorate and enrich frozen desserts, fruit
creams, and parfaits. Most frequently used fruit ad-
ditives of sweets are—just like those of bakery
products—cherries, sour cherries, and berries; but
the confectionery industry is using other fruits as
well.

Enzyme hydrolyzed Jerusalem artichoke juice
concentrate can be successfully used as sweetener
in dietary and low-energy fruit preparations, because
75-80% of its sugar content is fructose. Limited
amount of fructose can be metabolized by humans
in the absence of insulin—20-80 g daily are toler-
ated by diabetics. Its sweetening effect is 20-50%
higher than that of sucrose, so it can guarantee the

same sweet taste even at lower concentrations (Barta,
2000; Bray et al., 2004).

CHOCOLATE COVERED FRruiITs,
CHOCOLATES WITH FrRUIT FILLINGS

Cherries, strawberries, blueberries, apricots, whole
apples dipped in caramel, diced and sweetened
orange, or grapefruit peel can be processed to
chocolate-coated products. Cherries, apricots should
be pitted, apples have to be peeled; the cleaned fruits
have to be slightly dried, dipped in caramel and/or
milk-chocolate, covered with colored candy glaze,
and packed in presentation tins (Anon, 2004d).

Very valuable and popular special products of the
Hungarian confectionery industry are “sour cherries
in rum,” pitted cherries soaked in rum and coated in
chocolate.

Confections contain high levels of sugar and have
low value of water activity, many undesirable reac-
tions are either slowed or stopped. Consequently, fruit
juice pigment systems tend to be fairly stable in con-
fections (Hegenbart, 1994).

DISTILLERY PRODUCTS OR
OTHER ALCOHOLIC DRINKS
CONTAINING FRUIT
COMPONENTS

Prepared, cleaned, pitted, and chopped or whole
fruits are valuable components of distillery products
(liquors, fruit punches, etc.) as well.

Brine cherries are popular components of
maraschino cocktails and desserts. The procedure of
cherry brining is described by Somogyi et al. (1996).
After brining, maraschino cherries may be placed in
NaCl solution, to further remove skin discoloration
(Wagenknecht and Van Buren, 1965; Anon, 1968).

Fruit cocktail requires bleaching, firming, and dye-
ing of the fruit. Pitted cherries are firmed by soaking
inhot 0.5% CaCl,; bleached, neutralized, and colored
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by treating with erythrosine dye; rinsed with wa-
ter; and acidified by soaking in citric acid solu-
tion to prevent bleeding of the dye (Chandler, 1965;
Woodroof and Luh, 1975). After the prescribed treat-
ment, maraschino cherries are sugared in a 48% sugar
syrup. Once sugared, the fruit is drained, and packed
in a 45% sugar syrup with flavoring and enough cit-
ric acid to produce a final pH of 3.6. The maraschino
pack is vacuum-sealed and pasteurized (Woodroof
and Luh, 1975).

Attempts have been made to use cherry in the pro-
duction of flavored beers (Peill, 1976). Production
of this speciality necessitates the neutralization of
the inherent malt liquor flavor. The liquor is then
sweetened, colored, and flavored with cherry juice
as necessary.

FROZEN DESSERTS, PARFAITS,
AND ICE-CREAMS CONTAINING
FRUIT COMPONENTS

In addition to yogurt, most dairy fruit preparations are
used in frozen desserts. This category of preparation
can be classified into three basic, discreet types:

1. Straight, no-particulate flavor systems added di-
rectly to the mix tank.

2. Variegates that do not contain particulates and are
run through the variegating pump on the ice-cream
freezing system.

3. Fruit feeder systems that have a higher percentage
of particulates and are actually pumped into the
ice-cream stream. Each of these categories has
specific formulation requirements. Fruit feeder
preparations must be thicker so that the juice does
not drain out of the feeder into the ice-cream
stream. They must be injected cleanly, without any
excessive liquid run-off. Variegates can be either
thick or thin, and they usually do not contain much
particulate fruit. The variegate has to be evenly dis-
tributed, but there is no concern with fruit destruc-
tion, so the feeder construction is more simple.

A fruit preparation for a frozen application must
have its freezing characteristics controlled so that it
will not freeze solid in the ice-cream or frozen yogurt
product. The fruit content, solid content, and the sta-
bilization system all play a role here. The stabilizer
system affects the size and rate of ice crystal growth.
Finding the correct solid content to control the freez-
ing point depression requires looking at the actual
Brix of the fruit used. The interplay between the
total fruit content and the product’s final solid con-

tent must be balanced for an equilibrium of solids in
the finished preparation. In a fruit preparation, you
have your fruit and your matrix. These will come to
an equilibrium of sugar concentration and that is im-
portant in controlling whether the fruit becomes icy
or if it maintains its softness.

An emerging trend in the realm of frozen fruit
preparations is the use of aseptic preserved fruits
in place of traditional whole or individually quick-
frozen fruit used in the fruit feeder. The aseptic fruits
help to reduce concerns about microbial contamina-
tion of the mix by the fruit, and ensuring a matrix
that firms to maintain texture at freezer temperatures
(Hegenbart, 1994).

BAKED PRODUCTS CONTAINING
FRUIT COMPONENTS

Baked products combined with fruit preparations are
very popular, due to their fresh-fruity character.

Bakery fillings include a large variety of products.
They include simple pectin-based fillings with little
or no bake stability; high fruit low-solids pie fillings;
homogenous, creamy preparations processed from
fruit purees; to high-solids cookie fillings that must
endure a severe heating. Pie filling contains about
30% solids, while a cookie filling has minimally 80%
solid content. Fruit components for breakfast prod-
ucts (croissant, muesli) have a lower a,, value than
pie fillings. Bakery fruit preparations come in two
general types: those that are designed thermally sta-
ble and those designed to be cold-filled into the pre-
baked product. They must be easy to process, their
organoleptic and technological quality should be pro-
tected during processing. Preparations, being baked
together with the dough, must endure high tempera-
ture without quality losses. Special pectin additives
are playing a significant role in ensuring quality re-
quirements. Besides pectin, other stabilizers such as
starch concentrates and micro-crystalline cellulose
are also used (Kuntz, 1997).

The technologist must know the baking parame-
ters, interactions between the filling and the cake or
dough, and if the product is going to be open ended
or totally encrusted (Hegenbart, 1994).

REQUIREMENTS ON BAKING STABLE
FRUIT PREPARATIONS

Fruit preparations which are baked together with the
dough are produced as bucket, drum, or container
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goods based on individual requirements. The prop-
erties of the fruit preparations are influenced by
processing technology, recipe parameters (Ca™-ion
concentration, type of sugar, pH value, and type of
fruit), the used pectin, and/or the combination of these
factors.

Requirements before Baking

The fruit preparation for bakery products is expected
to be well processable and which does not change its
texture after mechanical stressing. In order to obtain a
product which is easily pumpable and dispensable af-
ter filling, the fruit preparations are stressed mechan-
ically during cooling and after they are filled cold.
In this way, the forming of an elastic gel is avoided
and a non-gelled, creamy product with the required
firmness results.

Requirements during Baking

Both the dough and the fruit preparation are exposed
to a defined heat for a certain time during the baking
process in the oven (e.g., breakfast cookies, “crois-
sants” filled with jam or marmalade). Baking stability
of the preparation means that it does not start boiling
or melting. The fruit filling must have an excellent
shape stability, but a limited melting on the surface
will result in a nice gloss, giving the cake an attrac-
tive surface after cooling and firming. This is called
“limited baking stability”.

Requirements after Baking

After baking, the products are usually packaged
and stored. As baking stable fruit preparations are
mainly used for baked products with a long shelf
life, it is especially important that the cakes keep
their optimal quality over a longer period of time.
Therefore, the fruit preparation is expected to be
stable also after baking, and it may not release
water or show any tendency to syneresis. Ideally
ayvalue of the fruit preparation complies addition-
ally with that of the baked product. In contrast to
jams and marmalades, a pre-gelled texture is de-
sired in the production process of baking stable
fruit preparations with low methyl-ester pectin. Pre-
gelling by using special pectin or gellan gum addi-
tives can prevent precipitation of Ca-pectinate and
syneresis and very good processing properties can be
achieved.

APPLICATION OF DIFFERENT FRUITS IN
BAKING STABLE FRUIT PREPARATIONS

Due to their components, the different fruit pulps in-
fluence texture and baking stability of the finished
products. Also, the following factors can influence
the quality of the final product:

e soluble solids content

e the content of fibers (and/or dietary fibers)
. pH

e total acid and calcium content of the fruit

In order to produce products with constant prop-
erties, it may be necessary to consider the different
kinds of fruit used in the recipe. A mixture of sugar
syrup and berries, cherries, apricot, or apples is most
frequently used as fruit filling of pies (Anon, 2004e).

Among dried fruits, raisins play a significant role
as fruit components for high quality bakery products,
milk loafs, and cookies (Anon, 1990).

Cherry pie filling is a typical extension of the
canned, pitted cherry pack. Formulations for this
pack vary, depending on the source starch (Somogyi
et al., 1996).

Alternative and novel combinations have been de-
veloped, e.g., a reduced sugar cherry-apple filling
(Wittstock et al., 1984).

HEAT TREATED AND FROZEN
READY-MADE MEAL PRODUCTS
CONTAINING FRUIT
COMPONENTS

Sterilized or frozen ready-meals generally contain
besides the meat component, potatoes, rice, vegeta-
bles, or pastry as trimmings, but the increasing de-
mand for healthy nutrition makes fruit trimmings and
sauces more and more popular. Rice trimming with
fruit components or other fruit trimmings which can
be preserved by heat or freezing are considered to
characterize the early nutrition habits of the Asian
people.

SAUCES, DRESSINGS, AND READY MEALS
STERILIZED BY HEAT

Fruits have become popular ingredients in sauces
and dressings. Good tasting products may be pre-
pared from cherries, sour cherries, and particularly
from apples of desirable varieties such as Graven-
stein, Pippin, and Golden Delicious. Nearly all apple
cultivars can be used for processing applesauce, but
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only a few are considered ideal. Quality attributes
in raw apples that produce a high-quality finished
product include high-sugar solids, high-acid con-
tent, aromatic, bright golden or white flesh, variable
grain or texture, and sufficient water-holding capacity
(LaBelle, 1971). The finished product can be flavored
with spices or combined with other fruits.

The interaction between the stabilizer system
and the fruit preparation during and after the heat
treatment can cause severe problems. Starch may
hydrolyze under low pH value, or may not cook out
properly. The heat and high pH of the system can
harm the fruit pigments, but acidity combined with
heat can harm the starch. To fix the problem, the due
course of cooking the sauce and of adding starch,
acids, and fruit preparation must be settled exactly
by pilot production (Hegenbart, 1994).

FROZEN READY-MADE MEALS AND
FRUIT-FILLED PASTAS

Individual components of multi-component food are
generally cooked or baked separately under param-
eters considering the aspects of food safety and
storage. All components must be equivalent and
delightful, having been prepared according to the
“consuming proposal.”

Some components are used fresh, others half-
cooked or totally cooked. If the product contains fruit
components as well, it must be taken into considera-
tion that the cooking time of fruits is generally much
shorter than that of vegetables and meats. Packaging
and closing (practically vacuum-closing) of ready-
made meals should protect organoleptic and nutri-
tional values of the food. Cooling of the packed and
hermetically closed product must begin instantly and
the product must have been cooled under 10°C as
soon as possible. The storage life of a food with
multi-components is determined by the component
with the fastest quality changes. However, normally,
the fruit is not the most critical component (Beke,
2002; James, 2003).

Industrial production of frozen pastas and fruit-
filled frozen pasta-meals have been developed in
Hungary recently. Preferred products of this type are
fruit-filled dumplings and jam pockets. The dough
containing water-soluble additives (sugar), egg-yolk,
or starch composed of amylo-pectin (rye-flour, pota-
toes), congeal and store well for some months at a
temperature of -18°C or lower. Requirements related
to the fruit filling are determined by the user on tech-
nological and economical basis. The prescriptions for

the maturity of the fruit used for fruit fillings have
technological causes, and those for fruit measure-
ment an economical one.

The deep-frozen “plum-dumplings” processed
from potato-dough are filled with whole plums or
plum jam. The maturity of the fruit may be max.
70-80 %, the greatest diameter of the fruits is max.
26 mm. The true variety is required. Deep-frozen
“apricot-dumplings” differ only in the filling from
“plum-dumplings.” The longitudinal diameter of the
fruits with sweet kernel may be max. 30 mm. The
maturity of the fruits should not exceed 90%. Only
healthy apricots, being true to variety can be used for
processing pasta-fillings (Almasi, 1977).

CONCLUSIONS

Fruit preparations are important components of many
products in nearly all sectors of the food industry, but
as additives they play significantly the greatest role
in the dairy and bakery industry.

Most important quality requirements of fruit addi-
tives from the viewpoint of the users are consistency,
ease of processing, characteristic color, aroma, taste,
and stability.

For this reason, the most popular raw materials for
fruit preparations used as components in combined
foods are cherries, sour cherries, and berries—alone
or mixed with apple preparations.
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This chapter discusses the development of the fruit
processing plant that includes the technological pro-
cedures of the food processing and the steps of plan-
ning of the plant.

GENERAL CONDITIONS FOR
ESTABLISHING A FRUIT
PROCESSING PLANT

Before establishing and operating a fruit process-
ing plant, it is necessary to evaluate all legal, engi-
neering, and economic factors. Legal conditions are:
laws related to the establishment and operation of a
plant. Engineering conditions are: the architectural,
environmental, electrical, technological, sanitary en-
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gineering and hygienic, work safety, and other fea-
tures of the plant. These make it possible to manufac-
ture quality products. Economic condition is: evalu-
ating whether there is a demand for the products. The
assessment and decisions based on these conditions
are the functions of the marketing plan.

COURSE OF PLANNING

Planning, establishing, and developing a plant are
complex engineering and economic tasks demand-
ing the cooperation and coordination of various pro-
fessionals. The planning scheme is summarized in
Figure 14.1.

A technological planner with knowledge of pro-
cessing a given product and conditions for establish-
ing a plant is important. Pre-planning starts with an
examination of demand for the product, whether de-
mands will be long-lasting. A feasibility study should
be done before a financial investment is made. It is
necessary to examine the technological, manufac-
turing, financial, and environmental conditions re-
quired for the economic production of the given prod-
uct followed by details of the conditions needed for
building the plant. The basis of the technical plan-
ning is the food processing being applied. The long-
lasting and safety management of the plant must be
ensured by the work of the professional designers.
Dimensions of the plant are based on the require-
ments for food processing. The engineer applies the
principles of engineering to food processing. Profes-
sionals of the given branches make planning tasks of
the settlement—-starting with the establishment of
the building through the construction of the sanitary
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- Planning steps Economic
Preparation of calculations
planning i
Base data
Product
Legal, engineering Prodpcthlty Target
. Requirements :
and economic > functions,
conditions optimalization
methods

Technological planning

> Proce.du_res and processes >
Principal flow chart

Material and energy balances
Specification of machines

\ Technological plans

Business plan —

Technological flow chart
Arrangement plan —

Plan for joint of pipes v
Technical description, cost plan fFici
Data supply E ierency
calculation
A

Plans for branches

Architectural and establishment > Investment cost

Sanitary engineering plan
Electrical

Figure 14.1. Flow chart for planning of a plant (Berszan and Véarszegi, 2000).

engineering and electrical circuits through the trans- ning is the steps in processing the final food product
porting the final product. The work and tasks are de- while assuring the safety of the employees and the
termined by the technological plan. The most im- customer. Investment as well as planning can be made
portant document is the technological flow chart, within the scope of various professionals. The in-
showing detailed architectural, sanitary engineering, vestor requires assurance that the plant is ready to

and electrical plans. The basis of technical plan- use, while the task of the designer is to ensure that
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the plant meets all of the technological requirements
(Bastian, 1996).

FEATURES OF THE
TECHNOLOGICAL PLANNING
OF FRUIT PROCESSING

A fruit processing plant transforms the raw
materials—base, additives, and auxiliaries—into
preserved finished products that are then packaged
and stored. The products are transported to the cus-
tomer through the trade. Some steps of this complex
process are shown in Figure 14.2.

The planning of a fruit processing plant starts with
answering the following questions:

¢ For the choice of products: what do we want to
produce?

¢ For the quantity of the products: what amount of
product do we want to produce?

¢ For the technological procedure: how do we want
produce?

The product is the carrier of the following informa-
tion and basic data for the plant calculations:

e The formula of the product: gives the amounts of
raw materials needed for the given product. This
is the basic data for calculation of the material
balance.

e The shape and dimension of the product:

influence the type of processing machines and

dimensions of material handling and storing
equipment and spaces.

Quality of the product: the palatability or

quality-preserving period, the composition, the

organoleptic properties, the packaging and
functional properties affect the technological
process. Determination of these properties is done
by evaluating customer demands and preferences

(marketing plan).

Product volume: determines the requirement for

the productivity of the machinery, storage space,

and the economics of production (Rouweler,

1991).

Processing technology consists of all the methods,
procedures, and processes used to produce the fin-
ished product from raw materials. The processing
technology is realized by a definite sequence of var-
ious procedures (e.g., sorting, classifying, washing,
chopping, etc.) and of processes (e.g., heat treatment,
parboiling, pre-cooling).

Receive raw fruit

Preparation

Processing

Preserving

Packing

Storage

Clean-up

Shipping

Trade

:

Consumer

Figure 14.2. The general flow chart of fruit processing.
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FRrRuUIT PROCESSING TECHNOLOGY,
MANUFACTURING PROCESS

Planning of a plant based on technological design
means the technical realization of manufacturing can
be varied even with the same formula and the same
processing sequence. Generally, the raw material is
seasonal. The type of raw material, the harvesting
time, and the quality determine the production time
and the continuous or campaign feature of the manu-
facturing process. Fruits degrade quickly, therefore,
it is necessary to process soon after harvesting. Pro-
cessing is generally done in two steps. The first step
is the so-called postharvest treatment that helps to
save the freshness of the raw materials. Another
choice can be the primary processing of the fruits,
resulting in semi-finished products. At the second
step, or secondary processing, extension of shelf life
and producing end products are also possible (De
Raaijl, 1991; Kushwaha et al., 1995; Shewfelt and
Prussia, 1993). The form of primary processing is
the production of paste, purée, as well as pulp and
dried products. Secondary processing of, e.g., juices,
syrups, beverages, jelly, jams, dairy- and confec-
tionery fruit products, muesli, tea may be performed
at a later period, depending on market demand. The
theoretical scheme of fruit processing is shown in
Figure 14.3.

In order to perform the same tasks, various pro-
cedures and processes can be used. For example,
the concentration, i.e., the production of a paste, can
be performed with the following processes: thermal
evaporation, concentration by freezing, separation by
a membrane (ultrafiltering or reversed osmosis), or
application of thickening agents to improve the con-
sistency of the product. Thus, the raw materials as
well as the final food product can be preserved. In
the following, we summarize how to evaluate each
process and choose the most appropriate for manu-
facturing. In the course of process analysis, the fol-
lowing are examined:

* Operation alternatives

¢ The effect of the procedure on the material

¢ Productivity: incoming and outgoing materials,
losses

¢ The realization mode of a procedure: manual or
mechanized

e Machines used for the procedures

e Character of the human labor: numbers of the
workers, craftsmanship

* Linkability of the procedures

Table 14.1 summarizes the incoming and outgoing
data of the procedure analysis.

As a result of procedure analysis, features affect-
ing quality and quantity characteristics of product
manufacturing are determined. Features affecting the
quality of the product are:

¢ Types of procedures and processes

e Working quality of the machines

¢ Labor requirements

¢ Monitoring system, degree of instrumentation
e Material handling

¢ Continuity, off-times

Features affecting the quantity of the product and
productivity are:

¢ Dimension of the material

e Yield, residual products (off quality raw material
and process waste)

¢ Productivity (capacity) demand

e Degree of mechanization, automation

¢ Continuity, off-times

Procedure alternatives: differences among the
quality or quantity of products made with various
procedures for the same task, marketing expectations,
and preferences. All of these affect the economy of
the production. The working quality of the machines
means the effect on the product, for example, whether
the given machine could meet quality demands. As
an example, determination of the working quality of
a chopper is done by analyzing the size and shape of
the material (e.g., cube or grits). Analysis shows the
sizes of the particles present in the product and the
percentage distribution of the various size fractions.
On the basis of this study, it can be decided which
type and how much of the product can be produced
by a given machine. At chopping, the productivity of
the machine is also an important criterion. The task is
that the peeled product needs to be chopped as soon
as possible. The demand for workers and the number
of them can be an obstacle as well as an advantageous
feature. Obstacles can be, for example, at some dan-
gerous processes or at ones that are critical from a
hygienic point of view (packaging for consumers),
or in procedures that need highly skilled workers and
control of the operations (heat treatment, fermenta-
tion). For small factories, technologies with high-
labor requirements are characteristic. Human labor
might have an advantage over machines if labor is
less expensive, and there is no obstacle as mentioned
above (craftsmanship, hygiene, and worker safety).
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jelly nectar cream powder mixes, tea

Figure 14.3. Theoretical scheme of fruit processing.

Product safety can be improved by automation of the
machines and production. The quality of the prod-
uct, especially the organoleptic properties, needs the
craftsmanship and care of the boiler master in addi-
tion to the quality of the raw materials (Floros, 1992;
Locin and Merson, 1979; Okos and Balint, 1990).

MATERIAL TRANSPORT OF FRuIT
PROCESSING

We summarize the calculation methods that are con-
nected to the transport of raw materials used at
processing of the product. These calculations make a
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Table 14.1. Procedure Analysis

Incoming Data

Operation Analysis

Outgoing Data

Raw material: base, additives,
and auxiliaries

Machines, tools: electric
energy, water, steam,
compressed air, vacuum,
cleaning matters and
disinfectants

Workers

calculation

work safety

Material balance, capacity

Specification of machines,
energy balance, hygiene,

Demand for numbers of

Processed product (finished product),
residual product, waste matter

Vapor, drain, technological sewage,
noise, pollution, odor

Municipal sewage

workers, craftsmanship,

hygiene

basis for choosing the machines and determining the
labor requirements.

The amount of materials yielded from the raw ma-
terials can be calculated on the basis of some nor-
mative. The yielding norm gives the types of mate-
rials yielded from the raw materials as well as their
percentage ratios. Normative can be found in some
technical books (Burits and Berki, 1974; Szenes and
Ol4dh, 1991). The yield is a function of the quality of
the raw material, the type of the product as well as the
applied technology. In the following, some data are
given for the usual or expected yields (Barta et al.,
1990). For drying some fruits, the following yields
can be taken into account for calculations:

e Dried fruit made of peeled apple: 8—10%

® Dried fruit made of unpeeled apple: 14—16%
¢ Dried plums: 30-35%

* Rose hips: 40-50%

The demand for raw material can be calculated
similar to calculating yield data. The formula for
the product, i.e., the composition gives the amount
of material needed for manufacturing a given prod-
uct. The compositional normative, generally, is the
quantity of materials needed to produce 100 kg of
a finished product including material losses (Baert,
1995). Yield is a phrase used to explain disintegra-
tion of raw materials during processing. The yield
relates to how much finished product can be gained
from given amount of base matter (raw materials),
additives, and auxiliaries. While the requirement for
additives is included in the normative, the demand
for packaging material must be calculated for each
type of packaging material. The quantities of flasks,
metal, and cartons (e.g., daily, weekly demands) can
be calculated on the basis of the product and the vol-
ume of the given packaging materials. Generally, it

is necessary to account for some losses, e.g., glass
breakage (Szenes and Olah, 1991).

The material balance is the sum of incoming ma-
terials and outgoing products from the technological
process, that is, the balance of the materials. Material
balance can be determined by calculation. The sim-
plified equation for material balance to the yield is

n

min = Z mi,out,

il (14.1)
mip = Zl (min X xi,out)v
where
min—the mass or mass flow of the starting material
(kg or kg/s)
mj our—the mass or mass flow of the ith product, aux-
iliary or residue (kg or kg/s)
Xiou—yYyield ratio of the ith product, auxiliary or
residue (kg/kg).

Material balance can be illustrated in three differ-
ent formats:

 Narrative description of the calculation

¢ Table format

¢ Graphic presentation (Shankey diagram) (Berszan
and Virszegi, 2000)

If a plant produces several types of products, first it
is necessary to calculate the material balance for each
type of product. Then, these can be summarized and
the material balance for the plant can be calculated.

CAPACITY CALCULATION

Capacity means efficiency and cubic capacity. The
capacity of the production equipment, tools, or
plant determines the possibility of the economical
performance (product volume) during production.
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Therefore, capacity is the possibility. The ratio of
product volume to capacity is the yield of capacity.
The yield is less than 100% when expressed as a per-
centage. The capacity can be expressed as the product
of the unit capacity (capacity norm) and of the pro-
duction time (time base):

K =kyl,

where kj, is the capacity norm (kg/h, m/h or piece/h)
and [ is the time base (h).

Capacity norm is related to production units (ma-
chine, production line, “cross section”). Time basis
can be day, week, month, year, as well as season,
depending on the character of production.

Capacity Norm

The capacity norm of a batch type machine can be
determined as the ratio of the single cubic capacity to
the total processing time (useful, i.e., running time +
service (attendance) time):

60
ky = M

. (14.2)

where m, is the single cubic capacity of the machine,
i.e., the mass of one charge (kg) and ¢, is the process-
ing time (cyclic time) (min).

Capacity norm of a continuously running machine
can be calculated based on the technical parameters
of the machine. The performance (capacity norm) of
a chopper with pulley transport is given as

Ky = @ x 60; (D> —d®)n x s x p, (14.3)
where

a—the charging, filling parameter

n—the number of revolutions of the pulley (I/min)
D—outer diameter of the pulley (m)

s—pitch of the pulley (m)

d—core diameter of the pulley (m)

p—density of the material (kg/m?).

The capacity norm of a rotary filling machine is de-
termined by using a single-filling volume, the mass
of transported material per cycle, and the number of
revolutions. For liquids, the basis of the calculation
is the performance of the pump carrying the liquid.
Capacity norms are determined for the total produc-
tion as well as production at a specific point in time
(cross section). Cross section is a machine or tool
by which one process of the total production is per-
formed. The main cross-section process (e.g., heat
treatment, juice production) is the process having pri-
mary importance for the total production. Extension

in production of the main cross section is very ex-
pensive. A bottleneck in production is a machine or
tool, with the lowest capacity. Often, the main cross
section and the bottleneck are the same (Berszan and
Virszegi, 2000).

MECHANIZATION OF FRUIT PROCESSING:
SPECIFICATIONS OF MACHINES

Production can be performed manually, by us-
ing hand-driven machines, or by automatic equip-
ment. Material-handling devices linking technologi-
cal tools are considered as machines. In the planning
stage, technological tools that are well constructed
and reliable are chosen for all steps in the produc-
tion of a product. The modern technological arrange-
ment (realization of the technological plan) is char-
acterized by large number of various machines and
devices. An important part of the machine specifica-
tions is the mobile material handling and auxiliary
production tools. These are vehicles for transport,
and containers, tanks, etc., used for transporting the
materials. Specifications are necessary for the types,
parameters, and quantities of machines and auxiliary
devices needed for production of a specific product.
While calculating the quantity of devices, the follow-
ing must be take into account:

e The device is a part of the production.

e The device being used must be cleaned before the
next run.

* A part of the device must be in maintenance.

All the features of a machine that affect production
must be put into the specifications; the effect of a
machine on production is as follows:

1. Effect on the quality of the product, such as the
effect of a blade of a chopper on the quality of the
material; the effect of heat treatment on the taste
of the product, as well as the effect of automation
on quality control.

2. Effect on hygiene, which is also a quality feature,
e.g., how quickly can the equipment be disassem-
bled, cleaned, sanitized, and reassembled.

3. Effect on the choice of products. How can the fea-
tures of a machine be changed for varying product

type?
The effect of a machine on the technological plan
and on the production run is the following:

e Capacity
¢ Energy demand
e Emission effects on the environment
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¢ Dimension and mass data
¢ Safety techniques
* Maintenance demand

The following data must be added to the specifica-
tion of a machine in the technological plans (based
on the above evaluations):

¢ Denomination of the machine (what is meant by
denomination?)

* Type of machine (instrument, device)

¢ Number of pieces of the machine

¢ Engineering properties of the machine: capacity,
dimensions

¢ Notes related to the machine: line production,
individual machine, mounting instructions

Specifications of a machine are included in the fol-
lowing technological documents:

¢ Technological flow chart

* Technological arrangement plan

¢ Engineering arrangement and mounting plan

¢ Technological plan for joining of pipes
(Abrahaim, 1980; Berszan and Varszegi, 2000)

PACKING MATERIALS FOR
FRUIT PRODUCTS

By using various packaging materials and auxiliary
products (tags, adhesives, clips, caps, and taps), sev-
eral packages (bag, box, flask, pocket, keg, etc.)

and parcels (customer, collecting and transferring
packs) can be made. The function of packaging ma-
terials is to ensure the safety and quality of the
product from production through transportation to
the customer including storage, transporting, and
selling the product and informing the customer
(Fellows, 1988; Floros and Gnanasekharan, 1994).
Table 14.2 summarizes the requirements for pack-
ing. Selection of the packaging material must be
made using the knowledge of product characteris-
tics and requirements for food safety and quality
control.

Various packing materials are used for pack-
aging processed fruits. However, plastics are ap-
plied in the largest quantity. Combined packag-
ing materials were developed for better product
safety and various forms of the product. Process-
ing of foil combinations of paper, metal (Al),
and plastics are used most frequently. For frozen
fruits, the best quality is given by the polyethy-
lene (PE)/paper, Al/PE combinations. For dehydrated
(dried) fruits, the paper/Al/PE or paper/Al/ionomer
is best, while for packing under vacuum or some pro-
tective gases, combinations of polyamide (PA)/PE or
PETP (polyester)/Al/PA/PE combinations are best.
Besides plastics, the following packaging materials
are frequently applied: paper, carton, glass, and metal
(Monspart-Sényi, 2000; Szenes and Oldh, 1991).
Table 14.3 summarizes packaging materials and
tools.

Table 14.2. Some Requirements for Packing for Saving the Quality of the Product

Environmental Effect Form of Deterioration Packing Requirements

Oxygen Fatty acid oxidation, vitamin degradation, Sealing against oxygen
protein loss, coloring, material oxidation

Moisture Loss of nutrients, organoleptic changes, Sealing against moisture
lipid oxidation

Light Oxidation, rancidity, vitamin degradation, Light tightness
protein and amino acid transformation,
coloring agent, oxide

Micro- and Formation of faulty product, loss in Sealed packing

macro-organisms nutrients and in quality, potential risk to
infection

Organoleptic change, deterioration and
other changes in the quality,
susceptibility for deterioration due to
changes of the sealing, formation of
micro holes

Product loss, quality deterioration, loss in
nutrients, organoleptic degradation

Mechanical burdening
(dropping down,
pressure, vibration,
attrition, coarse
handling)
Customer handling,
faulty usage
Source: Berszan and Varszegi (2000).

Mechanical strength,
tightness

Mechanical strength,
clear information
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Table 14.3. Features of Some Packing Tools

Packing Tools

Features

Tools with rigid walls

Metal boxes

Metal kegs, vessels

Glasses

Paper-based tools
Paper—plastic—plastic cartoon
Pre-boarded cartoon
Semi-rigid plastic tools
Heat-formed boxes, trays

Pre-mould boxes, trays
Tools with elastic walls

Blown plastic flasks

Bags, pockets, bag-in-box

Stiffness, acknowledged by customers, safety
High capacity, low costs
Strength, stiffness, fragility

Environmental friendly
Easily formable, etc.

High productivity, low-space requirement,

easily formable, variability

Sterile and prefabricated, no need for space for

the packing tools

Low costs, simple, mechanization, minimum

space requirement for storage

Besides requirements for saving the quality of the
product, the effects of the packing on the environment
are also very important.

ENERGY REQUIREMENTS
OF FRUIT PROCESSING

The basis of planning for energy needs for a given
technological procedure including the energy needed
by individual machines is the energy (heat) demand
of the technology as well as the recovery possibilities
of the heating energy.

ENERGY BALANCE OF FRUIT PROCESSING

The energy balance is the application of the law of
conservation of energy. The mathematical formula
can be described as follows:

2:Qmin"— Q = Eanut+ Ql + Qr

where

¥ Omin—nheat content of the incoming materials

¥ Omout—nheat content of the outgoing materials
Q1—energy loss

Q,—heat demand or heat production of the chemical
reactions

Q—energy demand of the procedure.

The unit of all parameters is kJ or kW h. On the
left side of the equation is energy coming into the
procedure, while on the right side is energy out-
going from the procedure. The heat content of in-
coming and outgoing materials can be calculated as
follows:

D) Qm = mmCme,

where

mmyu—the mass of the material or its components or
phases processed during the given period (kg)
cm—specific heat of the material, or its components
or phases (kl/kg °C)

Tm—temperature of the material, or its components
or phases (°C)

Losses are determined empirically or by calcula-
tion. In the simplified calculations, only those compo-
nents that are the main part of the total energy demand
are taken into account, and processes without losses
are estimated. For example, at boiling temperatures,
the heat energy needed for evaporation is taken into
account and the energy demand required for warm-
ing to the boiling point is eliminated since the energy
required for this step is of several orders of mag-
nitude less than the energy needed for evaporation.
The energy demand of the process is determined by
summing the energy demands of all procedures and
taking into account heat recovery and coincidental
losses (Barta et al., 1991).
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ENERGY OPTIMIZATION
OF THE PROCEDURES

Optimization of operations, procedures, and pro-
cesses can be done from various viewpoints; one is
minimalization of the cost of applied energy. Gen-
erally, the energy cost (E;) can be calculated as
follows:

E. = (Q/mec,

where

(QO—energy demand on the basis of the energy balance
(kJ or KW h)

n—efficiency of the system

e.—energy costs ($/kJ or $/kW h).

Calculation of the units: 1 kWh = 3600 kJ.

It can be seen from this expression that minimal-
ization can be achieved by decreasing the amount of
energy used or by using cheaper energy. An evalua-
tion of the technical and engineering processes must
be done together with a complex economical anal-
ysis of the product for a given quality requirement
(Kormendy and Torok, 1990; Locin and Merson,
1979; Okos and Balint, 1990).

ENERGY CONSUMPTION OF FrRuIT
PROCESSING BY ENERGY CARRIERS

In food processing technology, electrical energy is
required by electrical engines of machines and tools.
Planning this system is a responsibility of an electri-
cal engineer, who must consider the energy demand
on the machines and coincidentals.

Energy demands of machines and tools used for
heating or cooling are given by brochures and tech-
nical books. Often, heat exchange occurs during the
pre-heating or pre-cooling stages of fruit production.
Heating energy (warm water or steam) used in heat
exchangers is ensured from the supply system. For
calculating the average energy demand of heat ex-
changers, the following relationships are used. For a
batch process,

0 =cmAT,

where

c—specific heat of the material (kJ/kg K)

m—mass of the charge (kg)

AT—temperature difference between the starting

and ending temperatures of the product (°C or K).
For a continuous process,

0 =cmATt

where
m—mass flow of the material (kg/s)
t—process time (s).

Temperature and time are technological data ob-
tained from the technical literature. The actual warm-
ing or cooling of a product to the required temperature
(in a device) depends on circumstances for transmit-
tance of heat. The calculation is as follows. For a
batch type device, the energy uptake of pre-heating
or pre-cooling is

QO =cmAT = kAATt.
For a continuous device,
QO =cmATt = kAATt.

In both cases,
k—parameter of heat transmittance of a heat ex-
changer (kJ/s m*K)

A—heat transferring surface of a heat exchanger (m?)
ATy—logarithmic average temperature of heat ex-
change or the difference between the average tem-
peratures of the two media (heat carrier and the
product) (°C)

t—process time (s).

By determining the various energy demands, it is
possible to determine the quantities of the heat carri-
ers as well as the temperatures and pressures. Plan-
ning requires determining the quantities of the heat
carriers instead of the heat energy. Quantities of heat
carriers (warm water, steam) can be calculated as fol-
lows. The mass flow of the warm water is

my = Q/(CWATW)

The mass flow of the steam is
mg = o/r,

where

cw—specific heat of the water: cy,= 4.2 kJ/kg K
AT, —temperature decrease of the heating water:
AT, < 20°C

r—evaporation heat of the water vapor: r ~ 2400 kJ/
kg (mean value due to the pressure dependence of it).

ENERGY CONSUMPTION OF FRUIT
PROCESSING
The users of energy in fruit processing are:

* Processing equipment
¢ Equipment for storage, transportation, and
material handling
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¢ Devices used by the informatics system of the
enterprise
e Lighting, heating, and climatization of work place

Users mentioned above require various sources
and carriers of energy. Energy sources are:

¢ Electrical energy

¢ Heat energy, fuel sources: natural gas, fuel oil,
wood, coal

e Renewable energies:
* Biological materials: wood, wood waste,

sawdust, cuttings, biogas

e Solar energy, energy of some thermal sources
* Wind energy

In practice, the first two types of energy are impor-
tant; however, from a regional point of view, some
other sources can have importance, too. The quanti-
ties of the natural sources are not constant, there is
uncertainty in their presence, and therefore sole ap-
plication is not generally proposed. Energy carriers
are:

¢ Heat energy: warm water, water vapor, dew, and
steam

¢ Cool energy: recirculation (from a cooling tower)
cooling water, natural cooling water, icy water,
brine, glycol, liquid nitrogen, ice water, and dry
ice

e Compressed air and vacuum.

Production of the above energy carriers can be
done in the plant or obtained from public utilities.

DOCUMENTATION OF THE
TECHNOLOGICAL PLANNING
OF FRUIT PROCESSING

The technological calculations, the analysis of the
material, machine, and labor demands and that of
the information system, i.e., determination of the
base data, make it possible to outline the plant, con-
struct the arrangement drawings, and the technolog-
ical plan. The flow chart shows the materials for
production, the production procedures, and some-
times the machines and their connections. The princi-
pal connections of the systems, materials, and tools
are shown without the accurate data of the spatial
arrangement; however, the main directions of the
technological process are indicated. The technolog-
ical arrangement drawings show the connections of
equipment and tools in the space and their arrange-

ment. By means of the architectural and sectional
drawings, the technological arrangement plan shows
all the tools needed in the manufacturing of the prod-
uct and those in direct contact with the raw material
and product. The knowledge of the construction and
dimensions of the plant are required for making the
base drawings and cross sections. The basis for es-
tablishing the architectural plan is the technological
plan. The apparent contradiction can be solved by the
following:

1. The designer of the technological plan has archi-
tectural knowledge (the technological designer is
generally a mechanical engineer or a food tech-
nologist).

2. The technological designer adjusts the prelimi-
nary plan with the architect.

3. Inthe course of the technological planning, further
adjustments are required. During this time, com-
promises are made to achieve an optimum plan
that has a criterion for product quality and oper-
ational efficiency (Burits and Berki, 1974; Mikus
and Barta, 1998).

The general principle is that the architectural and
other planning must meet the requirements of the
technology. The technological plan consists of the
following documentation:

e Plans for the main technological procedures and

manufacturing of the food product

Plans of the technological auxiliary procedures or

sub-systems: processing of the subsidiary

products, waste disposal, cleaning of sewage

water, and a neutralizing system to prevent air

pollution

Plans of the service sub-systems:

¢ Analytical, organoleptic, and microbiological
laboratories

e Personnel and tools of the hygiene department

¢ Personnel facilities for plant employees
including changing rooms, bathrooms, WC,
break room, and dining room

¢ Auxiliary (sub)-factories connected to the
technology, e.g., box-making factory

¢ Establishments of the vehicle stock carrying the
raw material and the finished product

e Maintenance shops.

Forms of documentation are:

¢ Technological flow chart

e Arrangement plan for machines, technological
arrangement plan
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¢ Base drawings

¢ Sectional drawings

e List of the items (list of the machines or
machine specifications)

e Plan for routing material transport and
personnel traffic

e Plan for tubes, technical description

e Financial plan

According to the targets (permission plan, data
supply), flow charts can be made in several variations.
Designing of the arrangement plan for machines is
more or less uniform. Flow charts can be done:

¢ For the authority that issues the necessary permits

e Flow chart made by the designer or producer of
the technological process to present its offer

e For informing the technological designer and the
employer

e For construction of the quality, safety, and process
control systems

Technological flow charts are of three types de-
pending on the depth of content:

* Principal schematics

¢ Block schematics

* Material transport schematic and Shankey
diagram

Table 14.4. Food Safety and Quality Features

Part II: Products Manufacturing

* (Heat) Energy transport schematics and Shankey
diagram

¢ Flow charts

* Drawings for joining pipes (Abraham, 1980;
Berszan and Varszegi, 2000; Szenes and Ol4h,
1991)

General references relating to fruit processing
plant: Alzamora (2000), Arthey and Ashurst (2000),
Dris (2003), and Thompson (2003).

FOOD SAFETY AND QUALITY

Food products must fit the dual requirements of
food safety and food quality. Besides, there is a
third requirement: a continuous supply of the re-
quired products in the quantity needed by the cus-
tomers. Food safety means that the food is free from
microbes and/or toxins causing foodborne illness
and free from foreign matter dangerous to human
health. In other words, the product must meet pub-
lic health requirements for microbiological quality
(Schlotke et al., 2000). The concept of food quality
means that the product meets expectations for nu-
trient content and organoleptic characteristics (ap-
pearance, taste, and smell); that labeling accurately
describes the product; and that packaging maintains

Quality Features

Features of Quality Changes and Their Phenomena

Physical quality features

Appearance: color, shine, smoothness

Texture: fragile, fibrous, tough, crackling,
crumbling

Phase state: liquid/solid

Shortage of physical impurities

Chemical quality features

Protein and amino acid composition

Sugar content, types of starch

Nutrients, vitamins, mineral salts

Permanent composition

Free from chemical impurities

Enzymolitic quality features

Shortage of the rotting enzymes

Presence of the anti-rotting enzymes

Presence of starch-hydrolyzing enzymes

Microbiological quality features

Shortage of toxin producers

Shortage of degradation causing

Features of the physical quality changes
Fainting, browning, taint, wrinkling
Softening, desiccation, hardening

Melting, recrystallization, phase separation
Physical impurities: metal, glass, powder

Features of changing of the chemical quality
Browning reactions

Vitamin deterioration, coagulation of mineral salts
Solvent residues, alien matters

Features of changing of the enzymolitic quality
Enzymolitic browning
Oxidation

Features of changes of the microbiological quality

Microbial growth and toxin production

Degradation: smell bad and bad taste, degradation of
nutrients

Source: Berszan and Varszegi (2000).
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quality while meeting customer expectations. The
quality of similar products can vary due to the varia-
tions in above-mentioned features (Balla and Binder,
2002; De Wit, 1991; Jen, 1989; Stauffer, 1994; Surak,
1992; Thorner and Manning, 1983). Food safety and
quality are determined by several parameters. These
quality features are classified into four groups in
Table 14.4. This table contains also the features and
the phenomena of quality changes. Some can be con-
trolled organoleptically and provide information on
the quality of the product.
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INTRODUCTION

Fruits are raw agricultural products given a high
level of priority by the government with respect to
food safety and security. Recently, safety concerns
have been raised on the potential contamination of
fresh whole, cut, and minimally processed fruits
and fruit juices with foodborne pathogens (FDA,
2001a). These reasons were justified in view of the
fresh nature of the product, together with the var-
ious sources of contamination and the lack of an
effective treatment to eliminate/control the growth
of these pathogens once present on the fruit.
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The key means to improve the safety of perish-
able products such as fruits is to minimize their ini-
tial microbiological contamination with foodborne
pathogens at the preharvest stage. Fruits are pro-
duced in an environment that supports contamina-
tion. Bacterial contamination from the soil, irriga-
tion and wash water, farm workers, rodents, and other
animals are all vectors for the spread of pathogenic
bacteria. Under temperature-abuse conditions, these
microorganisms will multiply rapidly, resulting in
the deterioration of the fruit and, in some cases, the
transmission of foodborne diseases. Potential cross-
contamination could also occur during postharvest-
ing, handling, in-plant processing, and during trans-
port and distribution (Brackett, 1992). Therefore,
preventive measures must be adopted at the primary
production stage, the processing plant, and transport
and distribution chain to limit the level of contamina-
tion and growth of pathogenic microorganisms. This
chapter deals with the characteristics of microbial
pathogens associated with fruits, Hazard Analysis of
Critical Control Points (HACCP), and sanitation
measures necessary for lowering the incidences of
food-poisoning outbreaks involving fresh fruits.

FOODBORNE OUTBREAKS
ASSOCIATED WITH FRUITS

Traditionally, fruits have been perceived as whole-
some, nutritious foods that pose no significant health
risk. However, in recent years, there has been an in-
crease in the incidence of foodborne diseases asso-
ciated with the consumption of fruits. About 41%
of foodborne illness cases in the United States were
associated with the consumption of produce (fruits,
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vegetables, and juices). In addition, outbreaks re-
lated to contaminated produce (fruits, vegetables,
and juices) in the United States doubled between
1973-1987 and 1988-1992 (Bean and Griffin, 1990;
Griffiths, 2000). The reasons for this were attributed
to the increase in consumption of fruits in response
to the consumer desire for “fresh” foods, their nu-
tritional value, and assumed beneficial health effects
as well as the increase in importation of fruits and
improved surveillance.

Food-poisoning outbreaks are defined as “the oc-
currence of two or more cases of a disease trans-
mitted by a single food.” There are two exceptions,
botulism and chemical poisoning in which one case
constitutes an outbreak (CDC, 1990). There is lit-
tle published information on the natural occurrence
of human pathogens in raw and fresh-cut fruits and
fruit juices. This is because of the large number of
variables to be considered that influence the contam-
ination of fruits (procedure for sampling, location
of source, number/size of samples, area or portion
to be tested, etc.) and the lack of optimized meth-
ods for pathogen detection and isolation from fruits
(FDA, 2001a). However, the survival of foodborne
pathogens on fresh fruits has been clearly demon-
strated. Pathogens will survive but not multiply on
the uninjured fruit due to the protective natural bar-
rier on the fruit that provides unsuitable conditions
for pathogen multiplication. The survival/growth of
foodborne pathogens is enhanced once the protec-
tive layer of the fruit is removed by physical damage
(bruising, puncture), by plant pathogen degradation
(bacteria, fungi), or by mechanical operation (peel-
ing, cutting, slicing). Water, insects, or birds are the
most common mode of transmission of pathogens re-
sulting in the contamination of damaged or decayed
sites on the rind and subsequently may infiltrate the
fruits through these damaged sites. In addition, fruit
can become contaminated if the warm intact fruit is
submerged into cold, contaminated water. This pres-
sure differential will draw the contaminated water
into the fruit through the stem scar, calyx, or other
openings in the fruit. Processing equipment and per-
sonnel also have been shown to cross-contaminate
fruits during processing.

Fresh whole, cut, and minimally processed fruits
and juices are frequently implicated in outbreaks
of bacterial food poisoning. Clostridium botulinum,
Staphylococcus aureus, Campylobacter jejuni, Lis-
teria monocytogenes, Bacillus cereus, Shigella,
Salmonella, and Escherichia coli have all been iden-
tified as a food safety concern for fruits. Some of these

microorganisms have also been responsible for fruit-
associated foodborne outbreaks (Beuchat, 1998).

C. botulinum is a Gram-positive spore-forming
anaerobe that grows well in the absence of oxygen
(Farber, 1989). The strains of C. botulinum can be
classified according to the toxin they produce into
seven groups designated A through G. C. botulinum
types A, B, and E are responsible for botulism in
humans. Botulism results from the consumption of
a neurotoxin that is produced by this microorgan-
ism while growing on the food. However, the rate
of botulism associated with fruits is very low com-
pared to the foods of animal origin. This is due to the
fact that most fruits are sold fresh and under aerobic
conditions so that the development of anaerobic con-
ditions suitable for outgrowth of clostridial spores
and toxin production is not possible. More recently,
safety concerns have been raised about the poten-
tial of C. botulinum to grow and produce toxin in
fresh-cut packaged produce (Austin et al., 1998). The
high rate of respiration of both the produce and the
microorganisms could create anaerobic conditions
for spore outgrowth and toxin production. In fact,
Larson and Johnson (1999) have reported the pres-
ence of C. botulinum toxin in artificially inoculated
fresh-cut cantaloupe and honey dew melons after
9 days of storage at 12°C, packaged under modi-
fied atmosphere packaging. Thus, it is necessary to
package produce in a high oxygen/carbon dioxide
permeable film and store the produce if possible at
temperatures not less than 3°C.

St. aureus is another major food-poisoning mi-
croorganism frequently involved in fruit-associated
foodborne illnesses. It is a Gram-positive, faculta-
tive anaerobic coccus with a temperature range from
7°C to 45°C (Farber, 1989). Food products become
contaminated with St. aureus from noses, skin, or
infected lesions of field workers, handlers, and pro-
cessing personnel (Bryan, 1980). The microorgan-
ism is also capable of producing different heat-stable
enterotoxins. These enterotoxins are high molecular
weight proteins and are produced in the lag phase
of the bacterial growth (Genigeorgis, 1989). High
levels of St. aureus in fruits indicate poor hygiene
and improper storage conditions. This pathogen is
a problem in the postharvest processing of fruits
because of the widespread direct hand contact in-
volved in the process of sorting, packing, and repack-
ing of fruits. Nevertheless, this microorganism is
a poor competitor and does not grow well in the
presence of other microorganisms normally present
on fruits. Mukhopadhyay et al. (2002) reported the
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presence of coagulase-positive St. aureus in 17% of
the sliced papaya samples examined by them. The
authors also reported that despite the risk associated
with the presence of this pathogen, the microbiologi-
cal counts were not high enough for toxin production
(80-100 CFU/y).

Campylobacter jejuni has been recognized as the
most common cause of bacterial diarrheal disease
in humans (Griffiths and Park, 1990). It is a Gram-
negative, spiral-shaped, microaerophilic bacterium
that belongs to the Spirillaceae family (Farber, 1989).
Foods of animal origin are commonly the implicated
sources of Campylobacter foodborne illness. Al-
though there are no reported outbreaks associated
with Campylobacter in fruits, this pathogen has been
isolated from a variety of vegetables and has been
shown to survive on sliced watermelon and papaya
(Beuchat, 1998; Castillo and Escartin, 1994). Since
the infectious dose of Camplyobacter is low (800
cells), intervention must be put in place to destroy
any pathogenic bacteria that may be present on the
raw fruit (Black et al., 1988).

L. monocytogenes is a Gram-positive, rod-shaped,
motile bacterium isolated from various foods includ-
ing cheese, milk, and fresh and processed meats.
In accordance with other psychrotrophic bacteria,
L. monocytogenes exhibits a wide temperature range
from 1°C to 45°C with an optimum of 35-37°C
(Farber, 1989). Listerosis is the disease contracted
by the ingestion of contaminated food. Although the
minimum infectious dose is still unknown, a high
number of viable cells (>10° CFU/g) are required to
cause illness in healthy adults (Farber, 1989). High-
risk groups including pregnant women and their fe-
tuses, the elderly, and immuno-compromised indi-
viduals will show clinical symptoms of listerosis at
around 10°-10* CFU/g (Farber, 1989). The impor-
tance of Listeria as a causative foodborne agent in
fruit stems from the following: (i) the ubiquity of
Listeria in the environment, (ii) the ability of the
microorganism to grow in extended shelf-life refrig-
erated products at temperatures as low as 1°C, and
(iii) high mortality rates as high as 30% (Farber and
Losos, 1988). Great concerns have been expressed
about fruits as major vehicles of transmission of lis-
terosis to humans. Several reports have shown that
low temperature is not a hurdle to Listeria growth.
Conway et al. (2000) reported the growth of L. mono-
cytogenes in apples incubated at 5°C. Furthermore,
while the pH of most fruits and fruit juices (pH < 4)
is in the range unsuitable for Listeria growth,
some fruits such as watermelon (pH 5.2-5.7) and

cantaloupe (pH 6.2-6.9) may serve as good substrates
for Listeria growth. In fact, Penteado and Leitao
(2004) have reported that low-acid fruits (melon, wa-
termelon, and papaya) were good substrates for the
growth of L. monocytogenes at various incubation
temperatures of 10°C, 20°C, and 30°C.

B. cereus are rod-shaped, Gram-positive spore for-
mers that are commonly present in soil, on the surface
of plant material, and in many raw and processed
foods. Two distinct types of illness have been at-
tributed to the fruits contaminated with B. cereus,
a diarrheal and an emetic toxin. Fruits incriminated
in past outbreaks include orange juice (FDA, 2000).

Shigella spp. are rod-shaped, Gram-negative,
facultative anaerobic bacteria that have been epi-
demiologically associated with foods or water con-
taminated with human feces. Shigellosis is the
collective term used for the dysentery disease result-
ing from the infection by a species of Shigella. There
are four species of Shigella known to cause bacillary
dysentery. These include S. dysenteriae, S. flexneri,
S. boydii, and S. sonnei. Shigellosis infections ac-
counted for 3.1% of the total foodborne outbreaks
reported from 1988 to 1992 in the United States with
most of these outbreaks being attributed to the con-
sumption of contaminated vegetables including pars-
ley, lettuce, and vegetable salads (Bean et al., 1997,
Davis et al., 1988; Dunn et al., 1995). Recently, the
Food and Drug Administration (FDA) conducted a
survey on 151 cantaloupe samples exported to the
United States from nine countries. They reported an
incidence of Shigella in these products to be around
2% (FDA, 2001b). This pathogen is of great concern
to the fruit industry because of its low infectious dose
(10 cells) (Wu et al., 2000).

Non-typhoid Salmonella species continue to be
the most reported foodborne disease with incidence
rates varying between 17.4 and 187 cases per 100,000
population and an estimated number of 2 million
cases per year world wide (D’Aoust, 1991; Siliker,
1982). Salmonella is a genus of the family En-
terobacteriaceae that includes other genera such as
E. coli, Shigella, and Proteus. Salmonella species
are high-temperature mesophiles that grow at tem-
peratures from 5.2°C to 45°C (Farber, 1989). These
microorganisms are ubiquitous in nature and have
been isolated from several sources including irriga-
tion water, sewage, rodents, and dust (Mackenzie
and Bains, 1976; Oosterom, 1991). Recently, the
EPA scientific advisory board panel specifically iden-
tified Salmonella, L. monocytogenes, and E. coli
0157:H7 as pathogens of concern for fresh produce.
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Furthermore, the panel recommended testing five
outbreak strains in a cocktail for each pathogen when
conducting challenge studies (EPA, 1997). Most out-
breaks of human Salmonellosis have been recently
linked to fresh-cut melons (Tauxe et al., 1997). These
fruits are considered as potentially hazardous foods in
the FDA Food Code because of their low acidity (pH
5.2-6.7) and high water activity (0.97-0.99). Thus,
according to the FDA time/temperature requirements
for potentially hazardous foods, melons should be
prepared under sanitary conditions and cut melons
should be kept at or below 7°C and displayed no
longer than 4 h if they are not refrigerated (Golden
et al., 1993). Salmonella have also been shown to
adapt to reduced pH, and numerous outbreaks re-
lated to unpasteurized juices have also been reported
(WHO, 1998).

E. coli are rod-shaped, Gram-negative, facultative
anaerobic bacteria that are part of the microflora of
the intestinal tract of humans and animals. Pathogenic
E. coli are classified into five major groups based on
their virulence properties, mechanism of pathogenic-
ity, clinical symptoms, and antigenic characteristics
(Beuchat, 1998). These five groups include the En-
terotoxigenic E. coli (ETEC), Enteroinvasive E. coli
(EIEC), Enteropathogenic E. coli (EPEC), Entero-
hemorrhagic E. coli (EHEC), and Enteroadherent E.
coli (EAEC). The serotypes of major concern to fruits
are the ETEC and EHEC. Sources and the mecha-
nism of contamination are similar to those described
for Shigella and Salmonella. E. coli O157:H7 have
been commonly associated with outbreaks of unpas-
teurized apple juice (Besser et al., 1993). Although
apple juice and cider are regarded as high acidic foods
(pH 3-4), E. coli O157:H7 have shown to be acid-
tolerant and survive in apple juice and cider for weeks
in storage (Zhao et al., 1993). E. coli O157:H7 have
also been shown to survive in stored apple juice for up
to 24 days at refrigeration temperatures (Miller and
Kasper, 1994). The major factor related to unpasteur-
ized fruit juice safety is that these products receive no
heat treatment. These numerous outbreaks have led
the FDA to take action to improve the safety of fresh
and processed juice by requiring processors to use an
inactivation step that would result in a 5-log reduc-
tion of the target pathogen or else place a warning
label on their products (FDA, 1998a).

Raw fruits may also harbor many non-bacterial
pathogens of public health concerns including viruses
and parasites. These pathogens are usually not part
of the natural microflora of fresh produce and are
primarily introduced by symptomatic food handlers

via fecal-oral route. Secondary modes of parasite and
viral transmission to produce include sewage, water-
containing untreated sewage, and sludge from pri-
mary or secondary municipal water treatment facili-
ties (Beuchat, 1998).

An increasing proportion of fruit-associated food-
borne outbreaks have been recently traced to viruses.
Hepatitis A virus and the small round structured
viruses (SRSVs) are the most common viral con-
taminants of fresh produce. Historically, Hepatitis
A virus has been recognized as the major cause
of viral foodborne outbreaks. However, more re-
cently, SRSVs have emerged as potential pathogen
in fresh produce. Indeed, O’Brien et al. (2000) re-
ported that SRSVs represented 20% of the total pro-
duce (vegetable, fruits, salads) associated outbreaks
during 1992-1999 in England and Wales. Hepati-
tis A and SRSVs have been linked to outbreaks of
strawberries and raspberries (Niu et al., 1992; CDC,
1996a).

Parasites including Giardia, Cryptosporidium
parvum, and Cyclospora cayetanensis have been his-
torically associated with waterborne outbreaks (Rose
and Slifko, 1999). However, in recent years, these
pathogens have also emerged as potential risk for
foodborne illness and a concern to the fresh pro-
duce industry. The CDC reported that these para-
sites contributed to 2% of the foodborne outbreaks
between 1988 and 1992 in the United States (CDC,
1996b). However, these numbers could be mislead-
ing due to the limitations of improved methods for
recovery and detection of parasites in foods. Con-
tamination of fruits with parasites occurs when crop
irrigation water becomes contaminated with sewage
or untreated wastewater or by runoff from non-point
sources. Thurston-Enriquez et al. (2002) studied the
occurrence of Giardia and Cryptosporidium in irri-
gation water in the United States and several Cen-
tral American countries. They reported that 60% and
36% of irrigation water sampled tested positive for
Giardia and Cryptosporidium, respectively. In a re-
cent survey conducted in Norway, out of 475 fruit
and vegetable samples examined, 6% were found
to be positive for Giardia and Cryptosporidium. No
Cyclospora were detected in any of the samples. Fur-
thermore, water samples were also positive for those
two parasites, clearly indicating that irrigation and
wash water are the sources of parasite transmission
to fruits (Robertson and Gjerde, 2001). Outbreaks
linked to these protozoan parasites include fruit salad,
apple cider, and raspberries (Anon, 2000; Tauxe et al.,
1997; CDC, 1997).
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FRUIT PROCESSING

Raw and minimally processed fruits could be pro-
duced in many different ways depending on the type
of fruit and the end product. For such products,
the techniques most commonly used include whole
fruits, fresh-cut (peeled/cut/sliced into pieces), and
in the form of unpasteurized juices. From a microbi-
ological safety point of view, all critical processing
factors should be controlled to minimize risks asso-
ciated with the contamination of such products. In
a fruit processing plant, the major sources of con-
tamination are the plant’s environment and the other
fruits that transmit both spoilage and pathogenic bac-
teria. Thus, it is important to ensure the safety of all
steps of the fruit processing operations at the plant, in
addition to the cleanliness and hygiene of personnel
working in the plant.

CRITICAL CONTROL POINTS
OF FRUIT PROCESSING

Critical control points are defined as the location,
practice, processing step, or procedure where con-
trol must be exercised to prevent one or more of the
identified hazards (Baird Parker, 1987). This concept
underlies the HACCP system. This system provides
a structure for anticipating foodborne, microbiolog-
ical, chemical, and physical hazards depending on
their associated risk and on effective measures to pre-
vent these hazards from occurring (Notermans et al.,
1994). Since HACCP is regarded as an internation-
ally accepted standard for food safety, for many years,
many regulatory agencies in several countries have
recognized the importance of implementing HACCP
system in their operations. Various countries have al-
ready implemented mandatory HACCP in federally
regulated food sectors such as meat and the seafood
industry and now require that other products such
as fruits be produced under HACCP system. Thus,
the industry with the aid of government agencies
has taken numerous steps to develop and implement
HACCP programs for fruit processing by developing
guides to improve the preharvest and postharvest op-
erations. In fact, in 1998, the FDA in collaboration
with the food industry has issued guidance for the
industry “Guide to Minimize Food Safety Hazards
for Fresh Fruits and Vegetables” (FDA, 1998b). This
guide covers areas such as good agricultural prac-
tices (GAP), good manufacturing practices (GMP),
water quality, manure management, workers train-
ing in field and facility, sanitation, and transport.

The U.S. industry has also provided farm and pro-
cessing personnel with codes of practices to improve
the washing, handling, distribution, and storage of
fruits such as the melon quality assurance program,
the strawberry assurance program (US Department
of Health, 1993; California Strawberry Commission,
1997), and the “Food Safety Guidelines for the Fresh-
Cut Produce Industry” (IFPA, 2001). Internationally,
the World Health Organization issued a report on sur-
face decontamination of fruits and vegetables that can
be eaten raw (WHO, 1998).

The first step toward developing a HACCP pro-
gram for a process is to properly identify the risks
associated with each operation in the process. Be-
cause microbial hazards are of major concern in the
fruit processing industry, the identification of haz-
ards involves a list of pathogenic bacteria associated
with the particular product; the possible sources of
contamination; and the growth, survival, and death
of these microorganisms during processing (Pierson
and Corlett, 1992). These CCP must be known before
the implementation of additional hygienic practices
in the production process. Because raw and fresh-cut
fruits usually receive no or a small degree of pro-
cessing (i.e., no harsh treatment), contamination of
fruits still occurs at the different stages of process-
ing. The most important stages to monitor include:
(i) primary production and harvesting of the fruit,
(ii) washing stage, (iii) mechanical operation, and
(iv) storage, transport, and distribution.

The primary production and harvesting stage is a
crucial stage for limiting the contamination of fruits
in the processing plant. Fruits are frequently in con-
tact with the soil that contains a considerable amount
of microorganisms, dirt, dust, and feces. Foodborne
pathogens such as C. botulinum, B. cereus, and
L. monocytogenes are all normal inhabitants of
the soil, whereas Salmonella, Shigella, E. coli,
and Campylobacter jejuni could contaminate fruits
through contact with the feces, sewage, or irrigation
water. Insects, birds, and dust can act as vectors for
human pathogens, especially on bruised or injured
fruits (Beuchat, 1996). Houseflies have shown to har-
bor different pathogens (Olsen, 1998). Janisiewicz
et al. (1999) have also demonstrated that fruit flies
carrying a fluorescent-tagged non-pathogenic strain
of E. coli O157:H7 transmitted the microorganism
to apple wounds after 48-h exposure of the apples
to the flies. Thus, ensuring the safety of the fruits at
the preharvest stage is a very crucial stage for lim-
iting the presence of pathogenic bacteria on fruits.
Once present, these pathogenic microorganisms can
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be established in the plant and serve as a source of
cross-contamination for incoming products that enter
the processing line.

SORTING AND FIRST WASH
INSPECTION

Following harvesting, the preparation of fruits for
processing involves reducing and/or eliminating ex-
ternal contamination by visual inspection and sort-
ing of the incoming fruits (color, size, maturity), the
removal of decayed and/or injured fruits, and pack-
ing into containers. Direct hand contact is a com-
mon practice during inspection and sorting. In a
1999 survey of production in the United States, 93%
of farms that grew fruits harvested fruits by hands
(USDA, 2001). Furthermore, about 50% of fruit
packers only require their employees to wear gloves
(USDA, 2001). Hand contact of fruits is a problem
due to the potential risk of cross-contamination from
infected food handlers. Thus, it is necessary to ensure
the cleanliness of workers’ hands by implementing
proper hand-washing techniques or the wearing of
gloves.

Containers used to pack whole fruits from the
field to the packinghouse and/or processing plant are
another sources of microbial contamination. Fruits
are usually packed using one container (bags, bins,
wooden boxes, buckets, etc.) or exposed to a variety
of containers during the postharvest operation. Most
of these containers are stored for a long period of
time prior to use and are often reused and difficult to
clean. Thus, it is necessary to ensure that containers
are washed and disinfected regularly to remove gross
foreign residue, bird droppings, and rodent nests.

Initial washing of fruits with clean potable wa-
ter is the next step to remove plant debris, pesti-
cide residues, decomposed products, other extrane-
ous matter, and bacteria. Washing in water will also
remove the field heat, thereby maintaining the qual-
ity of the fruit and its shelf life. Washing of fruits
such as strawberries and grapes will impair their qual-
ity; therefore, other treatments such as dry cleaning,
brushing air blowers, and vacuum have been pro-
posed for their decontamination. For most fruits, the
selection of wash equipment depends on the charac-
teristic of the fruit commodity. Soft fruits are washed
on conveyer belts using water sprayers. Solid fruits
are washed in flume water, while root crops are
washed using oscillating brushes. In all cases, the
water used for washing should be replaced daily to

prevent the build-up of organic material and prevent
cross-contamination to other fruits.

The washing stage presents the earliest opportuni-
ties for cross-contamination. This is typically the case
for fresh-cut and unpasteurized fruit juices (apple
cider, orange juice) because external contamination
of the skin would be spread to the edible part of the
fruit during processing or to other processing equip-
ment. Various reports have demonstrated wash wa-
ter as the source of pathogen contamination in mini-
mally processed fruits and fruit juices. An outbreak
of mangoes was associated with an outbreak con-
taining Salmonella newport from wash water during
postharvest handling (CDC, 2000). Similarly, orange
juice was linked to Salmonella typhimurium origi-
nated from wash water that contaminated the peel
(Bates, 1999). Furthermore, the temperature of the
wash water plays an important role in the internal-
ization of pathogens. A common practice of the fruit
industry is to wash fruits with cold water to reduce the
respiration rate of the fruit and maintain its quality.
Merker et al. (1999) reported that potential internal-
ization of pathogens from contaminated water in in-
tact oranges and grapefruit most often occurred when
the warm fruits were placed into cold water, so that
the resulting pressure differential favors the uptake
and internalization of the pathogen into the fruit. Sim-
ilar results were observed by Buchanan et al. (1999)
who reported the internalization of E. coli O157:H7
when warm apples were dipped into cold peptone
water. Thus, it is recommended that prewashing be
conducted at temperatures 10°C above the temper-
ature of the fruit. One method to do that is to use
an initial air-cooling step prior to washing to min-
imize the temperature differential between the fruit
and the wash water. Subsequent washing should then
be conducted in cold water to remove field heat and
maintain quality (FSAI, 2001). Therefore, the use of
sanitary potable pathogen-free water for washing of
the rind or surface of the fruit before processing is a
critical point in juice processing.

SANITIZERS IN FRUIT WASHING

Various forms of washing techniques have been
adopted by the industry; these include the use of
sprays to wash off the microorganisms off the fruit
and prevent the risk of recontamination. Another ap-
proach involves the use of a double wash technique
that involves a preliminary wash treatment to remove
field heat, excess soil, and dirt followed by another
more efficient washing/dipping that includes water
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containing an approved sanitizer for dipping/rinsing
application. These sanitizers will only prevent the
wash water from being a cross-contamination step
in fruit processing. In fact, several researchers have
reported that sanitizer washing may enhance the
growth of pathogenic microorganisms on fruits, par-
ticularly when these products are temperature abused
or mishandled after disinfection (Bennik et al., 1996).
This is mainly because pathogens hide in cracks and
crevices of the fruit and are often protected while the
competing epiphytic bacteria are more accessible to
sanitizers.

Chlorine-based sanitizers, especially sodium
hypochlorite, are the most commonly used chemi-
cal sanitizers allowed for the disinfection of fruits
(Beuchat et al., 1998). Sodium hypochlorite is
allowed at a maximum concentration of 0.2%
(2000 ppm) in wash water. However, water con-
taining 50-2000 ppm of chlorine is widely used
to sanitize fruits. For example, a concentration of
50-200 ppm of available chlorine is usually used
for pome fruits, while a higher concentration of
50-1000 ppm is used for melons and watermelons
(Soliva-Fortuny and Martin-Belloso, 2003). Resid-
ual chlorine on the fruit surface should then be rinsed
by potable water after the chlorination treatment and
only a residual concentration of 2—7 ppm of chlorine
is accepted in the washed fruits.

The effectiveness of most chlorine-based sanitizers
is influenced by several factors such as pH, tempera-
ture, exposure time, type of pathogen, and the surface
morphology of the fruit (FDA, 2001a). Hypochlorous
acid (HOCI) is formed when these chlorine com-
pounds are mixed with water. The antimicrobial ac-
tion of chlorine-based sanitizers is due to the forma-
tion of hypochlorous acid (HOCI) in solution, which
is a measure of the available chlorine responsible for
the inactivation of microorganisms. At pH 5, nearly
all of chlorine is in the form of HOCI; however, at pH
7, 75% of the chlorine is in the form of HOCI. There-
fore, the wash water should always be kept at pH
6.0-7.5 for optimum chlorine effect. Furthermore,
chlorine-based sanitizers are more effective at low
temperatures. Maximum solubility of chlorine in wa-
ter is achieved at low temperature (~4°C). However,
to prevent microbial infiltration due to temperature-
generated pressure differential, the process water is
always kept 10°C higher than that of the fruit. The
exposure time is mainly dependent on the product.
For some products, long exposure time will have
a dramatic impact on the organoleptic quality of
the fruit product. Hypochlorites also have different

effects on different microorganisms. For example,
L. monocytogenes are more resistant to chlorine
than E. coli, Shigella, and Salmonella (Beuchat,
1998). Furthermore, L. monocytogenes will grow bet-
ter on post-chlorine disinfected produce compared to
non-disinfected water-rinsed produce (Bennik et al.,
1996). The surface of the fruit also plays a major role
on the effectiveness of the chlorine-based sanitizers.
The presence of crevices, creases, pockets, and nat-
ural openings in the skin will ultimately reduce the
accessibility of chlorine to reach the target pathogens.
Pao et al. (1999) reported that immersing inoculated
orange in hot water using 200 ppm chlorine was ef-
fective at reducing E. coli population by more than
2 log CFU/cm? on the surface of the fruit. However,
only 1-log reduction was achieved on the stem scar.
Du et al. (2002) reported that treatment with 4 ppm
ClO; gas resulted in a 5.5-log reduction in L. mono-
cytogenes on the skin surface of apples and a 3-log
reduction on the stem and calyx cavities. Further-
more, the natural waxy cuticles, which are a barrier
to microbial presence on the surface, removed after
brushing of hardy fruits are usually replaced by com-
mercial waxes after washing. Kenney et al. (2001)
have reported that microorganisms can become en-
meshed in the waxy cuticle making their removal
more difficult and thus reducing the effectiveness of
chlorine.

Sanitation of fruits with chlorine has shown to have
a limited effect at reducing microbial loads. Produce
may contain up to 10 CFU/g and only 1-2-log re-
duction is achieved by washing with chlorine (Farber
et al., 1998). Furthermore, parasites and viruses gen-
erally exhibit higher resistant to chlorine than bac-
teria. Several decontamination procedures have been
introduced including hot water sanitization, rinsing
with organic acids, hydrogen peroxide, irradiation,
and ultraviolet radiation (Beuchat, 1998; Yuan et al.,
2004).

Hot water sanitization has been investigated for
various fruits including apples, cherries, lemon,
mango, melons, and pears to control insect and plant
pathogens (FDA, 2001a, b). This treatment has been
mainly proposed for fresh-cut fruits and juices where
the outer surface of the fruit is removed due to the un-
acceptable sensory impact of hot water on intact fruits
(Pao and Davis, 1999). Disadvantages of this treat-
ment also include the FDA rule 21 CFR part 101.95
(CFR, 2000a) that considers thermally treated pro-
duce not “Fresh”.

Organic acids have been one of the most effective
treatment methods for the inhibition of pathogens.
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These acids have been used successfully in spray
washing, rinsing, and dipping application for the
decontamination of meat/poultry carcasses. These
acids include acetic acid, malic acid, sorbic acid, lac-
tic acid, and citric acid. These acids are “generally
regarded as safe” (GRAS) food additives, and are
present naturally in various fruits. These acids act by
lowering the pH of the food. In their undissociated
form, the acids penetrate the bacterial cell, releasing
hydrogen ions, and thus eliminating the proton gra-
dient across the cell membrane. Therefore, they are
more effective at acidic pH levels. Several reports
have shown the inhibitory effect of organic acids on
various pathogens present on fruits. Treatment of cit-
ric acid reduced populations of S. fyphi inoculated
onto cubes of papaya and jacana (Fernandez Escartin
et al., 1989). Furthermore, the use of acetic acid (5%
for 2 min) resulted in more than 3-log reduction of E.
coli O157:H7 inoculated onto the surface of apples
(Wright et al., 2000). Similarly, Park and Beuchat
(1999) found that a concentration of 40-80 ppm of
peracetic acid significantly reduced Salmonella and
E. coli O157:H7 inoculated onto cantaloupe and hon-
eydew melons.

Hydrogen peroxide has also been recommended
as a replacement to chlorine (Sapers and Simmons,
1998). The use of hydrogen peroxide has been rec-
ommended for sanitation of fresh-cut melon and can-
taloupe fruits. Residual hydrogen peroxide is then
removed by the action of endogenous catalase or
by rinsing with potable water (Soliva Fortuny and
Martin-Belloso, 2003). Unfortunately, the applica-
tion of hydrogen peroxide have shown to have neg-
ative effect on strawberries, raspberries, and black
berries by causing bleaching of the anthocyanin pig-
ments.

Treatment of fruits with low doses of ionized radi-
ations has been very effective in reducing the number
of foodborne pathogens and in extending its shelf life
while maintaining the products’ nutritive and sensory
qualities (Thayer and Reykowski, 1999). Food irra-
diation is currently approved for certain plant and
animal products in over 30 countries. In the United
States, as an example, products cleared for irradia-
tion include wheat and wheat flour, potatoes, spices
and dry vegetable seasonings, dry or dehydrated en-
zyme preparations, shell eggs, meat, poultry, pork
carcasses, and fresh fruits (Morehouse, 2001). This
process involves exposing the food to an energy
source in the form of gamma rays, X-rays, or a beam
of high-energy electrons. These rays penetrate the
product, damaging the genetic material of all living

cells including bacteria, so they cannot survive or
multiply (Morehouse, 2001).

Irradiation at doses up to one kilo gray (kGy) has
been shown to be sufficient to eliminate most food-
borne pathogens found on fruits (Howard and Gonza-
lez,2001). However, higher doses (> 1 kGy) required
to inactivate spores, viruses, and parasites caused sen-
sory defects and/or accelerated senescence (Kader,
1986). Only strawberries have shown to withstand
higher doses of irradiation and maintain their qual-
ity attributes. However, fruits treated at doses higher
than 1 kGy cannot be termed as “fresh” according
to the Code of Federal Regulation (CFR, 2000a).
Although this technology produces a microbiolog-
ically safe product, consumers’ objection to irradi-
ated foods may limit the commercial application of
this technology and sale of irradiated fruits.

In addition to the aforementioned antimicrobial
agents, novel treatments have been tested and in some
instances approved for dipping application. These
include electrolyzed water, ozone, acidified sodium
chlorite (ASC), ultraviolet energy, and natural aroma
compounds.

Recently, electrolyzed oxidizing (EO) water has
emerged as a potential process proposed as an al-
ternative to chlorination to eliminate or substantially
reduce bacterial population. EO water is prepared by
electrolysis of a dilute salt solution (NaCl) in an elec-
trolysis chamber to produce an acidic fraction and a
basic fraction. The acidic fraction of the EO water
has shown to be effective in inactivating various food-
borne pathogens including Salmonella, L. monocyto-
genes, and E. coli O157:H7 (Venkitanarayanan et al.,
1999; Kim et al., 2000). The antimicrobial effective-
ness of acidic EO water is due to its high oxidative-
reduction potential (1100 mV), its low pH (pH 2.7),
and its production of hypochlorous acid. Information
on the utilization of EO as a disinfectant for fruits is
limited. EO water has several advantages over other
processes such as (i) it requires only pure water and
sodium chloride to produce EO water, no adverse
hazardous chemicals required, (ii) is produced onsite
and on demand with no dilution from concentrated
chemicals, and (iii) has less potential hazard to work-
ers due to lack of need to handle concentrated chem-
icals for microbial inactivation (Park et al., 2002).

Ozone is a bluish water-soluble gas that has long
been used to disinfect, detoxify, and deodorize water
in water-treatment plants. Ozone is initially generated
by passing air or oxygen through a small chamber
charged with high-voltage electricity that converts
oxygen (0O;,) into ozone (O3). The water-soluble gas
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is then bubbled into water, pressurized, and sprayed.
Ozone has shown to be an excellent alternative to
chlorinated water for materials, equipments, and fa-
cilitate cleaning in various process operations be-
cause of its superior oxidative potential and low tox-
icity. Furthermore, since ozone is produced onsite, it
requires no storage area (Beuchat, 1998).

The application of ozone for fruit processing is
yet another process that is being reevaluated. Re-
cently, an expert panel in the United States affirmed
the GRAS status of ozone to be used as a disinfectant
or sanitizer in food processing plants (Kim et al.,
1999). Bacteria, mold, yeast, and viruses all have
been shown to be sensitive to ozone. The biocidal ef-
fect of ozone is caused by its high oxidative potential.
The antimicrobial effect of ozone is a result of a num-
ber of factors including changes in cellular morphol-
ogy, genetic mechanism, and biochemical reactions
(Kim et al., 1999). Several researchers have exam-
ined the use of ozone to inactivate microorganisms
and to extend the shelf life of various food products.
Ozonated water at a concentration of 20 ppm was
effective against Salmonella typhimurium, St. au-
reus, L. monocytogenes, and Yersinia enterocolitica
(Restaino et al., 1995). Ozone treatment has been
effective for shelf-life extension of oranges, grapes,
raspberries, apples, and pears (Beuchat, 1998). Dip-
ping apples and strawberries into ozonated water so-
lution (3 ppm) decreased the number of viable E.
coli O157:H7 and L. monocytogenes cells by about
5.6 logp CFU/g without adversely affecting the sen-
sory qualities of the inoculated apples and strawber-
ries (Rodgers et al., 2004). Disadvantages of ozone
use in fruit-processing plants include its corrosive-
ness and concerns regarding workers safety (Howard
and Gonzalez, 2001).

ASC has long been used as a sterilant for non-
porous surfaces and devices in the medical and phar-
maceutical industries, as a disinfectant in automo-
biles air conditioning systems and as a skin antiseptic
in the dairy industry (Kemp et al., 2000). ASC is
prepared by mixing an aqueous solution of sodium
chlorite with a GRAS acid, usually citric or phos-
phoric acid. ASC has been approved by the FDA as
a pretreatment for raw agricultural commodities or
after mechanical operation. The FDA has also ap-
proved its use as a dip or spray at a concentration
between 500 and 1200 ppm (CFR, 2000c). The an-
timicrobial action of ASC is due to sodium chlorite
acidification which when applied to organic matter
will produce oxycholorous antimicrobial intermedi-
ates (Gordon et al., 1972). These intermediates cause

a disruption of oxidative bonds on the cell membrane
surface of bacteria (Kross, 1984). Park and Beuchat
(1999) studied the effect of sodium chlorite on can-
taloupe, honeydew melon, and asparagus spears ar-
tificially inoculated with Salmonella. They reported
approximately 3-log reduction following a 5-s expo-
sure to 1200 ppm of ACS.

Ultraviolet energy at a wavelength of 200-280 nm
(UVC)is also a promising sanitizer for intact and pro-
cessed fruits, although it has not been approved for
use by the FDA. The antimicrobial action of UVC
is due to the penetration of the cell membrane and
damaging the DNA and preventing cell replication
(Shafiur, 1999). Yuan et al. (2004) reported a 3.3-log
reduction in E. coli O157:H7 on apples after UVC
exposure at 24 mW/cm?. Furthermore, Yuan et al.
(2004) have also reported that UVC has great poten-
tial in fruit-processing applications because it leaves
no residues and is non-corrosive to equipment.

Another promising decontamination treatment of
fruits relies on the use of natural essential oils and
aroma compounds present in fruits. The primary tar-
get of these compounds is the cytoplasmic membrane
of sensitive cells whereby they will disrupt the pro-
ton motif force of the sensitive cell and inhibit all
energy-dependent cellular processes leading to cell
death. Although most of these compounds are GRAS,
their use has been often limited because of their detri-
mental effect on the organoleptic quality of the fruits
(Lanciotti et al., 2004).

MECHANICAL OPERATIONS

Several studies have shown that mechanical opera-
tions such as cutting, slicing, and peeling play an
important role in cross-contamination of the finished
product (Garg et al., 1990; Brackett, 1987). Fresh-
cut fruits are a highly perishable product due to their
limited shelf life (5-7 days), high a,, (a,, > 0.85),
and nutrient content (Soliva Fortuny and Martin-
Belloso, 2003). Mechanical operations for minimally
processed fruits will provide a source of nutrients for
the pathogens as a result of the removal of the pro-
tective layer of the fruits or damage to its natural
structure (punctures, wounds, cuts).

STORAGE, TRANSPORT,
AND DISTRIBUTION

Storage and transport are the last stage where the risk
of microbial contamination may occur. Once pro-
cessed, fruits are usually kept for at least a short
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period of time prior to transportation. Tempera-
ture abuse and cross-contamination as a result of
mishandling are fairly common at all stages of storage
and transport, and pose a major threat to the safety of
these products (Brackett, 1992). This is because the
safety of these products relies solely or primarily on
refrigeration, in addition to the long-term effect of the
wash water sanitizer. Optimum temperature for stor-
age and transportation of fruits depends greatly on
the respiration rate of the fruit and resistance to chill
and freezing injury (FDA, 2001a, b). In most cases,
a temperature between 1°C and 3°C is regarded as
a hurdle to pathogen growth. Minimally processed
fruits are usually stored at lower temperatures, prefer-
ably 0°C for quality retention (FSAI, 2001; FDA,
2001a).

Vehicles for transporting fruits should be clean and
properly refrigerated. Workers involved in loading
and unloading of fruits should be trained on proper
hand-washing techniques. Containers and storage
facilities should be cleaned, sanitized regularly, and
secured from rodents and insects. Thus, truck sanita-
tion and temperature management are critical points
during storage, transport, and distribution of fresh
fruits (FDA, 2001a).

PLANT DESIGN AND SAFETY

The processing plant is an important place for the
safe production of fruits. Processing plants with a
poor hygienic design and practices may result in the
contamination of final product. Thus, most food pro-
cessors are now adhering to GMP in their processing
operation. In the United States, the FDA code of fed-
eral regulation 21 CFR part 110 (CFR, 2000b) covers
all aspects of a safe and sanitary processing envi-
ronment. These GMP include the overall design of
the processing plant, construction material selection,
processing facilities, water, air, and traffic flow, san-
itary facilities, water quality program, storage, and
distribution.

LOCATION OF PROCESSING
PLANT

The location of the fruit processing plant has a dra-
matic impact on plant sanitation (CFIA, 2000). Fruit
processing plants should be located in areas away
from physical, chemical, or microbial hazards such
as industrial activities or environmentally polluted
areas (waste disposal areas or areas prone to pest in-
festation).

DESIGN OF PROCESSING PLANT

Fruit processing plants should be designed and con-
structed to minimize contamination, ease of clean-
ing, and sanitation. A well-designed fruit processing
plant should be constructed so that the product flow
is “linear” by segregating raw product areas from
processing areas and finished product areas to avoid
cross-contamination (FDA, 2001a). This is a recom-
mended practice especially for minimally processed
fruits. Personnel working in such areas are segre-
gated within their area and excluded from entering
other areas. In a similar manner to the overall design
of the processing facilities, the process water, waste
streams, and airflow should be countercurrent to the
product flow (FDA, 2001a).

Exterior surfaces such as floors, walls, and ceil-
ings should be constructed of approved food grade
materials, which are smooth, impervious, and easily
cleaned. These surfaces should be constructed in a
way to prevent or attract soils, pests, insects, and mi-
croorganisms. All floors should be constructed with a
slight slope to prevent water accumulation and allow
adequate drainage and cleaning. Surfaces that are in
direct contact with fruits should be relatively inert to
the fruits and non-absorbent (FDA, 2001a; Schmidt,
1997a).

The processing facilities should also be designed
and constructed to deter the entrance of airborne
pathogens and pests (rodents/birds). Ventilation sys-
tems should be adequate in a sense that a continuous
positive air pressure should be maintained in the pro-
duction area. In addition, adequate filtration of air en-
tering the processing area using close fitting screens
or filters to reduce airborne contamination should al-
ways be considered (Schmidt, 1997a).

All equipment that comes in direct contact with
the fruit should be of stainless steel or plastic be-
cause these materials are easily maintained, cleaned,
and sanitized. In particular, this equipment should
be designed to have a minimum number of pockets,
crevices to prevent bacterial attachment, and biofilm
formation, and should not have any loose bolts/knobs
or movable parts that may accidentally fall off and
contaminate the final product (Marriott, 1999a).

Separate storage facilities should be designed
for incoming fruits, finished products, and non-
food chemicals (cleaners, sanitizers, etc.) to prevent
the risk of cross-contamination. A separate facility
should also be considered for the sanitary storage of
waste and inedible material prior to their removal
from the plant or surroundings (Marriott, 1999a).
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The sanitary facilities should be designed to be sep-
arate from the processing and finished product area.
Such facilities should be provided with self-closed
doors to prevent the risk of cross-contamination
(Marriott, 1999a).

The hand-washing facilities should be equipped
with a sufficient number of hand-washing sinks, with
hot and cold potable water, soap, sanitary hand-
drying supplies or devices. It is also imperative that
hand-washing sinks should be located adjacent to the
toilets to encourage personnel to wash their hands
after going to the toilet and should be separate from
sinks used for equipment cleaning and other opera-
tions (Marriott, 1999a).

A potable pathogen-free water supply is crucial
for sanitary fruit processing since water has been
demonstrated to be a vector for pathogen transmis-
sion to raw/processed fruits. Compliance with ap-
propriate regulations and standards must be verified
through testing programs. Water treatments (chlo-
rination, ozonation, filtration) should be routinely
monitored by continuous confirmation of the chlo-
rine/ozone concentrations and by the periodic analy-
sis of water to ensure that the water source meets the
recognized microbiological criteria for potable water
(CFIA, 2000).

EFFECTIVENESS OF
SANITATION PROGRAM

In general, the facilities and various product and
non-product contact surfaces and equipment must
be evaluated to assess the effectiveness of the san-
itation program in place. This is usually carried out
by visual inspection and microbiological testing. Vi-
sual inspection is usually conducted with the aid
of a sanitation evaluation sheet whereby the inspec-
tor/sanitarian will use a numerical rating system for
each area in the processing plant. Microbiological
testing will include swabs and contact plates from
processing equipment surfaces and personnel to as-
sess the overall sanitation in the process environment
and then the results of such testing are measured
against microbiological criteria set by the industry
itself, enforcement agencies, or international com-
mittees (FSAI, 2001).

SANITATION RULES AND
REGULATIONS

The term sanitize for food contact surface is defined
as “to adequately treat food contact surfaces by a

process that is effective in destroying vegetative cells
of microorganisms of public health significance”
(CFR, 2000b).

REGULATORY
CONSIDERATIONS FOR
SANITIZER USE

The major regulatory issues concerning chemical
sanitizers are their antimicrobial efficacy, the safety
of their residues on food contact surfaces, and en-
vironmental safety (Schmidt, 1997b). In the United
States, the registration of chemical sanitizers and an-
timicrobial agents for use on food and food contact
surfaces, and on non-food contact surfaces comes un-
der the jurisdiction of the U.S. Environmental Pro-
tection Agency (EPA). These chemical sanitizers
are recognized by the EPA as pesticides (Marriott,
1999b). The Food and Drug Administration (FDA)
responsibility lies in evaluating residues from sani-
tizer use that may enter the food supply. Thus, any
antimicrobial agent and its maximum allowable use
concentrations for direct use on food or on food con-
tact surfaces must be approved by the FDA (Schmidt,
1997b).

CLEANING AND SANITATION OF
PROCESSING PLANTS

In a fruit processing plant, processors need to pro-
cess fruits under hygienic conditions. Fruit proces-
sors should always ensure that an appropriate clean-
ing and sanitation program is in place. A detailed
cleaning and sanitation procedures must be devel-
oped for all food contact surfaces as well as for non-
food contact surfaces (Marriott, 1999a).

The objective of cleaning and sanitizing food con-
tact surfaces is to remove food soils so that microor-
ganisms will not have a suitable environment for sur-
vival and multiplication. The correct order of events
for cleaning/sanitizing of food contact surface in a
processing plant is the removal of gross debris, rins-
ing, presoaking in cleaning agents, rinsing, and san-
itizing. Cleaners, also known as detergents, are used
first to remove food soils. The choice of detergent
to be used depends on the type of food soil present.
Food soils can be classified as those soluble in water
(sugars, starches, salts); soluble in acid (limestone
and most mineral deposits); soluble in alkali (pro-
tein, fat emulsions); soluble in water, alkali, or acid
(Schmidt, 1997b).
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After cleaning and rinsing the food contact surface
with water, a sanitizer is usually applied to the sur-
face. The sanitizer is used to destroy the presence of
bacteria. The selection of a sanitizer varies with the
type of equipment to be sanitized, the hardness of the
water, the application equipment available, the effec-
tiveness of the sanitizer under site conditions, and
the cost. Various sanitizers are used in the food in-
dustry. These sanitizers include but are not limited to
steam, hot water, and chemical sanitizers. Steam and
hot water sanitization are usually carried out through
immersion, spraying, or circulating systems. Steam
and hot water sanitization are easy to apply and read-
ily available, generally effective over a broad range of
microorganisms and relatively non-corrosive. How-
ever, they have some disadvantages including film
formation, high-energy costs, and safety concerns for
employees (Schmidt, 1997b).

CHLORINE

Chemical sanitizers are one of the most effective
treatment methods for the reduction of foodborne
pathogens on food and non-food contact surfaces.
Some of these sanitizers have been approved by the
FDA for use in process water, processing equipment,
and facilities, while others have been approved to be
used in direct contact washes of fruits such as spray
washing, rinsing, and dipping application in the fruit
processing plants. For example, chlorine and chlorine
dioxide have been approved by the FDA to be used
to reduce the number of pathogenic bacteria on the
surface of fruits and on food contact and non-food
contact surfaces.

Chlorine-based sanitizers are the most commonly
used sanitizer in food processing and handling ap-
plications. Commonly used chlorine compounds in-
clude liquid chlorine, hypochlorites, inorganic chlo-
ramines, and organic chloramines. Recently, safety
concerns have been raised about the use of chlo-
rine as a sanitizer and antimicrobial agent for food
processing. This concern is based on the reaction of
chlorine with the organic matter to produce potential
carcinogens such as trihalomethanes (THMs), chlo-
roform, and chlorophenols, thus other treatments are
being considered as a replacement of chlorine (Hurst,
1995).

CHLORINE DIOXIDE

Chlorine dioxide (ClO;) is currently being consid-
ered as a replacement for chlorine, since it appears to

be more environmentally friendly. Stabilized CIO,
has FDA approval for most applications in sanitiz-
ing equipment or for use as a foam for environmen-
tal and non-food contact surfaces. Approval has also
been granted for use in flume waters for uncut fruit
operations. ClO; has 2.5 times the oxidizing power
of chlorine and is less affected by pH and organic
matter than chlorine (Dychdala, 1991). A maximum
concentration of 200 ppm is permitted for process-
ing equipment, while 1-5 ppm has been approved for
whole fresh fruits (Cherry, 1999).

IopDINE

Like chlorine compounds, iodine exists in vari-
ous forms as mixtures of elemental iodine with a
non-ionic surfactant as a carrier and is termed as
iodophors. Iodophors have a very broad spectrum,
being active against bacteria, viruses, yeasts, molds,
fungi, and protozoa. However, iodophors have had
limited use in the fruit industry as sanitizers be-
cause of their corrosiveness, reduced efficacy at low
temperature, staining effect on plastic surfaces, and
their reaction with starch-containing food commodi-
ties to form a bluish purple-colored complex, thus
restricting their use to non-starch fruit commodities.
Todophors are also not approved for direct food con-
tact. The general recommended usage for iodophors
for food contact surfaces and equipment is 10—
100 ppm (Cherry, 1999).

QUATERNARY AMMONIUM COMPOUNDS

Quaternary ammonium compounds (QACs) are
mainly used as sanitizers of walls, ceilings, food
contact surfaces, and equipment used for fruit pro-
cessing. Since QACs are positively charged cationic
surface-active sanitizers, their mode of action is re-
lated to the disruption of protein membrane function
of bacterial cells. Unlike chlorine, QACs are non-
corrosive to metals, are active and stable over a broad
temperature range, and are less affected by organic
matter. However, QACs are generally more active
against Gram-positive than Gram-negative bacteria
and their effectiveness could be improved by the in-
corporation of chelating agents such as EDTA. Disad-
vantages of QACs also include limited activity under
alkaline conditions, excessive foaming, especially for
Clean-in-Place (CIP) applications and incompatibil-
ity with certain detergents after cleaning operation
(Schmidt, 1997b).
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MICROBIAL BIOFILMS

Microbial biofilms are defined as “functional con-
sortium of microorganisms attached to a surface
and embedded in the extra cellular polymeric sub-
stance (EPS) produced by microorganisms” (Coster-
tonetal., 1987). EPS will help the proper colonization
of microorganisms by trapping nutrients and protect-
ing the pathogen from the action of sanitizers. The
resistance of biofilms to sanitizers has caused severe
problems such as fouling of water transport systems,
and contamination of dental caries and medical im-
plant devices (Carpenter and Cerf, 1993).

Microbial biofilms also constitute a major prob-
lem in the fruit processing industry. Pathogenic
and spoilage microorganisms can attach firmly to
food contact surfaces, and thus become a source of
post-processing contamination. LeChevallier et al.
(1988) have reported that biofilms once formed are
150-3000 times more resistant to the chlorine ef-
fect. Sanitation programs have had limited success
in the removal of biofilms from processing lines and
equipments. Efforts to remove biofilms include iden-
tifying the high-risk production areas and the critical
sites of production in a plant where biofilms may oc-
cur and then expose these critical sites to frequent
sanitation and special treatments. Special treatments
such as scrubbing or brushing have shown to be ef-
fective in removing bacterial biofilms (Gibson et al.,
1999).

FUTURE RESEARCH NEEDS

Increased consumer demands toward eating fresh and
minimally processed fruits (fresh-cut fruits and un-
pasteurized fruit juices) have imposed a great re-
sponsibility on the food industry to provide them
with a safe and wholesome food product. Future
needs for the purpose of assuring the safety of these
products include the continued and increased surveil-
lance studies on the presence of these pathogens in
imported and domestic fruits and the development
of optimized methods for the isolation and detec-
tion of these pathogens in fruits. Further safety is-
sues that need to be addressed include better under-
standing of the interaction between plant pathogens
and human pathogens; investigation on factors af-
fecting pathogen infiltration into fruits and their
significance to fruit safety; development of new
treatments/technologies to reduce/eliminate these
pathogens from fruits and studies on the behavior of
these pathogenic bacteria in the presence/absence of

the natural microflora on fruits due to these proposed
treatments/technologies.
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INTRODUCTION

Apple (Mauls domestica), a non-climacteric fruit, is
commercially grown in the temperate regions of the
world in the latitudes between 30° and 60° north and
south. The apple tree belongs to Rosaceae (rose) fam-
ily (Anon, 2004). It adapts well in climates where
the average winter temperature is near freezing for
at least 2 months. The fruit production phase begins
in the late spring when trees bear white blossoms
(flowers) that look like tiny roses. Blossoms produce
pollen and nectar to attract bees and other insects
that pollinate the blossoms, which grow into ripened
fruits in about 140-170 days. A new apple tree would
produce fruits in about 68 years.

265

PRODUCTION AND
CONSUMPTION

Apples are one of the leading fruits produced in
the world (Table 16.1). According to the Food and
Agricultural Organization (FAO), world production
of apple in 2002 was estimated at about 57 million
metric tons, with China and the United States as the
leading producers with approximately, 36% and 7%
of world production, respectively (Table 16.2; FAO,
2003). The acreage devoted to apple production in
China in 2002 was 15 times greater than that in the
United States (Table 16.3). Yields per acre vary sig-
nificantly in the apple producing regions of the world.
New Zealand, Italy, France, Chile, and Brazil have
shown higher apple yield than India, the Russian Fed-
eration, and China, where yields in 2002 were lower
than the world average of 10 t/ha (Table 16.4). Yields
in the United States have typically been more than
twice the world average, but that appears to be level-
ing off (Table 16.4).

Advances in production, storage, processing, prod-
uct development, and marketing efficiencies have
created viable apple industries in many parts of the
world. Next to banana, apples are the most consumed
fruit in the United States, with a per capita fresh
consumption of approximately 18.0 Ib (Table 16.5).
When apple juice and cider are factored into the equa-
tion, apples consumption far exceeds banana (aver-
age of 38.61bapple vs 28.2 b banana; Tables 16.5 and
16.6). About 39% of apples produced in the United
States are utilized as fresh, while the remaining 61%
are processed. Of the processed apples, juice and
cider comprised 46%, canned apples (mostly apple-
sauce) about 10%, frozen and dried 2% each, and



Table 16.1. Leading Fruits and Leading Producing Countries—2002

World Production Leading Country
Leading Fruit (Metric ton, Mt): 1 Mt = 1000 kg = 2200 1b
1. Banana 69,510,944 India (16,000,000)
2. Oranges 64,712,847 Brazil (18,694,412)
3. Grapes 62,389,467 Italy (8,500,000)
4. Apples 57,982,587 China (20,507,763)
5. Mangoes 25,760,848 India (11,500,000)

Source: FAO (2003).

Table 16.2. Apple Production (Mt) in Leading Countries and World

Country 1997 1998 1999 2000 2001 2002
1. China 17,227,752 19,490,501 20,809,846 20,437,065 20,022,763 20,434,763
2. US.A. 4,682,000 5,282,509 4,822,078 4,681,980 4,277,000 3,857,000
3. Turkey 2,550,000 2,450,000 2,500,000 2,400,000 2,450,000 2,500,000
4. France 2,473,000 2,209,900 2,165,800 2,156,900 2,397,000 2,477,790
5. Poland 2,098,297 1,687,226 1,604,221 1,450,376 2,433,940 2,168,856
6. Iran 1,998,107 1,943,627 2,137,037 2,141,655 2,353,359 2,353,359
7. Ttaly 1,966,470 2,143,300 2,343,800 2,232,100 2,340,677 2,222,191
8. Russia 1,500,000 1,330,000 1,060,000 1,832,000 1,682,000 1,800,000
9. Germany 1,602,100 2,296,200 2,268,400 3,136,800 1,928,800 1,600,000
10. India 1,308,390 1,320,590 1,380,000 1,040,000 1,230,000 1,420,000
11. Argentina 1,117,690 1,033,520 1,116,000 833,322 1,428,802 1,000,000
12. Chile 845,000 795,000 1,175,000 805,000 1,135,000 1,050,000
13. Japan 993,300 879,100 927,700 799,600 930,000 911,900
14. Brazil 793,585 791,437 937,715 1,153,269 716,030 857,824
15. Spain 983,700 736,000 988,400 838,246 962,000 652,500
16. New Zealand 567,000 523,000 545,000 620,000 485,000 536,999
17. World (Total) 57,532,889 56,808,052 58,045,081 59,155,512 58,146,188 57,094,939
Source: FAO (2003).
Table 16.3. Apple Fruit—Area Harvested in Leading Countries and World
(Area harvested, Hectare, Ha)
1997 1998 1999 2000 2001 2002
1. China 2,839,388 2,622,497 2,439,868 2,254,759 2,066,922 2,500,772
2. US.A. 189,390 189,230 186,486 173,900 168,573 163,878
3. Turkey 107,080 106,460 106,826 107,600 108,392 108,600
4. France 78,000 78,000 78,000 78,000 78,000 78,000
5. Poland 165,000 157,800 144,266 147,337 148,666 148,666
6. Iran 141,045 157,868 144,266 147,337 148,666 148,666
7. Ttaly 64,984 64,233 63,599 62,527 62,961 61,175
8. Russia 420,000 415,000 420,000 425,000 430,000 435,000
9. Germany 65,200 90,000 90,000 70,000 70,000 70,000
10. India 222,700 227,680 231,000 230,000 240,000 250,000
11. Argentina 44302 45,327 45,000 46,000 48,000 53,000
12. Chile 39,900 38,400 37,400 35,790 35,090 35,000
13. Japan 46,600 45,500 44,600 43,900 43,200 42,400
14. Brazil 26,418 26,318 28,555 30,043 30,938 31,070
15. Spain 49,619 49,305 46,400 46,500 46,500 47,000
16. New Zealand 15,800 15,000 14,500 14,114 14,114 14,114
17. World (Total) 6,186,012 5,855,054 5,677,185 5,452,192 5,250,686 5,675,372

Source: FAO (2003).
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Table 16.4. Apple Fruit—Yield per Hectare in Leading Countries and World
(Yield: ton/hectare- Mt/Ha)

1997 1998 1999 2000 2001 2002

1. China 6.07 7.43 8.53 9.06 9.69 8.17
2. US.A. 2472 27.92 25.86 26.92 25.37 23.54
3. Turkey 23.81 23.01 23.40 22.30 22.60 23.02
4. France 31.71 28.33 27.71 27.65 30.73 31.77
5. Poland 12.72 10.69 9.71 8.78 14.63 12.77
6. Iran 14.17 12.31 14.81 14.54 15.83 15.83
7. Italy 30.26 33.37 36.85 35.70 37.18 36.33
8. Russia 3.57 3.20 2.52 431 3.91 4.14
9. Germany 24.57 25.51 25.20 44 .81 27.55 22.86
10. India 5.88 5.80 5.97 4.52 5.13 5.68
11. Argentina 25.23 22.80 24.80 18.12 29.77 18.87
12. Chile 21.18 25.39 31.42 22.49 32.35 30.00
13. Japan 21.32 19.32 20.80 18.21 21.53 21.51
14. Brazil 30.04 30.07 32.84 38.39 23.14 27.61
15. Spain 19.83 14.93 21.30 18.03 20.69 13.88
16. New Zealand 35.89 34.87 37.59 43.93 34.36 38.05
17. World (Total) 9.30 9.70 10.22 10.82 11.07 10.06

Source: FAO (2003).

Table 16.5. Per Capita Consumption of Fresh Fruit in the United States (Ib)

Fruit 1997 1998 1999 2000 2001
1. Apple 18.1 19.0 18.5 17.4 15.8
2. Banana 27.2 28.0 30.7 28.4 26.5
3. Orange 13.9 14.6 8.4 11.7 12.3
4. Grapes 7.9 7.1 8.0 7.3 7.6
5. Peach 5.5 4.8 54 5.5 53
6. Pears 34 33 33 32 3.1
7. Strawberries 5.1 5.1 5.7 6.4 5.7
8. Pineapples 2.3 2.8 3.0 3.2 3.2

Source: USDA (2003).

Table 16.6. Per Capita Consumption of Apple and Apple Products in United States (lb, fresh
weight equivalent)

Fresh Canned Juice/Cider Frozen Dried Others All
1997 18.1 5.6 18.5 1.3 0.9 0.7 45.1
1998 19.0 4.4 21.6 1.0 1.2 0.3 47.5
1999 18.5 4.8 21.4 1.0 1.0 0.4 47.1
2000 17.4 4.4 21.6 0.7 0.8 0.3 45.2
2001 15.8 4.7 21.1 0.9 0.9 0.3 43.7
Average 17.8 4.8 20.8 1.0 1.0 0.4 45.7
% Share 38.85 10.45 45.58 2.14 2.10 0.87

Source: USDA (2003).
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other items (apple jam, apple butter, etc.) about 1%
(Table 16.6).

HARVEST, POSTHARVEST,
AND STORAGE

HARVEST

Apple harvesting takes into account intended use and
storage requirements because premature harvesting
affects flavor, color, size, and storability (i.e., sus-
ceptibility to bitter pit and storage scald). Similarly,
harvesting too late can give softer fruits and a shorter
storage life. After harvest, apples can be stored in
controlled atmosphere (CA) for up to 12 months.

Although early varieties may be ready for harvest
during August or early September, most apples in
the United States are harvested later in September
through October. Producers generally use “Days af-
ter full bloom (DAFB)” as a guideline for maturity.
For Gala and Fuji apples, DAFB could be 110-120
days and 170-185 days, respectively. Objective mea-
surements (Anon, 2003) to determine harvesting date
include pressure tests (for measuring firmness) us-
ing an Effigi tester or a Magness—Taylor pressure
tester. Apples for storage and processing generally
require pressures above 15 Ib, while pressures in the
13 1b range indicate fruit that is ripe for immedi-
ate consumption. Other maturity indicators include
fruit size and appearance, soluble solids (measured
as Brix with ranges from about 9.0 to 15.0 depending
on variety, and growing location), acidity (measured
as %malic acid ranging 0.3—1.0%), starch content,
because starch is converted to sugars during ripening
process (a starch reading of 1-2 on a scale of 1-8
indicates that the fruit is immature, reading of 5-6
indicates that the fruit is suitable for fresh consump-
tion; starch is estimated by applying iodine solution
to cut apple surfaces, a high starch content gives a
complete blue-black reaction with a reading of 1),
and internal ethylene concentration (the onset of ma-
turity is preceded by production of ethylene in the
tissues, which induces ripening).

A preharvest foliar spray of calcium can maintain
apple fruit firmness and decrease the incidences of
physiological disorders such as water core, bitter pit,
and internal breakdown. Application of bioregulators
such as ethephon may also improve fruit quality and
storability (Drake et al., 2002).

Apples are picked by hand to avoid bruising. Fresh
market apples should be free of bruises, blemishes,
and other defects. Bruising during harvest, transport,
grading, storage, and packing is always a concern.

Table 16.7. Season—Average Grower Price
of Apple in the United States

Price 1997 1998 1999 2000 2001

1. Fresh 22.10 17.3 213 17.8 229
(cent/Ib)

2. Processed 130.0 94.0 128.0 102.0 106.0
(Dollar/ton)

Source: USDA (2003).

Historically, retail prices for fresh apples are higher
than prices paid for processing apples (Table 16.7).

POSTHARVEST HANDLING AND STORAGE

Postharvest handling of apples includes hydrocool-
ing, washing, culling, waxing, sorting, and packing.
Shellac- and wax-based fruit coatings having high
permeability to carbon dioxide (CO;) and oxygen
(0O,), and relatively low permeability for water vapor
and fruit volatiles have been reported to improve the
storage and shelf life of some apples (Saftner, 1999).
Apples are stored at 0° to —1°C with 92-95%
humidity in regular cold storage for a short duration.
Some apples such as MclIntosh are susceptible to
internal disorders at lower storage temperatures and
are often stored at 0°C. Prompt cooling prevents
softness in stored apples. Apples stored in this
manner are meant to be utilized within 2-3 months.
Controlled atmosphere storage has greatly extended
the marketing season of apples. This type of storage
involves holding apples at approximately 0°C in a
facility whose atmosphere contains 1-3% O, and
1-3% CO; to slow down the respiration of the fruit.
The relative humidity in storage is maintained at
92-95%. Under CA conditions, apples can be stored
for about 1 year without any appreciable loss of
quality. The CA storage requires airtight refrigerated
rooms that are sealed after apples are stored inside
(and must not be opened for at least 90 days after
the seal is affixed). The O, content is reduced from
atmospheric 21% to 1-3% and CO, content is
increased from atmospheric 0.25% to 1-3%. Storage
disorders (such as “corky” flesh browning, bitter
pit, firmness loss, chilling injury, superficial scald,
water core, etc.) are not uncommon, and result from
inconsistent storage protocols and questionable fruit
quality going into long-term storage (Anon, 2003).
Lavilla et al. (1999) showed that low oxygen
(1.82% O, /1.8-2% CO,) and ultra-low oxygen
(0.8-1% 0O, /0.8-1% CO,) CA had better effect on
sensory qualities of stored apples than a standard
low oxygen (2.8-3.0% O, /2.8-3% CO,) storage.
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APPLE BIOCHEMISTRY
(FLAVOR, COLOR, TEXTURE,
PLANT FLAVONOIDS,
ANTIOXIDANT CAPACITY) AND
NUTRITION

The good quality that consumers prefer is based on
a variety of simple attributes, such as the balance of
sweetness (Brix) and tartness (acidity), fresh aroma,

firm juicy texture, color, and appearance of apple
flesh (Table 16.8). Table 16.9 gives typical charac-
teristics of two popular commercial apple varieties,
Golden Delicious and Granny Smith at harvest for
two growing seasons. These two varieties are sim-
ilar in Brix, but the acidity of Granny Smith is al-
most three times more than Golden Delicious. A Brix
to acid ratio is indicative of sweetness and tartness.
For example, Golden Delicious and Granny Smith’s

Table 16.8. Selected Commercial Apple Varieties

Variety Main Characteristics Use

1. Braeburn Originated in New Zealand; harvest, mid to late An all-purpose apple for fresh
October; appearance, pale pink over a eating and processing as
yellow-green background; yellow flesh; sauce, pie and baked, juice
sweet taste with moderate tartness; texture is and cider
crisp and juicy

2. Empire A cross between McIntosh and Red Delicious; A good apple for fresh eating
harvest, late September to early October; and for salad but can be used
dark red appearance, size small to medium in other applications as well
(2 3/8” to 2 3/4”); sweet with mild tartness;
crisp; flesh is creamy white

3. Fuji A cross between Ralls Janet and Red Delicious; For multiuse. Holds texture
bred in Japan; popular apple in Japan and after processing
China; introduced in United States in 1980s;
harvest, September to late October (in some
regions late October to mid-November);
appearance, golden hued to red; round
shape; large to extra large in size (1 12" to
4"); sweet and aromatic; crisp texture; flesh
is whitish yellow; good storage apple

4. Gala Originated in New Zealand from ‘Kidd’s For fresh eating and salad

5. Golden Delicious

6. Granny Smith

Orange Red x Golden Delicious’; harvest,
mid to late August; appearance, orange-red

strips over creamy yellow; mild sweet flavor;

flesh is yellow, firm, and juicy. Good aroma
apple

Genetically not related to Red Delicious; a
famous apple from West Virginia; parentage
is believed to be Golden Reinette and
Grimes Golden; harvest, mid September to
early October; small to medium size (2 3/8”
to 3”) pale greenish-yellow appearance;
sweet apple with excellent flavor; juicy
yellow flesh; aromatic apple

Raised from a chance seed thrown out by an

Australian grand mother Maria Ann Smith; a
long season fruit, may not ripen before frost,

harvest, October to early November;
appearance, signature green; size, large

(2 14" to 3 1/"); a slightly tart apple with a
crisp texture and white flesh

This is an all-purpose apple
used in fresh apple cider;
Produces cream colored
applesauce

This apple has good eating and
cooking qualities, excellent
for applesauce, salad and
apple juice

(Continued)
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Table 16.8. (Continued)

Variety Main Characteristics

Use

7.1da Red This variety is developed from Jonathan and
Wagener; harvest, mid to late October; large
apple (2 14" to 3 1/4”); appearance, bright
red; flavor, tangy and tart, flesh is white, firm
and juicy

8. Jonagold A cross between Jonathan and Golden
Delicious; harvest, mid-October; size,
medium large (2 12" to 3”); appearance is
orange red; well-flavored greenish white
flesh; fine taste; crisp and juicy

9. Jonathan Discovered as a chance seedling in 1820s on a
farm in Woodstock, New York; named after
the man who promoted it; harvest,
mid-September to mid-October; crimson
color with touches of green; flavorful with
small to medium slices; flesh is off-white,
sweet and juicy; blends well with other
varieties in sauces and cider; stays firm
during cooking

10. MclIntosh An important commercial variety; harvest,
early to mid-September. Appearance, red
striped; white juicy flesh, tender skin,
medium large fruit (2 14" to 3”); good aroma
apple

11. Mutsu (Crispin) Origin, Japan; a cross between Golden
delicious and Japanese variety Indo; one of
the later variety apple with mid-October
harvest; Light green to yellow; Very large
fruit (1 14" to 3 34”); moderately sweet;
creamy flesh

12. Northern Spy Harvest, mid-October; large size (2 14" to
3 1/4"); yellow-green skin and creamy white
flesh; crisp and juicy; spicy, aromatic flavor

13. Red Delicious Believed to be the most popular variety in the
world and in the United States; discovered as
a chance seedling on a farm of a non-apple
region — central lowa, glossy red with a
distinctive “typey” five-pointed elongated
shape. Sweet and flavorful; harvested late
August; can generally be found in market in
Fall and early winter; good aroma apple

14. Rome Discovered in Rome township, Ohio; harvest,
mid to late October; size, large (2 12" to
3 1/4") bright red skin; sweet, juicy, white
flesh; somewhat neutral in flavor

Used as fresh, frozen, canned,
sauces and pies

Excellent fresh eating and
cooking (pie and baked)
quality apple

Dual-purpose variety suitable
both for fresh eating and for
processing; makes good
textured applesauce

Mainstay of fresh cider, for eat-
ing out of hand and sauce
making

Preferred use, fresh, pies and
baked

Can be used in various
processing, including,
slices, sauces and pie

Fresh and salad

Good processing apple for
pies, sauce and as baked

Sources:
® www.michiganapple.com
® www.applejournal.com
® www.paapples.org/varieties.htm
® www.raa.nsw.gov.au; Peterson Farm Inc. Michigan
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Table 16.9. Characteristic of Golden Delicious and Granny Smith Apples

Golden Delicious

Granny Smith

Characteristics 1993-1994 1994-1995 1993-1994 1994-1995
Brix (soluble solids) 122+ 0.2 11.8 £0.2 11.8 £ 0.2 10.34+0.3
Acidity (% malic acid) 0.39 + 0.1 045+ 0.7 0.93 +£0.7 1.0+ 0.13
Texture (kg/cm?) 6.7+ 0.1 6.5+0.3 73+04 7.8+0.3

Source: Lopez et al. (1998).

Brix/acid values from Table 16.9 are 26-31 and
11.8-12.7, respectively. Thus, Golden Delicious
would be perceived twice as sweeter than Granny
Smith.

Typically, apples consist of approximately 85%
water, 12-14% carbohydrate, about 0.3% protein,
insignificant amount of lipids (<0.10%), minerals,
and vitamins (Table 16.10, USDA National Nutrient
Database, 2003). Variation in these components
can be expected because of differences in growing
location, variety, harvest maturity, agronomical and
environmental conditions.

Table 16.10. Proximate Composition of
Apples (raw, with peel)

Value/serving
Component Value/100 g (154 g)
1. Water 85.56 ¢ 131.76 g
2. Protein 026¢g 040¢g
3. Total lipids 017 ¢ 026¢g
5. Ash 0.19¢ 029¢
4. Total 13.81¢g 2127 g
Carbohydrate
(by difference)
5. Sugars (total) 1039 ¢ 16.00 g
6. Sucrose 207¢g 3.19¢g
7. Glucose 243 ¢ 374 ¢
8. Fructose 590¢g 9.09 g
9. Starch 0.05¢g 0.08 g
10. Dietary Fiber 240 g 370 g
11. Calcium 6.00 mg 9.00 mg
12. Iron 0.12 mg 0.18 mg
13. Magnesium 5.0 mg 8.00 mg
14. Phosphorus 11.0 mg 17.00 mg
15. Potassium 107 mg 165 mg
16. Sodium 1.0 mg 2.0 mg
17. Zinc 0.04 mg 0.06 mg
18. Vitamin C 4.60 mg 7.10 mg
19. Vitamin A 54.01U 83.0IU
20. Cholesterol 0.0 mg 0.00 mg
21. Calorie 52.0 Kcal 80.0 Kcal

Source: USDA National Nutrient Database (http://www.nal.
usda.gov/fnic/foodcomp/).

Approximately 80% of carbohydrates present are
the soluble sugars, sucrose (about 2%), glucose
(2.4%), and fructose (6.0%). The total fiber content is
about 2%, and 0.2% sorbitol has also been shown to
be present in apple juice (Gorsel et al., 1992). Malic
acid is the primary organic acid (0.3-1.0%) in ap-
ples and the quantity present can vary considerably
due to variety, maturity, and environmental condi-
tions during growth and storage (Ackermann et al.,
1992). Lopez et al. (2000) reported changes in firm-
ness, acidity, soluble solids, and skin color of Golden
Delicious apples during storage with fruits in normal
cold storage maturing more quickly than fruits stored
under CA.

FLAVOR

Flavor and aroma of apple are a function of many
variables including variety, maturity, environmen-
tal conditions of growth, biochemical and metabolic
processes regulating ripening, and storage condi-
tions. At harvest, the fruit is at an early precli-
macteric stage of ethylene (0.7 wl/kg/h) produc-
tion and esters comprise more than 185 pg/kg of
total volatile compounds. Ethyl acetate, ethyl pro-
pionate, and propyl acetate accounted for 73 ng
of the total volatile fractions and 2-methylbutyl
acetate, 8.0 pg/kg (Lopez et al., 2000). Cun-
ningham et al. (1986) showed beta-damascenone
(sweet, perfumy, and fruity odor), butyl isomyl
and hexyl hexanoates, along with ethyl, propyl,
and hexyl butanoates, are important to the fla-
vor of most apple cultivars. Ester compounds
such as ethyl propionate and butyl acetate give
the characteristic ‘“apple” flavor; hexyl acetate,
“sweet-fruity;” and 1-butanol, “sweetish sensation.”
Other compounds in volatile fractions of apple are
propyl acetate, butyl butyrate, ¢-butyl propionate,
2-methylpropyl acetate, butyl acetate, ethyl butyrate,
ethyl 3-methylbutyrate, and hexyl butyrate. Com-
pounds responsible for undesirable flavors such as
acetaldehyde (piquancy), trans-2-hexanal and butyl
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Table 16.11. Concentration of Flavor Volatiles
(ng/kg)®

Compound Concentration (pg/kg)
1. Methyl acetate 178.5 £78.5
2. Hexyl acetate 70.5 + 189
3. 2-methylbutyl acetate 81+£2.8
4. Ethyl propionate 120.0 £+ 69.3
5. Ethyl butyrate 147.5 £+ 48.8
6. Hexyl butyrate 25.5+0.7
7. Ethyl 2-methyl butyrate 167.0 + 19.8
8. Hexyl 3-methyl butyrate 350+5.7
9. Ethyl hexanoate 169.0 £+ 67.9

10. 1-propanol 565+ 7.8

Source: Lavilla et al. (1999).
#In Granny Smith apples after 1 day at 20°C followed by
3 months under CA (2% 0,/2% CO,) storage.

propionate (bitter), 3-methylbutylbutyrate and butyl
3-methylbutarate (rotten) were not found in apple va-
rieties analyzed by Lopez et al. (1998).

The flavor volatiles responsible for characteristic
apple flavor are maintained even after 3 months of
CA storage (Table 16.11).

PLANT FLAVONOIDS

Apples are an important source of plant flavonoids,
which are secondary plant metabolites with antioxi-
dant properties, and they have been shown to assist
in the amelioration of free radicals that may con-
tribute to aging, development of cancer, and coro-
nary heart disease. Apple and apple products contain
flavonols, quercetin glucosides, catechins, antho-
cyanidins, and hydroxycinnamic acids (Table 16.12—
16.14). Flavonols are present more in peel than in
flesh, while hydroxycinnamics such as chlorogenic
acid is present more in flesh than in peel (Table
16.13; Tsao et al., 2003). Apple varieties differ in
their flavonoid concentration. Jonagold was shown to

have relatively higher concentration than Golden De-
licious, Elstar, and Cox’s orange (Table 16.12; Sluis
et al., 2001). Brands of apple juice differ in their
phenolic content and fresh apple juice has greater
phenolics than stored juice (Table 16.14). Recent
investigation (Wu et al., 2004) of total antioxidant
capacity (TAC) of selected apple varieties indicated
a range of 3578-5900 pmol of TE/serving of ap-
ple (Table 16.15). Apples with peel had higher TAC
values than without peel. Among the varieties an-
alyzed, Red Delicious had the highest TAC (5900
pmol) followed by Granny Smith (5381 pwmol), Gala
(3903 pmol), Golden Delicious (3685 pwmol), and
Fuji (3578 wmol).

NUTRITIONAL QUALITY

Apart from various plant flavonoids present in ap-
ple, it is endowed with natural sugars and dietary
fiber (80% of which are soluble fibers), various min-
erals, and vitamins (Table 16.10). Fresh eating ap-
ples are considered as a natural dessert with little fat
and cholesterol, and less than 100 calorie per serv-
ing size. Apples are also a good source of potassium,
which have beneficial role in blood pressure regu-
lation. Nutrient profile of various apple products is
given in Table 16.16.

PROCESSED APPLE PRODUCTS

Table 16.6 shows utilization of apples in various
forms. Apples are used as ingredients in bakery, dairy
products, cereals, snack bars, confection, etc. In this
section, selected processed apple products are dis-
cussed.

APPLE JUICE AND CIDER

Apple juice is low in calories and is a natural source of
sugars (Table 16.16). Apple juice (and cider) making

Table 16.12. Concentration of Flavonoids in Selected Apple Varieties? (p.g/gram of fresh weight)

Compound Jonagold Golden Delicious Cox’s Orange Elstar

1. Total Q-glycosides® 95 £ 11 67 £ 11 64+ 12 63+12
2. Total catechins® 145 + 37 121 +29 106 £ 47 152 £ 42
3. All compounds? 467 £ 86 385 + 108 265 £ 98 326 + 100

Source: Sluis et al. (2001).
#Mean (+ SD)
bTotal quercetin glycosides
“Catechin and epicatechin
4Sum of all phenolic compounds analyzed
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Table 16.13. Average Concentration
(g /gram fresh weight) of Phenolic
Compounds in Peel and Flesh of Apple?

Compound Peel Flesh
1. Total hydroxycinnamics® 148.5 193.0
2. Total procyanidins® 958.2  267.7
3. Total flavonols? 288.2 1.3
4. Total dihydrochalcones® 123.7 19.3
5. Total polyphenolics (HPLC)"  1604.4  481.3
6. Total phenolic content (F-C)® 1323.6  429.6

Source: Tsao et al. (2003).

“Based on eight apple varieties

Chlorogenic and p-coumaroylquinic acid

“Catechin, epicatechin and other procyanidins

dQuercetin —3-galactoside, glucoside, xyloside,
arabinocide, rhamnoside

¢Phloridzin and ploreitin

fCalculated on the basis of total phenolics calculated by
HPLC

£Phenolic content measured by Folin—Ciocalten method

requires separation (extraction/expression) of liquid
(juice) from solids. Thus, these products are extracted
liquid containing soluble solids. Cider is cloudy be-
cause of pulp (solids), amber golden in appearance,
and is often unfiltered and unpasteurized (which can
pose safety concerns). However, it is not a fermented
product like a “hard cider” with more than 0.15%
alcohol by volume. The characteristic cider flavor
varies from region to region and is based on types of
apples used in the manufacturing process.

Due to its acid tolerance and low infectious dose
(10-2000 cfu/g), Escherichia coli 0157:H7 has be-
come an organism of concern in unpasteurized juices.
In 2001, the FDA promulgated rules that required
juice processors to use science-based HACCP prin-
ciples and sanitary standard operating procedures
(SSOPs) for juice-making because of the risk of food-
borne illness from consumption of natural and unpas-
teurized juice products. Chikthimmah et al. (2003)
reported a 5-log cycle reduction in E. coli 0157:H7
in cider by adding fumaric acid (0.15% w/v) and

sodium benzoate (0.05% w/v) to the product. The use
of these preservatives lowered the natural pH of cider
(i.e., 3.40-3.87) to pH 3.19-3.41 and inactivated any
E. coli organisms in the product.

Patulin, a mycotoxin produced by certain species
of Penicillium, Aspergillus, and Byssochylamys
molds that may grow on harvested apple is a reg-
ulatory concern. The regulations typically limit pat-
ulin content in apple juice to no more than 50 pg/kg
(Kryger, 2001).

Generally, apple juice sold in the United States
is pasteurized. However, a large part of apple juice
is sold as frozen concentrate as well. The process-
ing steps and mechanism for making apple juice may
vary between processors, but the basic steps are sum-
marized below.

Fruit selection and preparation (air cleaning, wash-
ing, inspection, grading, quality checks, etc.) —>
Milling/slicing (a critical step to crush/mash/slice the
apples using bars/knives) —> Pressing/Extraction —>
Clarification /Filtration —> Pasteurization —> Pack-
aging (hermetically sealed in cans or bottles) or as-
ceptically processed and packaged. Usually a blend
of several apple varieties are used to provide flavorful
apple juice and cider. A batch hydraulic press (can be
arack and frame press where milled apple pieces are
placed in thick fabric separated by wooden racks, and
hydraulic pressure is applied from the top of the rack
to release the juice) and various types of mechani-
cal pressing systems can be used. The latter type of
integrated system is often the equipment of choice
in commercial operations because of better efficien-
cies in yield, quality, and process controls. It also
enables low residual moisture in the press (filter cake
or pomace), which provides lower disposal costs. Ap-
ple juice yield in a commercial operation ranges from
70% to 80%.

Press designs such as belt press (where milled
apple pulp is held between belts and juice is re-
leased through pressure from rollers) and screw press
(made up of tapered screws to convey and squeeze
juice against a close fitting screen) are also used.

Table 16.14. Concentration of Phenolic Acids, Flavonoids and Total Polyphenols (mg/L) in Fresh

and Stored Apple Juice

Component

Fresh Juice

Stored Juice

1. Phenolic acids
2. Flavonoids?®
3. Total polyphenols

43.54 £0.45 to 93.07 £0.39
20.30 £ 0.31 to 92.11 £3.19
63.84 £ 0.71 to 163.35 = 3.62

3444 £ 0.17 to 84.46 £ 0.09
17.55 £ 0.17 to 74.77 £ 0.39
51.99 £ 0.18 to 139.43 £+ 0.36

Source: Gliszczynska-Swiglo and Tyrakowska (2003).
2Quercetin glucosides, phloridin and kaempferol
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Table 16.16. Nutrient Profile of Apple Products

275

Apple Apple Juice Apple Sliced, Dehydrated Infused Dried
Nutrients/100 g Juice® Concentrate®  Canned®  Applesauce®  Apple® Apple!
Calories (Kcal) 47.0 166.0 67 43 346.0 336.0
Total fat (g) 0.11 0.37 0.43 0.05 0.58 1.93
Saturated fat (g) 0.019 0.06 0.07 0.008 0.095 0.20
Polyunsaturated fat (g) 0.033 0.108 0.126 0.014 0.171 0.30
Monounsaturated fat (g) 0.005 0.015 0.017 0.002 0.024 1.4
Cholesterol (mg) 0.00 0.0 0.0 0.0 0.0 0.0
Sodium (mg) 3.0 25 3.0 2.0 124.0 31.0
Potassium (mg) 119.0 448 70.0 75.0 640.0 64.0
Total carbohydrate (g) 11.68 41.0 16.84 11.29 93.53 81.7
Total fiber (g) 0.1 0.4 2.0 1.2 12.4 6.3
Total sugar (g) 10.90 38.83 14.84 10.09 81.13 75.5
Sucrose (g) 1.70 NA NA NA NA NA
Glucose (g) 2.50 NA NA NA NA NA
Fructose (g) 5.60 NA NA NA NA NA
Protein (g) 0.06 0.51 0.18 0.17 1.32 2.26
Calcium (mg) 7.0 20.0 4.0 3.0 19.0 65.0
Iron (mg) 0.37 0.91 0.24 0.12 2.00 0.42
Vitamin C (mg) 0.9 2.1 0.2 1.2 2.2 372.0
Vitamin A (IU) 1.0 0.0 56.0 29.0 81.0 20.0
Water (g) 87.93 57.0 82.28 88.35 3.0 12.7

Source: http://www.nal.usda.gov/fnic/foodcomposition/cgi-bin/list_nut_edit.pl

NA: Not available.

2Canned or bottled, unsweetened, without added ascorbic acid

YFrozen concentrate without added ascorbic acid
“Canned, sweetened sliced apple: Drained and heated

dCanned unsweetened apple sauce without added ascorbic acid

°Low moisture dehydrated, sulfured apples

"Data of commercial product, courtesy Graceland Fruit Inc, Frankfort, MI, USA: Infused with sugar prior to drying, contains

ascorbic acid and high oleic sunflower oil.

Juice extraction can also be done using a centrifuge.
In counter current extraction, juice from apple pieces
is extracted using liquid such as water to strip juice
solids. Reverse osmosis and ultra filtration are then
used to concentrate the juice.

Presence of colloidal pectic substances, starch, cel-
lulose, hemicelluloses, etc. cause haze, cloudiness,
and sedimentation in apple juice. Therefore, after ex-
traction, apple juice is treated with enzymes to re-
move these suspended particles, and subsequently,
the juice is clarified. Use of a combination of ascor-
bic acid and citric acid can be used in place of sulfites
to prevent enzymatic browning.

Three types of enzymes hydrolyzing pectic sub-
stances termed pectinases are: (1) Pectin esterase,
or pectin methyl esterase, or pectase, or pectin
demethoxylase (EC 3.1.111), this enzyme is natu-
rally present in fruits, it hydrolyzes methyl ester on
number 6 carbon of the methylated galactose unit in

pectin, producing pectic acid. This enzyme enables
firm texture and has little application in apple juice
production.

(2) Polygalacturonases, which act on glycosidic
linkage, are responsible for fruit softening. This en-
zyme is also found in fruits. It has an endo form
(EC 3.2.1.15) and two exoforms (EC 3.2.1.67 and
EC 3.2.1.82). Use of these enzymes is not so much
as a clarification aid but as a press aid to help in
juice extraction. (3) Pectin lyase (EC 4.2.2.10): is
found in microorganisms. This enzyme breaks the
pectin chain by acting on glycosidic linkage through a
B-elimination process (where unlike hydrolytic ac-
tion water is not required). A combination of endo-
and exo-lyases can be used to degrade pectin as a clar-
ification aid. Commercial enzyme preparation may
contain other enzymes (amylases and cellulases). The
required enzyme doses, time, and temperature would
depend upon specific enzymes and the clarification
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time is inversely proportional to the enzyme con-
centration used. Use of diatomaceous earth, gelatin
(preparation containing 0.005-0.01% gelatin, works
by agglomeration due to electrostatic attraction), cen-
trifugation, and filtration are practiced to remove
haze-forming particles (Kilara and VanBuren, 1989).
Following the enzymatic treatment and removal of
suspended plant materials, the juice is filtered and
then pasteurized (88°C/1 min).

APPLE SLICES

Fresh pack and frozen apple slices are in demand
for various applications and as snacks. A number of
different techniques are used to maintain freshness,
color, flavor, texture, and firmness of apple slices. The
softening of apple tissue due to loss of cell fluids and
enzymatic browning are the subject of many inves-
tigations including modified atmosphere packaging,
low-temperature storage, and addition of preserva-
tives. The polyphenol oxidase enzyme catalyzes oxi-
dation of phenolic compounds into o-quinines, which
polymerize to form dark brown pigments. Sulfites are
very effective in preventing this type of browning but
have been linked to allergic reaction, especially in
asthmatic individuals; consequently, the FDA regu-
lates its use. The alternatives to sulfites are based on
ascorbic acid, citric acid, and calcium salts.

Santerre et al. (1988) reported sulfite alternatives,
ascorbic acid, or D-araboascorbic acid/citric acid,
and calcium chloride combinations are effective in
preserving color of frozen apple slices. The role of
oxygen in enzymatic browning and cellular damage
was evident from lower firmness values and greater
amount of loss of cell fluid in apples packed ina 2.5%
0O, and 7% CO, atmosphere package than in 100%
N, atmosphere package (Soliva-Fortuny et al., 2001,
2003). Calcium ascorbate or calcium erythorbate and
ascorbic acid applications ,and storage temperatures
of -7-20°C have been claimed to extend the shelf life
of fresh-cut fruits including apples (Chen et al., 1999;
U.S. patent 5,939,117). Powrie and Hui (1999) (U.S.
patent 5,922,382) described a method of preserving
fresh apples by immersing apple pieces in an acid so-
lution containing 5-15% ascorbic acid and erythor-
bic acid (pH 2.2-2.7) for up to 3 min, followed by
removal of excess solution from fruit surfaces, quick
chilling, and storing at 0°-10°C.

APPLESAUCE

Besides apples, applesauce can contain sugar and
other sweeteners, honey, acidulants, salt, flavorings,

spices, preservatives, etc. The desired characteristics
of applesauce are golden, creamy color, a balance
of sweetness and tartness, glossy texture, which is
not soft and mushy. The Brix of unsweetened apple-
sauce is about 9.0. However, the Brix of sweetened
applesauce is about 16.0. The applesauce has a pH
of approximately 3.4—4.0. A summary of processing
steps involved are:

Dice/quarter or chop washed apples (a blend of
several apple cultivars, in peeled or unpeeled forms
can be used) —> process/cook apple pieces, which is
similar to blanching of apples using steam (this step
is critical for consistency and texture of the finished
product and is closely controlled) —> Pass through a
pulper/finisher (screen size, 0.16—0.32 cm; for coarse
grainy sauce, 0.25-0.32 cm) to remove seeds, peels,
etc. —> Fill and seal in containers (the fill weight
is 90% of the container’s capacity and allow for a
head space of about 0.6 cm upon cooling) —> Heat
process (if the fill temp is <88°C, heat containers in
boiling water for 10-15 min in an open container to
insure microbiological safety; a high-pressure pro-
cessing ensures product safety and longer shelf life
by destroying spoilage organisms ) —> Invert con-
tainers and cool.

PROCESSED FROZEN APPLES

Apple can be infused and pasteurized for use in frozen
desserts such as ice cream, frozen yogurt, etc., or
for addition into baked good. The water content of
apple is stabilized by infusion with sweeteners or by
incorporating stabilizer such that fruit cells are not
hard or icy when frozen. The products are pasteurized
and are ready to use as ingredients in frozen desserts
which cannot use IQF or frozen fruits. The process
maintains fruit piece identity, natural color, and flavor
(Sinha, 1998).

DRIED APPLES

Drying as a preservation method for foods has been
practiced since the earliest times of recorded history.
A number of drying techniques are available (i.e., sun
drying, atmospheric drying using heated air, vacuum,
and freeze drying) but they all must take into consid-
eration the economics and efficiencies of each type of
operation. Prior to the advent of modern techniques
of preservation, drying was one of the few methods
available to conserve surplus quantities of products.
Since drying was more or less a salvage operation,
very little emphasis was placed on utilizing important
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parameters (i.e., variety, maturity of product, posthar-
vest handling, uniform size, and shape, etc.) that are
required for obtaining good quality dried products.
This is not true in the current market where con-
sumers demand quality and are willing to pay for it.
Thus, the aim of drying is to preserve as much qual-
ity as possible, while providing shelf stability of the
product.

For a given type of dryer, the drying rate at a given
temperature depends on pre-treatments (blanching,
etc.), type of product (fresh or frozen) with or without
skin, composition, size and geometry (sliced, diced,
etc.), and drying load or feed rate. Generally, the
drying profile can be divided into: (i) a short pe-
riod of quick water evaporation per unit time. In this
phase, the fruit contains relatively high amounts of
free moisture not tightly bound to the constituents of
the fruit cell and this free moisture can be evaporated
fairly quickly; (ii) followed by a steady or constant
drying rate; and (iii) a falling or declining rate of wa-
ter evaporation toward the end of cycle, because the
remaining water is tightly held by fruit components
and is difficult to dislodge.

Percent moisture is commonly referred to in dried
fruit; however, completion of drying should be de-
termined by monitoring water activity (ay,). The cut-
off ay, of shelf stable dried fruit should be below
0.65; above this a, mold can grow on the dried fruits
(Beuchat, 1981) if it does not contain antimycotic
agents.

The color of dried apple is often of concern. About
20% of the non-enzymatic browning reaction oc-
curring during storage have been attributed to non-
oxidative, or Maillard reaction and about 70% to
oxidation. Cysteine, which is helpful in preventing
non-enzymatic browning, did not reduce browning
during storage (Bolin and Steele, 1987). Pineapple
juice was an effective browning inhibitor in both fresh
and dried apples. In this case, the inhibitor(s) was
not a high molecular weight protein such as brome-
lain, but a neutral compound of low molecular weight
(Lozano-de-Gonzalez et al., 1993).

Most dried foods with reduced moisture are partly
or completely amorphous. There is a glass transi-
tion (T) theory, which is based on the concept that a
glass (amorphous material) is changed into a super-
cooled melt or liquid during heating, or to reverse
transformation during cooling. The glass transition
phenomena have implications for textural transfor-
mation in sugar-containing dried fruits. Mobility of
water is high in glassy food systems; a heterogeneous
distribution of water is often desired to provide soft

dried texture. In foods, plasticization (7, decreases)
is mainly due to water, but other solutes such as glyc-
erin may also act as plasticizers to enable soft textured
dried products (Le Meste et al., 2002).

The T, of freeze-dried apples has been reported
to be 33.8°C &£ 3.4°C. The T, is shown to increase
with the temperature of drying. The glass transition
represents the thermal limit between a state where the
molecular mobility is rather low (no reaction) and a
state of increased molecular mobility, which favors
diffusion and other reactions. Thus, a freeze-dried
strawberry with a T, of 45.4°C £ 2.2°C would be less
susceptible to color changes than freeze-dried apples
(T, of 33.8°C £ 3.4°C) or pear (T, of 24°C £2.6°C).
However, other factors (besides T;) such as internal
fruit structure, porosity, thermal conductivity, matrix
elasticity, temperature within the product, and rate of
heat transfers during drying can affect fruit quality
(Khalloufi and Ratti, 2003).

The hygroscopic properties of dried apple chips
are mainly due to their composition of sugars and
pectins, in combination with their porous structure.
At ay, below 0.12, apple chips demonstrated excel-
lent crispness (Konopacka et al., 2002). During air-
drying of apple rings, non-uniform moisture and/or
temperature distribution can cause varying degree of
shrinkage. Apples dried at 60-65°C showed higher
cellular collapse than those dried at 40-45°C and
20-25°C (Baietal., 2002). Infused dried apples retain
their shape and texture much better than those that are
traditionally dried, so apples thus dried have become
value-added ingredients for uses in various foods and
as snack items. Unlike other forms of dried apples,
infused dried apples can be diced into pieces for in-
corporation into foods. With infusion-drying, use of
sulfites is not warranted (Sinha, 1998). The infused
dried apples are also not high in calorie (Table 16.16).
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INTRODUCTION

Apricot (from Latin meaning early ripe) tree be-
longs to genus Prunus in the Rosaceae (rose) fam-
ily. Apricot (Prunus armeniaca) is categorized under
“stone fruits,” along with peaches, plums, almonds,
and some cherries, due to its seed being enclosed in
a hard, “stone” like endocarp. This fruit is native to
temperate Asia, first discovered growing wild on the
mountain slopes of China, and long cultivated in Ar-
menia later. Early Spanish explorers are credited with
introducing apricots to California. The apricot tree is
of medium size, usually held under 18 ft by prun-
ing. The fruit is generally globose to slightly oblong,
1.25-2.5 in. in diameter; the fruit flesh is yellow and
the skin is yellow or blushed red. The early apricot
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bloom is highly susceptible to injury by frost. Fruits
are subject to cracking in humid climates; in the U.S.
commercial production is primarily limited to regions
west of the Rocky Mountains (Anon, 2004a; Magness
etal., 1971).

World production of apricots from 1997 to 2003 is
shown in Figure 17.1. Turkey is the leading apricot
producer next to Iran; these countries accounted for
about 30% share of the total world production in 2003
(Table 17.1). Turkey and Iran also lead in area under
apricot cultivation with about one-fourth of the world
total (Table 17.2). However, on yield per hectare ba-
sis, Greece is the leading country with 16 mt of apri-
cots per hectare, which is about 2.5 times the world
average; in comparison, China’s yield per hectare is
only 2.9 mt (Table 17.3). The United States, which is
ninth in world production and eleventh in area har-
vested, is ranked second on yield per hectare basis,
mainly due to the use of good agricultural practices.
The U.S. average yield of 12.2 mt/ha is almost twice
the world average.

The first major production of apricots in the United
States was recorded in California in 1792. California
continues to be the leading apricot producing state
in the United States (see Box 17.1 for more details).
Over 90% of the apricots in the United States are
grown in California, with much smaller production
in Washington and Utah. The per capita consumption
of fresh apricots and their processed products in the
United States, is shown in Table 17.4. More than half
of per capita consumption of apricots is in the dried
form.
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Figure 17.1. World apricot production 0 . . . . . . .
(1997-2003). (Adapted from FAO 1997 1998 1999 2000 2001 2002 2003
(2004) data.) Year
Table 17.1. Apricot Production in Leading Countries (1997—2003)
Country Production (1000 mt)
1997 1998 1999 2000 2001 2002 2003
Turkey 306.0 540.0 378.0 579.0 470.0 315.0 440.0
Tran 225.0 243.3 240.7 262.4 282.9 284.0 284.0
Spain 141.9 149.8 148.9 142.5 134.8 119.2 142.3
Pakistan 189.0 190.9 120.5 125.9 124.7 125.0 125.0
France 158.1 80.3 180.9 138.9 103.2 171.8 111.0
Italy 102.9 135.6 212.2 201.4 193.8 200.1 108.5
Syria 34.7 67.2 62.9 78.9 66.0 100.9 100.9
Morocco 103.6 116.8 106.4 119.6 104.3 86.2 98.0
United States of America 126.1 107.5 82.1 79.7 74.8 81.7 88.8
Ukraine 101.4 59.6 57.2 102.1 44.0 85.0 80.0
Greece 47.2 38.9 85.