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Opportunities in Using Biotechnology to Maintain
Postharvest Quality and Safety of Fresh Produce
Adel A. Kader
Department of Pomology, University of California, One Shields Avenue, Davis, CA 95616
The primary goals of research on postharvest biology and technology of fresh produce are to reduce losses in quantity and quality
between harvest and consumption. The strategies for attaining these
goals include selection of genotypes with good sensory quality when
harvested at optimum maturity, use of an integrated crop management
system that maximizes yield without sacrificing quality, and use of
optimum postharvest handling procedures to maintain the quality and
safety of the produce. Providing consumers with fruits and vegetables
that taste good can greatly encourage their consumption of the recommended minimum of five servings per day for better health. The most
useful technological changes in the production, harvesting, and postharvest handling systems for horticultural crops have resulted from
interdisciplinary research and development approaches and this is
likely to continue to be true in the future. Thus, biotechnology is a tool
that can be utilized in an interdisciplinary approach, to address some
of the concerns about quality attributes and the biological causes of
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deterioration of harvested produce. In this brief overview, I will
provide some examples of the opportunities and limitations in using
biotechnology to maintain postharvest quality and safety of fresh
produce.
Composition and appearance quality. Color is a very important
appearance quality factor that is related to biosynthesis and degradation of pigments, including chlorophylls, carotenoids, and flavonoids.
Biotechnology can be used to improve color uniformity and intensity
and to minimize undesirable colors, such as browning. Tissue browning is dependent upon the concentration of phenolic compounds, the
activity of polyphenol oxidase (PPO), and the concentration of antioxidants. These factors can be manipulated to produce genotypes with
low browning potential, which is a very useful trait in many commodities when marketed intact or as fresh-cut products. The feasibility of
such approach has been shown in potatoes with blocked PPO synthesis.
Composition and textural quality. Genetic manipulations to reduce
the rate of lignification (toughening) of vegetables, such as asparagus
and green beans, can be very useful in maintaining their textural
quality. Another use for biotechnology is to reduce the rate of fruit
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softening to maintain their firmness and minimize physical damage
throughout the postharvest handling system. This can be achieved by
altering cell wall metabolism in all fruits and/or ethylene biosynthesis
and action in climacteric fruits, as has been demonstrated in tomatoes.
Composition and flavor quality. Flavor quality factors include
sweetness (kinds and quantity of sugars), sourness or acidity (kinds
and quantity of acids), astringency (phenolic compounds), and aroma
or odor (volatile compounds). The relative importance of each of these
factors and their interactions depends upon the commodity. The
greatest need is to produce new fruit genotypes with better flavor,
which means high sugars (or greater proportion of fructose and/or
sucrose than glucose) and moderate to high acids (with balance
between them), low phenolics, and enough of the organoleptically
important volatiles for good aroma. Since flavor quality involves
perception of the tastes and aromas of many compounds, it is much
more challenging to manipulate than other quality factors. This has
been true for plant breeders in the past and it will continue to be so with
biotechnology approaches. This may be the reason that improvement
of flavor quality has received much less attention from biotechnologists
so far than textural quality of fruits.
Composition and nutritional quality. Plant breeders have been
successful in selecting genotypes with much higher contents of ascorbic acid (vitamin C) in guava and tomatoes, beta carotene (provitamin
A) in carrots and tomatoes, and flavonoids in berries. Biotechnology
approaches can be utilized to improve the content of vitamins, minerals, dietary fiber, and phytonutrients in fruits and vegetables, especially those with high per capita consumption rates. Phytonutrients
that can lower the risk of heart disease, cancer, and other diseases
include carotenoids, flavonoids (anthocyanins, phenolic acids, polyphenols), isoflavones, phytosterols, and organosulfur compounds. The
antioxidant capacity of fruits, nuts, and vegetables is related to their
contents of anthocyanins, phenolic compounds, carotenoids, ascorbic
acid, and vitamin E. Large genotypic variations in total antioxidant
capacity have been shown in many commodities, indicating the
potential for further improvements using biotechnology. Another
opportunity for use of biotechnology is to alter the fatty acids composition of some nuts to reduce their content of saturated fatty acids.
Rates of respiration and ethylene production. In many commodities we find an association between their postharvest life (rate of
deterioration) and their rates of respiration and ethylene production.
Selecting genotypes with lower rates of respiration and ethylene
production is likely to result in lower rates of deterioration and longer
postharvest life potential. However, in cases when ethylene production is largely inhibited in fruits, their volatile production is also
inhibited, which has a negative impact on their aroma quality. The
challenge is to separate the effects of genetic manipulation on ethylene
biosynthesis from those on biosynthesis of esters and other desirable
aroma volatiles.
Susceptibility to physiological disorders. Many physiological disorders have been identified and associated with exposure to undesirable temperatures, with low calcium levels, with O2, CO2, and/or C2H4
concentrations beyond those tolerated by the fruit, or with other
factors. However, the physiological and biochemical basis of most of
these disorders remains largely unknown.
Thus, physiologists and biochemists need to identify the specific
targets for biotechnological manipulation before biotechnology can be
used to address these problems. Genotypic differences in susceptibility to chilling injury have been shown in most chilling-sensitive
commodities. Thus, it should be possible to use biotechnology to
produce cultivars with lower chilling sensitivity to allow their handling at lower temperatures to extend their postharvest life. This is
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especially critical for tropical and subtropical commodities and for
some temperate fruits that have low-temperature disorders, such as
internal breakdown of stone fruits and scald of apples and pears.
Another opportunity for biotechnology is to produce cultivars of nonfruit vegetables, such as broccoli and lettuce and flowers that are less
susceptible to ethylene action. However, it is advisable to evaluate the
feasibility and cost/benefit analysis of this approach in comparison
with currently available treatments with 1-methylcyclopropene to
inhibit ethylene action.
Susceptibility to pathological breakdown. One of the most common and obvious symptoms of deterioration results from the activity
of fungi. Attack by most organisms follows physical injury or physiological breakdown of the commodity. In a few cases, pathogens can
infect apparently healthy tissues and become the primary cause of
deterioration. In general, harvested fruits exhibit considerable resistance to potential pathogens during most of their postharvest life. The
onset of ripening in fruits results in their becoming susceptible to
infection by pathogens. There is an association between phenolic
content in many commodities and their susceptibility to decay-causing
pathogens. However, the challenge to biotechnological approaches is
to maintain a balance between the desirable concentrations of phenolic
compounds for resistance to pathogens and the undesirable levels in
terms of astringency and/or browning potential. Another approach is
to introduce polygalacturonase inhibitors and/or to increase the level
of endogenous antifungal compounds without negative effects on
quality and safety of the commodity.
Safety considerations. Minimizing chemical and microbial contamination during production, harvesting, and postharvest handling of
fruits and vegetables is essential to assuring their safety to the consumer. Research and development efforts must continue to define
optimum procedures for avoiding contamination with mycotoxins,
heavy metals, and microorganisms during handling of fresh fruits and
vegetables and their products. It may be possible to use biotechnology
to alter the morphological structure of the surface of some commodities to minimize the areas in which human pathogens can be protected
from washing and disinfection treatments.
Conclusions. It is clear that there are numerous opportunities in
using biotechnology to maintain postharvest quality and safety of
fresh produce. Thus, priorities for each commodity should be established on the basis of the relative importance of its postharvest
deterioration causes and what is needed to encourage increased consumption. Overall, priority should be given to the following three
goals:
• To attain and maintain good flavor and nutritional quality to
meet consumer demands and encourage greater consumption of fresh
fruits and vegetables.
• To introduce resistance to physiological disorders and/or decay-causing pathogens to reduce use of chemicals.
• To modify surface structure and/or composition of some commodities to reduce their microbial contamination potential.
The keys to success in maintaining quality and safety of
biotechnologically produced genotypes of flowers, fruits, and vegetables are the same as those currently recommended, i.e., optimum
maturity at harvest, careful and expedited handling, maintenance of
optimum ranges of temperature and relative humidity, and minimizing
chemical and microbiological contamination throughout the postharvest handling system. It is possible that new genotypes will void the
need for some supplemental treatments to the commodity or its
environment, but it is not likely that the need for paying attention to all
the details of the above-mentioned keys to successful handling will be
reduced.
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