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ABSTRACT
The objective of this review was to provide comprehensive overview of the application of biotechnological approaches to improve
the nutritional quality and shelf life of fruits and vegetables. In this case, the following issues were critically assessed: the origin and
definitions of plant biotechnology; successful application of biotechnology in fruit and vegetables production; the dynamics of
ripening and perishability in fruits and vegetables; the understanding of the fundamental processes that influence fruit set,
maturation, and ripening; the effect of the biotechnological application on the nutritional quality and shelf life of fruit and
vegetables; the challenges associated with the commercialization of biotech fruits and vegetables; the need for biotechnology in the
production of fruits and vegetables in the 21 st century, and the new paradigm shift necessary to improve nutrient quality and shelf life
of biotech fruits and vegetables. The available scientific literature shows that the developed biotechnological approaches have the
potential to enhance the yield, quality, and shelf-life of fruits and vegetables in the mist of the global climate change, water scarcity,
population increase, and ever-increasing demand for food. To make sure that the current debates and complexities surrounding the
registration, commercialization, human safety, environmental considerations such as non-target safety, gene flow, biodiversity and
associated risks of biotech fruits and vegetables are adequately addressed, various stakeholders in the industry-policy makers, private
sectors, agriculturalists, biotechnologists, scientists, extension agents, farmers, and the general public must be engaged in policy
formulations, seed-embodiments, and products developments.
Keywords: Biotechnology, Fruits And Vegetables, Nutritional Quality, Shelf-Life, Ripening, Ethylene.

1. INTRODUCTION
The importance of fruits and vegetables (F&V) in the diet of
mankind cannot be over emphasized. Many reviews have
reported the wide range of determinants of desirable quality
attributes in fruits and vegetables such as nutritional value,
flavor, colour, texture, processing qualities and shelf-life
(Bapat et al, 2010; Vadivambal and Jayas, 2007). The
understanding of the fundamental processes that influence
fruit set, maturation, and ripening are required to manipulate
fruits and vegetable yield and quality. Biotechnology has
played a significant role in this respect. Report by Bapat et al
(2010) revealed the constraints surrounding the extensive
reproductive cycle in some fruits and vegetables that have
long juvenile periods, the complex reproductive biology, high
degree of heterozygosity, inter and intra incompatibility and
sterility of breeding of fruits and vegetables plants such as
tomatoes, orange etc. for improvement. Typically,
biotechnology technique such as genetic modification is used
in F& V to enable plants tolerates the biotic and abiotic
stresses, and plant resistances to problematic pests and
disease, which may provide higher nutritional contents, and
extend the shelf-life of the produce. The objective of this
study was to provide a critical review of the use of
biotechnological approaches to improve nutritional quality
and shelf life of fruits and vegetables. Particularly, a great
deal of attention was given to the dynamics of ripening and
perishability in fruits and vegetables, ripening studies with
tomato as a model system; the effect of the biotechnological
application on the nutritional quality and shelf life of fruit and
vegetables;
the
challenges
associated
with
the

commercialization of biotech fruits and vegetables, and the
new paradigm shift necessary to improve nutrient quality and
shelf life of biotech fruits and vegetables.

Biotechnology: Origin and Definitions
A review by Uche (2004) well documents the origin and
various definitions of the word biotechnology. The term
biotechnology is viewed today as the novel technique capable
of reshaping global agriculture (Buttel, 1989) even though it
has been practiced by ancient farmers. Evidence support the
fact that as far back as 6000BC, yeasts were used in baking
and brewing, and the use of living organisms such as bacteria
and molds for fermentation was indispensable in the
preparation of diet by people in ancient civilization (Bud,
1991). Therefore, ancient farmers could be thought of as the
first biotechnologists (SPORE, 1996). According to Uche
(2004), the word biotechnology was used by a Hungarian pig
farmer, Karl Ereky (1878-1952) in a 1917 article written in
German, which described his industrialized pig-fattening
plants during the World War I, where 50,000 pigs converted
sugar-beet into meat. Ereky used this analogy with chemical
technology to suggest that biotechnology covers the area of
technology associated with living beings (Raghava, 2002).
The broader definition of biotechnology refers to commercial
techniques that use living organisms to make or modify a
product, including techniques for improving the
characteristics traits of plants and animals, and development
of microorganisms that act on the environment. In another
definition, OTA (1989) described biotechnology as ‘any
technique that uses living organisms, or substances from
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these organisms to make or modify a product, to improve
plant and animals, or to develop microorganisms for specific
uses’. Additionally, Persley (1992) view of traditional
biotechnology covers well established and widely used
technologies in brewing, food fermentation, conventional
animal vaccine production, and many others based on the
commercial use of living organisms. In recent times,
advanced biotechnology techniques involve the use of
induced mutations, marker-assisted selection, homologous
recombination, genomics, and genetic modifications (Gellatly
and Deniss, 2011) The major ones are the tissue or cell
culture, cell fusion, embryo transfer, recombinant DNA, and
age-old fermentation technique. Table 1 presents the
biotechnological approaches developed so far for crop
production. Today, plant biotechnology has been defined as
comprising a range of advanced methods, which lead to a
variety of improvement, true reproduction, and a very large
number of individual plants, which are exactly the same as
the parent variety (SPORE, 1996). In the mist of recent global
challenges such as increasing population, increasing demand
for food, climate change, and water scarcity, plant
biotechnology has become a necessity for growth and yield
performance to meet the food needs of today. The production
of quality fruits and vegetables with improved shelf-life is no
exception.

Table 1 Biotechnological approaches developed for
crop production
Technology
Meristerm and bud culture

Application
Micro
propagation
for
commercial purpose, genetic
conservation, and exchange of
material.

Zygotic embryo culture
Anther and microspore culture
Cell and tissue culture

Inter-specific crosses
Haploid production
In vitro selection, somaclonal
variation,
somatic
embryogenesis, artificial seeds

Chromosome engineering

Zn gametes for inter-specific
crosses
Fusion for somatic hydridization
Gene transfer
Aid to breeding programmes
Diagnosis of plant diseases
(pathogens)
DNA transfer
Inter-specific DNA crosslinks
Aid breeding programmes
DNA transfer
Improve crop varieties using
molecular biology and plant
breeding techniques
Cell or tissue at the DNA,
mDNA or protein levels

Protoplast culture
Genetic engineering
Molecular markers (RFLPs)
Monoclonal antibodies
Recombinant DNAs
Induced mutations
Marker-assisted selection
Homologous recombination
Genetic modification
Genomics

(Source: Unche, 2004; Gellatly and Dennis, 2011)

The need for biotechnology in fruits and vegetable
production
A number of challenges have called for the application of
biotechnology in the production of fruits and vegetables.
These are population increase, water shortages, climate
change, high perishability or postharvest decays, and short
shelf-life associated with fruits and vegetables. Fruits and
vegetables by their intrinsic properties require more waters
and in the face of water scarcity throughout the world,
biotechnology will be required to develop fruits and
vegetables that can withstand water stress and still be able to
produce good crop of high quality and yield. For instance,
during the last century, world population rose from 1.6 to 6
billion creating huge challenges for agriculture. However,
new technologies increased crop yields drastically so the
predicted catastrophic starvation and resulting conflicts did
not occur. There are still serious challenges to be faced.
World population is anticipated to rise to 10 billion by 2050.
Freshwater, vital for agricultural productivity, is becoming
scarce and climate change could increase temperature,
drought, and uncertainty. New crop varieties need to be
developed quickly to meet these challenges and
biotechnology will be needed to enhance existing
technologies to achieve this. So far, biotechnology has been
successfully used to develop insect and herbicide resistance in
a limited number of crops. In the future, the actual
metabolism of the crop plants will be altered to produce new
varieties or species that are tolerant against environmental
stresses. In addition, the nutritional value of crops such as rice
will be enhanced. Crops will also be used to harvest the sun
for biofuels to replace fossil fuels and reduce the emission of
CO2. Some of these new crop plants are already in field trials
and will be available to farmers in the near future (Gellatly
and Dennis, 2011).
Postharvest decays of fruits and vegetables are a major
challenge throughout the world. The degree of postharvest
loss through decay is well documented. In the industrialized
countries, it is estimated that about 20– 25% of the harvested
fruits and vegetables are decayed by pathogens during
postharvest handling (Sharma et al, 2009; Singh and Sharma,
2007, Droby, 2006; Zhu, 2006; El-Ghaouth et al., 2004). The
situation is far more exasperating
in the developing
countries, where postharvest decays are often times over 35%
, due to inadequate storage, processing and transportation
facilities (Abano and Sam-Amoah, 2011). The use of
synthetic fungicides such as benomyl and iprodione to control
postharvest diseases of fruits and vegetables are well known
in scientific literature (Zhang et al, 2007; Singh and Sharma,
2007; Korsten, 2006; Zhu, 2006; El-Ghaouth et al., 2004; Fan
et al, 2000). The health and environmental concerns
associated with the continuous use of synthetic fungicides
have alarmed legal enforcers and consumers to demand
greener technology and quality products from the food
industry as well as the scientific community. In the past 20
years, microbial antagonists like yeasts, fungi, and bacteria
have been used with limited successes to reduce postharvest
decays in fruits and vegatables (Sharma et al, 2009; Zhang et
al, 2007; Droby, 2006; Korsten, 2006; Zhang et al, 2005;
Janisiewicz & Korsten, 2002; Roberts, 1990;; Droby et al.,
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1991; Wisniewski and Wilson, 1992). For instance, fungal
diseases like grey mould, powdery mildew, and downy
mildew in grapes do notable only cause losses in yield but
also reduce wine quality (GMO Compass, 2006). However,
the advances in biotechnology can be employed to develop
fruits and vegetables with improved quality and shelf-life.
According to Lers (2012), the ability to maintain the quality
of stored F&V during postharvest storage is highly related to
the physiological, biochemical, and molecular traits of the
plant from which they derive. These traits are genetically
determined and can be manipulated using genetic breeding
and/or biotechnology. Published research results have
revealed potential genes, which when manipulated can be
used to improve postharvest qualities of crop plants. The
application of this biotechnological knowledge should not
only lead to major improvements in postharvest storage of
fresh fruits and vegetables but as well better human food
supply.

Methionine

Adomet
synthetase

The Dynamics of Ripening and Perishability in
Fruits and Vegetables
Fruit ripening and softening are major attributes that
contribute to perishability in both climacteric and nonclimacteric fruits. Fruits and vegetables such as tomato,
banana, mango, avocado etc. take about a few days after
which it is considered inedible due to over-ripening. The
spoilage includes excessive softening and changes in taste,
aroma and skin color. This unavoidable process brings
significant losses to both farmers and consumers alike. Even
though ripening in F&V can be delayed through several
external procedures, the physiological and biochemical
changes associated with ripening is an irreversible process
and once started cannot be stopped (Prasanna et al., 2007;
Martínez-Romero et al., 2007). Ethylene has been identified
as the major hormone that initiates and controls ripening in
fleshy fruits and vegetables. Influencing ethylene
biosynthesis during ripening in fleshy commodities has been
the foremost attempt for combating post harvest deterioration.

S-adenosyl methionine
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Kinase

Methylthioribose

Ethylene

ATP ADP
Fig. 1. Model for ethylene signal transduction depicting activities of various signal molecules during fruit ripening. ETR; Ethylene
receptor, CTR; Constitutive triple response, MAPK; Mitogen activated protein kinase, MAPKK; Mitogen activated protein kinase kinase,
EIN2; Ethylene insensitive 2, EIN3; Ethylene insensitive 3, EIL; Ethylene insensitive like, ERE; Ethylene-responsive element, ERF;
Ethylene response factor. (Source: Bapat et al, 2010)

Figure 1 shows the ethylene biosynthesis. The perception by
the target cells through receptors (ETRs), signal transduction
cascade involving both positive and negative regulators
(CTR, EIN2, EIN3 etc.) and finally regulation of target gene
expression by transcription factors such as ethylene response
factors (ERFs) is depicted in Fig. 2. The target gene or set of
genes which control fruit firmness, taste, color and aroma are
regulated by specific set of genes which in turn may be
regulated by a single or set of transcription factors (Nath et
al., 2007). Two distinct ethylene biosynthesis systems have
been described. The first system corresponds to low ethylene
production before the ripening stage when the respiration rate
is low and is present throughout the development and
ripening of non-climacteric F&V. The second system refers
to an auto-stimulated increased ethylene production, called
‘autocatalytic synthesis’ and is specific to climacteric fruit.
Therefore, Bouzayen et al. (2009) reported that the major
distinctive characteristics of climacteric and non-climacteric
fruit are the presence or absence of autocatalytic ethylene

production. However, external application of ethylene during
ripening to non-climacteric F&V may hasten the process in
some cases. According to Bapat et al (2010), most of the
information on the role of ethylene in fleshy F&V ripening is
based on the studies on tomatoes. Ripening mutants of tomato
like Nr, rin, nor, Cnr etc., have proven very valuable in
unraveling how the developmental and ethylene signal is
transduced to cause ripening in F&V(Giovannoni, 2004,
2007). Genes encoding cell wall degradation, ethylene
production and pigment biosynthesis enzymes were among
the first ethylene-responsive genes which have been isolated
from tomato fruit. As the role of ethylene in ripening of fruit
is most distinctly described in climacteric or fleshy fruit, fruit
mostly from this category are chosen for case studies with
tomato as model fruit for understanding ripening in fleshy
fruit.
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Fig. 2. Ethylene biosynthesis pathway (Source, Bapat et al, 2010)

Biotechnological approaches applied to fruits and
vegetables.
The transfer of genetic material from one organism into the
DNA of another called transgenic application has been widely
used in fruits and vegetables. Tolerant plants to biotic and
abiotic stress, higher nutritional contents and extended shelflife are some of the advantages of transgenic plants. In
addition, once a useful transformant is obtained, vegetative
propagation, which is the normal method of multiplying in
several fruit plants, provides unlimited production of the
desired transgenic lines. Recently, reports indicate that
recombinant DNA technology has been used by scientists to
delay ripening in fruits and vegetables in order for farmers to
have the flexibility in marketing their produce and ensure
consumers good quality produce from their farms (Bapat et
al., 2010). Transgenic grapes were developed for modified
auxin production, fungal and virus resistance as well as fruit
quality and color modifications (DeFrancesco, 2008).
Costantini et al. (2007) transformed grape cultivar Thompson
Seedless with an ovule-specific auxin-synthesizing (DefH9iaaM) gene and observed that average number of
inflorescence per shoot in transgenic grape lines was doubled
as compared to control.
Binnie and McManus (2009) identified three ACO genes
from apple and showed that all three genes express
differently. MdACO1 is restricted to fruit tissues, with
optimal expression during fruit ripening, MdACO2
expression occurs more predominantly in younger fruit tissue,
with some expression in young leaf tissue, while MdACO3 is
expressed predominantly in young and mature leaf tissue.
Recently detailed studies on anti-ACO transgenic fruits have
been carried out (Johnston et al., 2009). They have shown

that antisense suppression of M. domestica ACC oxidase
(MdACO1) resulted in a fruit with very low ethylene
production. Exposure of these fruit to different concentrations
of exogenous ethylene showed that various ripening
parameters like pulp softening, biosynthesis of volatile aroma
compounds, and starch degradation, had different ethylene
sensitivities. Their results suggested that the conversion of
starch to sugars (an early ripening event) showed a low
dependency on ethylene, but a high sensitivity to low
concentrations of ethylene. On the other hand, late ripening
events such as pulp softening and ester volatile production
showed a high dependency on ethylene but were less
sensitive to low ethylene concentrations.
In a related development, Schaffer et al. (2007) have
identified 17 candidate genes that were likely to be the
control points for ethylene with respect to aroma production.
However, not all components of fruit quality were under the
direct control of ethylene. Similarly, two MdERFs (ethylene
response factors) were isolated from ripening apple fruit by
Wang et al. (2007). MdERF2 expressed exclusively in
ripening fruit whereas MdERF1 was expressed predominantly
in ripening fruit with a small degree of expression in non-fruit
tissues. The transcription of MdERFs was regulated
positively by the ethylene signaling system. Recently Liu et
al. (2009) reported involvement of a banana MADS-box
transcription factor gene (MuMADS1) in ethylene induced
fruit ripening. In their study, Mu- MADS1 is induced by
ethylene during post harvest ripening. In naturally ripened
banana, a rise in its expression was noted after 6DPH (days
post harvest) and rose further till it reached the maximal level
on the same day when ethylene production peaked. Initiatives
have been made to sequence complete Musa genome
recently. Huge data has been collected by Global Musa
Genomics Consortium (http:// www.musagenomics.org,
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accessed
January 10, 2012). Establishment of complete
sequence will lead to the understanding of genes and their
regulation involved in banana fruit ripening.
Nora et al. (2001) constructed a gene having an antisense of
apple ACC oxidase (pAP4) and transformed melon leaves.
The pAP4 gene detected in transformed leaves and fruits
showed a low ethylene production. Perin et al. (2002) showed
that two independent loci Al 3 and Al 4 controlled ethylene
production and fruit abscission in melon fruits. Moreno et al.
(2008), however, demonstrated that two ACOs, two ACS and
ERS genes localized on the melon genetic map did not exhibit
co localization with Al3 and Al4. Carbohydrate metabolism is
correlated to the process of ripening in melon and a single
recessive gene suc controlled sucrose levels in melon (Burger
et al., 2002; Burger and Schaffer, 2007).

Ripening studies with tomato as a model system
A long existing history of physiological, biochemical, and
molecular research in genetics and molecular tool kits of
tomato species have been used for fruits and vegetables
development and ripening mainly due to its short generation
time. Besides this, Bapat et al.( 2010) reported that the
transient and stable transformation system, deep expression
sequence tag (EST) resources, microarrays and ongoing
genome sequencing effort, availability of large number of
germ plasms, well-characterized mutants, and high-density
genetic maps, have assisted in the understanding of
development and ripening in F&V to a large extent. In recent
times, molecular biology of ripening has metamorphosed into
the identification and study of gene sequences in the DNA of
organism to reveal insights into ripening control of ethylene,
ripening-related signal transduction systems and downstream
metabolic networks, even though earlier research focused on
ethylene synthesis (Theologis, 1992) and modification of cell
wall and proteins structure (Rose et al., 2004). A phenomenon
in which a single gene from tomato determines two or more
apparently unrelated characteristics of the same organism in
ripening mutations have added to the understanding of
ripening in fresh F&V. The pleiotropic in tomatoes include
colorless non-ripening (Cnr), ripening-inhibitor (rin), Neverripe (Nr), Green-ripe (Gr) and high-pigment (hp-1 and hp-2).
Positional cloning and genetic mapping of mutant loci and
candidate genes have made it possible to characterize in
details the various tomato ripening mutations.
The Cnr and rin mutations are recessive and dominant
mutations, respectively, and effectively block the ripening
process. This was attributed to failure to produce elevated
ethylene or to respond to exogenous ethylene during ripening
(Vrebalov et al., 2002; Manning et al., 2006). These mutant
loci encode putative transcription factors were revealed to
provide the first insights into dedicated fruit-specific
transcriptional control of ripening. The rin was reported to
encode a partially deleted MADS-box protein of the
SEPELATTA clade, whiles Cnr is a genetic gene control
unassociated with DNA change but alters the function of the
promoter methylation of a SQAMOSA promoter binding
(SPB) protein. The Nr mutation revealed an ethylene receptor
gene, and Gr has been found to encode a novel component of
ethylene signalling. GR was cloned by positional cloning of

the gene underlying a dominant ripening mutation (Barry and
Giovannoni, 2006). The biochemical nature of the GR
remains unclear, but amino acid sequence suggests its
membrane localization and possible copper-binding activities.
Apart from studies carried out on various mutants,
development of transgenic tomato fruit with different genes
has provided a better insight of fruit ripening and genes
involved with this process. SAMDChas been isolated from
different plants and has been utilized to modify fruits with an
idea that over-expression of SAMDC,might enhance the flux
of SAM through the polyamine pathway (Fig. 1), thus
reducing the amount available for ethylene biosynthesis. The
rate of ethylene production in transgenic tomatoes with yeast
SAMDC gene under the control of E8 promoter echibitor was
reported to be lower than in the non-transgenic control fruit,
suggesting that polyamine and ethylene biosynthesis
pathways may act simultaneously in ripening tomato fruit
(Mehta et al., 2002). Both ACO and ACS are encoded by a
multigene family of five and nine members, respectively in
tomato, whose expressions are differentially regulated during
fruit development and ripening. In tomato, the antisense copy
of one member of ACS gene family with its untranslated
region was used to develop transgenic plants. Transgenic
tomatoes showed 99.5% decrease in ethylene production and
did not ripen without exogenous treatment of ethylene. In
another attempt, anti-ACS containing transgenic tomato
plants showed a 30% decrease in ethylene production by
fruits.

Effect of biotechnological approaches on nutritional
quality of fruits and vegetables
Many reviews have reported the wide range of determinants
of desirable quality attributes in fresh fruits and vegetables
such as nutritional value, flavor, colour, texture, processing
qualities and shelf-life. (Bapat et al, 2010; Vadivambal and
Jayas, 2007). Studies found that tomato plants transformed
with yeast SAMDC gene under the control of E8 promoter
showed improvement in tomato lycopene content, better fruit
juice quality, and vine life (Bapat et al, 2010). Fruit
coloration and softening were essentially unaffected, and all
the seedlings from first generation seed displayed a normal
triple response to ethylene. Over-expression of Nr (wild-type)
gene, in tomato using constitutive 35S promoter produced
plants that were less sensitive to ethylene (Ciardi et al., 2000).
As ethylene receptors belong to a multi-gene family,
antisense reduction in expression of individual receptors did
not show a major effect on ethylene sensitivity possibly due
to redundancy except in case of LeETR4. Antisense plants
developed using LeETR4 under the control of CaMV35S
promoter exhibited a constitutive ethylene response and were
severely affected (Tieman et al., 2000). When antisense
plants were developed, using this receptor with fruit-specific
promoter, fruits showed early ripening (Kevany et al., 2008).
Hackett et al. (2000) developed transgenic Nr plants by
inhibition of the mutant Nr gene. In these transgenic plants,
normal ripening of Nr fruit was restored and fruit achieved
wild-type levels of expression of ripening related (PSY1 and
ACO1) and ethylene-responsive (E4) genes. Their study
confirmed receptor inhibition as one of the mode of action of
the NR (receptor) protein as in case of Arabidopsis. Fruit
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softening is one of the most prominent parameter in
climacteric fruits. Softening of fruit occurs due to
solubilization and depolymerization of cell wall
hemicelluloses and pectin by various cell wall hydrolases
(Rose et al., 2004; Brummell and Harpster, 2001). Due to
accelerated fruit softening, excessive spoilage occurs which
needs to be checked. Transgenic rin plants which
accumulated reduced amount of endogeneous PG provided
clue to develop antisense PG transgenic under the control of
E8 promoter. These transgenic produced fruit with PG
enzyme activity that was 60% of wild-type however, this did
not affect softening much.
Down-regulation of PG mRNA accumulation by constitutive
expression of an antisense PG transgene driven by the
cauliflower mosaic virus 35S promoter yielded transgenic
fruits, retaining only 0.5–1% of wild-type levels of PG
enzyme activity though overall fruit ripening and softening
was not affected (Rose et al., 2003; Saladié et al., 2007).
Suppression of PME activity in tomato by introducing
antisense PME2/PEC2 transgenes under the control of the
constitutive CaMV35S promoter modulated degree of pectin
methyl esterification. In transgenic antisense PME fruit
esterification was higher than controls throughout ripening,
but the fruit otherwise ripened normally (Nath et al., 2006). In
another study, antisense suppression of pectinesterase under
CaMV35S promoter produced fruits with reduced PE activity
and suppression in the rate of softening during ripening (Phan
et al., 2007). In tomato, a large and divergent multigene
family encodes EGases (cellulases), which consists of at least
eight members. MRNA accumulation of the highly divergent
EGases LeCel1 and LeCel2 was suppressed individually by
constitutive expression of antisense transgenes (Rose et al.,
2003). In both cases, most suppressed lines showed decreased
mRNA accumulation in fruit pericarp by 99% as compared to
wild-type, without affecting the expression of the other
EGase and fruit softening. Galactosidases in tomato are
encoded by a multigene family having seven members
(TBG1–7). These members show differential expression
patterns during fruit development (Smith and Gross, 2000).
Transgenic plants have been developed using members of this
family to reduce softening process. Sense suppression by a
short gene specific region of TBG1 cDNA reduced TBG1
mRNA abundance to 10% of wild-type levels in ripe fruit, but
did not reduce total exo-galactanase activity and did not
affect cell wall galactose content or fruit softening (Carey et
al., 2001). Antisense tomato beta-galactosidase 4 (TBG4) and
7 (TBG7) cDNAs driven by the CaMV35S promoter resulted
in transgenic tomatoes with modulated fruit firmness in
comparison to control fruit (Moctezuma et al., 2003).
Ethylene response factors (ERFs) play important role in
modulating ethylene induced ripening in fruits. These ERFs
belong to multigene family and are transcriptional regulators.
These mediate ethylene-dependent gene expression by
binding to the GCC motif found in the promoter region of
ethylene-regulated genes. Modulation of expression of these
individual ERFs in tomato has demonstrated their role in
plant development and ripening. The sense and antisense
LeERF1 transgenic tomato under the control of CaMV35
promoter were developed. Over-expression of LeERF1 in
tomato caused the typical ethylene triple response on etiolated
seedling. Antisense LeERF1 fruits showed longer shelf-life

compared with wildtype tomato (Li et al., 2007). Overexpression of the Sl-ERF2 gene in transgenic tomato lines
resulted in premature seed germination and enhanced hook
formation of dark-grown seedlings, which is indicative of
increased ethylene sensitivity (Pirrello et al., 2006). The
expression of the mannanase 2 gene was up-regulated in SlERF2- over-expressing seeds, suggesting that Sl-ERF2
stimulated seed germination through the induction of the
mannanase 2 gene. In 2007, Rose et al. studied previously
unreported cultivar of tomato. Fruits of this cultivar named as
Delayed Fruit Deterioration (DFD) undergo normal ripening
but remain firm and show no loss of integrity for at least six
months. Ripening DFD fruit interestingly showed minimal
water loss by transpiration and elevated cellular turgor
whereas expression of genes associated with wall
disassembly were similar as in other cultivars (Saladié et al.,
2007). Based on biochemical and bio-mechanical analyses,
this group has proposed a model in which softening of tomato
fruit is affected by cuticle directly by providing physical
support and by regulating fruit water status. Candidate
gene/genes are not yet identified for this trait but once
identified would be of much interest for biotechnological
purposes. A new and important set of genes regulating
different developmental processes involve micro RNAs
(miRNAs) (Jones-Rhoades et al., 2006). Though miRNAs
and their targets have been identified in number of plant
species not much work has been carried out in relation to
their involvement in fruit development and ripening. Recently
Yin et al. (2008) and Zhang et al. (2008) identified a set of
miRNA and their targets from tomato that were associated
with the phase change from vegetative to generative growth.
In addition, high throughput Pyrosequencing has revealed
micro RNAs targeting genes that are involved in fruit
ripening (Moxon et al., 2008).
In apples, Dandekar et al. (2004) reported differential
regulation of ethylene with respect to fruit quality
components. A direct correlation between ethylene and aroma
production during apple ripening has been reported (Wang et
al., 2007). Schaffer et al. (2007) identified 17 candidate genes
that were likely to be the control points for ethylene with
respect to aroma production. However, not all components of
fruit quality are under the direct control of ethylene. Two
MdERFs (ethylene response factors) were isolated from
ripening apple fruit (Wang et al., 2007). MdERF2 expressed
exclusively in ripening fruit whereas MdERF1 was expressed
predominantly in ripening fruit with a small degree of
expression in non-fruit tissues. The transcription of MdERFs
was regulated positively by the ethylene signaling system.
In a related study with two cultivars of apple, Zhu et al.
(2008) characterized the expression patterns of AAT and
ACS gene family members in order to examine the
relationship with volatile ester production during on-tree and
post harvest ripening. They found that differential expression
of AAT genes contributed to phenotypic variation of volatile
ester biosynthesis in the apple cultivars. The climacteric
expression of MdACS1 greatly enhanced the expression
levels of MdAAT1 and MdAAT2 genes was reported as the
plausible reason for the emission of aromatic volatile esters. It
was also suggested that the expression of MdACS3 might
play a role on induction of AAT genes expression during
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early fruit development as it expresses prior to MdACS1.
Grumet et al. (2007) found enhanced sugar and carotenoid
accumulation whereas Katzir et al. (2008) reported a
considerable reduction in aroma production for ACO1
antisense melons. In a study of ethylene-regulated and
ethylene independent ripening pathways by Silva et al (2004)
in wild-type and AS3 transgenic melons, the AS3 transgenic
melon fruits were reported to be firmer and higher in
chlorophyll levels and acidity than their wild-type
counterparts with no changes in carotenoid contents in both
types. In a related research, Nishiyama et al. (2007) found
that there was expressed suppression of the ACO gene of
transgenic melon fruit when they examined the cell wall
polysaccharide depolymerization and the expression of the
wall metabolism-related genes. There was also a complete
inhibition of softening in the transgenic melon fruits but were
restored by exogenous ethylene treatment. Post harvest
application of 1-MCP after the onset of ripening completely
suppressed subsequent softening, suggesting that melon fruit
softening is ethylene-dependent. There were however, partial
fragmentations (1038 bp cDNA) of melon invertase
expressed in antisense orientation under the CaMV35S
promoter observed by Yu et al. (2008). The transgenic melon
fruits were 60% smaller in size and recorded increased
sucrose and acidity invertase levels, with degraded
chloroplast as a result of decreased photosynthetic rate than
the control.
In another study involving avaocado fruits, Tateishi et al.
(2007) found that three cloned members of β-galactosidases
(PaGAL2, PaGAL3 and PaGAL4) played a significant role
in the cell wall metabolism during fruits growth and ripening
as well as AV-GAL1. The study of expression pattern of the
isozymes by the same authors during avocado ripening found
that the accumulation pattern of the gene transcripts and the
response to ethylene gave a correlation between AV-GAL1
transcript and isozyme AV-GAL III. The authors therefore
speculated that AV-GAL1, might have encoded the AV-GAL
III and might be important for post harvest fruit softening
whiles PaGAL2 was responsible for galactose metabolism
both in expanding tissue and cell wall disassembly during
ripening. In their research, they observed that PaGAL3 and
PaGAL4 expression were strongly inhibited by ethylene and
ripening signals suggesting that PaGAL2, PaGAL3 and
PaGAL4 might have been involved in galactose metabolism
of cells or cell walls during development and ripening. This
could be the reason why post harvest biotechnology of
avocado has been strongly limited in spite of the fact that it
provided early clues to the ripening mechanism in fleshy
fruit.
Costantini et al. (2007) transformed grape cultivar Thompson
Seedless with an ovule-specific auxin-synthesizing (DefH9iaaM) gene and observed that average number of
inflorescence per shoot in transgenic grape lines was doubled
as compared to the control. In their studies, they reported that
auxin enhanced fecundity in grapes, thus resulting in
increased yield with lower production costs. Similarly,
Symons et al. (2006) have shown that brassinosteroids
(steroidal hormones) might be implicated in ripening of nonclimacteric fruits. The group isolated Brassinosteroid-6oxidase gene homolog from grape and its function was

checked by transgenic complementation of the tomato dwarf
(dx/dx) mutant. The study showed that grape ripening was
significantly promoted by exogenous application of
brassinosteroids (BRs) and ripening could be delayed by
brassinozole, an inhibitor of BR biosynthesis. Since
exogenous BRs have also been shown to promote ripening in
tomato it was speculated that common regulatory
mechanisms might be operating early in the ripening
processes of both climacteric and non-climacteric species
involving brassinosteroids.
Recent advances in recombinant DNA technology and
genetic engineering have opened up the possibility to
manipulate ripening in fast perishable fruits like banana.
Towards this, many genes involved in ripening have been
cloned and characterized (Kesari et al., 2007; Gupta et al.,
2006). Ripening in banana is characterized by a biphasic
ethylene production with a sharp early peak followed by a
post climacteric small peak (Pathak et al., 2003). During
banana fruit ripening ethylene production triggers a
developmental cascade that is accompanied by a huge
conversion of starch to sugars, an associated burst of
respiratory activity and an increase in protein synthesis. Other
changes include fruit softening. Banana fruit softening is
attributed to activities of various cell wall hydrolases. Lohani
et al. (2004) reported participation of various cell wall
hydrolases in banana softening during ripening. The
enhancing and suppressive effects of ABA and IAA
respectively on activities of different cell wall hydrolases
during ethylene induced ripening in banana were also
discussed. Decline in polyphenols, increase in activity of
alcohol acetyl transferase, chlorophyll degradation etc. have
been earlier reported during ripening in banana. Liu et al.
(1999) have analyzed the expression of ACC synthase gene in
associationwith ethylene biosynthesis and ripening in banana.
Huang et al. (2006) have shown the presence of many
isoforms of ACS other thanMA-ACS1 (Musa acuminataACC
synthase 1) in banana. Clendennen and May (1997) reported a
number of up-regulated endochitinase, β-1, 3-glucanase, and
BanTLP (thaumatin like protein andmetallothionin) as well as
down-regulated genes (class III chitinase and jacalin-related
lectins) during ripening. Class III chitinase was postulated to
fulfill a storage role in banana pulp. It is supposed to serve as
an important source of amino acids for the synthesis of
ripening associated proteins (Peumans et al., 2002). The role
of expansin (Trivedi and Nath, 2004; Asha et al., 2007) and
polygalacturonase genes during banana fruit ripening has
been investigated (Asif and Nath, 2005).

Effect of biotechnological approaches on the shelf
life of fruits and vegetables
The shelf-life of transgenic tomato fruits was reported to last
for at least 60 days at room temperature without significant
change in hardiness and color. After 15–20 days of treatment
of the transgenic fruits with ethylene, most of the tomatoes
reached the ripe stage. Antisense transgenic lines of tomato
have also been raised with anti-ACO gene to alter ethylene
biosynthesis ( Nath et al., 2006). RNAi technique has also
been used to produce tomato fruit with delayed ripening using
ACO gene. According to Xiong et al. (2005) transgenic
tomato fruits had a prolonged shelf-life of at least 120 days.
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In another study with apples, Wang et al. (2009) showed that
null mutation in MdACS3 gene leads to longer shelf-life. Out
of the three genes in the MdACS3 family (a, b, and c) two of
them (MdACS3b and MdACS3c) possessed
333-bp
transpose on-like insertion in their 5′ flanking region, which
was reported to may have prevented transcription of these
genes during ripening. A single nucleotide polymorphism in
the coding region of MdACS3a resulted in an amino acid
substitution (glycine-289 → valine) in the active site that
inactivated the enzyme. A review by Bapat et al (2010)
reported that two ripening-related genes (MaMads-rin and
MaExp2 ) have been used for banana transformation to
increase shelf-life and fruit quality. Results indicated
increment in shelf-life both on plant and at post harvest.

Challenges associated with commercialization of
biotech fruits and vegetables
My research revealed that even though biotechnological
approaches is seen by the scientific community as a panacea
to solve recent increased demands for fruits and vegetables,
the technology is more of a scientific jargon than a
commercially viable entity. This is because; dilemma and
uncertainties remain up to today regarding the consumption
of biotechnological fruits and vegetables. The impasse has
created challenges with consumption of genetically modified
fruits and vegetables in many countries and some continents
mainly due to the complexities surrounding its use.
Although the first biotech crop to be commercialized was a
genetically modified tomato for processing as a consumer
tomato paste, there have been comparatively few
introductions of biotech fruits and vegetables since then
(Anthony and Ferroni, 2011). Reported cases with potential
benefits for farmers in developing countries include virus
resistant papaya in China, now commercially grown, and,
more recently, the high profile case of Bt eggplant, or brinjal,
in India (Choudhary and Gaur, 2009). Because of the
susceptibility of brinjal to the fruit and shoot borer insect,
multiple insecticide applications are required to prevent
uneconomic losses of yield in this crop. In India, the Indian
Genetic Engineering Appraisal Committee recommended the
commercial release of Bt brinjal (Event EE1) in 2010, but not
authorization was given by the Ministry of Environment and
Forestry (Jayaraman, 2010). A wide array of vegetables such
as tomato, broccoli, cabbage and okra are also under
development in India (James, 2010).
According to James (2010), since 1996, over 900 registration
approvals have been granted for 183 events in 24 crop
species, mainly for events in broad acre crops (CERA. GM
Crop Database; ISAAA GM Approval Database). Very few
registrations have been given for commercialization of
modified fruits or vegetables since the 1990s. Approvals of
suitably developed and stewarded high-value vegetables and
fruits could carry significant benefits for small farmers,

because of the relatively high prices of these crops on the
market.
In a study involving 77 fruits and vegetables and other
specialty crops, Miller and Bradford (2010) attempted to
understand the factors driving the lack of traits for
commercialization. They reported that during 2003–2008
over 300 research papers were published describing over 250
unique transgenic events for these kinds of crops of which
some 20% of the papers were from China and India. The
various researches addressed not just input traits such as
herbicide tolerance and insect resistance but also output traits
such as yield, postharvest quality, and modifications to
compositions of oil, starch, protein and nutrients. The primary
conclusion was that the traits did reach the market not
because of poor performance or lack of grower interest but
because of regulatory approval uncertainty and prohibitively
high and uneconomic development and regulatory costs-a de
facto barrier for technology deployment for smallholder
farmers, even for high-value crops.
In recent surveys by private sector companies during 20082012, it was established that the cost of intervention,
development, and registration of a new traits for
internationally traded crops such as maize and soybean was
as high as $136 million for cultivation in two countries and
for import approvals in at least five others .The breakdown
cost analysis for regulatory scientific studies, registration and
regulatory affairs accounted for 25.8% of this total, $35.1
million. More so, McDougall (2011) reported that the time
taken for registration has also increased, from a mean of 3.7
years for events sold before 2002 to a current estimate of 5.5
years.
A review by (Anthony and Ferroni, 2011) has argued that
opinion and debate on acceptance of transgenic agricultural
biotechnology remains polarized both ‘for and against’ and is
often not aligned with rigorous review and balanced,
empirically grounded assessment of socio-economic and
community benefits, human safety, environmental
considerations such as non-target safety, gene flow,
biodiversity and associated risks. At a time when biotech
crops have been grown extensively in the Americas and Asia
for over 13 years, the precautionary principle prevails in
many countries even for the traits embodied in these crops. In
the European Union (EU) for example, genetically modified
fruits and vegetables are not allowed on the market and none
of the GM plants currently authorized in the EU are intended
for direct consumption (GMO Compass, 2006). For instance,
in the case of GM tomatoes, they are lurking in grocery stores
in the USA and never received authorization in the EU. The
situation is the same for biotech bananas, apples, wine grapes,
and papaya production. Recent reports in the EU member
states indicate that whiles countries like Finland, Germany,
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and Greece have strongly opposed commercialization of GM
crops including fruits and vegetables; Spain and UK do not
fundamentally oppose cultivating GM crops but have used the
precautionary principle. So the question remains that ‘is
biotechnology in fruit and vegetable plant production a
commercial activity or simply a research jargon?’ A
pragmatic approach proposed by Godfray et al. (2010) move
the debate forward saying ‘genetic modification is a
potentially valuable technology whose advantages and
disadvantages need to be considered rigorously on an
evidential,
inclusive,
case-by-case
basis’.
Genetic
modification should neither be privileged nor automatically
dismissed. In addition to governments’ policy on regulation,
key factors influencing future availability of biotech fruits
and vegetables in developing countries are stewardship
capability, and liability of technology providers. Excellence
through stewardship (2009) reveals that stewardship
biotechnology of fruits and vegetables includes not just
management of biosafety and compliance with regulatory
authorities’ requirements but also product quality and
integrity along the whole product life cycle right from early
research ideas to the withdrawal of crop varieties. The need
for steward- ship is fully founded. Unapproved events
entering the trade channel can have serious consequences. In
2006, the co-mingling of the herbicide tolerant research event
LLRice601 led to the reduction of US rice trade to Europe to
only 10% of normal levels with major economic and
international consequences (Stein and Rodriguez-Cerezo,
2009). Multi-million dollar lawsuits from rice growers
followed. With the expected rise in numbers of
commercialized events around the world (Dunwell, 2011),
including potentially Bt rice in China (Bennet, 2010), concern
is growing about the potential for low-level presence of
numerous events in trade channels and the food chain in
countries without regulatory authorizations(Stein and
Rodriguez-Cerezo, 2010).
International harmonized
solutions need to be found. Otherwise the private sector will
remain very cautious about supporting technology releases to
the public sector to assist smallholder farmers in developing
countries, especially for food crops that could cross national
borders or enter international trade channels. Additionally,
little impact has been realized to date with fruits and
vegetables because of development timescales for molecular
breeding and development and regulatory costs and political
considerations facing biotech crops in many countries.

The new paradigm shifts for commercialization of
biotech fruits and vegetables
Biotechnological approaches offer much potential to increase
the development and introduction of improved varieties and
as an enabler for greater genetic diversity, but the full benefits
are yet to be established. Constraints to the development and
adoption of technology-based solutions to reduce yield gaps
need to be overcome. The new paradigm shift proposed

includes the (1) integration of broader thrust that galvanizes
public and private investment for the development and
provision of technology with the creation of seed systems and
markets supported by agricultural extension and other
services for farmers; (2) a commitment to increase and
sustain funding of agricultural R&D; (3) the need to break
barriers at the policy and operational level to enable
formation of public–private partnerships for transformational
change in research, pro-duct development, and the delivery of
seed-embodied technology to farmers; (4) the integration of
low risk chemical fungicides, natural anti-microbial
substances, and physical means such as hot water treatment,
irradiation with ultraviolet light, microwave, and infrared
treatment in the postharvest biocontrol process; (5) the
enhancement in the expression of crucial recombinant DNA
genes and/or combining genes from different agents in the
mass production, formulation and storage, or in response to
exposure and contact with parent plant tissue after
application; (6) the use of genetically modified organisms as
biocontrol agents to enhance the postharvest quality and
shelf-life of fruits and vegetables; (7) the research towards
discovering new DNA genes instead of the ones currently
used in practices in that only a small portion of the earth
micro flora has been identified and characterized.

CONCLUSION
The application of biotechnological approaches to improve
nutritional quality and shelf life of fruits and vegetables were
reviewed. It was evident that developed biotechnological
approaches have the potential to enhance the yield, quality,
and shelf-life of fruits and vegetables to meet the demands of
the 21st century. However, the developed biotech approaches
for fruits and vegetables were more of academic jargon than a
commercial reality. To make sure that the current debates and
complexities surrounding the registration and the
commercialization of genetically modified fruits and
vegetables are adequately addressed, various stakeholders in
the industry ( policy makers, private sectors, agriculturalists,
biotechnologists, scientists, extension agents, farmers, and the
general public must be engaged in policy formulations, seed
embodiments, and products development. The full benefit of
the knowledge can be reaped if there are total commitment by
all stakeholders regarding increased and sustained funding,
increase agricultural R&D, and less cost and time for
registration and commercialization of new traits.
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