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A Review-Tomato quality as influenced by preharvest factors

H.N. PRASAD, BANKEY LAL?, SUNITA BHANDARI?, RAKESH BHARGAVA?, VIPUL PRATAP
SINGH? and ANSHU KAMBOJ?
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Gobindgarh (Punjab)

*Corresponding author e-mail Id: bankeylal7 1 @gmail.com

ABSTRACT: The quality of tomatoes is a complex feature that involves numerous plant and fruit-level processes and is
influenced by interactions between social, cultural, and environmental factors. This study focuses on how pre-harvest factors
affect tomato quality, and quality is determined from the standpoint of the customer, i.e., by fruit size or fresh mass, colour, taste,
flavour, texture, and health value. The research was conducted; Department of Vegetable Science and quality analysis is taken by
Biocontrol laboratory of Chandra Shekhar Azad University of Agriculture and Technology Kanpur, (U.P.). The tomato is the
second fruit consumed globally and a model plant for biologists. Physiologists and geneticists have studied the mechanisms
underlying tomato fruit quality in great detail, and reactions to climatic and cultural practices have been well documented.
However, in a time of worldwide change, managing and enhancing fruit quality will depend on our ability to combine knowledge
and foresee interactions among genotype, environment, and cultural practices. We might benefit from the recent advancement of
process-based models of fruit quality to address this difficult problem. Here, a number of tomato growth and quality models are
explored, along with their possible use in creating ideotypes—conceptual plants that are anticipated to function in particular

settings.

Key words: Environment, fleshy fruit quality, genetic, Process-based model, Solanum lycopersicum

While an overall rise in agricultural output is
necessary to feed the growing population, crop
quality improvement is a difficult and pressing issue
since consumer behavior has recently begun to have
a greater impact on the demand for premium quality.
One issue with horticulture crops is that there isn’t
a single definition of quality that incorporates all
the many factors. Another issue is that there might
be a disconnect between the quality that is
instrumentally tested at harvest and the quality that
consumers perceive after purchase and storage
(Kyriacou and Rouphael, 2017). According to FAO
Stat (2015), the tomato (Solanum Lycopersicum L.)
is the second-most significant vegetable crop after
potatoes. It is a model species for biologists,
particularly those researching the quality and
ripening of fleshy fruits. Numerous characteristics
make up quality and stakeholders determine which
characteristics are most crucial. Organoleptic quality
is based on physical (texture or firmness) and
biochemical qualities (mostly the contents in sugars,
acids, and volatile chemicals), which determine the

overall flavour. Commercial quality is primarily
dependent on outward appeal (e.g., colour, form and
size), firmness, and shelf life. While the sanitary
quality is determined by the absence of pesticide
residues or other unhealthy compounds like
allergens, mycotoxins, antibiotics, environmental
persistent  pollutants, and pathogenic
microorganisms, the health benefits depend on the
composition in vitamins and phytonutrients
(Iycopene, -carotene, ascorbate, and polyphenol), as
well as minerals (potassium, calcium, phosphorus,
magnesium).Currently, fruit quality is assessed at
harvest; however, it is elaborated during fruit
development as a result of numerous interconnected
developmental processes and metabolic activities
that are controlled by the fruit’s ontogenetic
programme and environmental factors (Ho,
2003).Fresh farmed tomatoes have very changeable
principal characteristics at harvest: fruit fresh weight
can vary by 200 times, while contents of dry matter,
sugar, acid, or ascorbate might differ by 4 to 5 times.
Despite advances in our understanding of the
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metabolic processes and molecular controls affecting
plants and fruits, improving fruit quality and
balancing yield and quality remain difficult tasks.
Breeding has traditionally prioritized production and
fruit shelf life (Bai and Lindhout, 2007), and in
recent decades, the productivity of greenhouse
tomatoes has doubled as a result of cultivar
advancements, climatic control, and crop
management (de Gelder et al., 2012).

The identification of the processes underlying each
trait is the first step towards understanding and
managing fruit quality variations in relation to
genetic and environmental conditions; the
development of an integrative approach will then
help to disentangle the complex network of
interactions among these processes in response to
external or internal stimuli (Martre et al.,
2011).Because of this, fruit ecophysiologists have
made it a priority to understand fruit quality in
relation to Genetic X Environmental X management
(Genetic x Environmental x Management)
interactions and to examine correlations between
yield and quality traits in order to create novel crop
management strategies. In this regard, process-based
models of fruit quality, which are mathematical
representations of the key processes defining fruit
functioning, have shown to be effective tools for
defining pertinent policies and designing plant
ideotypes adapted to particular environments or crop
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Fig. 1: Dynamics of fruit fresh weight (solid lines), pericarp
cell number (dashed lines) and mean cell volume (dotted
lines) of cherry (red) and large-fruited (blue) tomatoes. The
curves were fitted on several sets of experimental data
(adapted from Bertin et al., 2009).

Pantnagar Journal of Research 210

systems, i.e., genotypes capable of maintaining yield
and producing high-quality fruits (Genard et al.,
2007).

This review aims to offer fresh insight into the
evolution of tomato fruit quality with an emphasis
on organoleptic quality and nutritional value. We
begin by outlining the main characteristics of quality
as well as the underlying mechanisms from fruit
setting to ripening, or during the preharvest phase.
The consequences of environmental and genetic
factors involved in quality variations are discussed
in the second and third portions.

Tomato quality characteristics

Fruit size and shape

Fruit size and shape are two important quality
characteristics that influence consumer purchase.
Fruit shape has undergone significant genetic
diversification during breeding and is primarily
governed by genetics. Fruit size substantially varies
in response to GXExM (Genetic x Environmental x
Management) interactions, while fruit shape is less
dependent on the environment. The development of
pericarp tissue, which results in an increase in fruit
volume, is accomplished through two crucial
processes (Ho, 1996): the production of new cells,
which stops about 10-25 days after anthesis (daa),
and cell growth and expansion, which typically
continue until the start of maturation (Fig. 1) and
may be constrained by the extensibility of the
epidermis (Thompson, 2001).Even though the
majority of the fruit’s volume gain occurs during
the expansion phase, numerous studies have
demonstrated that the final size is highly correlated
with the number of cells (Bertin et al., 2003).
Endoreduplication, sometimes referred to as the
change from a complete to an imperfect mitotic cycle
without mitosis, is closely linked to the stop of cell
division and a rise in cell size. According to Bertin
et al. (2007), incomplete cell cycles in cherry
tomatoes and large-fruit cultivars result in an
increase in cell DNA content up to 256C or even
512C (equivalent to 8 or 9 endocycles, respectively),
which has been linked to cell size (Chevalier et al.,
2011). Water inflow through xylem and phloem,
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water outflow through transpiration, and even water
backflow to the plant through xylem all work
together to balance cell expansion.

Fruit texture

Fruits that are destined for the fresh market or for
industrial processing may have a different end-use
value depending on their texture. When it comes to
tomatoes, texture has a significant impact on
consumer acceptance and purchase decisions
(Causse et al., 2010). Additionally, it interferes with
the perception of flavour and scent (Causse et al.,
2003), and it considerably affects the shelf-life and
transportability of fruit. Texture includes a number
of properties, including firmness, meltiness,
mealiness, juiciness, or crunchiness (Harker ef al.,
2002). These properties can be accessed through
sensory analysis and can also be measured
objectively using mechanical techniques, near-
infrared spectroscopy, or hyper-spectral imaging
techniques reviewed by Chen and Opara (2013).

Complex mechanisms underlie the texture of fruit.
The molecular and biochemical mechanisms that
cause fruit to soften during ripening have received a
great deal of attention. These mechanisms include
the reduction of intercellular adhesion,
depolymerization and solubilization of
hemicelluloses and pectic cell wall polysaccharides,
and the decline in fruit firmness that occurs at the
same time as the middle lamella dissolves (Toivonen
and Brummell, 2008). Several cell wall-degrading
enzymes, such as hydrolases, transglucosylases,
lyases, and other wall-loosening proteins like
expansins, are also up-regulated at the same time.
However, according to some researchers (Chaib et
al., 2007), the texture of the fruit may already be
regulated by a number of mechanisms.

Fruit aroma and flavor

Complex interactions between sugars, acids, and
volatile aromatic molecules produce flavour. As with
other fleshy fruits, tomatoes have a wide range of
volatile organic compounds (VOCs) that they
produce. Impart a characteristic aroma and influence
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the taste perception and preferences of consumers
(Baldwin et al., 2008; Tieman et al., 2012). Only
30 of the more than 400 VOCs found in fresh
tomatoes have been found to be present in amounts
more than one ppb and to significantly contribute to
the detectable flavour (Buttery, 1993).While some
of these volatiles transmit positive attributes, others
have negative connotations. The locular gel
contributes less to the total synthesis of VOCs during
ripening than does the rest of the fruit (Maul et al.,
1998). They consist of nitrogen, sulphur, and
halogen-containing compounds as well as acyclic,
cyclic, and heterocyclic hydrocarbons, alcohols,
phenols, ethers, aldehydes, ketones, carboxylic
acids, esters, and lactones reviewed by Lewinsohn
et al., 2001). Hexanal, cis-3-hexenal, cis-3-hexen-
1-0l, 3-methyl-1-butanol, hexyl alcohol, 1-nitro-3-
methylbutane, and 2-methyl-1-butane are the most
common volatiles found in 152 heirloom tomato
cultivars, according to Tieman et al. (2012). The
aroma of a tomato, however, results from the
synergism of several ingredients rather than the
presence or absence of a single chemical. The main
odour-active aroma volatiles in fresh tomatoes are
(Z)- 3-hexenal, hexanal, 1-octen-3-one, methional,
1-penten-3-one, and 3-methylbutanal, while linalool,
an acyclic monoterpene alcohol, has a significant
impact on tomato flavour (Buttery, 1993). Fruits
contain VOCs that are generated in various ways
metabolic pathways (Klee and Tieman, 2013), and
derived from fatty acids (e.g. cis-3-hexenol and n-
hexanal), aliphatic amino acids (e.g. 2-
isobutylthiazole and guaiacol), phenolic compounds
(e.g. eugenol and methyl salicilate), or longer
terpenoids such as B-carotene and lycopene (e.g. -
ionone and geranylacetone). It might be possible to
analyse these connections by using electronic sounds
to find volatiles in fruit tissue (Maul et al., 1998).
According to a recent study, the nearly total
elimination of the most prevalent class of volatiles
(C6 volatiles) in transgenic fruit has an effect on
flavour intensity but has little to no effect on
customer preference (Tieman et al., 2012). As a
result, odour thresholds alone cannot accurately
anticipate how a given volatile would affect flavour.
Additionally, these scientists showed that fragrance
volatiles, like geranium, contribute to perceived



[Vol. 21(2), May-August, 2023]

sweetness irrespective of sugar concentration,
offering a fresh strategy for enhancing sweetness
perception.

Fruit Ascorbate (Vitamin-C)

In plants, ascorbic acid, often known as ascorbate
(AsA), serves crucial roles. For example, it affects
cell division, cell wall formation, and how plants
interact with their surroundings, pathogens, and
oxidising agents (Gest et al., 2013). According to
Frei ef al. (2012), it is also a critical micronutrient
and a significant antioxidant for human diet. The
two biologically active, water-soluble forms of
vitamin C found in tomatoes are ascorbate (reduced
form) and dehydroascorbic acid (oxidised form).
Between tomato species and cultivars, the total
amount of vitamin C ranges from 8 to 40 mg 100 gl
and is available in all cell compartments of tissues
that are actively growing and developing (CTIFL,
2011) (L-galactose route, Wheeler et al., 1998) The
AsA biosynthesis pathway in plants and the multiple
enzymes involved have been fully documented. Both
leaves and fruits produce AsA by converting D-
glucose.

Due to AsA’s antioxidant properties, it can quickly
oxidise after being produced, making the recycling
pathway (reduction of the oxidised form) crucial for
preserving AsA levels and redox status in plant cells
(Massot et al., 2013). Thus, AsA import (or the
import of precursors) from leaves, AsA synthesis and
recycling inside the fruit, AsA export, AsA degree
of oxidation or degradation, and AsA pool size in
fruit are all related to each other (Massot et al.,
2013). According to Massot et al. (2010), during
fruit development, AsA concentration declines
throughout the times of cell division and
expansion—possibly due to dilution effects—and
subsequently rises during ripening with the hexose
content. Numerous studies have discovered strong
associations between fruit soluble sugar and AsA
levels. Recent research, however, has shown that
AsA synthesis in tomato fruit is not constrained by
sugar concentration (Massot ef al., 2010) and that
in situ synthesis outperformed AsA transport from
leaves (Gautier et al., 2009).
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Fruit carotenoids

Due to their antioxidant effects, carotenoids are
particularly crucial for the human diet as they give
ripe fruits their colour, which is the first quality trait
that encourages purchasing (Dorais et al., 2008).In
addition, carotenoids play crucial biological roles
in plants, such as capturing light in photosynthetic
membranes, shielding the photosynthetic apparatus
from excessive light, forming pigment protein
complexes in thylakoids, acting as precursors of
abscisic acid, and acting as pollinator attractants,
which aid in seed dispersal (Llorente ef al.,
2016).Lycopene, which makes up 80-90% of the
total carotenoids in ripe fruit, is the most prevalent
carotenoid in tomato fruit. It is followed by phytoene,
phytofluene, zeta-carotene, gamma-carotene, -
carotene (a precursor to vitamin A), neurosporene,
and lutein. The most noticeable exterior colour
changes from green to red in tomatoes are caused
by the loss of chlorophyll and the accumulation of -
carotene and lycopene (Fraser et al., 1994). The
total carotenoid concentration in tomato fruit
increases between 10- and 50-fold during fruit
ripening. According to Fraser et al. (1994), the
fundamental mechanism governing the rise in
carotenoid concentrations is based on the differential
regulation of the expression of genes encoding
enzymes of the carotenoid biosynthesis pathway,
such as phytoene synthase and phytoene desaturase.
The carotenoid biosynthesis pathway has been
extensively studied, and a number of regulatory
mechanisms, such as ethylene, light, substrate
availability, and metabolic sequestration, have been
proposed (Fanciullino et al., 2014). The hypothesis
that the final content in carotenoids could be early
determined through plastid size and density
(Fanciullino et al., 2014) is supported by the fact
that carotenoid accumulation and activities of many
enzymes involved in the biosynthesis do not
correlate during fruit development (Fraser ef al.,
1994).

Environmental control of fruit quality

Environmental influences may have an impact on
fruit quality directly by affecting the production and
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distribution of primary metabolites among sink
organs, but they may also have an impact indirectly
through stress-related changes in osmotic and turgor
regulation and the stimulation of antioxidant
metabolism in the event of induced oxidative stress.
Although it is frequently asserted that stress has a
negative impact on yield and a positive impact on
quality, it would be important to establish this as a
paradigm because plant and fruit responses are
highly influenced by genotype, stress intensity and
duration, plant and organ development stage, and
interactions among stress factors (Ripoll et al.,
2014). For each of these reasons, a deeper
comprehension of the underlying adaptation
mechanisms is necessary to exploit stress to enhance
fruit quality.

Impact of environmental factors on fruit quality

The key variables that affect fruit mass or
composition are light intensity, temperature, and air
humidity (Guichard et al., 2001; Biais et al., 2014).
These elements change the carbon and water fluxes
between source and sink organs by affecting plant
growth, leaf expansion, carbon assimilation, and
transpiration (Ho, 1996). For instance, in response
to changes in stem water potential, increased fruit
transpiration and decreased xylem influx would
result in a reduction in fruit growth under high
vapour pressure deficit (VPD) (Guichard et al.,
2001); in the driest parts of the day, a xylem efflux
may even take place (Guichard et al., 2005).
According to Bertin et al. (2000), high VPD also
causes more blossom-end rot but less fruit breaking.
Cell expansion is the fruit growth step that is most
susceptible to assimilate deficiency.

As has been seen in tomato fruit at the tissue (Bertin,
2005; Prudent et al., 2010) and gene (Baldet ef al.,
2006) levels, severe carbon deficiency may
negatively influence cell division. Since many
studies only report changes in fruit composition on
a fresh weight basis, it is not always clear whether
these changes are the result of active solute
accumulation, dilution/dehydration effects linked to
changes in fruit size and water content, or both
(Genard et al., 2014).
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Genetic control of fruit quality

Quantitative variables with continuous variation in
segregating populations include important aspects
of tomato fruit quality like fruit size, appearance,
firmness, and shelf life (Causse et al., 2002). Over
the past 50 years, breeding has significantly altered
them, resulting in a wide range of size, shape, and
colour. For example, domestication increases fruit
size in cultivated species up to 1000 times more than
in their wild relatives (Frary et al., 2000). On the
other hand, the genetic enhancement of organoleptic
quality or health value has just recently been taken
into consideration. Genetic enhancement of tomato
quality is challenging since the majority of fruit
quality parameters are multi-genic, co-localized
QTL/genes with opposing effects, and interactions
between QTL/genes, the environment, and cultural
practices. Although the use of genetic
transformations for commercial gain is strictly
controlled, genetic engineering approaches aim to
alter the expression of genes controlling quality
attributes, particularly during ripening (e.g., to
improve the taste, sugar to acid ratios, aroma, and
carotenoids levels in tomatoes) (Lewinsohn et al.,
2001; Guo et al., 2012). On the other hand, the
inherent genetic diversity seen in tomato species or
among them presents a significant opportunity to
develop novel, enhanced cultivars (Lin et al., 2014).
Numerous QTL for fruit weight, shape, sugar and
acid contents, firmness, volatiles, and sensory
attributes have been discovered through genetic
studies on populations derived from interspecific
crosses between wild species and processing or fresh
tomatoes (review in Labate et al., 2007). Some of
them may have positive impacts when incorporated
into large fruit genotypes (Lecomte et al., 2004),
significant mutations and genes for enhancing
tomato fruit quality were reported.

CONCLUSION

Fruit quality is a complex concept with many
different parameters. For variables like fruit size or
sugar content, as demonstrated in this review, the
genetic and environmental controls of tomato quality
are partially recognized, but less is known about
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those controls for qualities related to volatiles. It is
obvious that significant advancement is still needed.
However, modern technology makes it possible to
genotype and phenotype plants and fruits, providing
new opportunities for using genetic resources.

For numerous parameters linked to tomato fruit
quality, near-isogenic lines, mutants, transgenic, and
mapping populations have been generated over the
past ten years. These resources allow researchers
the chance to assess the theories put forth in PBSMs
and to draw attention to crucial regulation loops.
PBSMs could assist us in to identify optimal settings
of genetic factors to produce a desired phenotype
and unravel the relationships between genotypes and
phenotypes. However, the emergence of novel
cultivars based on ideotypes created by models is
still a long way off.

FUTURE PROSPECTS

Tomato fruit, postharvest quality control starts in
the field and continues all the way to the ultimate
customer. A few preharvest practices used during
production have an impact on the fruits’ postharvest
quality status. Any postharvest handling method or
technique can only be used to maintain the quality
of any fruit after it has been harvested. Future
research in this area should focus on in order to
produce good quality fruits at harvest, preharvest
factors like genetic factors, environmental factors,
and cultural factors all play a crucial role.
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