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List of Abbreviations

ABA Abscisic acid
BER Blossom-end rot
CI Chilling injury
GA Gibberellic acid
GLK Golden-like transcription factor
PAs Polyamines
PPO Polyphenoloxidase

32.1  Introduction

Many of the myriad of ovaries from the Solanaceous species fertilized every year will produce physi-
ologically damaged fruit, out of a predefined and accepted range of normality. Although the quality and 
marketable yield losses caused by physiological disorders are variable and highly dependent on the inter-
action between the genotype and the environment, in severe cases they could be dramatic. Some physi-
ological disorders occurring in fruit belonging to the Solanaceae family have been extensively studied. 
This has resulted in a relatively clear identification of their cause/s and mechanism/s and has contributed 
to establishing the most appropriate prevention and control strategies. In contrast, the biological mecha-
nisms underlying some metabolic dysfunctions are still under investigation. The expression of physiolog-
ical disorders is, in some cases, complex; different problems could lead to similar manifestations and any 
given disorder could induce variable symptoms depending on its severity. While some of these alterations 
are caused by a single factor, they are most often the result of the converging action of several predispos-
ing agents. Some disorders such as blotchy ripening have been difficult to induce experimentally, and 
their study under controlled conditions is still challenging. Based on their symptoms, Solanaceous fruit 
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594 Postharvest Physiological Disorders in Fruits and Vegetables   

physiological disorders can be classified as: (i) those disrupting normal growth and altering shape such 
as catface, zippering, and puffiness; (ii) those causing mechanical failure and compromising integrity 
such as cracking; (iii) those resulting in tissue collapse, pitting, browning, and necrosis (blossom-end rot 
[BER], sunscald, and chilling injury [CI]); and (iv) those affecting ripening or seed development (green 
shoulders, yellow shoulders, blotchy ripening, other surface discolorations, CI, excessive seed number, 
or hardening and bitterness).

32.2  Catface, Zippering, and Puffiness

Catface is expressed as malformation and the cracking of fruit at the blossom end. Tomatoes showing 
this disorder usually present deep clefts that may cover the pericarp to varying degrees (Figure 32.1a). 
Puckered or swollen areas result from different rates of cell growth. Damaged regions usually have corky 
or necrotic tissues (Peet, 2009). Catface may be caused by any disturbance to flower parts during blos-
soming and fruit set. It has been frequently associated with unfavorable environmental conditions, such 
as low temperatures (<15°C for several days) (Gruda, 2005).

Zippering refers to fruit presenting thin vertical superficial scars, providing the appearance of a zipper 
(Figure 32.1b). It has been related to setting under high relative humidity. Zippering may result from the 
attachment of the anthers to the ovary in newly formed fruit (Maboko and Du Plooy, 2013). However, 
other localized damages to the ovaries could induce similar symptoms. Although it can appear in fruit 
grown under most weather conditions, it tends to be higher early in the season when lower temperatures 
occur. It may be more prevalent in fruits produced in improperly ventilated greenhouses.

Puffiness is used to refer to fruit usually showing flat or angular sides. Internally, tomato locules may 
be partially full of gel or even empty and the fruit may be hollow to different degrees depending on the 
severity of the disorder (Figure 32.1c). Stresses or environmental conditions impairing pollen viability, 
pollination, fertilization, or seed formation can lead to puffy fruit.

The strategies to reduce catface, zippering, and puffiness include the use of cultivars that are less 
susceptible. Catface is more prevalent on large-fruited cultivars, such as beefsteaks or heirloom varieties 
(Frasca et al., 2014). Genotypes with a determinate growth habit have been suggested to be less prone 
to catface. Growth disorders could be limited by avoiding whenever possible pollination at extreme 
temperatures (Kawasaki, 2015). Cultural practices that have been associated with zippering, catface, 
and puffiness include excessive pruning and nitrogen fertilization (Peet, 2009). Their relationship with 
the disorders has not been fully established, but they are thought to change in whole plant sink to source 
balance, and likely auxin levels and gradients.
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FIGURE 32.1 Physiological disorders in tomato fruit: a. Catface, b. Zippering, c. Puffiness, d. Cracking, e. Blossom-end 
rot, f. Green shoulders, g. Yellow shoulders, h. Blotchy ripening, i. Sunscald, and j. Chilling injury.
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32.3  Cracking

Cracking is the splitting of the fruit epicarp caused by mechanical tissue failure. Internal cell layers could 
also be affected once the fruit cuticle and epidermis collapse. The disorder has been frequently associated 
with oscillations in fruit growth rate (Olle and Williams, 2016; Peet, 2009). Cracking usually increases 
under high temperatures and after rainy periods, when water becomes readily available (Domínguez 
et al., 2012; Paran and Fallik, 2011). Radial cracking is more common; it starts from the stem scar and 
progresses toward the blossom end (Figure 32.1D). Instead, concentric cracking develops in circles as a 
ring or a series of rings around the stem scar (Peet, 2009). Cuticular cracking is characterized by concen-
tric cracks starting on the fruit shoulders (Huang and Snapp, 2004; Lara et al., 2014; Lichter et al., 2002). 
Cracking may occur at all stages of fruit growth, but the fruits become more susceptible as ripening pro-
ceeds, in association with cell wall disassembly and firmness loss.

Varieties differ greatly in their susceptibility to cracking, so selecting tolerant genotypes is 
one of the most effective practices to reduce the problem (Abdel-Razzak et al., 2016). Avoiding 
soil moisture fluctuations and plant disequilibrium due to excessive pruning or high nitrogen fer-
tilization would also prevent cracking (Abdel-Razzak et al., 2016). Sun-exposed fruit are more 
prone to show cracking, so maintaining good foliage cover is also recommended. Treatments with  
calcium chloride, reinforcing the cell walls, may reduce fruit cracking (Huang and Snapp, 2004; 
Lichter et al., 2002).

32.4  Blossom-End Rot (BER)

BER symptoms appear first as a water-soaked area at the blossom-end of the fruit. The damaged tis-
sue can expand and evolve into a sunken, black, and dry rot (Figure 32.1e) (Casado-Vela et al., 2005; 
Savvas et al., 2008) that, in severe cases, may spread and cover extensive areas of the pericarp (Grant, 
2016). At the cellular level, disruption of the plasma membrane and tonoplast is observed; the cell wall 
may acquire a wavy shape and plastids and intercellular compartments may have a swollen appearance 
(Hocking et al., 2016).

Although the relationship between calcium deficiency and BER has not always been obvious (Saure, 
2014), a large number of evidences have shown that this is the main cause. Calcium deficiency would 
affect cytoskeleton and membrane function, interfere with normal cell signaling, and impede the for-
mation supramolecular association of unesterified pectins within the cell wall (Ho and White, 2005; 
Madani and Forney, 2015; Ronen, 2013). BER has been frequently reported in tomato and pepper. In 
eggplants, it can occur as well at the blossom-end of the fruit (Figure 32.2a), though calcium deficiency 
has also been shown to manifest as an internal fruit rot (Draper and Burrows, 2002).

Any practice affecting the demand of calcium either by the fruits or by other competing organs would 
impact BER. In tomato, early cultivars as well as genotypes with higher loads or larger fruit will be more 
susceptible to BER (Olle and Williams, 2016). BER may occur at any time during the growing season, 
but would be more likely in plants showing active vegetative growth due to excessive nitrogen fertiliza-
tion or pruning (Draper and Burrows, 2002; Madani and Forney, 2015). The first fruit produced when the 
plants have been expanding rapidly are usually the most affected (Grant, 2016).

The availability of calcium in the soil can impact on BER incidence and severity. Plants growing 
in carbonate-rich soils or with a high pH (>7.5) will have lower soluble calcium availability in the 
rootzone, possibly increasing plant susceptibility to BER. However, studies have also shown that total 
fruit tissue calcium content is not the main factor determining fruit susceptibility to BER, but calcium 
distribution at the cellular level. Accordingly, tomato plants overexpressing a high active tonoplast 
antiporter H+ / Ca2+ that transports calcium into the vacuole were more susceptible to BER than wild-
type plants (Tonetto de Freitas et al., 2011). In this study, calcium deficiency in the apoplast was sug-
gested to increase membrane permeability, leading to higher fruit susceptibility to BER. Regardless 
of that, BER has been in many cases related to the inability of the plant to uptake and/or allocate the 
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required calcium in the fruit or even within the cell rather than to its deficiency in the growing medium. 
All environmental and cultural factors modulating these two processes would impact BER (Olle and 
Williams, 2016; Tonetto de Freitas and Mitcham, 2012). Excessive nitrogen fertilization with NH4

+ salts 
may reduce Ca2+ absorption. Application of growth promoting substances such as gibberellins (GAs) 
can induce BER. Tonetto de Freitas and Mitcham (2012) reported that weekly treatments with GAs 
reduced the apoplastic water-soluble calcium and increased membrane permeability and BER incidence 
in tomato. In line with this, treatments with the GAs biosynthesis inhibitor prohexadione prevented 
BER even though the plants were growing at very low calcium levels. In order to better understand the 
hormonal regulation of Ca2+ partitioning and allocation in tomato plants, the same authors subjected 
tomato plants to weekly sprays with abscisic acid (ABA) and evaluated changes in calcium homeostasis 
(Tonetto de Freitas et al., 2014). The treatments increased Ca2+ accumulation in the fruit blossom-end 
zone, and controlled BER.

As could be inferred from what was previously mentioned, several practices should be considered to 
prevent and control BER:

• Determine if sufficient soluble calcium is present in the growing medium; if this is not the case, 
rely on external applications (Rubio et al., 2009).

• Maintain soil pH within the range 6.5–7.5 to minimize calcium immobilization especially as 
carbonates and phosphates.

• Avoid large fluctuations in soil water content by regular irrigation or mulching.

• Do not conduct strong pruning operations or excessive nitrogen fertilization, which would favor 
vegetative growth and increase calcium demand from strong sinks such as leaves.

• Modulate plant growth especially if environmental conditions are prone to promote rapid 
expansion. This can be done by managing nutrient and water availability and, whenever pos-
sible, by cooling down greenhouses.

• Growth regulators such as ABA could eventually be considered as well. Foliar applications of 
ABA could also be used to reduce the incidence of BER. However, it must be considered that 
once the symptoms are observed, it will be too late.

• The use of calcium sprays could be a useful strategy to prevent and control BER (Coolong et al., 
2014). For best results, multiple applications starting early in development will facilitate diffu-
sion into the pericarp. Calcium applications may, in some cases, improve firmness and reduce 
the incidence of postharvest diseases caused by opportunistic fungal pathogens (Madani and 
Forney, 2015; Manganaris et al., 2005).

FIGURE 32.2 Physiological disorders in eggplant fruit: a. Blossom-end rot, b. Peel discoloration, c. Sunscald, d. Surface 
pitting, e. Surface browning, f. Surface scalds, g. Calyx bronzing, h. Pulp and seed browning, i. Pericarp peel under the 
calyx browning, and j. Excessive seed number and hardening.
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32.5  Irregular Color

Uneven or nonsynchronic ripening in a gradient across the latitudinal axis is a common phenomenon 
in many fruits (Nguyen et al., 2014). While in many cases the whole fruit will complete the ripening 
process within a short time frame, sometimes discrete regions of the pericarp may remain unripe as 
others are ready to eat. Disorders related to failure to ripen usually have small effects on total yield but 
can reduce marketable yield substantially (Kader, 2002). Given that uniform ripening is an expected trait 
for most fresh fruit consumers and processors, if commercialized, the fruit would have reduced value. 
Green shoulders refers to fruit being unripe at the stem end (Figure 32.1f). It may be common in some 
tomato genotypes, especially when cultivated in highly fertile soils or with high nitrogen levels (Gent, 
2007; Smillie et al., 1999). Several wild-type tomatoes display green shoulders due to the presence of 
a functional golden-like gene (GLK2) involved in chloroplast biogenesis. This transcription factor is 
expressed in the fruit in a latitudinal gradient, with higher expression in the stem end (Nguyen et al., 
2014). Interestingly, in many cultivated genotypes, the GLK gene is mutated resulting in uniform ripen-
ing, a trait that was likely selected during tomato fruit domestication (Powell et al., 2012).

In some cases, tomato fruit can show white, yellow, and orange shoulders (Figure 32.1g). These disor-
ders are caused by the subnormal accumulation of lycopene and other carotenoids (Darrigues et al., 2008). 
Depending on the maturity stage at which it occurs, this may be the result of delayed chloroplast to chro-
moplast transition, reduced carotenoid biosynthesis, or pigment bleaching. Direct sun exposure increasing 
fruit temperature and UV radiation interception may, at sub-lethal levels, be sufficient to redirect the tran-
scription machinery to cope with stress, at the expense of normal ripening biosynthetic pathways (Lurie 
et al., 1996). In tomato, exposure to temperatures as low as 35°C inhibited central ripening enzymes such as 
1-ammino cyclopropane 1-carboxylic acid synthase, polygalacturonase, and phytoene synthase, decreasing 
ethylene synthesis, softening, and lycopene accumulation (Yahía et al., 2007; Yoshida et al., 1984).

In eggplant, surface discoloration may result from reduced anthocyanin biosynthesis, especially if 
the fruits are growing under low irradiance (Kleinhenz et al., 2003; Landi et al., 2015) (Figure 32.2b). 
Lighter surface patches could also be observed in some cases of overripe fruit.

Blotchy ripening is characterized by the presence of regions of the fruit, not necessarily on the stem end, 
that fail to ripen (Figure 32.1h). These areas of the fruit have low concentrations of organic acids, dry mat-
ter, total solids, and sugars. Internally, the vasculature may show browning symptoms (Savvas et al., 2008). 
The symptoms associated with blotchy ripening can be confounded by disease or insect-feeding causes. 
Ripening inhibition with some similarities has also been reported in tomato fruit by silverleaf whitefly feed-
ing (McCollum et al., 2004) or tobacco mosaic virus infection (Jenkins et al., 1965). The causes of blotchy 
ripening are not fully understood. Given that blotchy ripening is difficult to induce experimentally, our cur-
rent understanding is still mainly empirical. Blotchy fruit are common when air temperatures oscillate too 
much, or are extreme (< 15°C or > 30°C), when light availability is low, and under inadequate potassium 
nutrition (Peet, 2009). Blotchy ripening is less prevalent in field-grown tomatoes than in greenhouse fruit.

The prevention of green shoulders can be achieved mainly by using cultivars that are mutated for GLK 
and avoiding heavy nitrogen fertilization. The prevalence of yellow shoulders may instead be reduced 
mainly by decreasing fruit sun exposure and ensuring proper potassium nutrition. The management of 
eggplant discoloration should rely on controlling exposure and avoiding the harvest of overripe fruit. 
No definitive control measures exist to control blotchy ripening. The main recommendations include: 
avoiding sudden changes in temperature and controlling factors that limit potassium supply (waterlog-
ging, heavy soils, fertilization, high nitrogen applications, and dense canopies) (Savvas et al., 2008). 
Postharvest failure to ripen and to develop full color and flavor has also been reported as a CI symptom 
in tomato fruit (Van Der Ploeg and Heuvelink, 2005).

32.6  Sunscald

Sunscald results from the combined damage caused by high temperatures and radiation and conse-
quently normally occurs on the sun-exposed sides of fruit (Conn, 2006). Although all plant organs may 
be damaged, fruits are particularly sensitive given their low transpiration rate compared to organs with 
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higher surface areas such as leaves. Infrared radiation can rapidly increase fruit temperature and this will 
compromise normal ripening. The symptoms can start as localized bleached areas due to the degrada-
tion of pre-existing pigments or failure to ripen (Figure 32.1i) (Wien, 1997). As the severity increases, 
the affected area may be blistered. The damages may also evolve to blanched or brown, sunken zones as 
cell death takes place and tissues collapse, as occurs in eggplant fruit (Figure 32.2c). The fruit position 
in the canopy is the main factor determining the incidence and severity of sunscald (López-Marín et al., 
2011). In general, the disorder is more frequent in fruit produced in open field crops than in greenhouses. 
Although sunscalds can appear at different developmental stages, ripe fruit seems to be more susceptible. 
Sun damage could even occur after harvest, if the fruit is not transported rapidly to packinghouse opera-
tions and cooled (Mohammed and Brecht, 2003).

Cultivars with a thick canopy usually show low sunscald incidence. Any practice reducing canopy 
density, such as thinning or pruning, should be carefully conducted to prevent fruit temperatures from 
reaching values over 35°C (Conn, 2006). Plants growing in poor and non-irrigated soils develop a low-
density cover, and will then have highly exposed fruit (Dodds et al., 1997; Rabinowitch et al., 1983; 
Rosales et al., 2006). Proper fertilization and control of biotic adversities causing defoliation will protect 
fruit and thus reduce the incidence and severity of sunburns. On a smaller scale, shade cloths could 
provide some protection. However, for large-scale commercial production, the strategy may not be cost 
effective (López-Marín et al., 2011). Maximizing greenhouse ventilation may result in some evaporative 
cooling that would prevent sun damages. After harvest, the recollected fruits must be rapidly transported 
to the processing or packaging station, or maintained under shade nets to prevent direct solar radiation.

32.7  Chilling Injury

Tomato, pepper, and eggplant are susceptible to CI if stored below 7°C for 1–2 weeks. CI may arrest 
ripening in tomato. However, the disorder usually induces the formation of light-colored depressed areas. 
In eggplant, pitting (Figure 32.2d) pulp and seed browning, through the action of PPO family members, 
and surface scalds are the main symptoms associated with CI (Figure 32.2e) (Shetty et al., 2011). As 
damages proceed, CI could evolve in eggplant to large dark scalds (Figure 32.2f). Damaged fruit show 
increases in the production of polyamines (PAs) (Rodriguez et al., 2001) and ethylene (Concellón et al., 
2005) and are highly susceptible to decay. Chilling-injured fruit are highly susceptible to Alternaria rot, 
as evidenced by the presence of a black dry mycelium covering the damaged areas (Figure 32.1j). In egg-
plant, CI can in some cases be accompanied by extensive browning in the calyx and pulp (Figure 32.2g  
and 32.2h) (Concellón et al., 2012; Zaro et al., 2015b). Seed browning has also been associated with CI 
in all three species (Figure 32.2h). Farneti et al. (2015) showed that chilling-injured tomatoes also have 
altered volatile profiles. Chilling damage is thought to result from a solid-to-gel transition of cell mem-
branes that then reduces fluidity and functionality (Wang, 1989). Current views of CI acknowledge that 
low temperature stress results in widespread alterations of cellular metabolism superseding membrane 
disruption (Sevillano et al., 2009). As has been shown for other stresses, cell damage has been related to 
the overproduction of reactive oxygen species such as superoxide anions, hydroxyl radicals, and hydro-
gen peroxide, overcoming the fruit enzymatic and non-enzymatic antioxidative mechanisms (Aghdam 
and Bodbodak, 2014).

Different cultivars show variability in their susceptibility to CI. Japanese eggplant varieties are more 
prone to CI than American genotypes (Concellón, 2003). Interestingly, for the Japanese variety, even 
within the fruit the zone closer to the stem end is in general more susceptible to CI than the blossom-
end (Concellón et al., 2007). The susceptibility to CI is also dependent on the ripening stage. Mature 
green tomato is more susceptible than red ripe fruit (Boonsiri et al., 2007; Lin et al., 1993). In contrast, 
Zaro et al. (2014) reported that small eggplants stored at 0°C showed less browning and CI symptoms 
than fruit at normal commercial maturity. CI is cumulative and may be initiated in the field prior to har-
vest (Cantwell and Suslow, 2002). Although CI manifestations will be observed under refrigeration, the 
symptoms develop more markedly once the fruit has been removed from the cold.

The most effective means of preventing CI is to avoid storage at damaging temperatures. Optimal 
temperatures for storage are 12–15°C for mature green fruit, 10–12°C for light-red fruit and 7–10°C 
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for ripe tomatoes. Eggplant fruit are chilling-sensitive at temperatures below 10°C. As for other fruits, 
intermittent warming could reduce CI (Liu et al., 2015). However, its implementation under commer-
cial conditions is not very practical (Biswas et al., 2016). Postharvest hot air treatments (35–45°C) and 
short UV-C exposure have been reported to alleviate CI, though they are not widely used (Andrade 
Cuvi et al., 2011; Wang et al., 2015). The cold acclimation induced by pre-storage exposure to other 
mild stresses is thought to be due to the accumulation of heat shock proteins with chaperonin func-
tions (Lurie, 1998) and by the induction of antioxidative defenses (Andrade Cuvi et al., 2011). Some 
chemical treatments that have been experimentally effective in reducing CI include GAs (Ding et al., 
2015), methyl jasmonate (Fan et al., 2016), salicylic acid (Ding et al., 2016), PAs (Serrano et al., 1996), 
and brassinosteroids (Aghdam and Mohammadkhani, 2014; Gao et al., 2015). 1-methylcyclopropene 
(1-MCP) delays senescence, maintains quality, and also reduces the browning of eggplant (Massolo 
et al., 2011). A recent study has tested with success the use of glycine betaine to reduce CI in sweet 
pepper (Wang et al., 2016).

32.8  Seed-Related Disorders

Excessive seed development is undesirable in fruits harvested at immature stages such as eggplant 
(Figure 32.2j). Fruits showing high seed number and size will have a lower visual appeal upon cutting 
and poorer texture during consumption, caused by seed hardening. Fruits showing profuse seed develop-
ments are also undesirable, since they show a high tendency to brown (Concellón et al., 2004). Fruit seed 
number and size are affected by the genotype (Daunay, 2008). In addition, for any given cultivar, they 
are determined by fruit maturity at harvest as well as by the prevailing environmental conditions during 
fruit set (Mahmood, 2012). As would be expected, delaying harvest would increase yields, but result in 
fruit having larger and lignified seeds. For fruit harvested at a similar maturity stage (based on size in 
eggplants), the number of seeds will differ depending on the period within the production cycle; fruit 
picked in spring or fall (early and late harvests) will show fewer seeds than eggplants harvested during 
the summer (Valerga personal communication). This may be caused by reduced fertilization, lower pollen  
viability, decreased pollinators activity, and/or lower ovule fertility under extreme environmental  
conditions (Nothmann and Koller, 1975). A smaller seed size is also found in fruit from early or late 
season harvests (Figure 32.3), which may be likely caused by seasonal variations in the relative fruit and 
seed growth rates (Valerga et al., 2016).

Fruit seed number content can be reduced by inducing parthenocarpy. This can be done with the 
use of auxins, GA, or a combination of both (Mahmood, 2012). The development of parthenocarpic  
cultivars is one of the main goals of eggplant breeding programs (Kikuchi et al., 2008). In addition, 
biotechnological changes leading to parthenocarpy have also been tested in eggplant (Acciarri et al., 
2002; Du et al., 2016).

Bitterness is also a seed-related disorder of eggplant fruit (Cárdenas et al., 2015; Friedman, 2015). 
Already in the 17th century, reports mentioned it as a cause of eggplant rejection (Daunay and 
Janick, 2007). It is caused by the presence of the glycolakaloids α-solasonine and α-solamargine, 

FIGURE 32.3 Seed abundance and size in eggplant fruit harvested at a similar developmental stage but at different 
moments in the production cycle.
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secondary nitrogen-containing compounds with natural defensive roles. Different from potato tubers, 
these compounds in eggplants are preferentially accumulated in the inner tissues (Milner et al., 2011),  
particularly in the seeds, where they are present at several-fold higher levels than in the flesh (Aubert  
et al., 1989). If accumulated at sufficiently high concentrations, glyocalkaloids could be toxic (Friedman, 
2015). In a study with 21 eggplant cultivars, Bajaj et al. (1979) reported a range normally below the limit 
of 200 mg kg-1 (62.5 to 205 mg kg-1). Consequently, the main concern related to their presence is that they 
can impart a bitter taste to the fruit. However, primitive and wild genotypes are usually more bitter than 
modern genotypes (Wang et al., 2008). Mennella et al. (2010) and Sánchez-Mata et al. (2010), working 
with wild relative species (Solanum integrifolium, Solanum aethiopicum and Solanum sodomaeum; and 
Solanum macrocarpon L.), found that they could accumulate 5–10-fold higher levels of glycoalkaloids 
than common eggplant (Solanum melongena L.). Consequently, the incorporation of desirable traits by 
introgression of wild and allied species without increasing bitterness remains challenging (Mennella 
et al., 2012). An array of developmental, environmental, and processing factors can also affect the level 
of glycolakaloids in eggplant (Maga, 1994). Mennella et al. (2012) found that glycoalkaloids increase as 
the fruit develops. Solasonine and solamargine levels were higher in plants subjected to extreme stress 
conditions. In contrast, Gajewski et al. (2009) found that bitterness was unaffected by postharvest storage 
conditions. LoScalzo et al. (2016) found that glycoalkaloid levels remained practically unchanged after 
grilling or boiling.

The main strategies to prevent bitterness include cultivar selection and avoiding, when possible, stress 
conditions, as well as harvesting early during development. Putting eggplant slices in contact with salt 
for a few hours followed by a water rinse is a traditional method that has been used to favor glycoalkaloid 
leakage and reduce bitterness (Zaro et al., 2015a, b).

32.9  Acknowledgements

We would like to thank the CONICET project (PIP 0098-2012) and Ministerio de Ciencia y Tecnología 
Argentina (PICT 2803–2012, PICT 3690–2015) for their financial support.

REFERENCES
Abdel-Razzak, H., Wahb-Allah, M., Ibrahim, A., Alenazi, M., and Alsadon, A. 2016. Response of cherry 

tomato to irrigation levels and fruit pruning under greenhouse conditions. Journal of Agricultural 
Science and Technology 18, 1091–1103.

Acciarri, N., Restaino, F., Vitelli, G., Perrone, D., Zottini, M., Pandolfini, T., Spena, A., and Rotino, G.L. 
2002. Genetically modified parthenocarpic eggplants: Improved fruit productivity under both green-
house and open field cultivation. BMC Biotechnology 2, 4.

Aghdam, M.S. and Bodbodak, S. 2014. Postharvest heat treatment for mitigation of chilling injury in fruits 
and vegetables. Food and Bioprocess Technology 7(1), 37–53.

Aghdam, M.S. and Mohammadkhani, N. 2014. Enhancement of chilling stress tolerance of tomato fruit by 
postharvest brassinolide treatment. Food and Bioprocess Technology 7(3), 909–914.

Andrade-Cuvi, M.J., Vicente, A., Concellón, A., and Chaves, A. 2011. Changes in red pepper antioxidants as 
affected by UV-C treatments and storage at chilling temperatures. LWT. Food Science and Technology 
44, 1666–1671.

Aubert, S., Daunay, M., and Pochard, E. 1989. Saponosides steroidiques de l’aubergine (Solanum  
melongena L.). I. Interet alimentaire, methodologie d’analyse, localisation dans le fruit. Agronomie 
9, 641–651.

Bajaj, K., Kaur, G., and Chadha, M. 1979. Glycoalkaloid content and other chemical constituents of the fruits 
of some eggplant (Solanum melongena L.) varieties. Journal of Plant Foods 3, 163-168.

Biswas, P., East, A.R., Hewett, E.W., and Heyes, J.A. 2016. Intermittent warming in alleviating chilling injury –  
A potential technique with commercial constraint. Food and Bioprocess Technology 9, 1–15.

Boonsiri, K., Ketsa, S., and van Doorn, W.G. 2007. Seed browning of hot peppers during low temperature 
storage. Postharvest Biology and Technology 45(3), 358–365.

TNF_32_K31725_C032_docbook_indd.indd   600 01-10-2018   22:31:04



601Solanaceous Fruits   

Cantwell, M. and Suslow, T. 2002. Eggplant: Recommendations for maintaining postharvest quality. 
University of California. Davis. http: //pos tharv est.u cdavi s.edu /Comm odity _Reso urces /Fact _Shee ts/Da 
tasto res/V egeta bles_ Engli sh/?u id=15 &ds=7 99 (accessed March 11, 2017).

Cárdenas, P.D., Sonawane, P.D., Heinig, U., Bocobza, S.E., Burdman, S., and Aharoni, A. 2015. The bit-
ter side of the nightshades: Genomics drives discovery in Solanaceae steroidal alkaloid metabolism. 
Phytochemistry 113, 24–32.

Casado-Vela, J., Sellés, S., and Bru Martínez, R. 2005. Proteomic approach to blossom-end rot in tomato fruits 
(Lycopersicon esculentum M.): Antioxidant enzymes and the pentose phosphate pathway. Proteomics 
5(10), 2488–2496.

Concellón, A. 2003. Daño por frío en frutos no-climatéricos. Doctoral Thesis. National University of La Plata, 
La Plata, Argentina.

Concellón, A., Añón, M.C., and Chaves, A.R. 2004. Characterization and changes in polyphenol oxidase from 
eggplant fruit (Solanum melongena L.) during storage at low temperature. Food Chemistry 88(1), 17–24.

Concellón, A., Añón, M., and Chaves, A.R. 2005. Effect of chilling on ethylene production in eggplant fruit. 
Food Chemistry 92(1), 63–69.

Concellón, A., Zaro, M.J., Chaves, A.R., and Vicente, A.R. 2012. Changes in quality and phenolic antioxidants 
in dark purple American eggplant (Solanum melongena L. cv Lucía) as affected by storage at 0°C and 
10°C. Postharvest Biology and Technology 66, 35–41.

Concellón, A., Añón, M.C., and Chaves, A.R. 2007. Effect of Low Temperature Storage on Physical and 
Physiological Characteristics of Eggplant Fruit (Solanum melongena L.). LWT-Food Science and 
Technology 40, 389–396.

Conn, K. 2006. Pepper and Eggplant: Disease Guide. A Practical Guide for Seedsmen, Growers and 
Agricultural Advisors. Seminis, p.67. https ://se minis franc e.s3. amazo naws. com/w p-con tent/ uploa ds/20 
14/09 /SEM- 12095 _Pepp erDis eases _8p5x 11_07 2313. pdf (accessed December 21, 2017).

Coolong, T., Mishra, S., Barickman, C., and Sams, C. 2014. Impact of supplemental calcium chloride on  
yield, quality, nutrient status, and postharvest attributes of tomato. Journal of Plant Nutrition 37, 
2316–2330.

Darrigues, A., Schwartz, S.J., and Francis, D.M. 2008. Optimizing sampling of tomato fruit for carotenoid 
content with application to assessing the impact of ripening disorders. Journal of Agricultural and Food 
Chemistry 56(2), 483–487.

Daunay, M. and Janick, J. 2007. History and iconography of eggplant. Chronica Horticulturae 47, 16–22.
Daunay, M.C. 2008. Eggplant. In: Prohens, J. and Nuez, F. (eds). Vegetables II: Fabaceae, Liliaceae, 

Solanaceae, and Umbelliferae. Springer.
Ding, Y., Sheng, J., Li, S., Nie, Y., Zhao, J., Zhu, Z., Wang, Z., and Tang, X. 2015. The role of gibberellins in 

the mitigation of chilling injury in cherry tomato (Solanum lycopersicum L.) fruit. Postharvest Biology 
and Technology 101, 88–95.

Ding, Y., Zhao, J., Nie, Y., Fan, B., Wu, S., Zhang, Y., Sheng, J., et al. 2016. Salicylic acid induced chilling 
and oxidative stress tolerance in relation to gibberellin homeostasis, C-repeat/dehydration-responsive 
element binding factor pathway, and antioxidant enzyme systems in cold-stored tomato fruit. Journal of 
Agricultural and Food Chemistry 64(43), 8200–8206.

Dodds, G.T., Trenholm, L., Rajabipour, A., Madramootoo, C.A., and Norris, E.R. 1997. Yield and quality of 
tomato fruit under water-table management. Journal of the American Society for Horticultural Science 
122, 491–498.

Domínguez, E., Fernández, M.D., Hernández, J.C.L., Parra, J.P., España, L., Heredia, A., and Cuarteto, J. 2012. 
Tomato fruit continues growing while ripening, affecting cuticle properties and cracking. Physiologia 
Plantarum 146(4), 473–486.

Draper, M. and Burrows, R. 2002. Blossom end rot of tomatoes and other vegetables. Open public research 
access institutional repository and information exchange. South Dakota State University. Fact Sheets. 
In: Paper 88. http: //ope nprai rie.s dstat e.edu /exte nsion _fact /88 (accessed February 18, 2017).

Du, L., Bao, C., Hu, T., Zhu, Q., Hu, H., He, Q., and Mao, W. 2016. SmARF8, a transcription factor involved 
in parthenocarpy in eggplant. Molecular Genetics and Genomics: MGG 291(1), 93–105.

Fan, L., Shi, J., Zuo, J., Gao, L., Lv, J., and Wang, Q. 2016. Methyl jasmonate delays postharvest ripening and 
senescence in the non-climacteric eggplant (Solanum melongena L.) fruit. Postharvest Biology and 
Technology 120, 76–83.

AU: Please 
confirm edits. 
Is “67” a page 
number?

TNF_32_K31725_C032_docbook_indd.indd   601 01-10-2018   22:31:04



602 Postharvest Physiological Disorders in Fruits and Vegetables   

Farneti, B., Algarra Alarcón, A.A., Papasotiriou, F.G., Samudrala, D., Cristescu, S.M., Costa, G., Harren, 
F.J.M., and Woltering, E.J. 2015. Chilling-induced changes in aroma volatile profiles in tomato. Food 
and Bioprocess Technology 8(7), 1442–1454.

Frasca, A.C., Ozores-Hampton, M., Scott, J., and McAvoy, E. 2014. Effect of plant population and breeding 
lines on fresh-market, compact growth habit tomatoes growth, flowering pattern, yield, and postharvest 
quality. Horticultural Science 49, 1529–1536.

Friedman, M. 2015. Chemistry and anticarcinogenic mechanisms of glycoalkaloids produced by eggplants, 
potatoes, and tomatoes. Journal of Agricultural and Food Chemistry 63(13), 3323–3337.

Gajewski, M., Kowalczyk, K., and Bajer, M. 2009. The influence of postharvest storage on quality  
characteristics of fruit of eggplant cultivars. Notulae Botanicae Horti Agrobotanici Cluj-Napoca 37, 
200–205.

Gao, H., Kang, L., Liu, Q., Cheng, N., Wang, B., and Cao, W. 2015. Effect of 24-epibrassinolide treatment 
on the metabolism of eggplant fruits in relation to development of pulp browning under chilling stress. 
Journal of Food Science and Technology 52(6), 3394–3401.

Gent, M.P. 2007. Effect of shade on quality of greenhouse tomato. Acta Horticulturae 747, 107–112.
Grant, A. 2016. Rotten bottom. In: Eggplants: Learn about Blossom End Rot in Eggplant. www.g arden ingkn 

owhow .com/ edibl e/veg etabl es/eg gplan t/rot ten-e ggpla nt-bo ttoms .htm (accessed December 14, 2017).
Gruda, N. 2005. Impact of environmental factors on product quality of greenhouse vegetables for fresh con-

sumption. Critical Reviews in Plant Sciences 24(3), 227–247.
Ho, L.C. and White, P.J. 2005. A cellular hypothesis for the induction of blossom-end rot in tomato fruit. 

Annals of Botany 95(4), 571–581.
Hocking, B., Tyerman, S.D., Burton, R.A., and Gilliham, M. 2016. Fruit calcium: Transport and physiology. 

Frontiers in Plant Science 7, 569.
Huang, J. and Snapp, S.S. 2004. A bioassay investigation of calcium nutrition and tomato shoulder check 

cracking defect. Communications in Soil Science and Plant Analysis 35, 2771–2787.
Jenkins, J.E.E., Wiggell, D., and Fletcher, J.T. 1965. Tomato fruit bronzing. Annals of Applied Biology 55, 

71–81.
Kader, A.A. 2002. Postharvest Technology of Horticultural Crops. Third Edition, University of California 

Division of Agriculture and Natural Resources, Publication 3311.
Kawasaki, Y. 2015. Chapter 7. Fruit set and temperature stress, 87–100. In: Kanayama, Y. and Kochetov, A. 

(eds). Abiotic Stress Biology in Horticultural Plants. Springer, Japan.
Kikuchi, K., Honda, I., Matsuo, S., Fukuda, M., and Saito, T. 2008. Stability of fruit set of newly selected 

parthenocarpic eggplant lines. Scientia Horticulturae 115(2), 111–116.
Kleinhenz, M.D., French, D.G., Gazula, A., and Scheerens, J.C. 2003. Variety, shading, and growth stage effects 

on pigment concentrations in lettuce grown under contrasting temperature regimens. HortTechnology 
13, 677– 683.

Landi, M., Tattini, M., and Gould, K.S. 2015. Multiple functional roles of anthocyanins in plant-environment 
interactions. Environmental and Experimental Botany 119, 4–17.

Lara, I., Belge, B., and Goulao, L.F. 2014. The fruit cuticle as a modulator of postharvest quality. Postharvest 
Biology and Technology 87, 103–112.

Lichter, A., Dvir, O., Fallik, E., Cohen, S., Golan, R., Shemer, Z., and Sagi, M. 2002. Cracking of cherry 
tomatoes in solution. Postharvest Biology and Technology 26, 305–312.

Lin, W.C., Hall, J.W., and Salveit, M.E. 1993. Ripening stage affects the chilling sensitivity of greenhouse-
grown peppers. Journal of the American Society for Horticultural Science 118, 791–795.

Liu, L., Wei, Y., Shi, F., Liu, C., Liu, X., and Ji, S. 2015. Intermittent warming improves postharvest quality of 
bell peppers and reduces chilling injury. Postharvest Biology and Technology 101, 18–25.

López-Marín, J., González, A., and Gálvez, A. 2011. Effect of shade on quality of greenhouse peppers. Acta 
Horticulturae 893, 895–900.

LoScalzo, R., Fibiani, M., Francese, G., D’Alessandro, A., Rotino, G.L., Conte, P., and Mennella, G. 2016. 
Cooking influence on physico-chemical fruit characteristics of eggplant (Solanum melongena L.). Food 
Chemistry 194, 835–842.

Lurie, S., Handros, A., Fallik, E., and Shapira, R. 1996. Reversible inhibition of tomato fruit gene expression 
at high temperature (Effects on tomato fruit ripening). Plant Physiology 110(4), 1207–1214.

Lurie, S. 1998. Postharvest heat treatments. Review. Postharvest Biology and Technology 14, 257–269.

TNF_32_K31725_C032_docbook_indd.indd   602 01-10-2018   22:31:04



603Solanaceous Fruits   

Maboko, M.M. and Du Plooy, C.P. 2013. High-density planting of tomato cultivar’s with early decapitation of 
growing point increased yield in a closed hydroponic system. Acta Agriculturae Scandinavica, Section 
B: Soil and Plant Science 63, 676–682.

Madani, B. and Forney, C. 2015. Recent research on calcium and postharvest behavior, 19–38. In: Ron Wills 
and John Golding (eds.). Advances in Postharvest Fruit and Vegetable Technology. CRC Press.

Maga, J. 1994. Glycoalkaloids in solanaceae. Food Reviews International 10, 385–418.
Mahmood, S. 2012. The effect of fruit-setting hormones applied at the stage of flowering on the morphological 

and physiological characteristics of eggplant (Solanum melongena L.) fruit during growth, maturation 
and storage. PhD dissertation. Agricultural University of Athenas, Athenas, Greece.

Manganaris, G., Vasilakakis, M., Mignani, I., Diamantidis, G., and Tzavella-Klonari, K. 2005. The effect of 
preharvest calcium sprays on quality attributes, physicochemical aspects of cell wall components and 
susceptibility to brown rot of peach fruits (Prunus persica L. cv. Andross). Scientia Horticulturae 107, 
43–50.

Massolo, J.F., Concellón, A., Chaves, A.R., and Vicente, A.R. 2011. 1-methylcyclopropene (1-MCP) delays 
senescence, maintains quality and reduces browning of non-climacteric eggplant (Solanum melongena 
L.) fruit. Postharvest Biology and Technology 59(1), 10–15.

McCollum, T.G., Stoffella, P.J., Powel, C.A., Cantliffe, D.J., and Hanif-Khan, S. 2004. Effects of silverleaf 
whitefly feeding on tomato fruit ripening. Postharvest Biology and Technology 31(2), 183–190.

Mennella, G., Rotino, G.L., Fibiani, M., D’Alessandro, A., Francese, G., Toppino, L., Cavallanti, F., Acciarri, 
N., and Lo Scalzo, R. 2010. Characterization of health-related compounds in eggplant (Solanum melon-
gena L.) lines derived from introgression of allied species. Journal of Agricultural and Food Chemistry 
58(13), 7597–7603.

Mennella, G., Lo Scalzo, R., Fibiani, M., D’Alessandro, A., Francese, G., Toppino, L., Acciarri, N., 
Almeida, A.E., and Rotino, G.L. 2012. Chemical and bioactive quality traits during fruit ripening in 
eggplant (S. melongena L.) and allied species. Journal of Agricultural and Food Chemistry 60(47), 
11821–11831.

Milner, S.E., Brunton, N.P., Jones, P.W., O’Brien, N.M., Collins, S.G., and Maguire, A.R. 2011. Bioactivities of 
glycoalkaloids and their aglycones from Solanum species. Journal of Agricultural and Food Chemistry 
59(8), 3454–3484.

Mohammed, M. and Brecht, J.K. 2003. Immature fruit vegetables, 671–690. In: Bartz, J.A. and Brecht, J.K. 
(eds). Postharvest Physiology and Pathology of Vegetables. Second Edition. CRC Press, USA.

Nguyen, C.V., Vrebalov, J.T., Gapper, N.E.,Zheng, Y., Zhong, S., Fei, Z., and Giovannoni, J.J. 2014. Tomato 
GOLDEN2-LIKE transcription factors reveal molecular gradients that function during fruit develop-
ment and ripening. The Plant Cell 26(2), 585–601.

Nothmann, J. and Koller, D. 1975. Effects of low-temperature stress on fertility and fruiting of eggplant 
(Solanum melongena L.) in a subtropical climate. Experimental Agriculture 11, 33–38.

Olle, M. and Williams, I.H. 2016. Physiological disorders in tomato and some methods to avoid them. The 
Journal of Horticultural Science and Biotechnology 92, 233–230.

Paran, I. and Fallik, E. 2011. Breeding for fruit quality in pepper (Capsicum spp.), 307–322. In: Jenks M.A. 
and Bebeli P.J. (eds). Breeding for Fruit Quality. First edition. John Wiley & Sons, Inc., New York.

Passam, H.C., and Khah, E.M. 1992. Flowering, fruit set and fruit and seed development in two cultivars 
of aubergine (Solanum melongena L.) grown under plastic cover. Scientia Horticulturae 51(3–4), 
179–185.

Peet, M.M. 2009. Physiological disorders in tomato fruit development. Acta Horticulturae 821, 151–159.
Powell, A.L., Nguyen, C.V., Hill, T., Cheng, K.L., Figueroa-Balderas, R., Aktas, H., Ashrafi, H., et al. 2012. 

Uniform ripening encodes a golden 2-like transcription factor regulating tomato fruit chloroplast devel-
opment. Science 336(6089), 1711–1715.

Rabinowitch, H.D., Friedmann, M., and Ben-David, B. 1983. Sunscald damage in attached and detached pep-
per and cucumber fruits at various stages of maturity. Scientia Horticulturae 19, 9–18.

Rodriguez, Sdel C., López, B., and Chaves, A.R. 2001. Effect of different treatments on the evolution of poly-
amines during refrigerated storage of eggplants. Journal of Agricultural and Food Chemistry 49(10), 
4700–4705.

Ronen, E. 2013. Blossom end rot syndrome: Description and prevention. Practical Hydroponics and 
Greenhouses 138, 35–40.

TNF_32_K31725_C032_docbook_indd.indd   603 01-10-2018   22:31:04



604 Postharvest Physiological Disorders in Fruits and Vegetables   

Rosales, M.A., Ruiz, J.M., Hernández, J., Soriano, T., Castilla, N., and Romero, L. 2006. Antioxidant  
content and ascorbate metabolism in cherry tomato exocarp in relation to temperature and solar radiation. 
Journal of the Science of Food and Agriculture 86(10), 1545–1551.

Rubio, J.S., García-Sánchez, F., Rubio, F., and Martínez, V. 2009. Yield, blossom-end rot incidence, and fruit 
quality in pepper plants under moderate salinity are affected by K+ and Ca2+ fertilization. Scientia 
Horticulturae 119, 79–87.

Sánchez-Mata, M.C., Yokoyama, W.E., Hong, Y.J., and Prohens, J. 2010. a-solasonine and a-solamargine con-
tents of gboma (Solanum macrocarpon L.) and scarlet (Solanum aethiopicum L.) eggplants. Journal of 
Agricultural and Food Chemistry 58(9), 5502–5508.

Saure, M.C. 2014. Why calcium deficiency is not the cause of blossom-end rot in tomato and pepper fruit–A 
reappraisal. Scientia Horticulturae 174, 151–154.

Savvas, D., Ntatsi, G., and Passam, H.C. 2008. Plant nutrition and physiological disorders in greenhouse 
grown tomato, pepper and eggplant. The European Journal of Plant Science and Biotechnology 2, 
45–61.

Serrano, M., Martínez-Madrid, M., Martínez, G., Riquelme, F., Pretel, M., and Romojaro, F. 1996. Review. 
Role of polyamines in chilling injury of fruit and vegetables. Revista de Agaroquimica y Tecnologia de 
Alimentos 2, 195–199.

Sevillano, L., Sanchez-Ballesta, M., Romojaro, F., and Flores, F. 2009. Physiological, hormonal and molecu-
lar mechanisms regulating chilling injury in horticultural species. Postharvest technologies applied to 
reduce its impact. Journal of the Science of Food and Agriculture 89, 555–573.

Shetty, S.M., Chandrashekar, A., and Venkatesh, Y.P. 2011. Eggplant polyphenol oxidase multigene 
 family: Cloning, phylogeny, expression analyses and immunolocalization in response to wounding. 
Phytochemistry 72(18), 2275–2287.

Smillie, R.M., Hetherington, S.E., and Davies, W.J. 1999. Photosynthetic activity of the calyx, green shoulder, 
pericarp, and locular parenchyma of tomato fruit. Journal of Experimental Botany 50, 707–718.

Tonetto de Freitas, S. McElrone, A.J. Shackel, K.A., and Mitcham, E.J. 2014. Calcium partitioning and allo-
cation and blossom-end rot development in tomato plants in response to whole-plant and fruit-specific 
abscisic acid treatments. Journal of Experimental Botany 65(1), 235–247.

Tonetto de Freitas, S. and Mitcham, E.J. 2012. Factors involved in fruit calcium deficiency disorders. 
Horticultural Reviews 40, 107–146.

Tonetto de Freitas , S. Padda ,M.,  Wu , Q.,  Park, S., and Mitcham, E.J. 2011. Dynamic alternations in cellular 
and molecular components during blossom-end rot development in tomatoes expressing sCAX1, a con-
stitutively active Ca2+/H+ antiporter from Arabidopsis. Plant Physiology 156(2), 844–855.

Valerga, L., Darré, M., Zaro, M.J., Vicente, A., Lemoine, M.L., and Concellón, A. 2016. Efecto de la estación 
de cosecha sobre la calidad integral de berenjena violeta durante su desarrollo. Proceedings of Congreso 
Internacional De Ciencia y Tecnología de los Alimentos. 2-4/11/2016. Argentina.

Van Der Ploeg, A. and Heuvelink, E. 2005. Influence of sub-optimal temperature on tomato growth and yield: 
A review. Journal of Horticultural Science and Biotechnology 80, 652–659.

Wang, C.Y. 1989. Chilling injury of fruits and vegetables. Food Reviews International 5(2), 209–236.
Wang, J.X., Gao, T.G., and Knapp, S. 2008. Ancient Chinese literature reveals pathways of eggplant domesti-

cation. Annals of Botany 102(6), 891–897.
Wang, L., Baldwin, E.A., Zhao, W., Plotto, A., Sun, X., Wang, Z., Brecht, J.K., Bai, J., and Yu, Z.  

2015. Suppression of volatile production in tomato fruit exposed to chilling temperature and  
alleviation of chilling injury by a pre-chilling heat treatment. LWT. Food Science and Technology 62,  
115–121.

Wang, Q., Ding, T., Zuo, J., Gao, L., and Fan, L. 2016. Amelioration of postharvest chilling injury in sweet 
pepper by glycine betaine. Postharvest Biology and Technology 112, 114–120.

Wien, H.C. 1997. The Physiology of Vegetable Crops. CAB International, Wallingford, USA. Yahía, 
E.M., Soto-Zamora, G., Brecht, J.K., and Gardea, A. 2007. Postharvest hot air treatment effects on 
the antioxidant system in stored mature-green tomatoes. Postharvest Biology and Technology 44, 
107–115.

Yoshida, O., Nakagawa, H., Ogura, N., and Sato, T. 1984. Effect of heat treatment on the develop-
ment of polygalacturonase activity in tomato fruit during ripening. Plant and Cell Physiology 25,  
505–509.

TNF_32_K31725_C032_docbook_indd.indd   604 01-10-2018   22:31:04



605Solanaceous Fruits   

Zaro, M.J., Keunchkarian, S., Chaves, A.R., Vicente, A.R., and Concellón, A. 2014. Changes in bioactive com-
pounds and response to postharvest storage conditions in purple eggplants as affected by fruit develop-
mental stage. Postharvest Biology and Technology 96, 110–117.

Zaro, M.J., Ortiz, L.C., Keunchkarian, S., Chaves, A.R., Vicente, A.R., and Concellón, A. 2015a. Chlorogenic 
acid retention in white and purple eggplant after processing and cooking. LWT-Food Science and 
Technology 64, 802–808.

Zaro, M.J., Vicente, A.R., Ortiz, C.M., Chaves, A.R., and Concellón, A. 2015b. Eggplant, 479–493. In: Y. 
H. Hui ssand E. Özgül Evranuz (eds.). Handbook of Vegetable Preservation and Processing. Second 
Edition. CRC Press.

TNF_32_K31725_C032_docbook_indd.indd   605 01-10-2018   22:31:05



TNF_32_K31725_C032_docbook_indd.indd   606 01-10-2018   22:31:05




