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Abstract

In recent years, the practice of increasing the shelf life of post-harvest crops is gaining attention
worldwide due to the failure of proper techniques to increase post-harvest shelf life. Tomatoes are
fragile and have a low shelf life. It fetches low market prices during on-season production and
fetches high market prices during off-season production. To address this scenario, research was

conducted to study the effect of different preservatives on various physiochemical attributes of
tomato (Lycopersicum esculentum). The effects of preservatives were studied on shelf life, disease
infestation days, total soluble solids (TSS), titratable acidity (TA), pH, and weight loss percentage
(WLP) at 2-day intervals during the storage period. The 7 treatments used were 2% CaCly, 4%, CaCly,
1% GA3, 3% GAs, 1000 ppm sodium benzoate, 2000 ppm sodium benzoate, and control in distilled
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water with 3 replications each. Each replication was immersed in a chemical preservative for 20
minutes and kept in a polyethylene bag. Among the treatments, fruits treated with 3% GA3 recorded
the longest shelf life of 31.33 days, followed by 1% GAs (27 days) and 4% CaCl, (22 days) over the
control (15.667 days). Disease incidence days were highest for 3% GA; (32.33 days) followed by 1%
GA;3 (28.33 days) and 4% CaCl, (23 days) over control (16.667 days). The percentage of physical
weight loss on the day of data recording was minimum for 3% GA;3 treated fruits and maximum for
control. Similarly, TA, TSS, and pH of treated fruits show significant results over control.
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Statement of Sustainability: This research study on the effect of postharvest preservatives on the shelf life of tomatoes contributes
to the Sustainable Development Goal SDG 2 (Zero Hunger), by providing a comprehensive understanding of the postharvest loss
incurred and solutions to reduce such losses. It also contributes to SDG 12 (Responsible Consumption and Production) by
demonstrating that reducing postharvest loss makes more available for consumption, reduces overall production, and reduces
food loss.

1. Introduction

Nepal has great potential in tomato production due to its climatic characteristics. In Nepal, we can find different
agroecological climates in different periods, so we can produce tomatoes throughout the year (MoALD, 2018), but still,
we are lagging in producing enough. About 7.4% of the total cultivated area and 9.3% of the total vegetable production
is covered by tomatoes. Tomato is cultivated in an area of about 22,566 ha with a total productivity of 18 tons per ha
per year (MoALD, 2020). Every year, 25-40 % post-harvest loss of tomatoes is observed during storage in countries like
Nepal (Paul and Pandey, 2013). Lack of proper information about post-harvest treatment, packaging materials, storage,
and transportation of tomatoes causes significant loss in post-harvest life as well as quality. Many physiological changes
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such as an increase in respiration, transpiration, reducing sugar content, conversion of organic acids to sugars, decrease
in pectin content, etc., are observed in tomatoes after harvesting, resulting in short shelf life (Le et al., 2018). Similarly,
the production of ethylene in tomatoes continues even after harvesting, which induces further ripening and the tomato
starts to deteriorate (Sammi and Masud, 2009). Research has shown that ethylene makes vegetables more susceptible
to pathogens that ultimately reduce shelf life (Wills et al., 2000). Ethylene production can't be stopped, but it can be
controlled or slowed, resulting in a delay in ripening (Martinez-Romero et al., 2009).

Various available technologies such as the use of fungicides, cold storage, controlled atmosphere storage, anti-
transpirants, wax coating, plant growth hormones, irradiation, treatment with different preservatives, and different types
of packaging materials, etc. have been used to extend the shelf life of fruits in the past decades (Arah et al., 2016; Zewdie,
2017). Among these methods, the treatment of tomato fruits with some chemical preservatives has shown remarkable
results in prolonging the shelf life. In many developed countries, various chemical preservatives such as GAs, CaCly,
sodium benzoate, salicylic acid, benzyl adenine, etc. are in practice to increase the shelf life of tomatoes (Zewdie, 2017),
but not yet in Nepal. In the context of Nepal, many efforts are in practice to increase the shelf life of vegetables (Sudha
et al,, 2007). Research in the Kathmandu Valley shows that 10% of the total loss occurs from harvest to market, 2%
during packaging, 4% during transportation, and 2% during storage (Tiwari et al., 2020). The large amounts of loss start
right from harvesting and the loss increases many times during the post-harvest steps (Tiwari et al., 2020). Globally,
postharvest losses of tomatoes are about 5-25% in developed countries and 20-50% in developing countries (Lee and
Kader, 2000). In Nepal, postharvest losses have been observed up to 50% (Rawal et al., 2017).

It is very difficult to increase yield by 10% but easy to reduce loss by 10% without bringing additional land under
production (Bhattarai and Gautam, 2006). Tomato consumption has been increasing rapidly in recent years. Despite a
good market and production, the price of tomatoes often fluctuates. This is because there is a huge loss in the post-
harvest stage during storage and the demand can't be met. Thus, the main problem to be addressed by this research
project is to explore the efficient chemical preservatives that will improve the post-harvest life and maintain the quality
of vegetables during storage at ambient conditions required for increasing market demand. The objective of this
research is to find out the appropriate concentration of chemical preservatives to minimize the high postharvest losses
and maintain the qualitative and quantitative parameters during storage.

2. Materials and Methods

Srijana was the cultivar that was chosen. The experiment was conducted from September 11 to October 8, 2021, at
the horticultural laboratory of IAAS, Lamjung, Nepal. Randomly selected fresh ripe fruits were harvested at the breaker
stage along with calyx in the afternoon. These fruits were used in the experiment.

2.1 Experiment Design and Treatment Details

The experiment was designed in Completely Randomized Design (CRD) with 7 treatments and 3 replications. Three
chemical preservatives used as treatment were calcium chloride (CaCly), gibberellic acid (GAs), and sodium benzoate
obtained from the local agro vet of Sundarbazar Lamung, Nepal. Seven treatments used were 2% CaCl,, 4% CaCl,, 1%
GAs3, 3% GA3, 1000 ppm of sodium benzoate, 2000 ppm of sodium benzoate, and distilled water as T1, T2, T3, T4, T5, T6,
and T7, respectively. All preservative solutions were prepared in distilled water at the required concentration. All
treatments were kept in a ventilated polyethylene bag with 6 holes in each. Each replication had 3 fruits and a separate
destructive sample for total soluble solid (TSS), titratable acidity (TA), and pH. After the treatment, the physical and
chemical parameters of the fruits were observed and recorded.

2.2. Analytical Methods

¢ Physiological weight loss percent: To determine the physiological weight loss percentage, the initial weight of the
tomato was first recorded. Then, the final weight was recorded on the observation day, i.e., after 2 days of recording
the initial weight, and finally, the weight loss percent was calculated according to the following formula as explained
by Kumar et al. (2018).

Initial Weight — Final Weight
Initial Weight

Weight Loss Percentage(%) =
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All treated fruits were weighed with an electronic digital balance at 2-day intervals.

o Shelf life (days): The shelf life is a period that starts from harvesting and extends to the beginning of the rotting of
the fruit. The tomatoes treated with different chemicals were observed and the maximum number of days they
retained their consumable quality was recorded.

¢ Disease infestation days (DID): Disease incidence days were the day of disease onset. The fruit was observed and
recorded on the day of the first sign of disease.

e Total soluble solid (TSS): TSS was determined using a handheld refractometer (0-32° Brix) by exposing the fruit
juice to the refractometer (Brix meter). The tomato fruit was taken from the destructive sample and crushed in a
mortar and pestle to form juice. Then the crushed tomato was filtered in a muslin cloth and the filtered juice was
kept in a handheld refractometer for TSS calculation. Finally, the data obtained was recorded.

o Titratable acidity (TA): TA was determined by titrating the juice against 0.1 NaOH using a pH meter as an indicator.
The tomato juice was crushed in a mortar with a pestle and centrifuged for 30 min. The pure juice was then filtered
through a muslin cloth. About 5 mL of juice was taken and mixed with 50 mL of distilled water. Then the pH meter
was dipped into a beaker and the pH reading was recorded in a beaker containing tomato juice. A solution of 0.1 N
NaOH was poured into a beaker through a burette until the pH reached 8.1/8.2. The volume of NaOH was recorded
and TA was calculated using the following formula as explained by Chilson et al. (2011):

V X NB x 1000 x 0.064
m or mL

Where V is the volume of NaOH required (mL), NB is the normality of the base (NaOH), which is 0.1, 0.064 is the
conversion factor for citric acid, and m is the mass of the tomato juice sample used or mL taken (g).

Titratable Acidity (g citric acid per kg of tomato) =

e pH: The pH value was recorded with a pH meter at 2-day intervals according to the methods of AOAC (2005). The
tomato juice was crushed in a mortar using a pestle. The pure juice was then filtered through a muslin cloth.
Approximately 5 mL of juice was collected and mixed with 50 ml of distilled water. Then the previously calibrated
pH meter was dipped into a beaker and the pH reading was recorded.

¢ Temperature and relative humidity: Temperature and relative humidity were recorded daily by a digital thermo-
hygrometer (Clock/Humidity HTC-1, VackerGlobal, Ittihad, Dubai).

2.3. Statistical Methods

Data were collected at 2-day intervals in Microsoft Excel 2016 (Microsoft Corporation, Redmond, Washington, USA).
Analysis of variance for the parameters was performed using R-Studio version 4.1.1 (Posit, PBC, Boston, Massachusetts,
USA). All analyzed data were subjected to LSD (least significant difference) for comparison of means. A 5% significance
level was considered for ANOVA (analysis of variance).

3. Result and Discussion

3.1. Effect on Shelf Life of Tomato

The effects of different preservatives show a significant role in the shelf life of tomatoes. The highest shelf life of
tomato was recorded for 3% GAs at 31.33 days and the lowest shelf life was recorded for the control at 15.667 days as
shown in Table 1 and Figure 1a. The experiment is consistent with (Srividya et al., 2014). The study found the highest
shelf life of 43 days in 0.3% GA; followed by CaCl, 40 days. GAs has general anti-senescence properties that have been
shown to delay fruit ripening (Tsomu et al., 2015). Rao and Chundawat (1988) found that postharvest immersion of fruits
in GA; delayed the conversion of starch to sugars and reduced peroxidase activity and ethylene production. This may
be the reason for the long shelf life. Khader et al. (Khader et al., 1988) found that postharvest dipping with GAs helps to
delay fruit senescence. CaCl, reduces ethylene production by decreasing PG activity, which helps in delaying ripening
and prolonging shelf life. This experiment also supports this view (Srividya et al., 2014).
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3.2. Effect on Disease Infestation Days of Tomato

The experiment is statistically significant for disease days. Figure 1b below shows that the longest disease incidence
days were observed on 3% GA; and the shortest on control. Table 1 shows the best results of 3% GAsz (32.33 days)
followed by 1% GAs (28.33 days) and 4% CaCl, (23.00 days). GAs and CaCl; are ethylene-inhibiting hormones that reduce
ripening days and ultimately delay disease incidence days. Chloride in calcium helps to maintain the rigidity and turgidity
of the cell wall and ultimately delay ripening (Chaplin and Scott, 1980), which could be the reason for the longest disease
infestation days. CaCl, acts as an inhibitor for the growth of various fungi, which could be the reason for the longest
disease infestation days for calcium-treated fruits (Le et al., 2018). An experiment conducted by Mazumder et al. (2021)
showed that CaCl, helps in reducing ripening days as well as controlling different fungal diseases. (Molnar et al., 2020)
found that apples treated with sodium benzoate help to keep apples healthy over control which supports this
experiment. The disease was bacterial rot, which is quite common during storage. The disease infestation days for the
control was 16.667 days which is statistically different with 2% CaCl, (20.33), SB 2000 ppm (21.667), and SB 1000 ppm
(20.66).
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Figure 1. Effect of different preservatives on a) shelf life and b) disease infestation of tomato (Note: CaCly: calcium chloride; GAs:
gibberlic acid; ppm: part per million; SB: sodium benzoate).
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Figure 2. Effect of different preservatives on the pH of tomato (Note: CaCl: calcium chloride; GAs: gibberlic acid; ppm: part per
million; SB: sodium benzoate).

3.3. Effect on pH of Tomato

It was evident that the pH of tomatoes increased with storage days for all treatments. A gradual decrease in ascorbic
acid content over the storage period is an inevitable event for many fruits and vegetables (Lee and Kader, 2000). A study
by Sinha et al. (2019) also supports found a similar trend of results for pH change in tomatoes. From Figure 2, the pH
observed during storage for each chemically treated fruit was significantly different from the control. This could be due
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to the degradation of ascorbic acid which reduces the acidity of tomatoes. Khader et al. (1988) in their study conclude
that GAs helps in the slow degradation of ascorbic acid which helps to preserve the quality of tomatoes for a long time.
pH observed on the 1st day for all treatments was 4.1, which was statistically significant at par. The pH of the treated
fruits on the 16th day of storage was highest for the control (5.200) and lowest for 3% GA; (4.567). Table 1 shows that
the for-treated fruits increased during the storage period, but not as much as the control. This result was also supported
by (Demes et al.,, 2021) where an increase in pH was less for CaCl, and GAs and more for the control. Variation in acidity
during storage could be the reason for changes in pH (Pila et al., 2010) also supports that tomato treated with different
concentration of CaCl, helps to lower pH.

Table 1. Effect of various preservatives on shelf life (days), disease infestation (days), and pH of tomato.

Treatment / Parameter Shelf Life Disease infestation (Days) pH16
2% CaCl 19cd 20.33¢ 4,866
4% CaClz 22.00¢ 23.00¢ 4,733
1% GA3 27° 28.33° 4.566¢
3% GA3 31.332 32.332 4.33¢
Sodium benzoate (1000 ppm) 19.33¢ 20.33¢ 4.966°
Sodium benzoate (2000 ppm) 20.66°¢ 21.66¢ 4.866°
Control 15.667¢ 16.667¢ 5.20°
LSD (0.05) 3.308 337 0.1751
CV (%) 8.532 8.288 2.087

CaClz: calcium chloride; GAs: gibberellic acid; ppm: part per million; LSD: least significant difference; CV: coefficient of variation.

3.4. Effect on Weight Loss Percent of Tomato

The effects of the different treatments on the control showed significant differences in the percentage of weight
loss during the storage period. The highest weight loss percentage was recorded for the control and the lowest for 3%
GAs. The percentage of weight loss recorded on different observation days is shown in Table 2. The strong and rigid
membrane may be due to calcium, which helps to bind polygalactonic acids to each other (Devkota et al,, 2019). Pila et
al. (2010) reported that the physiological weight loss percentage was significantly lower for GAsz and CaCl, than the
control. This could be due to the anti-senescent effect of GAs on fruits and vegetables (Sudha et al., 2007). (Lester and
Grusak, 1999) also considered that weight loss percentage is more in control over treated fruits. Srividya et al. (2014)
experimented that fruits treated with GAs and CaCl, had less weight loss percentage than the control. Singh (2014) also
found that the action of GAs helps to reduce the weight loss percentage. Demes et al. (2021) and Choudhary and Dhruve
(2014) also supported the findings of this experiment on specific weight loss in tomato crops. Kaur et al. (2019) in their
experiment found that the effect of sodium benzoate on postharvest conditions helps to reduce the weight loss
percentage. Similarly, Venkatram et al. (2015) reported that the application of sodium benzoate on apples during storage
also helped to reduce the weight loss percentage.

Table 2. Effects of various preservatives on weight loss percent (WLP) of tomato.

Treatment / WLP WLP 4 WLP 7 WLP 10 WLP 13 WLP 16
2% CaCl> 0.878c 1.912¢ 2.455bc 3.312c 4.779d
4% CaCl, 0.907c 1.909¢ 2.238¢ 3.301c 3.858e
1% GA3 0.884c 1.854c¢ 2.449bc 3.184c 3.884e
3% GA3 0.563d 1.287d 1.599d 2.337d 3.504f
Sodium benzoate (1000 ppm) 1.443b 2.280b 3.032b 3.690b 6.102b
Sodium benzoate (2000 ppm) 1.031c 1.770c 2.539bc 3.487bc 5.320c
Control 1.771a 2.816a 3.653a 4.845a 7.874a
LSD (0.05) 0.249 0.3660 0.6020 0.324 0.3458
CV (%) 13.330 10.580 13.394 5.374 3.913

CaClz: calcium chloride; GAs: gibberellic acid; ppm: part per million; LSD: least significant difference; CV: coefficient of variation.

3.5. Effect on Titratable Acidity of Tomato

The TA recorded was maximum for GA; and lowest for control as shown in Table 3. From the table below it was
evident that TA in control was statistically significant from other treatments. Devkota et al. (2019) observed that fruits
treated with CaCl> and GAs had significant results of TA over control. The experiment conducted by Arthur et al. (2015a)
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reported that TA for CaCl, (6%) treated fruits had a significantly higher value over control during the storage period.
This could be due to the slow degradation of ascorbic acid in treated fruits (Mansourbahmani et al., 2017). Pila et al.
(2010) also supported this experiment with the findings of maximum TA in 0.1% GA followed by 0.3% GA and least in
control. Fruits treated with sodium benzoate also showed significant results over the control. Anti-senescence effects of
GA; could be the causal factors for the reduction of TA over control. Khader et al. (1988) obtained the same type of
result that GAs slowed down the degradation of ascorbic acid.

Table 3. Effects of various preservatives on titratable acidity (TA) of tomato.

Treatment / TA TA4 TA7 TA10 TA13 TA16

2% CaCl 7.022¢ 5.635°¢ 4.608¢ 4.082¢ 3.939¢
4% CaCl; 7.178° 5.854° 4.868¢ 4.483P 4.161°¢
1% GA3 7.481°2 5.887° 5.189° 4.483P 4.423b
3% GA3 7.033¢ 6.1422 5.416* 4.999° 4.660°
Sodium Benzoate (1000 ppm) 6.602¢ 5.253¢ 4.351f 3.982¢ 3.421¢
Sodium Benzoate (2000 ppm) 6.789¢ 5.5744 4.468¢° 3.829¢ 5.372¢
Control 6.490f 5.124f 3.8549 3.584f 3.158f
LSD (0.05) 0.0700 0.0580 0.1134 0.0428 0.2086
CV (%) 0.576 0.5881 1.384 0.5823 3.051

CaClz: calcium chloride; GAs: gibberellic acid; ppm: part per million; LSD: least significant difference; CV: coefficient of variation.

Table 4. Effects of various preservatives on total soluble solids (TSS) of tomato.

Treatment / TSS TSS4 TSS7 TSS10 TSS13 TSS16
2% CaClz 2.33¢ 2.4667% 2.80¢ 3.033° 3.233°
4% CaCl, 2.166¢° 2.433¢ 2.60¢ 2.80¢ 3.00¢
1% GAs 2.166¢ 2.533« 2.6667% 2.833¢ 2.966°¢
3% GA3 2.066f 2.333f 2.5667¢ 2.633¢ 2.80¢
Sodium Benzoate (1000 ppm) 2.566° 2.80° 2.933° 2.966° 3.20°
Sodium Benzoate (2000 ppm) 2.433¢ 2.60c 2.733« 2.900< 3.30°
Control 2.70° 3.00a 3.2333° 3.466° 4.00
LSD (0.05) 0.0936 0.0763 0.1267 0.108 0.143
CV (%) 2.278 1.679 2.594 2.0954 2.346

CaCla: calcium chloride; GAs: gibberellic acid; ppm: part per million; LSD: least significant difference; CV: coefficient of variation.

3.6. Effect on Total Soluble Solid of Tomato

The chemical treatments affected the TSS content of tomato fruits. The TSS observed for the treated fruits was found
to be statistically significant from the control. On each recording day, the control recorded the highest TSS while 3%
GA;s recorded the lowest as shown in Table 4. This experiment is consistent with (Srividya et al., 2014) who found that
TSS gradually increased in all treated fruits during the day of storage but was significantly lower than the control. In the
current study, an increase in TSS content was observed from day 4 to day 16 of storage. This increase in TSS during
storage could be due to the conversion of pectic substances, starch, hemicellulose, or other polysaccharides into soluble
sugars and the dehydration of the fruit (Singh et al.,, 2005). Also, Choudhary and Dhruv (2014) concluded that the action
of GA3 helps to maintain the TSS of tomato fruits during the storage period over the control. Devkota et al. (2019) also
supported the research with the findings of the highest TSS in control and lowest in 1% CaCl, followed by 0.1% GAs.
Demes et al. (2021) observed the highest TSS in control and the lowest in CaCl, treatment. Similarly, Youssef et al. (2012)
argue that starch degradation to sugars and hydrolysis of cell wall polysaccharides during ripening causes an increase
in TSS at maturity. CaCl, treatment delays the increase in free sugar concentration during storage, resulting in reduced
TSS (Cheour et al,, 1991). Also, GAs treatments cause slow respiration and metabolic activity resulting in delayed ripening
and reduced TSS (Pila et al., 2010).

4. Conclusion

The experiment was carried out to find out the effects of post-harvest preservatives on the shelf life and physico-
chemical properties of tomato (Lycopersicon esculentum) under ambient conditions. The percentage weight loss was
minimum for 3% GA; followed by 4% CaCl, and 1% GAs. Similarly, maximum weight loss was recorded for control.

sagens.org/journal/agens [138]


https://www.sagens.org/journal/agens

AgroEnvironmental

K.C.etal . -
Sustainability

Similarly, TSS recorded was maximum for control and minimum for 3% GAas. All the treated fruits showed significant
differences from the control. TA observed was maximum for GAs and minimum for control which was supported by
many researchers. The pH observed during the experiment was maximum for control and minimum for 3% GA; followed
by other preservatives. Shelf life was reported to be maximum for 3% GAs and minimum for control. Disease attack day
was maximum for 3% GAs treated fruits and minimum for control. The treated fruits were significantly better than the
control in all parameters of the experiment. But 3% GAs showed better than other treatments. Therefore, if we were to
choose preservatives over control, any preservative could be the better option, but if we were to choose among
preservatives, 3% GAs could be the better option.
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