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Abstract

Background Ripening of climacteric vegetable, tomato, is a complicated process that results in numerous physi-
ological and biochemical changes, and role of ethylene in this phenomenon is very crucial. Use of different ethylene
scavengers can control the post-harvest ripening and quality of tomatoes. In current study, combinations of chemi-
cals as 2% CaCl, and KMnO, (T,), T mM salicylic acid and KMnO, (T,), 2% CaCl, and K,Cr,0, (T;) and T mM salicylic
acid and K,Cr,O, (T,), were tested to study their effect on pH, acidity, total soluble solids (TSS), vitamin C, lycopene,
phenolics, flavonoids and antioxidant activity of treated tomatoes, after 30 and 40 days of storage.

Results Weight loss and titratable acidity were significantly reduced in treated tomatoes, even after 40 days, which
were high in untreated tomatoes. Total phenolic contents (TPC), total flavonoid contents (TFC) and vitamin C, were
significantly lesser in untreated tomatoes after 30 and 40 days of storage, but use of ethylene scavengers caused
increment in these phytochemicals during post-harvest storage, with more prominent results of T,. Highest lycopene
was found in T, (9.76 £ 0.2 mg/100 g), due to fully ripened and spoiled tomatoes, as compared to treated sam-

ples, while the lowest value was found in T, (4.82+0.20 mg/100 g). Highest antioxidant activity was detected in T,
(33.80£0.52%), whereas the lowest antioxidant activity was noticed in T, (22.00 +0.2%).

Conclusion Findings revealed that during the storage period, the 50 g KMnO,, sachet + 2% CaCl, exerted most supe-
rior effects than the other treatments, and extended the shelf-life of tomato fruits for up to 40 days, with no quality
and phytochemicals deterioration. Therefore, tomatoes could be harvested at breaker stage, to optimize the ripening
process during storage, through application of ethylene scavengers.

Highlights

- Tomatoes, climacteric fruits loaded with phytochemicals.
- Controlling production and retention of ethylene, a tool to manage post-harvest quality.
- Tomatoes treated with 2% CaCl, +KMnO, sachet exhibited excellent quality after 40 days.

*Correspondence:

Ashiqg Hussain

ashigft@gmail.com

Amer Ali Mahdi

amer.alimahdi@yahoo.com

Full list of author information is available at the end of the article

. ©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
@ Sprlnger O pe n permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
— original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40538-023-00465-w&domain=pdf

Zakriya et al. Chem. Biol. Technol. Agric. (2023) 10:90 Page 2 of 15

- Treatment with 2% CaCl, solution and K,Cr,0O; sachet preserved tomatoes for 30 days.
- High retention of phenolics, flavonoids, vitamin C, lycopene in treated tomatoes.
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Introduction

Consumers like to prefer fruit and vegetables for their
high nutritional contents and health-promoting poten-
tial. However, in addition to temperature and relative
humidity, ethylene, even at low concentrations, is a sig-
nificant element that affects the post-harvest life of these
perishable commodities. The creation of efficient tools to
eliminate ethylene from the air neighboring these goods,
while in storage or transit has therefore received a lot of
attention [1]. Horticultural products undergo a complex
and genetically designed process called ripening, that
leads to a variety of physiologic, biochemical, and struc-
tural changes. These changes result from the coordinated
activation of various biochemical and transcriptional
regulatory mechanisms, which are influenced by endog-
enous and external factors. Fruits and vegetables are clas-
sified as climacteric or non-climacteric based on their
ripening pattern, the presence of a burst in respiration,
and the generation of ethylene during post-harvest. The
ripening process in climacteric produce is linked to an
increase in ethylene generation and respiration [2].

One of the most popular commercial vegetable crops,
is the tomato (Solanum lycopersicum L.), which is a
member of the Solanaceae family, and has about 2800
species, with an annual production of about 161 million
tonnes in the world [3, 4]. Due to a variety of advantages
for human health, including their antioxidant and antimi-
crobial properties, tomatoes are frequently used as fresh
fruit, cooked food, and processed products having anti-
oxidant compounds [5, 6]. This vegetable has protective
effects against cardiovascular disease and cancer [7]. But,
post-harvest quality deterioration of tomato has always
been remained a challenge for food processors, as loss of
certain phytochemicals might disturb the pharmacologi-
cal potential of this vegetable.

With improved living standards and an emphasis put
on health, the demand for high-quality fruits and veg-
etables has also been significantly expanded. Soluble
sugars, organic acids, and amino acids, as well as sec-
ondary metabolites, like flavonoids and phenolic acids,
are often indicators of the flavor and quality of tomato
fruit [8]. Phenolic compounds, lycopene, vitamin C and
pro-vitamin A contents, which are regarded as naturally
occurring antioxidants and anti-carcinogenic substances,
are just a few of the bioactive components of tomatoes,
that have pharmacological and nutritional benefits [9].
Fruits and vegetables are normally considered as good
source of phytochemicals, which can be used in the
form of extracts, purified bioactives and isolates, with
their potential role in promoting human health in dif-
ferent forms [10, 11]. Tomatoes are mostly popular, and
are abundantly used world-over, as this vegetable is avail-
able throughout the year for table purpose, as well as for
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processing. Tomatoes are consumed in diverse ways. In
raw form, as an ingredient in many dishes, salads, sand-
wiches and as salsa. Ketchup, pastes, preserves, soups,
sauces, and juices are consumed as processed products
of tomato [12]. Tomatoes are also a fantastic source of
beneficial compounds, known as secondary metabolites,
the quantities of which are linked to preventing human
chronic degenerative diseases like cardiovascular disease
(CVD), neurological diseases and cancer [13].

Significant amounts of tomatoes overripen or dete-
riorate before being consumed, due to high-volume
production, and improper post-harvest management in
underdeveloped and even developing nations [14]. Com-
bination of intrinsic and extrinsic factors links with food
quality, where aroma, acidity, flavor, sweetness, texture,
nutritional contents and total soluble solids are intrinsic
characteristics, while color, defect-free fruit, shape, and
peel are external attributes. Fruits and vegetable’s proces-
sors have always been involved in the attempts to keep
these intrinsic and extrinsic factors at optimized lev-
els, throughout the post-harvest handling and storage,
through implementation of different technologies [15].

The quality of tomatoes, throughout their post-har-
vest shelf life, is improved by unique practices, including
chemical treatments and edible coatings [16]. Natural
zeolite doped with cations of copper and zinc were found
good ethylene gas removal agents, and delayed the
tomato ripening. As reduced post-harvest life is the out-
come of ethylene-induced ripening acceleration [16].
Application of chlorine dioxide during post-harvest stor-
age of tomatoes was found helpful in maintaining qual-
ity of tomatoes, by controlling ethylene production [17].
Edible films of gum arabic were proved useful in extend-
ing shelf life of tomatoes [18]. Aloe vera gel and chitosan
treatments have also been tested on tomatoes, to pre-
serve their shelf life [19]. Application of different cal-
cium-based external treatments have been successfully
experimented to observe tomatoes storage quality [20].
Some more experiments on tomatoes, by application of
calcium chloride have been reported in previous studies
[21, 22].

Customers now give harvested horticultural goods’
nutritional content and original quality, more consid-
eration. Technology used to preserve horticultural prod-
ucts is primarily responsible for their eating superiority
or ornamental worth. Therefore, it is vitally necessary
to apply new practices, to enhance the quality of veg-
etables, fresh-cut flowers and fruits, after harvest. Some
of the typical signs of degrading horticultural goods,
include browning and such other discolorations, sur-
face dehydration, tissue softening, progress of off-odors,
water loss, as well as microbial degeneration [23]. Recent
research has demonstrated that certain low molecular



Zakriya et al. Chem. Biol. Technol. Agric. (2023) 10:90

mass compounds can be used to treat horticultural crops
to prolong their post-harvest lives, by controlling a range
of growing and evolving processes, and by enhancing
their resilience to abiotic and biotic stressful factors [17].
Although several researches have been carried out on
packaging of tomatoes for longer storage, storage con-
ditions for delayed ripening and coatings from different
sources, to delay the ripening process, but a combina-
tion of pretreatment from different chemicals, and then
application of some other ethylene scavengers, for con-
trolling the ripening process, along with changes in phys-
icochemical profiles and effects on retention of important
phytochemicals in tomatoes during at 30 and 40 days of
storage, has been experimented first time. So, this study
was conducted in new fashion, by keeping in view the
previous experiments upon tomatoes post-harvest treat-
ments, through application of external chemicals in dif-
ferent combinations, to study their impact not only on
post-harvest shelf life, but also on the preservation and
enhancement of bioactives in tomato fruits.

Materials and methods

Procurement of fresh materials and chemicals for research
work

Fresh and of good-quality fully mature green tomatoes
(Breaker stage, Roma verity), freshly harvested, were
obtained from the local market of Lahore, Pakistan (Sigh
pura fruits and vegetables market). Sorting the yellowish,
ripe, and damaged fruits from green ones, for best results
was performed. Tomatoes with uniform color, shape, size
and maturity were considered for study. Reagents and
chemicals for different analysis were purchased from
Sigma scientific store, Islamabad, Pakistan. Same trade
reagents (Sigma Aldrich, Germany) were used for each
analysis.

Treatment plan of study

The total tomato fruits were weighed as 60 kg, for
experimental analysis, and were sorted carefully. First
of all, 10 kg tomatoes were characterized, just after pur-
chase, without any treatment or storage. Control group
(untreated tomatoes) was washed with distilled water,
and other two treatment groups of tomato fruits were
prepared with 2% CaCl, solution, and two further treat-
ment groups of tomatoes were prepared with 1 mM
salicylic solution. First of all, the weighed samples (10 kg
tomatoes in each group) were taken and properly washed
with prepared 2% CaCl, solution. The other two weighed
samples were properly washed with 1 mM salicylic solu-
tion. Tomatoes were kept in each solution for 2—-3 min
for better results. After that fruits were air dried for
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10-15 min and packed in corrugated cartons, with two
sachets of KMnO, in two treatments, and two sachets
of K,Cr,0O; in two treatments, as treatment plan of the
study is presented in Table 1.

Storage period for experimental study

Mature green tomato fruits were stored at ambient tem-
perature, for 30 and 40 days in card board boxes, as pre-
sented in Fig. 1. Stored tomatoes were taken for analysis
at two time periods, as first experimental analyses of all
treatments were performed after 30 days storage by tak-
ing half of the packed tomatoes, whereas remaining half
tomatoes of each treatment were then taken after 40 days
of storage, for analyses. For physicochemical analyses, the
samples were subjected to grinding in juicer blender (PS-
104, Panasonic, Japan), for juice preparation, which was
further used for physical and chemical analyses.

Determination of weight loss percentage in treated
tomatoes

The tomato fruits after 30 and 40 days of storage period
were checked for weight loss that occurred as a result
of application of different chemicals, making compari-
son with control. The physical mass loss (%) was found
using the designated method by Workneh et al. [24]. The
percentage weight loss was determined by following the
below given formula:

Physiological weight loss(%)
= Wt. of initial — Wt. of final
/Wt. of initial x 100.

Determination of pH

Tomatoes pH was determined by using an alphanumeric
pH meter (AH 1264 Benchtop pH meter, Adwa, Hun-
gary) according to method 981.12 of AOAC [25]. First of
all, distilled water was used to wash the rod of pH meter,
after drying with the tissue papers then immersed in
sample for 30—-40 s. All the calculations were passed out
in triplicates to find out the mean values.

Determination of titratable acidity

Amount of titratable acidity in the samples was meas-
ured according to the method no 942.15 of AOAC [25].
Briefly explaining, 1 mL of sample from each treatment
was taken in 10 mL measuring glass and diluted with
9 mL distilled water in the wake of including the phenol-
phthalein marker. It was titrated against 0.1 N sodium
hydroxide arrangements till pink end point, and titrat-
able acidity was determined by following formula. Each
computation was done three times, and the findings were
calculated as means.
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Table 1 Treatment plan of the experimental study

Treatments Chemicals applied

T, (Control) - -

T 2% CaCl, KMnO, sachet
T, 1 mM salicylic acid KMnO, sachet
Ts 2% CaCl, K,Cr,0, sachet
Ty 1 mM salicylic acid K,Cr,0; sachet

Titratable acidity (%) = mL .of titrant used x N .of titrant
x 0.064/sample wt. x 100.

Determination of total soluble solids (TSS) (Brix)

Total soluble solids (Degree brix) were measured using a
digital refractometer (Atago, Japan) under method 932.12
of AOAC [25]. First of all, blank run was done by tak-
ing distilled water. After that 2—3 drops of tomato puree
samples were dropped in the refractometer hole (brix

Treated tomatoes stored for 30 and 40
days
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reading compartment) and clicked the ‘Start’ button and
obtained the sample brix reading. All the calculations
were done out in triplicates and the values were acquired.

Estimation of total antioxidant activity (TAA)

Antioxidant activity of mature green, untreated but
stored for 30 and 40 days, and all treated tomato samples,
was measured spectrophotometrically by following the
technique described by Cheng et al. [26], with required
changes. Briefly describing, 5 g of prepared juice sam-
ple was taken and mixed with 20 mL ethanol in flask.
Then shaking process of the mixture for overnight in the
shaker was performed, and then the mixture was filtered
with filter paper (Whatman No.1). After that, 0.5 mL of
filtrate was taken and was added 2.5 mL DPPH in the test
tube and placed in the dark for 2 h at ambient tempera-
ture. The UV absorbance was measured at 517 nm. The
following formula was used to calculate successive anti-
oxidant capacity expressed as (%):

Harvested tomato for pretreatments

Cardboard box used for storage of
tomato treatments

Fig. 1 Mature green tomatoes harvested and stored in card board boxes after treatments
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Total antioxidant activity (%)
= Blank abs — Sample abs
/Blank abs x 100.

Determination of total phenolic contents (TPC)

The Folin—Ciocalteu reagent-based assay was employed
as was described by Molan et al. [27], with minor
changes, to estimate the TPC of tomatoes, spectropho-
tometrically. Gallic acid (in water) was taken for crea-
tion of normal calibration curves. Briefly describing, 5 g
of sample juice was taken and mixed with 20 mL etha-
nol in flask. Shaking the mixture overnight in the shaker
and then filtered the mixture with filter paper (Whatman
No.1). Then 3 mL filtrate was taken and added 1 mL satu-
rated sodium carbonate and 0.5 mL Folin—Ciocalteu rea-
gent in 10 mL volumetric flask and the UV absorbance at
760 nm. The following formula was used to calculate the
total phenolic content, and results were articulated as mg
of (+) GAE per sample’s 100 g:

(CxV/D) x 100/W,

where V is the value calculated from standard calibration
curves; D, mL of filtrated used; and W, Wt. of sample.

Determination of total flavonoids contents (TFC)

The aluminum chloride colorimetric technique was used
to calculate the TFC of different tomato treatments, as
was described by Marinova et al. [28], with some neces-
sary modifications. Starting with 5 g sample dissolving
in water in the flask of 25 mL, then was added distilled
water up to mark and shaken well. Then the mixture was
filtered with paper and 3 mL filtrate was taken and added
1.3 mL methanol, 0.1 mL 10% AICl; and 0.1 mL potas-
sium acetate in 10 mL flask. Again, was added distilled
water up to mark and again was filtered the mixture with
filter paper. The absorbance was determined at 417 nm.
Quercetin (in water) was used for making standard cali-
bration curves. The following formula was used to cal-
culate the total flavonoids content and results were
articulated as mg of (+) QE per sample’s 100 g:

(C x V/D) x 100/W,

where Vis the value calculated from standard calibration
curves; D, mL of filtrated used; and W, Wt. of sample.

Quantification of vitamin C content

Vitamin C content was measured by spectrophotometri-
cally, adopting the methodology given by Majidi and Al
Qubury [29], with required changes. From each treatment
of tomato, 3 g of prepared juice samples was dissolved in
25 mL EDTA in a flask. Shaking for 3 h in shaker and then
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was filtered with Whatman No.1 filter paper. Then 5 mL fil-
tered was taken and then added 1 mL 5% H,SO,, 0.5 mL
3% metaphosphoric acid +acetic acid and 2 mL 5% ammo-
nium molybdate in a 25-mL flask. At the end, the absorb-
ance was measured at 760 nm. Ascorbic acid was taken
for making standardization curves. The following formula
was used to calculate the total vitamin C content and result
was articulated as mg of ascorbic acid equivalent (AAE) per
100 mg of sample:

X =cxV xf/mx 100/1000,

where X is the content of the vitamin C in the specimen,
mg/100 g; V, volume of specimen solution used in the
fluorescent, mL; C, mass cons. of vitamin C of the speci-
men solution from standard curve, pg / mL; m, specimen
mass, g; and f, specimen dilution factor.

Determination of lycopene contents

All fresh mature green, stored without any treatment, and
treated samples, were tested by using the acetone petro-
leum ether extraction method, as was earlier described by
Szabo et al. [5]. Briefly describing, 5 g samples was taken in
the flask with 10 mL acetone. After shaking the mixture for
30 min in the shaker and transferred the extract to a funnel
enclosing 15 mL petroleum ether and assorted gently. Two
phases were formed in the mixture, transferred the lower
phase (acetone+sample) to another funnel and the upper
phase (petroleum ether) extract containing the carotenoid
pigments to a yellowish-brown colored bottle. The lower
phase mashed in pestle and mortar until the residue was
colorless. The lower phase was discarded and petroleum
ether extract filter with filter paper-added with small quan-
tity of anhydrous sodium sulfate (Na,SO,). Then trans-
ferred the filtered to a 50-mL volumetric flask and diluted
up to mark with petroleum ether. At the end diluted an ali-
quot 1 mL to 10 mL with petroleum ether and the absorb-
ance was measured at 503 nm. The lycopene contents of
the samples were calculated as mg of lycopene per 100 g of
sample using following formula:

mg of lycopene per100g

= 3.1206 x OD of sample
x volume made up(50ml)
x Dilution(50ml) x 100/1
X Wt. of sample x 1000.

Statistical analyses of the results

All analyses were performed in triplicate to obtain trip-
licate results, and the results were reported as means and
standard deviations. The one-way ANOVA and completely
randomized design (CRD) with 2-factorial design was
used for the statistical analysis. Means were separated by
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least significant difference (LSD) at p<0.05 using Statistix
8.1® software, Tallahassee, U.S. State of Florida. Guidelines
from the procedures of Steel et al. [31] were taken for sta-
tistical analyses.

Results and discussion

Characterization of mature green tomatoes,

before chemical treatments and storage

Physicochemical and phytochemical characterization of
mature green (breaker stage) tomatoes, which was per-
formed just after acquiring the tomatoes from the mar-
ket, is presented in Table 2, from where it can be seen
that at this stage tomatoes were good source of phenolic
and flavonoid contents, vitamin C and antioxidant activ-
ity, as values of these important parameters are shown
in Table 2. Titratable acidity, pH and TSS of tomatoes
were recorded as 0.68 +£0.02%, 3.85+ 0.03 and 4.03 +0.50,
respectively. Presence of recognizable amounts of phe-
nolic and flavonoid compounds, and vitamin C, in
tomatoes, might have contributed towards total high
antioxidant activity of this fruit. As climacteric fruits,
tomatoes reach their maximal respiration and ethylene
production during the beginning of ripening. Tomato
fruits go through ripening, a complicated developmen-
tal process involving the coordinated regulation of vari-
ous physiological and biochemical changes that define
flavor, color, texture, and scent, towards the conclusion
of fruit development, when seeds are mature and ready
for dispersal. The beginning and development of tomato
ripening are often accompanied by changes in the peri-
carp’s outer color, which are a result of the buildup of
carotenoid and flavonoid pigments [8]. The total phenolic
and flavonoid content in mature green and fully ripened
tomatoes can differ during storage depending on many
factors, such as the fruit species and cultivar, and temper-
ature, climatic, and environmental conditions throughout
the growth period [19].

These results of characterization of mature green
tomatoes were in line with the findings of Mun et al
[61], when metabolites and phytochemicals of differ-
ent varieties of tomatoes were analyzed. As tomatoes
turn from mature green to ripen red stage, lycopene
contents and pH increases, whereas, titratable acid-
ity and TSS decreases, but cultivars used, cultivation
conditions and atmospheric factors strongly influence
these parameters [3]. Findings of Mishra and Prakash
[21] were also found closely related with current ones,
as they characterized different varieties of tomatoes at
different maturity stages, for their chemical composi-
tion. Although processing tomatoes may reduce their
vitamin C concentration, fresh tomatoes are still a
significant source of the vitamin. While tomato fruit
developing from green to red seems to boost vitamin C

Page 7 of 15

concentration, once tomatoes are harvested and kept,
more maturity and light exposure have been linked to a
reduction in vitamin C level [7]. Lycopene is a carote-
noid responsible for giving tomatoes their red pigmen-
tation, whereas, phenolic compounds are important
phytochemicals with powerful antioxidant activity pre-
sent in most fruits and vegetables. In tomatoes, some
of the phenolic compounds are flavonoids, phenolic
acids, and tannins. Phenolic contents and lycopene in
tomatoes is significantly conditioned by farming tech-
niques, genotype, and storage [5, 7] In addition to the
non-edible green tissues of this plant, which have been
found to contain significant bioactives, the mature
green tomato fruit is a well-documented source of die-
tary antioxidants like carotenoids, vitamins, and phe-
nolic compounds [6]. The post-harvest survivability of
fruits, with intact phytochemicals and optimum phys-
icochemical characteristics for a longer period during
transportation and storage, gives a boost to farmers.
Therefore, harvesting at mature green stage and then
controlled ripening through application of different
chemical and biological technologies could prove ben-
eficial for tomatoes [19].

Weight loss, pH and titratable acidity of different
treatments of tomatoes

The ethylene scavengers were studied for delaying the
ripening processes and retaining the post-harvest qual-
ity of tomato fruits. Different analyses were done to ana-
lyze the samples or to ensure the correct direction. When
storage time extended, weight loss percentage rose. One
of the main reasons, why fruit quality degrades is weight
loss. It was observed that one of the most important
causes of weight loss was water loss, due to respiration
and evaporation. It was seen that weight loss occurred
steadily regardless of the effects of ethylene scavengers,

Table 2 Characterization of mature green tomatoes, before
chemical treatments and storage

Physicochemical and phytochemical Values
characters

pH 3.85+0.03
Titratable acidity 0.68+0.02%
Total soluble solids (TSS) 4.03+0.50
Total antioxidant activity (TAA) 47.49+0.35%

Lycopene content 3.13£0.02 mg/100 g
42.56+0.42 mg GAE/100 g
11.23+£0.10 mg QE/100 g

32+0.35mg/100g

Total phenolic content (TPC)
Total flavonoid content (TFC)
Vitamin C

Values are presented as means +standard deviations, where, GAE; gallic acid
equivalent, QE; quercetin equivalent
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and it was further assumed that weight loss increased
with time for all control as well as treated samples. As
presented in Table 3, when compared to treated indi-
viduals, T, showed the highest estimation of weight loss%
(17.93+£0.20%), while T, showed the lowest estimation
(6.86+0.14%), after 40 days storage.

The pH of all treated samples significantly decreased
from 30 to 40 days. The lowest value of pH was observed
in T, (4.73+0.17), while the highest pH value was found
in T (4.85+0.13) after 40 days of storage; whereas, after
30 days, change in pH of all treatments was neglecta-
ble. The effect of storage period on the pH of tomato
described that, pH value gradually decreased with the
passage of time as shown in Table 3. The titratable acid-
ity of all treated samples significantly decreased, whereas,
highest decrease was observed in control tomatoes.
On the other hand, application of ethylene scavengers
slowed down the decrease in titratable acidity, during
30 and 40 days of storage. The influence of storage time
on the tomato’s titratable acidity showed that, highly sig-
nificant decrease in acidity was seen in tomatoes with-
out any treatment, and then with time, the acidity slowly
decreased, due to the chemical preservatives applied.
In fruit and vegetables, the titratable acidity and pH are
important organoleptic components [32]. Sourness of
tomato fruits is because of acids like maleic acid and cit-
ric acid presence [33]. Treatments of harvested tomatoes,
have proved useful in controlling the ripening process,
by mediating the ethylene production, due to which pH
and acidity were maintained by the earlier experiments of
Asiamah et al. [30].

Total soluble solids and titratable acidity contributes
fruit sweetness and acidity, and thus they give fruit, fla-
vor and quality characteristics [34]. Higher concentra-
tion of organic acids caused lower pH value; however,
the environmental factors significantly change these
parameters to prevent pathogenic development, hence
minimizing post-harvest loss [35]. In the fruit, the acid
concentrations decline with maturity, due to rise in pH
and decrease in titratable acidity. Ripening of tomato
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fruit is associated with change in color and flavor factors,
such as acidity, aroma, and soluble solid concentrations.
Use of different chemical-based coatings, films, sheets
and layers of fruits have been proved useful in maintain-
ing the quality of fruits in terms of preservation of phyto-
chemicals and bioactives [36].

Potassium permanganate scrubbers in most cultivation
items are one of the most generally utilized advances to
evacuate the ethylene. Need is to give a layout of the most
widely recognized materials utilized as KMnO, bolsters
on post-harvest treatment and their impacts on quality
attributes during the capacity of different new produce.
Activated carbon, initiated alumina, silica gel, vermicu-
lite, zeolite and mud are the most widely recognized
ingredients, that have been as a help of KMnO,-based
ethylene scrubbers [1].

Reduced post-harvest life is the outcome of ethylene-
induced ripening acceleration. The innovative copper—
zinc based ethylene scavenger adsorption capability
supported by natural zeolite and its scavenging effects
on tomato quality over their post-harvest shelf life were
studied in an experiment. For both zeolite treatments at
9.5 days major concentration peaks appeared. Modified
zeolite during the first 6 days delayed tomato respira-
tion, and adsorbent was able to shift the peak respiration
compared to control treatment in time [16], just as was
observed in current experiments. The edible coating on
fruits and vegetables including tomatoes maintains the
activity of organic acids and reduce the respiration rate
[37]. The fact that weight loss had a consistent slope
independent of the impact of the ethylene scavenger and
that the weight loss percentage increased during stor-
age were both noted by the experiments of Guillen et al.
[38]. However, 1-MCP reportedly decreased the rate of
weight loss during shipment times, according to Cliff
et al. [39]. In the current investigation, the weight loss of
the control samples was substantially greater than that of
the other treated fruits during each storage period. As a
result, in terms of long-term economic effects, KMnO4
storage periods may have a greater positive extra effect.

Table 3 Weight loss, pH and titratable acidity of different treatments of tomatoes

Treatment Weight loss (%) pH Titratable acidity

Storage (days) 30 40 30 40 30 40

T, 7.06+0.16% 17.93+0.20° 415+0.13° 4.85+0.13° 0.33+0.10% 0.21+0.1¢
T, 3.76+0.15" 6.86+0.14° 41340132 478+0.16° 0.53+0.1% 038+0.1°
T, 3.90+0.15" 7.29+0.144 412+0.13° 475+0.16° 049+0.14%¢ 049+0.05°
T 463+0.149 866+0.15 415+013° 475+0.14° 0.45+0.16° 0.36+0.08°
T, 496+0.15' 9.15+0.14° 415+0.13° 473+0.17° 041+0.18% 0.32+014°

Different letters indicated significant differences between treatments (p <0.05). Treatments: T, Control; T;, treated with 2% CaCl, + KMnQ, sachet; T,, treated with
1 mM salicylic acid solution and KMnO, sachet; T;, treated with 2% CaCl, solution and K,Cr,0, sachet; T,, treated with 1 mM salicylic acid solution and K,Cr,0, sachet
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Application of 1-MCP delayed the onset of ripening,
without affecting the firmness, weight loss and color of
the tomatoes stored at different temperatures for differ-
ent time period [40].

For validation of current findings some other relevant
examples of controlling the ripening process of toma-
toes have also been observed and discussed, as, Fashanu
et al. [18] performed experiments to expand shelf life
of tomato with gum arabic as a non-toxic coating, and
results indicated that the control had faster rate of sof-
tening and rapid weight loss, while tomatoes coated
with gum arabic slowed down the ripening process and
maintained their nutritional quality up to 20 days. Their
results showed that gum arabic is an eatable coating of
tomatoes may be utilized. Khatri et al. [19] used aloe vera
and chitosan to coat tomatoes, coated tomatoes were
additionally indicated the high cell reinforcement exer-
cises during cold stockpiling contrasted than control one.
Aloe vera and chitosan covering showed the best pro-
ductivity in deferring maturing process and expand the
time span of usability of tomatoes, by minimizing weight
loss, as long as, 42 days. Another study proved the role
of active coatings and packaging’s on post-harvest quality
of fruits when compared to tomatoes packed in chitosan
film and the control, tomatoes packaged in titanium
dioxide film underwent fewer quality changes. According
to the findings, when exposed to UV light, the titanium
dioxide film showed ethylene photodegradation activity,
which delayed the ripening process and quality changes
in the tomatoes [41].

Conducting similar fashion experiments with support-
ive findings, Barua et al. [33] after experimental results
reported that the ripening process of tomatoes was inhib-
ited, treated with gibberellin acid and ethanol, and also
retained the food quality. On the other hand, salicylic
acid and maleic acid were unsuccessful to postpone the
tomatoes maturing. Most effectual delaying in the pro-
cess of ripening was linked with handling of tomatoes
with one methyl cyclopropene. Haleema and Rab [20]
have reported that post-harvest treatments of toma-
toes, included calcium sources (calcium chloride, cal-
cium gluconate, calcium lactate, and calcium sulphate)
in two storing conditions: 32+2 °C and 10+2 °C, with
varying Ca concentrations (0, 0.25, 0.5, and 0.75%). The
findings showed that fruits stored at room temperature
had a greater incidence of soft rot and black rot. Low
temperature storing increased cell wall ion leakage, cell
membrane ion leakage, and green mold incidence. Cal-
cium chloride also had a greater Ca content than calcium
carbonate. However, calcium chloride had reduced levels
of ion leakage through cell walls and membranes, thus
minimizing the weight loss and decaying of tomatoes.
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According to the reports of Mohammed et al. [42],
the pH of ripe tomato fruits may be greater than 4.6.
The quality and storing life of tomato fruits were found
to be extended by guar gum-based coatings, com-
bined with extracts from various condiments. When
tomato fruits were covered with guar gum +etha-
nolic extracts, the rate of change in total soluble sol-
ids, titratable acidity, and pH was found to be less than
that of uncoated and treated control, as well as coat-
ings enhanced with methanolic extracts [43]. Hakimi
et al. [22] made experiments to understand the effect
of post-harvest treatments and harvesting stages
on the shelf life and sensory quality of tomato fruits
and reported that dipping in 6% CaCl, was useful in
extending the shelf life of tomatoes for many days,
which probably was due to minute variations in pH
and acidity of fruits, the factors responsible for hap-
pening of various biochemical reactions in fruit, which
ultimately decide the ripening and shelf life of fruits.

The fact that the acidity of the treated tomato fruits
in this study was reduced more slowly, than that of the
control tomatoes, suggests that the ethylene scavenger
materials, which are in charge of reducing respiration
rate and regulating pH, play a key part in the process.
This result may be attributable to the ethylene scaven-
gers’ impact on the biochemical state of tomato fruit,
where they decreased metabolic activity and respira-
tion rate [44, 45]. Reduction in weight loss and acid-
ity for even 92 days with the application of calcium
chloride and potassium permanganate, experimented
by Sammi and Masud [46] was also found support-
ing results for current investigations. Similar experi-
mental results showed that 2% calcium chloride and
800 ppm boric acid were efficient in preserving the pH
and titratable acidity of preserved tomatoes, accord-
ing to Mujtaba et al. [47]. Use of potassium permanga-
nate along with hypobaric pressure was also tested on
tomatoes, stored for 21 days, by Muhammad et al. [48],
with optimum retention of quality, which was credited
to maintained pH and acidity.

TPC, TFC and vitamin C of different treatments of tomatoes
Table 4 presents the results of the mean values for the
tomato’s total phenolic contents (TPC). Under storage
conditions, there was a significant difference between the
treatments. After 30 and 40 storage days of treatments,
the TPC of every sample significantly rose, except con-
trol. In terms of TPC, T, had the highest concentration
(41.30+0.58 mg GAE/100 g), whereas T, had the low-
est concentration (17.11+0.09 mg GAE/100 g), after
40 days storage. According to the research on the impact
of storage time on tomato fruits TPC, treated sam-
ples’ TPC steadily rose with time, except in the control
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samples, in which TPC were decreased from 33.42+0.2
to 17.11+0.09 mg GAE/100 g. From the values presented
in Table 4 it was evident that application of ethylene
scavengers not only preserved tomatoes, but also caused
increment in TPC of tomatoes.

From Table 4, it was evident that the total flavo-
noid contents (TFC) of all treated samples significantly
increased, except the control, from days 30 to days
40. The TFC ranged from 3.11+0.1 to 5.60+0.2 mg
QE/100 g, after 40 days study. The highest mean value
of TFC was noticed in T; (5.90+0.20 mg QE/100 g).
Meanwhile, the lowest mean value was detected in T
(3.11+0.1 mg QE/100 g). However, the treated samples
concentrations of TFC were increased frequently dur-
ing storage time, from 30 to 40 days, due to attaining the
ripened stage, and in T, concentration of TFC decreased
frequently, which might be due to spoilage. From day 30
to day 40, the vitamin C level of all treated samples was
significantly rose, as was evident from the values given in
Table 4, but in control tomatoes, this level was decreased
with storage. From the results it was evident that T had
the highest concentration (18.27 +0.2 mg/100 g) of vita-
min C, followed by T, (18.03+0.15 mg/100 g), and T,
had the lowest concentration (13.70+0.2 mg/100 g). The
effect of storage time on tomatoes vitamin C concentra-
tion revealed that, in the case of treated samples, vita-
min C steadily rose with time. Natural loss of vitamin C
during storage of non-treated tomatoes was controlled
by application of tomato nutrients, which are aided by
the phytochemical compositions. Tomatoes are a com-
ponent of a balanced diet because they include a variety
of macronutrients, including vitamins, minerals, amino
acids, and lipids. Tomatoes have lower concentrations of
phytosterols than other fruits and vegetables, which may
help prevent heart disease and colon cancer. Presence of
phenolics, flavonoids and their capacity to act as antioxi-
dants make tomatoes a trustworthy fruit [45, 46].

Use of low molecular mass compounds and gaseous has
been proved best way to expand shelf life, and maintain

Table 4 TPC, TFC and vitamin C of different treatment tomatoes
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quality attributes during storage of rapidly deteriorating
horticultural products. The compounds including carbon
monoxide, carbon dioxide, and chlorine dioxide, calcium
chloride and salicylic acid could delay senescence pro-
cess in agricultural items through various components,
for example, repressing ethylene biosynthesis, manag-
ing action of cancer prevention agent chemicals, delay-
ing browning and suppressing respiration rate. During
the senescence these compounds regulate the expression
of genes, including ethylene biosynthesis related genes,
cysteine protease gene, chlorophyll degradation-related
genes and lipoxygenase genes [23]. The treatments of
tomatoes with 2% calcium chloride and 800 ppm boric
acid, as tested by Mujtaba et al. [47] also resulted in
higher values for total phenolic content, ascorbic acid,
and total antioxidant content. According to the find-
ings, tomatoes can be treated post-harvest with 2% cal-
cium chloride to maintain their functional qualities and
increase their shelf lives.

Extending storage life with delayed ripening was also
observed, when apple pomace was added to a polyvinyl
alcohol matrix with a concentration of 1, 5, 10, and 30%
(w/w) to create active antioxidant food packaging sheets.
Thermodynamic, structural, mechanical, and functional
analysis in its entirety was performed. The research’s
results demonstrated that adding apple pomace to poly-
vinyl alcohol films increased the overall phenolic con-
tent and antioxidant properties of fruit, also delaying the
decaying process [49]. The mean value of total phenolic
content in tomatoes was found to be at its lowest point
after 30 days of storage and its highest point after 40 days
of storage, with a value of 22.14 mg GAE/100 g [50].
Studies have revealed that all the treated tomato fruits
showed increment in total phenolic content due to con-
trolled ripening process [51].

Conducting experiments just in line to our research,
Toor and Savage et al. [52] concluded that the total fla-
vonoids contents and the soluble antioxidant activity
of tomato showed slight increases during storage time.

Treatment TPC (mg GAE/100 g) TFC (mg QE/100 g) Vitamin C (mg/100 g)

Storage (days) 30 40 30 40 30 40

T 33.42+0.20° 1711009 5194020 3.11+0.10" 17.90+0.20° 13.70+0.20
T, 21.80+0.53" 41304058 4.10+0.209 5.90+0.20% 16.03+0.204 18.27+£0.20°
T, 2295+0.029 37.50+0017° 42140209 560+0.20° 15.80+0.20¢ 18.03+0.15%
T 24.09+0.02° 35.17+£0.02° 440+0.20 540+0.20°° 15.37+0.20° 1743+0.10°
T, 25.00+0.20¢ 33.85+0.12¢ 4.71+0.20° 491+0.20% 1507 +£0.20° 17.27 +£0.20°

Different letters indicated significant differences between treatments (p <0.05). Treatments: T, Control; T,, treated with 2% CaCl, + KMnO, sachet; T,, treated with
1 mM salicylic acid solution and KMnO, sachet; T;, treated with 2% CaCl, solution and K,Cr,0, sachet; T,, treated with 1 mM salicylic acid solution and K,Cr,0, sachet.
TPG; total phenolic content, TFC; total flavonoid content, GAE; gallic acid equivalent, QE; quercetin equivalent
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However, ethylene scavengers led to significant increase
in total flavonoids contents and antioxidant activity in
each treated samples, during storage relative to the con-
trol tomato fruits, which was due to reduced loss of bio-
actives. Similar findings were also present in the work of
KaewKklin et al. [41], when they monitored phytochemi-
cals loss in chitosan and titanium dioxide coated toma-
toes. Results of Naeem et al. [43] also witnessed the
increment of bioactive compounds in tomatoes protected
with active coatings, as these protective films also control
the gasses entry and exit from the fruits, thus controlling
metabolic reactions, responsible for ripening and decay
of fruits.

Vitamin C is water soluble vitamin and was 1st known
to prevent scurvy disease and it is largely used in therapy
as an anti-infection of cells. Vitamin C has to be supple-
mented mainly through fruits, vegetables and vitamin C
tablets. Many health benefits such as antioxidant, anti-
carcinogenic, anti-atherogenic and prevent cold, etc., has
been ascribed to vitamin C [53]. Vitamin C is a heat and
light sensitive molecule, it may be lost during cooking,
processing and even at long-term storage of foods [54].
Active packaging of fruits has proved useful in protect-
ing vitamin C loss [41]. According to the experimen-
tal results of Lee and Kader [55], vitamin C contents of
tomato fruits showed significant decrease during storage.
But vitamin C value of the treated tomatoes was higher
than that of the control fruits. Watkins [56] concluded
that ethylene scavenger (1-MCP) led to decreased eth-
ylene content and increased vitamin C content, vali-
dating the outcomes of current study, as heat, light and
temperature sensitive vitamin C, degrades rapidly with
increased respiration and decaying of untreated tomatoes
during storage.

TSS (°Brix), TAA and lycopene contents of different
treatments of tomatoes

The effect of different treatments on TSS (°Brix) showed
that TSS of all treated samples significantly increased,
while of non-treated samples, decreased. Highest °Brix
was found in T, (4.93£0.10), followed by T, (4.87£0.2),
while the lowest value was noticed in T, (4.43+0.2), after
40 days. The impact of storage on °Brix of treated toma-
toes indicated that the TSS increased as storage days
increased, as presented in Table 5.

The total antioxidant activity (TAA) of all treated
samples increased from days 30 to days 40, as com-
pared to control. The TAA ranged from 22.00+0.2 to
33.80+0.52%, as is shown in Table 5. The highest mean
value of TAA was detected in T, (33.80+0.52%). Mean-
while the lowest mean value of TAA was noticed in
T, (22.00£0.2%), during 40 days storage. However, in
Ty, concentration of antioxidant compounds was also
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decreased frequently due to spoilage during longer
storage, and in treated samples, antioxidant activity
increased significantly during storage time from 30 to
40 days, due to attaining the ripening stage, as shown
in Table 5. On the other hand, lycopene contents of
all treated and control samples significantly increased
from day 30 to day 40 during storage, as can be seen
from Table 5. The highest value of lycopene content
was noticed in T, (9.76+0.2 mg/100 g) after 40 days,
due to fully ripened and spoiled tomatoes as compared
to treated samples, while the lowest value was found in
T, (4.82+0.20 mg/100 g) after 30 days storage. Effect
of storage period on the lycopene content of tomatoes
revealed that, in the start, decrease in lycopene content
was due to slight ripening or under ripening conditions,
and then it increased with the passage of time, however,
lowest lycopene contents exhibited by T, even after
40 days, showed that use of these ethylene scavengers
moderated the tomato ripening very well during stor-
age. Lycopene content increased as fruit got matures,
whereas, uncontrolled ripening cause robust increase
in carotenoid contents.

In fruits and vegetables, the total soluble solids are
considered a useful index of fruit maturity and qual-
ity, and generally increase with the ripening stage
[57]. Total soluble solid contents also play a part to the
aroma, taste and quality of the food [58].

Our findings of present study correspond with a
previous report, which also showed a gradual reduc-
tion in the total acidity and a gradual increase in total
soluble solids, emphasizing that a slower ripening pro-
cess had occurred in our experiment with the ethyl-
ene scavengers [59]. In their experiments, Melin et al.
[16] observed the greatest delay of color development
in tomatoes induced by modified zeolite, while natural
zeolite promoted the red color. Furthermore, lycopene
synthesis was significantly higher by the use of natural
zeolite, as compared to modified zeolite in stored toma-
toes. Natural zeolite doped with cations of copper and
zinc can also be applied as ethylene gas removal agents,
delaying the tomato ripening.

Use of some other natural and chemical compounds
had also been reported involved in controlling the rip-
ening process of tomatoes, as was experimented in our
study. Fashanu et al. [18] coated tomatoes with gum ara-
bic at different concentrations, and compared with non-
treated ones, and reported antioxidant activities ranged
from 66.26-192.1 pg/mg, contents of B carotene were
1.78-23.8 mg/g and the lycopene content ranged from
0.77-17.6 mg/g. These variation in results was due to
controlled and uncontrolled ripening of tomatoes, dur-
ing storage. Discussing one more relevant experimen-
tal research with in line findings, it was observed that,
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Table 5 TSS, TAA and lycopene contents of different treatment tomatoes

Treatment TSS (°Brix) TAA (%) Lycopene contents (mg/100 g)
Storage (days) 30 40 30 40 30 40

T, 4.60+0.20% 4434020 32.00+0.20¢ 22.00+0.20" 7.06+0.20° 9.76+0.20°
T, 407+0.20° 4.60+0.145 29.97+0.15¢ 33.80+0.52° 482+0.209 6.11+0.12¢
T, 4.27+0.20% 4.70+0.10°¢ 29.00+0.10° 33.00+0.10° 515+0.12f 6.33+0.20d°
T 443+020 4.87+0.20%° 29.00+0.20° 28.00+0.10f 531+0.10 6.59+0.20<
T, 450+0.104 493+0.10° 28.00+0.10F 26.97+0.069 545+0.22 6.86+0.20°

Different letters indicated significant differences between treatments (p < 0.05). Treatments: T, Control; T;, treated with 2% CaCl, + KMnO, sachet; T,, treated with
1 mM salicylic acid solution and KMnO, sachet; T;, treated with 2% CaCl, solution and K,Cr,0, sachet; T, treated with 1 mM salicylic acid solution and K,Cr,0, sachet.

TSS; total soluble solids, TAA; total antioxidant activity\

Khatri et al. [19] used aloe vera and chitosan-based coat-
ing of tomatoes, and reported increment in TPC, antioxi-
dant activity and lycopene contents of stored tomatoes,
with applied coatings. Increment in lycopene contents
of coated tomatoes, a contradictory result to our study,
was possibly due the difference in the ethylene scaveng-
ing capacities of the components applied in both studies.

Ali et al. [60] concluded that the post-harvest ripening
process and the DPPH radical-scavenging activity have a
positive correlation. According to their results there was
a premature increase in the DPPH radical-scavenging
activity in the treated tomato fruits, which may have been
due to the fact that treated tomatoes ripened more slowly
than the untreated tomato fruits. This was corroborated
that, tomatoes coated with gum arabic exhibited a delay
in the physiological and biochemical changes related to
storage, just as in current experimental design, same was
done by the applied chemicals.

According to the findings of present study, ethyl-
ene scavenger’s treatments reduced lycopene content
during storage, as KMnO, and K,Cr,0O, delayed the
onset of lycopene increase and fruit softening. Similar
delayed ripening, as was measured by lycopene con-
tents, was observed in tomatoes applied with 1 MCP
and stored up to 24 days [40]. Cliff et al. [39] reported
that 1-MCP resulted in delayed lycopene accumu-
lation in tomato fruits. Results of the present study
confirmed that KMnO, was far superior to K,Cr,O,
in delaying lycopene accumulation. However, it was
reported that ethylene gas had no significant effect on
total lycopene content in tomato fruit.

In order to extend their shelf life, two well-known
tomato cultivars from India, that were in the mature
green, breaker, and mature red stages were treated
with 1, 2, and 5% calcium chloride, and kept at 5, 10
and 15°C. The progressions in non-enzymatic cell
reinforcements (ascorbic corrosive, carotenoids, lyco-
pene and all out phenolic substance) were recorded as
long as 21 days of capacity. Results indicated a direct

expanded in the ascorbic corrosive substance when
treated with CaCl, (~40%) at 5°C, while carotenoids
(25%) and lycopene content (45%) have indicated simi-
lar moderation when treated with 1% calcium chlo-
ride fixation [21]. Experiments of Asiamah et al. [30]
also provided findings in line with the current ones,
as lycopene contents, ascorbic acid, TSS and antioxi-
dant activity were maintained during storage of treated
tomatoes, as compared to untreated ones, which pos-
sibly was due to controlled ripening process provided
by coatings applied.

Melin et al. [16] investigated the impact of ethylene
scavenging on tomato quality during post-harvest shelf
life, using a novel copper—zinc based ethylene scaven-
ger adsorption capacity supported by natural zeolite.
Due to the increased respiration and rate of ethyl-
ene formation, both zeolites after 1 week of storage
of tomatoes, increased the decomposition of organic
acids and the portion of soluble solids. The greatest
delay of color development in tomatoes was induced
by modified zeolite, while natural zeolite promoted the
red color. They recorded lycopene synthesis signifi-
cantly higher by the use of natural zeolite, as compared
to modified zeolite in stored tomatoes. Reduced post-
harvest life is the outcome of ethylene-induced ripen-
ing acceleration. Sugars are an important constitute of
tomato fruit. This important component determines
the sweetness and influence the overall tomato flavor.
Tomato sugars mostly comprised glucose, fructose
and sucrose in trace amount. In fruits, organic, amino
acids, and soluble pectin are the soluble materials also
found in tomato fruit juice. The lengthier the time
fruit respiration, the greater the rate of acid and sugar
consumption because both attributes are the respira-
tion substrate [16]. Similar to our study, experiments
by Sammi and Masud, [46] provided in line findings
for TSS of tomatoes, applied with calcium chloride and
potassium permanganate as ethylene scavengers for
extending the shelf life of tomatoes.
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Conclusion

Tomatoes are an excellent source of nutrients that
promote health, including the vitamins C, lycopene,
phenolics and flavonoids, thanks to their widespread
intake. According to this study, post-harvest treatments
had a substantial impact on the following factors; pH,
titratable acidity, TSS, vitamin C content, total flavo-
noids, total lycopene, total phenolic content, weight
loss, and shelf life. Our findings showed that during
the storage period, the 50 g KMnO, sachet+2% CaCl,
exerted more superior effects, than the other treat-
ments, and extended the shelf-life of tomato fruits
up to 40 days. Phytochemical analysis revealed that
TPC, TEC and vitamin C in T; were found highest
(41.30+0.58 mg GAE/100 g, 5.90+0.20 mg CE/100 g,
and 18.27+0.20 mg/100 g, respectively) after 40 days
storage. Lycopene contents were observed highest
(9.76 £0.2 mg/100 g) in T, due to uncontrolled over
ripening, whereas T, presented lowest lycopene con-
tents (6.11+0.12 mg/100 g), due to fully controlled
ripening during 40 days. After 40 days, TAA was found
highest (33.80+0.52%) in T;. It may be inferred that
the study’s findings will be helpful, particularly with
regard to medium- and long-term storage, quality con-
trol, transportation, and marketing. The majority of
fresh horticultural products are extremely perishable,
and ethylene frequently contributes significantly to the
ripening and senescence process. The shelf life of these
commodities may be increased by lowering the ethyl-
ene concentrations in the area by slowing down meta-
bolic activities. To preserve tomatoes, particularly to
keep these fruits in the same stage of maturity during
storage without going bad, the application of the sug-
gested chemicals could be used in safe manners. The
impact of further promising ethylene scavenger thera-
pies on the shelf life, quality, and safety of tomatoes in
the agricultural supply chain is also recommended for
future research.

Recommendations

There is a rising demand for high-quality products in
both forms of consumption, including those with organo-
leptic and functional quality, the latter of which is defined
as the ability of a product’s consumption to avoid specific
diseases. Studies on toxicological effects produced as a
result of chemical agents’ application on fruits, should
be conducted on laboratory scale, before commercializa-
tion of such implementations, as product safety must be
the first priority of the food processor. Further industrial
application of these experiments can be demonstrated
for the wellness of food producers, sellers, stockers and
processors.
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