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Abstract
Aim: The aim of the present study was to study the effect of chitosan treatment on extending the shelf life of tomatoes stored at room temperature
(27ºC±2) for 21 days.
Methodology: Chitosan working formulation were prepared by dissolving chitosan in 1 % glacial acetic acid to get final concentrations with adjusting pH
above 5 with 1N NaOH until suspension appears as colloide. Selected tomatoes were dipped in different concentrations of chitosan (0.01, 0.04, 0.08,
0.12, 0.16 and 0.20 % and water (control) for 6 min and kept in well ventilated paper baskets for storage at room temperature (27°C±2) with 55±2 %
relative humidity.
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Results: Chitosan treated tomatoes were
evaluated for different parameters related to
post harvest losses. Chitosan at 0.16 %
effectively prevented microbial decay,
physiological loss in weight, maintained the
firmness and reduced the respiration rate.
Chitosan treatment further decreased the
loss of titratable acidity (TA), retained the total Chitosan biopolymer
soluble solids (TSS), total sugar, ascorbic
acid, reducing sugar during storage period.
Chitosan effectively preserved lycopene
content, inhibit polyphenol oxidase (PPO)
activity, maintained L*, a*, b* value and
-Nh3+
organoleptic score during storage from day 1
Linear chitosan
to day 21 as compared to control tomatoes.

Control
Microbial decay
CO2 and O2 exchange
Respiration rate
Physio-biochemical changes
Control

Chitosan
Microbial decay
CO2 and O2 exchange
Physio-biochemical changes
Metabolic activity
Chitosan

Interpretation: The study delves that low concentration of chitosan (0.16%) effectively extend the shelf life of tomato.
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Tomato (Lycopersicon esculentum L.) is an most
important vegetable crop containing high amount of vitamins,
malic acid, citric acid and bioactive compounds like antioxidants
(lycopene, ascorbic acid and β-carotene), which serves as
nutrition to human diet (Khatri et al., 2020). Postharvest life of
tomato fruit is limited by the rapid deterioration of physiobiochemical changes due to its climacteric nature (Candir et al.,
2018). In view of the increasing demand for fresh tomatoes, it is
required to maintain its color, flavor, texture and appearance,
which valorize its market value and long-distance shipping. High
temperature in tropical and subtropical area, climacteric fruits
show high respiration rate which results in rapid ripening and
corrosion of fruit quality that eventually shorten their postharvest
life (Khatri et al., 2020). Currently, various methods are being
used to control the post harvest losses like pre-cooling after
harvest, refrigeration, control and modified atmosphere
packaging and use of agrochemicals viz. hydrogen peroxide,
calcium chloride, 1-methylcyclopropene (Arah et al., 2015;
Sucharitha et al., 2018). The use of agrochemical has raised
serious concern because of their adverse effects on human
health and the environment (Dominguez et al., 2012).

Materials and Methods

The present study was carried out on tomato fruits cv. Dev
grown at university farm of Rajasthan College of Agriculture,
MPUAT, Udaipur, India during 2018. Fresh and mature tomato
fruits (light red) of uniform size, without any defects and diseases,
were harvested in the month of September of 2018 in morning
between 7-8 AM and used as an experimental material. Selected
tomatoes were dipped in different concentrations of chitosan
(0.01, 0.04, 0.08, 0.12, 0.16 and 0.20 %, w/v in water) and water
(control) for 6 min and kept in well ventilated paper baskets for
storage at room temperature (27°C±2) with 55±2 % relative
humidity. Chitosan, labeled as high 80 % N-deacetylation with low
molecular weight (50,000–190,000 Da) was purchased from
Sigma-Aldrich, St. Louis, MO, USA. In present study, chitosan
formulations were prepared by dissolving chitosan in 1 % glacial
acetic acid. The formulation was adjusted at pH above 5 with 1N
NaOH until suspension appeared colloidal.
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Globally, the post-harvest loss of tomatos are 25-42 %,
indicating that existing methods used for preserving tomatoes are
inadequate to overcome this loss and there a need to develop
new methods which are not only economical to growers but also
safe for consumers and environment (Arah et al., 2015; Abera et
al., 2020). Chitosan is a linear amino polysaccharide of
glucosamine and N-acetyl glucosamine units and obtained by
alkaline deacetylation of chitin extracted from the exoskeleton of
crustaceans such as shrimps and crabs as well from the cell walls
of some fungi. Chitosan has been used by researchers to deliver
eco-friendly solutions to improve the keeping quality of perishable
crops like tomato (Arah et al., 2015). In this line, chitosan has
been applied in different ways to extend the shelf-life of fruits and
vegetables (El Ghaouth et al., 1992b; Liu et al., 2007; Badawy
and Rabea, 2009; Feliziani et al., 2015; Kaya et al., 2016; Jongsri
et al., 2016; Sucharitha et al., 2018; Candir et al., 2018; Khatri et
al., 2020). Likewise, chitosan has been tested on few factors
related to shelf life of tomato mainly at high concentration viz. 0.25
to 0.50 % (Sucharitha et al., 2018), 0.3 % (Migliori et al., 2017), 1
% (Liu et al., 2007) and 2 % (El Ghaouth et al., 1992a; Nasreen et
al., 2016; Nehar et al., 2018; Khatri et al., 2020). Application of
chitosan remarkably preserve fruits and vegetables by
decreasing the metabolic activities by reducing respiration rate
and oxidation reactions (Nehar et al., 2018).

25°C (Liu et al., 2007), 2°C and 25°C (Badawy and Rabea,
2009), 23.5°C (Nasreen et al., 2016), 25°C (Nehar et al., 2018),
6°C (Sucharitha et al., 2018) and 4°C (Khatri et al., 2020) after
treatment of chitosan. Hence, there is a need to find out chitosan
dose which can prevent the post harvest losses at room
temperature. Keeping in view the above facts, the aim of this
study was to test all major parameters related to post harvest
losses and decrease the high concentration of chitosan for
maintained the quality and extend the shelf life of tomato fruit at
room temperature.
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Introduction

In earlier reports, chitosan has been tested on few factors
related to shelf life of tomato mainly at high concentration viz.,
Physiological loss in weight (PLW), firmness, respiration rate and
ascorbic acid. Moreover, few study has been performed on
tomato at very high concentration (upto) 2%) to overcome post
harvest losses. All the reports reviled that treated tomatos were
stored in control conditions viz. 20°C (El Ghaouth et al., 1992a),

Mechanical cut (0.5 cm x 1.0 cm) was positioned on
tomatoes for stimulation of microbial infection. Microbial decay
was visually examined, considering the level of fungal growth
on the tomato surface in the scale ranging from 1 to 5, where 1 =
normal (no decay on fruit surface), 2 = trace (up to 5 % of fruit
surface decayed), 3 = slight (5–20 % of fruit surface decayed), 4
= moderate (20–50 % of fruit surface decayed) and 5 = severe
(>50 % of fruit surface decayed) (Babalar et al., 2007). Before
treatment (0 day) denoted as initial weights and after
treatments (7, 14 and 21 days) as final weight were recorded.
Physiological loss in weight (PLW) was expressed in percent
and recorded by the difference between initial and final weight
(taken on particular day) (Meng et al., 2008). Firmness was
determined using Texture Analyzer (Model TA- XT Plus, Stable
micro System Limited, Surrey, UK) equipped with cylinder
probe of 50 kg load cell and heavy duty platform.

The force (Newton, N) applied for rupturing the tomato
fruits at 0.2 cm s-1 speed, obtained the graphic form with distance
covered in millimeters at X-axis for each treatment. Respiration
rate was determined by using head gas analyser (Checkmate
9900, PBI Dansensor Co., Denmark) at 7 day interval. Samples
(~150 g) were placed in silicon septum polythene bags and CO2
concentration was measured by inserting the equipment needle
through silicon septum using the Head Space Gas Analyzer
(Maftoonazad and Ramaswamy, 2005). Titrable acidity was
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Physiological loss in weight (PLW) (%), firmness (N) and
respiration rate (mg CO2 kg-1 h-1) were measured at 0, 7, 14 and
21 days of storage. Results of PLW showed significantly higher
weight loss in control fruits (27.15 %) while lowest (7.93 %) in 0.16
% chitosan treated fruits (Fig. 1a). Similarly, fruit firmness also
decreased during storage but with chitosan (0.01 to 0.16 %)
treatment significantly maintained it as compared with control
fruits (Fig. 1b). Highest firmness (32.33 N) was observed in
tomato fruits treated with 0.16 % chitosan. Moreover, respiration
rate was increased up to 7 days of storage and then decreased in
all the treatments. It was significantly decreased in 0.16 %
chitosan treated fruits at 21 days of storage (Fig. 1c). PLW is a
primary concern during post-harvest storage of tomato. It is
known as a great indicator of fruit freshness and mainly occurs as
a result of water loss by transpiration and reserve carbon loss by
respiration (Sogvar et al., 2016). Although application of chitosan
has been made in table grape (Gao et al., 2013), sponge guard
(Han et al., 2014), kiwi (Kaya et al., 2016), plum (Kumar et al.,
2017), pomegranate (Candir et al., 2018) and strawberry (Hajji et
al., 2018), but to our knowledge, reports are unavailable on
control of PLW in tomato fruit using sole chitosan.

li
ne

The extract was pooled in a separating funnel containing
about 20 ml of 5 % sodium sulphate solution. The petroleum ether
extract was poured into brown bottles containing ~10 g anhydrous
sodium sulphate and the absorbance was read at 503 nm on a
spectrophotometer. Colour of tomato samples (treated and
control) was measured by colorimeter (Hunter Lab Color Flex,
Hunter Associates Laboratory Inc., Reston, VA, USA).
Instrumental color data measurements were expressed in terms
of luminosity (lightness) L* (L* = 0 for black and L* = 100 for white)
and the chromaticity parameters a* (green [-] to red [+]) and b*
(blue [-] to yellow [+]). Overall acceptability of the samples was
evaluated through the standard sensory evaluation techniques.
The sensory attributes such as taste, ﬂavour and acceptability
was rated on a five point hedonic scale (9-Excellent, 7-Very good,
5-Good, 3-Fair, 1-Poor) by selected panel of judges (11
members). Statistical analysis was performed using JMP
software version 12 (SAS, 2019) using Turkey Kramer HSD test.
Each experiment was repeated twice wherein each treatment
consisted of minimum three replicates.

investigation were better as compared with previous findings (El
Ghaouth et al., 1992b; Liu et al., 2007; Badawy and Rabea, 2009;
Feliziani et al., 2015; Kaya et al., 2016; Jongsri et al., 2016;
Sucharitha et al., 2018; Candir et al., 2018; Khatri et al., 2020).
Positively charged chitosan effectively degrades microbial cell wall
and also boosts plant’s immunity by enhancing defense enzymes
activities. Various researchers have confirmed that different
concentrations of chitosan can effectively control decay of
strawberry, pomegranate and table grapes during storage (Gao et
al., 2013; Feliziani et al., 2015; Candir et al., 2018; Hajji et al., 2018;
Yin et al., 2021; Nia et al., 2021) confirming that chitosan coating
can improve the keeping quality.
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determined following the method of AOAC (2012). Tomato
samples were homogenized in 50 ml distilled water and titrated
against 0.1N NaOH (pH 8.1) using few drops of phenolphthalein
indicator. Total soluble solids (%) content in juice was determined
with Pocket Refractometer (Atago, Japan) bearing the range 053º Brix (AOAC, 2012). Total sugars were determined using
anthrone reagent and reducing sugars were estimated using
dinitrosalicylic acid following the method of Ranganna (1986).
The amount of sugar was expressed as per cent sugar. Enzyme
PPO in tomato fruit was assayed by the method of Taneja and
Sachar (1974). Lycopene content was estimated following the
method of Ranganna (1986). Pulp was repeatedly extracted with
acetone until colourless appearance of the residue.

Results and Discussion

On

The perusal of results showed that very low
concentrations of chitosan, i.e., 0.08 and 0.16 % chitosan
significantly controlled tomato decay up to 21 days of storage at
room temperature (Table 1). However, the results of the present

The control PLW, texture, colour, firmness and respiration
rate, chitosan can be implicated by the fact that it acts as a semipermeable barrier for oxygen, carbon dioxide, moisture and other
solutes which in turn reduces respiration, moisture loss and
oxidation reactions (Maqbool et al., 2011). Reddy et al. (2000)

Table 1: Decay at room temperature of tomato treated with different concentrations of chitosan
Treatments
Day 0
Control (Water)

Decay

Day 7

Day 14

Day 21

0% (No decay)

20% (at scale of 3)

50% (at scale of 4)

>50% (at scale of 5)

0% (No decay)
0% (No decay)
0% (No decay)
0% (No decay)
0% (No decay)
0% (No decay)

5% (at scale of 2)
5% (at scale of 2)
0% (No decay)
0% (No decay)
0% (No decay)
5% (at scale of 2)

20% (at scale of 3)
20% (at scale of 3)
0% (No decay)
5% (at scale of 2)
0% (No decay)
50% (at scale of 4)

50% (at scale of 4)
>50% (at scale of 5)
5% (at scale of 2)
20% (at scale of 3)
5% (at scale of 2)
>50% (at scale of 4)

Chitosan%
0.01
0.04
0.08
0.12
0.16
0.20
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Respiration rate (mg CO2 kg-1 hr-1)
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Fig. 1: Effect of different concentrations of chitosan on (a) % PLW, (b) Firmness and (c) Respiration rate at room temperature of tomato. Each value is
mean of triplicate. Error bars represents ± SE.

reported firmness retention by chitosan may be attributed to
inhibitory activity against pectate lyase, polygalacturonase and
cellulase which are responsible for degradation of cell wall and
subsequent loss of firmness. Moreover, suppression of
respiration rate by chitosan may be due to partial blockage of

pores on the surface of tomato fruit. Previous findings revealed
that chitosan acts as a barrier film that creates a modified internal
atmosphere by selectively permeating C2H4, CO2 and O2 in and
out of fruit leading to a reduced rate of respiration and
transpiration (Jitareerat et al., 2007; Ali et al., 2011).
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Fig. 2: Effect of different concentrations of chitosan on (a) Titratable acidity, (b) TSS, (c) Total sugars and (d) Reducing sugars at room temperature of
tomato. Each value is mean of triplicate. Error bars represents ± S.E.
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Fig. 3: Effect of different concentrations of chitosan on (a) Lycopene (b) PPO activity and (c) Ascorbic acid at room temperature of tomato. Each value is
mean of triplicate. Error bars represents ± S.E.

In present study, quality parameters showed that
application of treatments significantly affected titratable acidity
(TA), TSS, ascorbic acid, total sugar, reducing sugar and
lycopene. Application of chitosan (0.16 %) at 21days of storage
minimized the loss of TA in tomato fruits which was maximum in

fruits treated with chitosan (Fig. 2a). Moreover, lower (6.26 %)
TSS was recorded in all the treatments of chitosan as compared
with control (Fig. 2b). Further, ascorbic acid content of the fruits
were significantly retain with 0.16 % chitosan as compare with
control fruits (Fig. 3c). However, total sugars was increased up to
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Fig. 4: Effect of different concentrations of chitosan on (a) L* value; (b) a* value; (c) b* value and (d) Organolaptic score at room temperature of tomato.
Each value is mean of triplicate. Error bars represent ± S.E.
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preserve color, texture, flavour and overall acceptability of tomato
fruit (Fig. 4d). L* (lightness), a* (red/green) and b* (blue/yellow)
values are important for fruits and vegetables as colors attract the
consumers. Bulk-chitosan has previously been tested for L*, a*
and b* values and found effective in pomegranate (Candir et al.,
2018), strawberry (Feliziani et al., 2016), sponge guard (Han et
al., 2014) and coffee (Barrios-Rodriguez et al., 2021). But,
reports on the use of bulk- chitosan on colour aspects of tomato
are lacking. Sensory evaluation is another important parameter
responsible for acceptability of tomatoes by consumers. Gao et
al. (2013) studied that flavor of table grape significantly
decreased after 15 days of storage in untreated fruits while with
chitosan treatment, the sensory parameters were maintained
up to the end of storage period. Minimizing post-harvest losses
in fruits and vegetables with safe, effective and economical
means is a major challenge in agriculture. In this way chitosan
has been found effective in preventing microbial decay as this
molecule has strong antimicrobial property. In addition,
chitosan in its colloidal stage acts as semi-permeable barrier for
oxygen, carbon dioxide and moisture movement between food
and surrounding environment (Khatri et al., 2020).

The semi-permeable coating of chitosan further controls
the biochemical and other quality parameters as reported in this
study. In the present study, the colloidal chitosan at low
concentration highly effective in extending the shelf life of tomato
which was corroborates with the previous reports (Gao et al.,
2013; Feliziani et al., 2015; Candir et al., 2018; Hajji et al., 2018;
Yin et al., 2021; Nia et al., 2021). In addition, biodegradable
chitosan reduced the chemical load on tomato and effectively
and safely increased keeping quality of tomatoes. In present
results, that chitosan have comprehensively effective at low
concentration (0.16 %) in preventing microbial decay, resisting
the physio-biochemical changes during prolong storage and
maintaining the shelf life and quality in stored tomato. Therefore,
chitosan in future can be a promising eco-friendly, biodegradable
and economical material for application in fruits and vegetables to
prevent post harvest losses (Fisk et al., 2008; Badawy and
Rabea, 2009).
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14 days and then decreased afterward. chitosan 0.08 and 0.16 %
significantly maintained total sugars at 14 and 21 days of storage,
respectively (Fig. 2c). Similarly, 0.16 % chitosan significantly
delays the development of lycopene from day 1 (6.70 mg/100g) to
day 21 (6.87 mg/100g) (Fig. 3a). Previous investigation revealed
that, till date there is no report on TA, ascorbic acid in tomato using
chitosan further, in other fruits like table grape (Gao et al., 2013),
sponge gourd (Han et al., 2014), mango (Jongsri et al., 2016), kiwi
(Kaya et al., 2016), plum (Kumar et al., 2017) and strawberry
(Hajji et al., 2018), chitosan effectively delayed the loss of TA
during storage and significantly maintained the level of ascorbic
acid. Chitosan slows down the physiological processes in tomato
by reducing ethylene production, respiration and hence
abbreviates the consumption of organic acids (Jongsri et al., 2016,
Hajji et al., 2018, Aghofack-Nguemezi et al., 2018 and Khatri et al.,
2020). It has been documented that chitosan creates a semipermeable film over fruit surface which limits fruit respiratory
metabolism and thereby slows the decline of ascorbic acid (Patel et
al., 2019). Starch degradation during ripening is the cause of
glucose production and fruit sweetness. Generally, total and
reducing sugars in tomato increase during storage periods. Reports
describing the effect of chitosan on total and reducing sugars are
presently unavailable. It is speculated that lamination of chitosan on
tomato fruits abates gaseous exchange and lowers O2 level that
reduces the metabolic activity and thus delays conversion of starch
into sugars (Hong et al., 2012; Neeta et al., 2013).
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The oxidative enzyme polyphenol oxidase (PPO) is
responsible for the changes in color and flavor, loss of nutritional
value and shelf-life of a fruit. In our study, PPO activity in tomato
increased throughout the storage period in all the treated as well
as untreated fruits. In control fruit, increase in PPO activity was
maximum (40.73 to 110.63 µmoles/min/g), but, the increase was
slower in 0.01-0.16 % chitosan treated fruits (Table 4.1 and Fig.
4.1). More specifically, 0.16 % chitosan significantly retarded the
progression of PPO activity from 56.92 (day 1) to 67.48 µmoles
-1
min-1 g (day 21) (Fig. 3b). Badawy and Rabea (2009) earlier
demonstrated that chitosan significantly inhibited PPO activity in
tomato (2°C for 21 days) albeit at much higher concentration (4
%). Lycopene is principally responsible for the characteristic
deep-red color of tomato fruits (Fraser et al., 1994). Markovic et
al. (2006) reported that lycopene content in tomato remarkably
increased from 1.82 to 11.19 mg/100g during storage. Helyes et
al. (2011) reported that low O2 level prevents ethylene production
which decreases lycopene content in the system. It is, therefore,
anticipated that bulk chitosan reduces the availability of O2 in
tomato fruit which in turn inhibits the development of lycopene
(Pagno et al., 2017, Khatri et al., 2020).
The hunter colour values (L*, a*, b*) decreased during
storage in all the treatments as well as control. L*, a* and b*
values were significantly high in chitosan (0.01 to 0.16 %) treated
fruits as compared to control fruits (Fig. 4a-c). At 21 days of
storage, maximum L*, a* and b* values were recorded in fruits
treated with 0.12/0.16, 0.08 and 0.04 % chitosan, respectively.
The results showed that 0.16 % chitosan was fairly effective to
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