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ABSTRACT: Loss in quantity and quality of several perishable crops occur between harvest and handling process to the
final consumer. In tomatoes and scotch bonnet, the quality loss occurs majorly due to over-ripening, mechanical damage,
fungal infection and decay. Extending the shelf life and storability of these perishable crops has been of major concern to
researchers. Hence, this study was carried out to determine the protective effect of chitosan coating on post-harvest
qualities of matured scotch bonnet and tomato. Freshly harvested scotch bonnets and tomatoes from a field plot at
Nigerian Stored Products Research Institute, Ibadan were sorted on the basis of color, size and absence of external
injuries. The selected crops were randomly divided into two groups (group with chitosan and without chitosan). Chitosan
synthesized from Chemistry Department in Nigerian Stored Products Research Institute, Ibadan was used to coat the
scotch bonnets and tomatoes crops in group 1 while group 2 served as the control. The coated scotch bonnets and
tomatoes where kept at room temperature and monitored on daily basis for seven days for scotch bonnet and twenty days
for tomato. Chitosan coating markedly reduced the weight loss, fungal infection, shrinking and decay, improving the
firmness and titratable acidity in group coated with chitosan. It can be concluded that chitosan coating delays senescence
and fungal infection in scotch bonnet and tomato most likely due to its ability to alleviate water stress and its anti-fungal
activities.
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INTRODUCTION

Postharvest loss is a major challenge hampering tomatoes researchers.

production in most developing countries (Kasso and
Bekele, 2018). Tomato being a perishable crop has high
moisture content as such has a short shelf life of about 48
hours under tropical conditions (Negi and Wood, 2019).
Loss in quantity and quality of several perishable crops
occur between harvest and getting to the final consumer.
In tomatoes and scotch bonnets, loss occurs majorly due
to over-ripening, mechanical damage, fungal infection and
decay. Extending the shelf life and storability of these
perishable crops has been of major concern to

Chitosan (the deacetylated derivative of chitin) is one of
the abundant, renewable, non-toxic and biodegradable
carbohydrate polymers available in the exoskeletons of
shellfish and insects (Yamada et al., 2005). Chitosan, a
non-toxic natural polymer that has ideal preservative
coating for fresh fruit because of its film-forming and
biochemical properties (Muzzarelli and Muzzarelli, 2009).
Unlike other coating materials, chitosan is known to be
antifungal to several fungi. Chitosan has received much
attention as a functional biopolymer for diverse
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applications, especially in pharmaceutics, food (as a
source of crude fibre), and cosmetics (Dutta et al., 2004).

In the latest few years, many technologies, such as
edible coating with antimicrobial agents, low temperature,
high temperature, controlled atmosphere package, and so
on, have been developed in order to maintain the quality
and safety of fruits and vegetables, which could prolong its
shelf life during the storage and market periods (Youwei
and Yinzhe, 2013, Gualanduzzi et al., 2009, Yinzhe and
Shaoying, 2013). However, some damaged is incurred to
the nutritional status of these fruit and vegetables when
optimum temperature is not considered. Also, the use of
conventional packaging materials can create serious
environmental problems when not properly disposed.

The exploration for the safe alternatives in increasing
shelf life of fruits and vegetables, such as the development
and application of crab-chitosan coating is been
investigated in this work (Xing et al., 2015, Meng et al.,
2009). Crab- chitosan coating is employed due to its
excellent properties including the property to form the thin
film on the fruit's surface, the property to avoid the loss of
moisture and aromas, the inhibition of the oxygen
penetration to the plant tissue or microbial growth, and the
safety for using on the food (Mantilla et al., 2013). Hence,
this study was carried out to determine the protective effect
of chitosan coating on post-harvest qualities of matured
scotch bonnet and tomato.

MATERIALS AND METHODS
Collection and sorting of crops

Freshly harvested matured scotch bonnets and tomatoes
from a field plot at Nigerian Stored Products Research
Institute, Ibadan were sorted on the basis of color, size and
absence of external injuries. The selected crops were
randomly divided into two groups (group with chitosan and
without chitosan).

Crab shell collection and grinding

Crabs (Scylla serrata) were bought from Ojo market
(coastal ragion), Lagos state. The crabs were killed by
boiling in hot water for 20 minutes, after which the shells
(exoskeleton) were separated from crabs manually. The
crab shells were dried and ground to powder by a local
grinding machine at Oluwo-keesin, Abeokuta, Ogun state.

Chitosan extraction

Chitosan extraction was carried-out by following the
processes described by Burrows et al. (2007). The
process involved three steps namely: deproteination,
demineralization and deacetylation.
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Deproteination

A sample (75 g) of the powdered exoskeleton was
accurately weighed and then divided into three equal parts
and placed in three different 250 ml beakers. Each of the
samples was treated with 100 ml of 4% w/v NaOH solution
and boiled for 1 hour in order to dissolve the proteins and
sugar. The mixture was allowed to cool and the
supernatant was decanted off. The sediment was dried on
cardboard paper for 30 minutes at room temperature.

Demineralization

The resulting powder was demineralized with 135 ml of 1%
w/v HCI and was left overnight. This was done to remove
the calcium carbonate content of the sample. The
demineralized crab shell was then treated for 1 hour with
50 ml of 2% w/v NaOH to decompose the albumin into
water soluble amino acid which was drained off. The
sample was washed with deionized water and then air-
dried.

De-acetylation (conversion of chitin to chitosan)

The chitin was converted to chitosan by de-acetylation
process. This was carried out by adding 100 ml of 50% wi/v
NaOH to each sample and then heating at 100°C for 2
hours in a water bath. The samples were then removed
and cooled for 30 minutes at room temperature. Afterward,
each sample was washed continuously with 50% wi/v
NaOH and filtered to retain the solid matter which is
chitosan. Each sample of the chitosan was placed in a 250
ml beaker and air-dried for 3 hours and then oven-dried at
120°C for 24 hours to obtain dry chitosan (a creamy white
powder). The chitosan obtained was washed with distilled
water and then dried.

Coating of scotch bonnet and tomato

After sorting the wholesome scotch bonnets and tomatoes
to be used for this study, the chitosan was applied to the
scotch bonnets and tomatoes as a thin film layer coat. To
improve the wettability of the chitosan, 0.1% tween 80 was
used following the procedure of EL-Ghaouth et al. (1991).

RESULTS

The effect of chitosan coating on the weight performance
of scotch bonnets and tomatoes was investigated from the
first day to the 7th day and the 20th day of the experiment,
respectively. The result showed that there were no
significant difference in the weight performance of the
crops (scotch bonnets and tomatoes) on the first day but
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Table 1. Effect of chitosan coating on the weight performance of scotch bonnet and tomato.

Samples Day 1 (9) Day 3(g) Day 5 (g9) Day 7 (9)

Tomato without Chitosan 4.7+0.3022 3.6+0.0022 2.60+0.0022 2.1+0.0232
Tomato with Chitosan 5.0+0.0032 4.8+0.001° 4.6+0.003° 4.5+0.002°
Scotch Bonnet without Chitosan 20.5+0.0032 18.9+0.0032 14.6+0.0012 12.4+0.0032
Scotch bonnet with Chitosan 22.6+0.003 20.6+0.002° 19.8+0.003° 19.0+0.002°

Starting weight of scotch bonnet and tomato of coated and non-coated are equal. Values are mean + SEM.

Table 2. Effect of chitosan coating on the titratable acidity of Scotch bonnet and tomato.

Samples Titratable Acidity (mg/ml) Day 1 Titratable Acidity (mg/ml) Day 7
Tomato without Chitosan 101.51+0.282 106.34+0.922
Tomato with Chitosan 101.34+0.322 126.34+0.55
Scotch Bonnet without Chitosan 65.34+0.572 69.34+0.71°
Scotch bonnet with Chitosan 66.42+0.632 84.34+0.74°

Values are mean + SEM.

Matured tomato (Day 1)

Matured tomato (After Day 7)

Plate 1. Outcome of coated and uncoated tomato from day 1 to day 7. (A). Intact matured tomato with chitosan
coating experiencing delay in ripening and spoilage. (B). Matured but ripe tomato. (C). Fungal infection spoilage

of the tomato.

on the seventh day, a significance reduction in weight of
uncoated scotch bonnets and tomatoes was observed
when compared to chitosan coated scotch bonnets and
tomatoes (Table 1) while after 20 days of the experiment,
ripening had taken place in tomatoes with spoilage
experienced in tomato not coated with chitosan as seen in
plate 2.

The effect of chitosan coating on the titratable acidity of
scotch bonnets and tomatoes was investigated both on the
first and seventh day of the research and the result showed
that there was no significant difference in the titratable
acidity of chitosan coated scotch bonnet and tomato on
day 1. Whereas, an appreciable increase in the titratable
acidity was observed on both chitosan coated scotch

bonnets and tomatoes on day 7 (Table 2).

The effect of chitosan coating on the shelf-life, ripening,
fungi infection and colour was also investigated on coated
and uncoated tomatoes as seen in Plate 1. The result
showed that after 7 days, there was an observable change
in colour of tomato from green to red as seen in plate 1 (B)
of uncoated tomato showing that ripening has taken place,
also there was an early spoilage of one of tomato resulting
from fungal infection (c) in uncoated tomatoes.

After 20 days of the experiment, the crab chitosan
coated tomatoes became ripped and the uncoated has
deteriorated already as seen in plate 2.

The effect of chitosan coating on the shelf-life, ripening,
fungal infection and colour of coated and uncoated scotch



Matured tomato (Day 1)

Matured tomato (After Day 20)
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Plate 2. Outcome of coated and uncoated tomato from day 1 to day 20. (A). Intact matured tomato with
chitosan coating experiencing delay in spoilage. (B). Matured but shrunk tomato. (C). Fungal infection

leading to spoilage of the tomato.

Matured Scotch bonnet (Day 1)

Matured Scotch bonnet (Day 7)

Plate 3. Outcome of coated and uncoated scotch bonnet from day 1 to day 7. (A). Intact matured scotch
bonnet with chitosan coating experiencing delay in shrinking and spoilage. (B). Matured shrined scotch
bonnet.

bonnet was investigated as seen in plate 3. The result
showed that after 7 days, there was an observable change
in color of scotch bonnet to a fully ripped reddish color as
seen in plate 3 of coated scotch bonnet showing that
ripening has taken place, whereas shrinking was observed
in the uncoated scotch bonnet bringing about early
spoilage in the scotch bonnet.

DISCUSSION

Fresh fruits and vegetables with good quality tends to be
more acceptable to costumers and these good features

have been researched upon to have benefits for the health
of human body due to their good flavour, being colourful,
and the contents in nutrients, such as vitamins, minerals,
and amino acids (Xing et al., 2015). However, one of the
major challenges for the storage safety of fruits and
vegetables is related to its high decay rate and short shelf
life period. This is due to the fact that they could undertake
the metabolism interminably as the living organisms during
the storage period (Duan and Zhang, 2013). Moreover, the
shrink and loss of luster of surfaces and the rot of fruits
could be observed due to high water transpiration, the loss
of nutrients, and the infection of spoilage microorganism
such as fungal infection during storage.
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The result of the research showed that chitosan has a
marked effect on the weight performance of both the
scotch bonnet and tomato; there was a significant
reduction in the weight of scotch bonnet and tomato. There
was a 55% reduction in weight of uncoated tomatoes and
40% reduction in the weight of the uncoated scotch
bonnets. There was however no significant different in the
weight performance of tomatoes and scotch bonnets
coated with edible chitosan; this could be attributed to the
ability of chitosan to prolong the shelf life of perishable food
products by reducing water loss and hereby controlling
deterioration reactions (Olivas and Barbosa-Canovas,
2005). The uncoated tomatoes and scotch bonnet
deteriorated easily due to water loss and various
deterioration reactions. The main reason for weight loss of
post-harvest fruits includes transpiration and the substrate
consumption of respiration. And water loss is about 80%
of the total weight loss (Velickova et al., 2013). This is in
agreement with results obtained by several authors
(Youwei and Yinzhe, 2013; Meng et al., 2009). Chitosan
creates a selectively permeable barrier around the fruits
and hereby prevent water loss and maintains structural
integrity of tissues in the fruits. This observation may be
that coating the fruits with chitosan may have increased
the resistant of water permeability of the cell walls, thus
resulting in decreased diffusivity of water vapour through
the film matrix and a decrease weight loss (Han et al.,
2004). Similar results on weight loss reduction trend
were observed using calcium caseinate combined with
chitosan based film coating (Mei and Zhao, 2003). There
was an appreciable increase in the titratable acid of both
scotch bonnets and tomatoes coated with chitosan, a
25% and 27% increase in the titratable acid of tomatoes
and scotch bonnets were observed, respectively. There
was however no significant difference in the titratable
acid of tomatoes and scotch bonnets not coated with
chitosan.

The use of edible coatings has been studied previously
in the control of deterioration reactions to prolong shelf life
of fresh produce (Olivas and Barbosa-Canovas, 2005). An
increase in the titratable acid of fruits increases the shelf
life of the perishable fruits (Dong et al., 2004). At the end
of the 7 days observation period, it was observed that
chitosan coated tomatoes and scotch bonnets were still
intact and spoilage had not set in. This indicates that
chitosan prevents the infection of scotch bonnet and
tomato by acting as a barrier. Post-harvest fruits are
vulnerable to all kinds of spoilage bacteria and fungi, and
lead to rot. Usually the decay incidence of fruit indicates
the invasion of microbes (Akbudak et al., 2006). Chitosan
decreases respiration rate, maintains the protective
enzymes higher activities, and solidifies cell membrane
integrity which comprehensively strengthen the ability of
fruits to defend itself from invading fungi. Even if the coated
fruits are infected, disease incidence is greatly reduced.
This result is in line with the findings of Jiang et al., (2012).

Numerous previous studies have shown that chitosan
could directly inhibit spore germination, germ tube

elongation and mycelial growth of many phytopathogens,
such as Botrytis cinerea (Liu et al., 2007), Fusarium solani
(Eweis et al., 2006), Rhizopus stolonifer (Hernandez-
Lauzardo et al., 2008), Penicillium (Liu et al., 2007), and
Sclerotium rolfsii (Eweis et al., 2006). Liu et al. (2007)
reported that chitosan completely inhibited spore
germination of Penicillium expansum. Chitosan used as a
coating enters fungal cells and adsorbs essential nutrients,
which inhibit or slow down the synthesis of mRNA and
protein and prevent the growth of fungi cells which is in line
with the findings of Avadi et al. (2004). Chitosan coating
markedly reduced the weight loss, fungal infection,
shrinking and decay, improving the firmness and titratable
acidity in group coated with chitosan.

Conclusion

This study has shown that chitosan coating delays
senescence and fungal infection in scotch bonnet and
tomato most likely due to its ability to alleviate water stress
and its anti-fungal activities.
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