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ABSTRACT

This study evaluated the effect of Chitosan and Aloe vera gel
coatings on the preservation of selected cucumber samples.
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antimicrobial effect on the cucumber samples at week three while
Chitosan- Aloe vera mix had more antimicrobial effect on the

cucumber samples at week four of storage period. Eight bacterial

Student(s) and seven fungal isolates were obtained from the chitosan and Aloe
®  Phebe Mimololuwa GBOYINDE vera coatings on the cucumber samples namely Aeromonas, Bacillus,
Pseudomonas, Escherichia, Proteus, Klebsiella, Serratia, Enterobacter,
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Course | evel: Master Bacillus subtilis and Aspergillus niger as most occurring bacterial and
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Course year: Final Year vera mix coated samples had moisture content, protein content and

carbohydrate retention of 95.09£0.01 %, 1.31+0.09 % and
0.46%0.14 %; 94.67+0.14 %, 0.65£0.03 % and 1.61%£0.44 % ;
Mentor(s) 93.76£0.09 %, 1.27£0.66 %, and 0.69+0.51 % respectively. It
can be concluded that Chitosan and Aloe vera gel coatings are
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effective in preservation of cucumbers with significant retention of

nutrients and reduction in microbial contamination.
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1 Introduction

Cucumber is a non-climacteric fruit vegetable that contains more than 90% water which is a principal factor
affecting fruit quality during transportation, storage, and marketing [1]. It is one of the most important and
popular vegetable crops all over the world including Nigeria. It could be grown in two growing seasons,
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autumn and spring under plastic house conditions. Cucumber, which is largely consumed as fresh fruit,
vegetable in salads, or pickled product, is attracting more interest as a minimal processed fruit [2].
The increase in the rate of decay has posed a significant challenge to the storage of fruits and vegetables
which had leads to loss of nutrient and also the spread of microorganisms which are responsible for
degradation [3], leading to yeatly losses of fresh produce due to inappropriate storage conditions across the
world [4]. The deterioration in the quality of fruits and vegetables is characterized by spoilage with visible
manifestations such as weight loss, change in colour, decay, and shrinkage among others which is due to
some environmental effects, including contamination by bacteria and fungi. Many of these microorganisms,
in particular pathogens are able to cause spoilage of foods leading to severe health problems in consumers,
especially if food is handled and distributed under inappropriate conditions. The effect of spoilage brings
about decrease in the commercial value of fruits and vegetables leading to unavailability to the consumers
as well as low profit for the producers.
Recently, fruits and vegetables quality preservation and shelf life extension are maintained by the use of
edible coatings with the effect of retarding some physiological processes such as respiration and
transpiration |5]. Among different post-harvest management strategies of fresh fruit handling, use of edible
coatings have been reported to be very useful as an environment friendly technology [6]. Generally, film
from polysaccharides such as alginate, chitosan, proteins and lipids are commercially used and could be
applied to protect the whole fruit [7].
Chitosan is a high-molecular-weight carbohydrate polymer produced by the deacetylation of chitin [8]. It is
widely applied in the storage of fruits and vegetables as a semi-permeable film that regulates the internal
atmosphere and reduces the transpiration, thus extending their shelf life [8]. Results of different studies had
proved the effectiveness of chitosan in retarding the ripening process of strawberries 9], sweet cherries
[10], papaya [5], and carambola [11].
The role of microorganisms in fruits and vegetables spoilage, foodborne diseases and food insecurity are
the reasons why this study assess the effect of Chitosan and Aloe vera gel coatings on cucumber (Cucumis
sativa) in extending the shelf life and preventing spoilage hence making them available to the consumers as
well as salvaging issues of insecurity and profit loss and also preventing health related issues associated with
consumption of spoilt food.
This study’s aim is to determine the effect of chitosan and Aloe vera gel coatings on preservation
characteristics of cucumber under the following objectives:
i. determine the microbial load on cucumber samples coated with chitosan, aloe-vera and chitosan-
aloe vera mix for 4 weeks;
i. Isolate and identify the microorganisms isolated from cucumber samples coated with chitosan and
aloe-vera coated cucumber samples;
iii. determine the physicochemical properties of cucumber samples before and after storage;
iv. determine the discrete and combined effects of chitosan and Aloe vera gel coating on cucumber
preservation;

2 Materials and Methods
2.1 Collection and Processing of Samples

The samples for this study were crab shell, cacumber and Aloe vera. Crab shells were purchased from
Makoko market, Ebute-Meta, Lagos State. The shells were carefully sorted, washed and air dried for about
10 days after which they were milled and stored in an airtight container at room temperature (28+2 °C)
until further use. Cucumber samples were also obtained and kept under room temperature for further use.
Fresh Aloe vera leaves were harvested and prepared. The Aloe-vera gel was pasteurized at 70 °C for 45
minutes. It was then cooled immediately at ambient temperature. To facilitate coating, the gel was thickened
using already prepared sterilized edible starch.
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2.2 Demineralization, Deproteinization and Deacetylation of Milled Crab Shell

About 3.0 kg of milled crab shell was treated with 5 litres of 1.0 M hydrochloric acid for about 36 hours
and was washed till pH of 7.0. The demineralized milled crab shell was treated with 1.0 M NaOH solution
for about 36 hours after which it was washed thoroughly with water until a neutral pH of 7.0 was attained
[12]. The deproteinized milled crab shell was treated with 5 litres of 12.5 M NaOH for 24 hours after which
it was washed thoroughly with water until a neutral pH of 7.0 was attained [13].

Solubility test was carried out after deacetylation by dissolving 5 g of the milled crab shell in 50 ml of 1%
acetic acid. The milled crab shell was bleached using 5 litres of 30% sodium hypochlorite (NaOCL) for 24
hours after which it was thoroughly washed in water until pH of 7.0 was attained. Sample was oven dried

after bleaching and kept at room temperature for further use [14].

2.3  Coating of Cucumber Samples

The cucumber samples were divided into four different treatments which include control, discrete and
combined chitosan and Aloe vera gel, these were coated using dipping method. The coated cucumber
samples were stored in different baskets at 2812 °C for four weeks.

2.4 Physicochemical and Proximate Analysis

The cucumber samples were analyzed for some physicochemical compositions such as moisture content,
ash content, crude fat, crude fibre, crude protein which were determined using AOAC methods [15]. Total
carbohydrate was determined by the Difference Method. The difference that remained after subtracting all
values of moisture, protein, fat, and ash from 100 g of the sample was total carbohydrate [16]. B-carotene,
lycopene [17], total soluble solid, total titratable acid and pH [18].

2.5 Microbiological Analysis

Materials including respective growth media were appropriately sterilized and bacteria, fungi and coliforms
were isolated from cucumber samples. Pouring method of isolation was used. Characterization and
identification was carried out using morphological characterization as well as biochemical tests which
include gram staining [19], catalase test, coagulase test, citrate test, indole test, starch hydrolysis, oxygen
relationship and sugar fermentation test [20].

2.6  Statistical Analysis

Results generated from the study were expressed as mean * standard deviation of three replicate
determinations. Statistical analysis was performed on the data using one-way analysis of variance (ANOVA)
using statistical package for social sciences (SPSS) software and differences in means were compared by the

Duncan’s multiple range test. Significance was accepted at P =< 0.05.
3  Results and Discussion

The result of this study showed a slight reduction in moisture content across the treatment with chitosan
and aloe vera mix having the lowest content. Mohammed e¢7 /. [21] who had similar research also observed
a decrease in moisture content and hence reported that food with lower moisture content has longer shelf
life. Cucumber samples used as control had a relatively higch pH compared to other treatments and
treatment three and four had higher total titratable acid compare to other treatments. Low pH and high
total titratable acid had been reported to be an advantage as it discourages microbial growth [21]. The total
soluble solid was increased at the end of the storage period compared to the value before coating. This
might be due to the breakdown of starch into simple sugar as sugars are the primary constituents of soluble
solid concentration [22]. In this study, higher total soluble solids were observed in all treated samples [22].
Also, the antioxidant properties of beta-carotene and lycopene increased at the end of a storage period.
These properties have been reported to help protect our body from certain diseases as well as preserve the
health of our skin, eyes and immune system [23]. It is shown that cacumber with chitosan-aloe vera gel had
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highest Ash content compare with other coats. The ash content, an organic aspect of food, gives an
indication of the range of mineral elements present in food materials [24]. The ash content obtained at the
end of storage was higher than those obtained by Dima e# 4/ [25] Crude protein increased generally across
the treatment with the treatment with chitosan- aloe vera gel coating as one of the highest with significant
similarity to the protein content of the sample before coating (Table 1).

Table 1: Physicochemical Characteristics of Cucumber Treatment

Physicochemical Parameters BC T1 T2 T3 T4

MC (%) 96.21£0.04  94.07£0.04>  95.09£0.01>  94.67+0.14c  93.76%+0.09¢
ASH (%) 0.54£0.042 0.99£0.012 0.90£0.062 0.92£0.19%  1.21£0-41>
FAT (%) 1.2740.45 1.0240.01> 0.10£0.01b¢ 0.54%0.01¢ 1.2520.00b¢
Fibre (%) 0.25£0.002 2.01£0.01> 1.2240.00b¢ 1.60%0.05¢ 1.80%0.35¢
Protein (%) 0.49£0.01>  1.13£0.01> 1.3140.09¢ 0.65£0.034 1.2740.664
CHO (%) 1.25+0.10®>  0.7710.03¢ 0.4610.14¢ 1.61£0.442 0.69%0.51¢
pH 6.38%0.33¢ 7.20£0.007 6.98%0.007 6.85%0.017 6.65%0.007
TTA (%) 0.08£1.422 0.04£0.00° 0.04£0.00° 0.06£0.00>  0.08£0.00¢
TSS (° Brix) 1.33+0.117+  3.00£0.00P 3.20£0.00° 3.97£0.03>  3.93%0.33¢
Lycopene (mg/100ml) 0.04£0.00%>  0.13£0.03¢ 0.25%0.03¢ 0.12%0.01¢ 0.11%0.06
B-carotene (mg/100ml) 0.0410.002 0.40£0.00° 0.53+0.01" 0.29£0.01>  0.23£0.007

Values are means of triplicate readings and standard deviation. Values in the same row having different superscript are significantly
different at P< 0.05.
Keys: BC= Before coating; T1= Control; T2=0.25 g/ml Chitosan coating; T3=2 ml/ml Aloe vera coating; T4=0.5 g/ml Chitosan- Aloe
vera coating; MC= Moisture Content; CHO= Carbohydrate; TTA= Total Titratable Acid, TTS= Total Soluble solid

Table 2: Probable Identification of Bacterial Isolates across Sample Treatments

=
@ =
an 0 @ .
Isolates = I = g Sugar fermentation
g 2 2 ) g E=
g o, @ < ) =1
S| =% S = s o o =
® 8 s ) b=t =] =y Y ) ] )
<= -] < =1 <] < &~ @ @« @
g - S 3§ © = 5 = g g £ Probable
5 g 50 = 3 organisms
© i 7 © & = g
o
B1 - Rods + - + - + FA A A NA Proteus sp.
B2 - Long + - + - - Ae A A A Psendomonas sp.
rods
B3 - Rods + - - + + FA A A Escherichia coli
B4 - Rods + - + - + FA AG A A Enterobacter sp.
B5 - Rods + - - - - Ae A NA NA Aeromonas sp.
B6 - Rods + - + - - Ae A A A K. pnenmoniae
B7 + Rods + - + - + FA A A A Bacillus sp.
B8 - Rods + - + - - FA A A A Serratia sp.

Key: + = positive, - = negative, A = acid production, Ae = aerobe, FA = facultative anaerobe, AG = acid and gas production,
NA = no acid and gas production
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Eight different bacteria were isolated and identified as probable organisms (Table 2) which includes,
bacteria of the genus Aeromonas, Bacillus, Pseudomonas, Escherichia, Protens, Klebsiella, Serratia, and Enterobacter
[26], Psendomonas and Bacillus have been reported as the most occurring organisms on the cucumber samples.
Raja ez al. |27] investigated that Pseuxdomonas sp. and Bacillus sp. were dominantly found in both local and
super market fruits and vegetables samples. Kumar ¢ a/. [28] also isolated and characterized seven bacterial
isolates which includes Bacillus, Klebsiella, Psendomonas, E.col, Lactobacillus, Staphylococcus and Micrococens on the
basis of morphology and biochemical reactions. Their reports also show that Bacillus, Klebsiella and
Psendomonas were the dominating species in the spoilage of every categories of food material. The seven
fungal isolates (Table 3) obtained from the cucumber samples also agree with the findings of Mbajiuka ez
al. [29] who isolated fungi of the genus Aspergilius, Penicilliunm, Fusarium, Rbizopus and Saccharomyces. Li-Cohen
and Bruhn [30] reported that species of fungi associated with fruits and vegetables are of the genus
Aspergillus, Penicillinm, Fusarinm and Rhizopus. Microbial invasion of the samples was also seen in the research
carried out by Nasrin ¢z a/. [31] who reported microbial incidence on bell pepper after days of storage. Also,
the controlled microbial incidence also supported the work carried out by Olawuyi e a/. [2].

Table 3: Characterization and Probable Identification of Fungal Isolates
across Sample Treatments

Fungal Colonial morphology and microscopy Tentative
Isolates Identification
F1 Yellow-green, flat, granular, and radially grooved colonies on potato dextrose agar; its  Aspergillus flavus

conidial heads are radiate with hyaline and slightly rough conidiophores. Its conidia
are globose and light green in color
F2 Relatively fast growing mould with a characteristic black color; the conidial head is  Aspergillus niger
large, black and spherical. Smooth and colorless conidiophores, connects spherical
vesicles which are covered by two layers of phialides all over their surface. The conidia
are globose and rough-walled.
F3 Rapidly growing colonies with cottony yellowish taint growth covering the agar  Rhizopus stolonifer
surface densely; identical microscopic view to plants’ roots was observed. Its
sporangiophores arose from nodes above the rhizoids and hangs multispored and
globose sporangia. A collapsed apophyses and columella formed an observed
umbrella-like structure. Its sporangiospores and sporangiophores are brown in color.

F4 Green colonies on potato dextrose agar with a reverse grey colour. They possess short  Aspergillus nidulans
conidia heads and are biserate; conidia are globose and rough-walled while
conidiophores are smooth-walled.

F5 Fast growing light green colonies on potato dextrose agar with a convex growth Penicillium sp.
pattern. Single-celled conidia are borne on phialides arising from branched and non-
branched metulae, which presents the brush or broom-like appearance. Conidiophores
are hyaline, smooth-walled; globose conidia are hyaline.

F6 Fast growing cottony mycelium with pinkish taints. The phialides are slender; sickle- Fusarium sp.
shaped macroconidia are hyaline, multicelled with an elongated apical cell.
F7 Glistering discrete cream colonies on potato dextrose agar resembling bacterial ~ Saccharomyces sp.

colonies. Tiny cells continually elongate and divide to give daughter cells, filling
microscope field within short time-intervals.

In figure 1 and 2, the results showed the increase growth at week two and subsequently decrease at week
three and four. At week four, treatment four with the chitosan- aloe vera gel coat had a reduced microbial
load compared to other treatments. Fungal count was relatively high at week two which could be due to
the presence of moisture [32] and the load was reduced at week four especially on samples coated with
chitosan-aloe vera gel mix. A rise in microbial load within the storage period could be due to certain
environmental factors or contaminations [33]. The presence of active compounds in aloe vera gel could be
a reason for limited microbial growth [34]. There was controlled microbial growth in the samples coated
with chitosan and aloe vera but higher efficacy was observed in the Chitosan-Aloe vera mix which indicate
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the antimicrobial efficacy of the coats used. This can be supported with the work of Olawuyi ez 2/ [2] who
reported that the coats used have the ability to alter the growth rate of microorganism.
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Figure 1: Bacteria load (Cfu/g) of preserved cucumbets across storage period
Keys: T1= Control; T2=0.25 g/ml Chitosan coating; T3=2 ml/ml Aloe vera coating; T4=0.5 g/ml Chitosan- Aloe vera coating
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Figure 2: Fungi load (Cfu/g) of preserved cucumbers across storage period
Keys: T1= Control; T2=0.25 g/ml Chitosan coating; T3=2 ml/ml Aloe vera coating; T4=0.5 g/ml Chitosan- Aloe vera coating
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The results of this study support the research of Olawuyi ez a/. [2]; Ortego-toro et al. [35]; Talens e al. [30]
and Perdonesa ¢z a/. [37] who applied chitosan and other coats to pineapple, cucumber, tomatoes, strawberry
and Litchi respectively and observed dectrease in microbial loads, delay ripening and elongation of shelf life.
Chitosan had obvious effect on the cucumber samples [38] and [39]. Also, aloe vera gel effectiveness and
its synergism with chitosan in this study also supports the work of Ortego-toro ez al. [35]; Olawuyi e al. [2];
Nasrin e al. [31]; Adetunji ez al. [40] and Martinez-Romeo ¢ a/. [34] who reported the reduction in the
microbial count on the samples during storage period was due to its antibacterial and antifungal properties,
and also its ability to prevent moisture loss, control the respiration rate, maturation development, delay
oxidative browning and reduce microorganism proliferation. Also, Adetunji ez a/. [40] who carried out
similar research confirms that the combination of aloe vera with other coat could be used to preserve the

self-life of sweet orange.
4 Conclusion

To effectively extend the shelf life of postharvest fruit and vegetable such as cucumber, chitosan and Aloe
vera-based coating is a relatively convenient and considered safe. In order to strengthen the efficacy of
single coat, combining coats had been an established strategy which this study also employed, combining
chitosan and Aloe vera gel in extending the shelf life of cucumber samples. Although majority of researches
on coating had been carried out in a relatively cold environment which had led to their respective outcomes,
this research at some point underwent slight change in temperature due to climatic change which would
have contributed in one way to its outcome such as microbial increase and moisture loss. However, the
coatings achieved extended shelf-life of cucumber with antimicrobial efficacy and reduced rate of
biochemical degradation (nutrient loss) by chitosan, Aloe vera and chitosan-Aloe vera gel mix. The
antimicrobial efficacy of the applied coatings tends to reduce microbial load thereby limiting spoilage. Also,
the nutritional and physicochemical properties of cucumber samples were significantly retained. There was
reduced respiration rate which lead to delayed ripening of samples as well as extending the shelf life of the
samples. Hence it can be concluded that the use of chitosan and Aloe vera gel is effective in preservation
of cucumber quality its extending shelf life. These coats may not just be effective in cucumber preservation
but also in preservation of other fruits and vegetables. Subsequent researches should be channelled toward
the preservation of cucumbers in hot seasons as heat could be a major cause of early spoilage of fruits and
vegetables. Also, concentration of coats that should be used at different atmospheric condition such as the
temperature and relative humidity should also be researched in order to achieve more successes in salvaging
the issue of food insecurity globally.
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