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ABSTRACT

This experiment was carried out during 2021 and 2022 seasons on sweet peppers (Capsicum annuum L. Monist F1
hybrid) to study the influence of some coating treatments (aloe vera gel 4% and 6%, chitosan 0.5 % and 1 % and
gum arabic 5% and 10%) compared to untreated fruits as a control on maintaining quality and improving storability
of fruits throughout 4 weeks of storage at 10°C and 90-95% RH. According to the results, all coated treatments
were effective in decreasing weight loss, decay, firmness loss, change of color and maintaining total soluble solids,
total carotenoids content, ascorbic acid content and as well as the general appearance of fruits compared with
untreated fruits during cold storage. Furthermore, fruit treated with chitosan at 0.5% and gum arabic at 10%
treatments gave the Best outcomes in decreasing weight loss, decay, firmness loss, color difference, and preserving
total soluble solids, total carotenoids content, and ascorbic acid content, as well as providing fruits a pleasant
appearance without decay for 21 days.

Keywords: Sweet pepper, Chitosan, Gum Arabic, Aloe vera Gel, Storage, Quality Attributes.

INTRODUCTION

Sweet pepper (Capsicum annuum L.) is considered one of most important and popular vegetable crops farmed for
both domestic and export consumption. One of highest vitamin C-containing vegetables is pepper. It also contains
amount of vitamins A, B1, and other vitamins that are necessary for growth (Mc Collum, 1980). Sweet pepper has a
long variety of plant nutrients that have been shown to have disease-preventing and health-promoting qualities
(Howard et al., 2000).

Sweet pepper is a perishable vegetable with a limited shelf life and a high vulnerability to fungi
(Hardenburg et al., 1990). Growth of deterioration and poor exterior appearance are the primary causes of sweet
pepper quality decline during long-term storage (Ceponis et al., 1987). Loss of moisture causes not only noticeable
weight loss, but also less appealing fruit due to weaker texture and wilted tissues, lowering fruit quality (Xie et al.,
2004). In addition to refrigeration, edible coatings are employed to preserve the quality and extend the shelf life of
sweet pepper fruits.

The application of edible coatings can improve the physical strength of food products, reduce particle
clustering and improve visual and tactile features on product surfaces (Cisneros-Zevallos et al., 1997). Coatings are
primarily used to improve food appearance while also protecting food products from moisture migration, microbial
growth on the surface, light-induced chemical changes, nutrient degradation, and other factors (Ali et al., 2011).
Edible coatings can operate as a barrier against oils, gases, or vapours as well as a carrier of active ingredients such
as antioxidants, antimicrobials, colors, and tastes (Miller et al., 1998). When used to affect the environment of food
surface conditions, edible coatings can be used as active films (Guilbert and Gontard, 2005).

Aloe vera is a tropical plant noted for its therapeutic properties and for preserving fruit quality by
decreasing fungal rot (Valverde et al., 2005). The main liquid components are clear gel and yellow latex (Turner et
al., 2004). Aloe vera gel has recently been employed in a variety of horticultural crops such as Green Capsicum
(Amirthaveni and Palak, 2016) and apples (Ergun and Satici, 2012). Aloe vera gel based edible coatings have been
shown to prevent loss of moisture and softening decrease, control rate of respiration and senescence, delay
oxidative browning and reduce proliferation of microorganism in fruits (Marpudi et al., 2011). Staphylococcus
aureus, Salmonella, Streptococcus, Escherichia coli, Aspergillus niger, Candida, and other pathogenic and foodborne
spoilage organisms are inhibited by aloe vera gel (Ullah et al., 2016). Furthermore, aloe vera gel coatings decreased
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02 consumption and CO2 production, preventing anaerobic conditions (Benitez et al., 2013). Aloe vera gel
polysaccharides function as a barrier to moisture and 02, resulting in a slow rate of respiration and the fruit quality
preservation (Maan et al., 2018).

Chitosan is a deacetylated chitin derivate with a high molecular weight cationic linear polysaccharide
comprised of d-glucosamine and to lesser extent, N-acetyl-d-glucosamine with a R- 1,4- bond (Rinaudo, 2006).
Chitosan is often produced of plentiful supply from shellfish exoskeletons or cell walls of various fungi and
microorganisms (Hirano et al., 1976). Chitosan coatings are considered as best edible and biologically safe
preservative coatings for various types of fruits and vegetables, with functional benefits; where chitosan coating
acts as a semi - permeable barrier against moisture, oxygen and carbon dioxide, resulting in lower rates of
respiration, water loss, and maintained quality and prolonged storage periods, reduced color changes, and
controlled microbial growth. (Ardakani and Mostofi, 2019). An additional positive effect of chitosan coating is
related to its ability to extend storage life of vegetables and fruits (Suseno et al., 2014).

Gum Arabic, often known as acacia gum, is a natural gum derived from the secretion of Acacia species
stems or branches. It is a polysaccharide and glycoprotein blend used in industries for film formation,
emulsification, and encapsulation. Previously, gum Arabic coating was used to improve the shelf life of tomatoes
(Ali et al., 2010), mango (Khaliq et al., 2016), and green chilies (Chitravathi et al., 2014). Gums have also been
employed in foods due to their various useful properties (Ghafoor et al., 2008). There has been a strong trend
towards replacing synthetic materials by natural gums due to their non-toxicity, low cost, safety, and availability
(Mirhosseini and Amid 2012).

Thus the objective of our present research was to investigate the effect of aloe vera gel, chitosan and gum
Arabic coating on quality and sensory characteristics of sweet pepper fruits during cold storage.

MATERIALS AND METHODES

Sweet pepper (Capsicum annum L.) fruits Monist F1 hybrid were harvested at % color stage (yellow green)
during winter season on 17 and 19%" of January in 2021 — 2022 seasons, respectively from a private farm in Abu
Rawash, Giza Governorate. Sweet pepper fruits were transported to the laboratory of Postharvest and Handling of
Vegetable Crops Research Department, Horticulture Research Institute, Agricultural Research Center, Giza
Governorate. Uniform fruits in size, weight, shape and color, the fruit free of defects or fungal infections were
selected for the storage experiment.

Preparation of Aloe Vera Gel solution:

Mature green Aloe vera plant leaves were obtained and cleaned with tap water to eliminate dirt and soil
particles. To extract the colorless hydro parenchyma, the epidermis of the leaves was peeled and the gel matrix
was removed from the outer cortex of the leaves. As a base coating, an aloe vera gel solution at a concentration of
4 or 6% (w/v) was utilized. It was made by blending 4 or 6 grams of obtained gel in a food blender. To remove
fibers, fluid was filtered through muslin fabric. The acquired liquid was made up from fresh Aloe vera gel, which
was then dissolved in 100 ml of distilled water to get appropriate concentration of solution (Yulianingsih, et al.,
2013).

Preparation of Chitosan solution: Chitosan solutions (0.5% or 1%) were prepared by dissolving chitosan powder 5g
or 10 g in 1000 ml of distilled water, the solution was stirred using a magnetic stirrer for initial homogenization at
room temperature (23£1 °C) for 60 min. Glycerol (1.5% W/V) was added to mixture as plasticizer (Haffez, 2016).

Preparation of Gum Arabic solution: Gum Arabic at a concentration of 5% or 10% (w/v) was made by
dissolving 5 or 10 grams of Gum arabic in 100 ml of distilled water, for 60 minutes, solution was swirled on a
magnetic stirrer/hot plate (Neolab Motorless Magnetic Stirrer + Hot Plate) at the low temperature with high speed.
After cooling, produced solution was filtered through muslin cloth to remove any undessolved contaminants
(Hedayati and Niakousari, 2015).

Sweet pepper fruits were immersed for 2 minutes in the following solutions: Aloe vera gel at 4% and 6%,
Chitosan at 0.5 and 1%, and Gum arabic at 5% and 10%, in addition to untreated fruits (dipped in distilled water) as
a reference.

All sweet pepper fruit samples were air dried before being packaged in sealed polypropylene bags (30 m
thickness, 3035 cm size), each bag containing three fruits represented as a replicate, labeled and weighted. Each
treatment received twelve replicates. All treatments were stored at 10°C and 90-95 percent relative humidity for
28 days. The experimental design was completed randomized design with three replicates from each treatment
were taken randomly and analyzed for following qualities immediately after harvest, 7, 14, 21, and 28 days at 10°C.
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The properties were examined:
1- Weight loss %: was estimated according to following equation:

Initial weight of fruits — weight of fruits at sampling date
Initial weight of fruits

2- General appearance: was measured on score rating from 9 to 1, where 9 = excellent, 7 = good, 5 = fair, 3= poor
and 1 =unsalable.

3- Decay: was measured on a scale of 1= none, 2= slight, 3= moderate, 4= severe, 5= extreme. (Risse & Miller,
1986).

4- Fruit firmness: was measured by a hand pressure tester (Italian model) expressed in kg/cm? (Abbott, 1999).

5- Surface color: was measured on two sides of each fruit by using Tistimulus Hunter Colorimeter Minolta,
Ramsey, N.J. (Model Dp 9000 which measured L* value and b value) (Mc Guire, 1992).

6- Total soluble solids percentage (TSS) % was measured from the fresh materials using PR-101 digital
refractometer

7- Total carotenoids content (mg/100g fresh weight): was determined according to A.0.A.C. (1990).

8- Ascorbic acid content (mg /100 g fruit fresh weight): was determined by titration method using 2, 6 dichloro-
phenole-endo-phenole (A.0.A.C., 2000).

Statistical analysis:

According to Sendecor and Cochran's (1980) techniques, experiment was factorial with two components (storage

period and edible coating treatments) in complete randomized design (CRD) with three replicates. Tukey's multiple

range test was used to assess mean comparisons. at a 5% level of significance

RESULTS

Weight loss percentage:

Data in Table (1) indicate that the weight loss percentage of sweet pepper fruits significantly increased

considerably and consistently with prolongation of storage period in two tested seasons. Similar results were

obtained by Gad EL-Rab (2013). When compared to the control, all treatments preserved their weight during

storage. Furthermore, sweet pepper fruits treated with 10% gum arabic resulted in a significant reduction in weight

loss percentage, following chitosan 0.5 % and gum arabic 5%, with no significant difference between them in the

two seasons. The untreated control had highest value of weight reduction percentage. These findings were

consistent across both seasons and agreed with Amirthaveni and Palak (2016) for gum arabic and Chong et al.

(2015) for chitosan. In terms of interaction between postharvest treatments and storage length, sweet pepper

fruits dipped in 10% gum arabic were the most effective in lowering weight loss percentage for the entire storage

periods. The greatest weight loss was recorded in untreated fruits throughout the storage period

Table 1. Effect of edible coating treatments on weight loss % of sweet pepper fruits during cold storage in 2021 and 2022

Weight loss % = x 100

seasons.
Storage period (days)
Treatments 0 7 14 | 21 | 28 Mean
First season

Aloe vera Gel 4% 0.00 0 0.22 k-0 0.28 j-n 0.60 gh 1.50c 0.52C

Aloe vera Gel 6% 0.00 0 0.28 j-n 0.42 h-l 0.76 fg 2.10b 0.71 B
Chitosan 0.5 % 0.00 o 0.181-0 0.24 k-o 0.40 h-m 1.00 ef 0.36 D
Chitosan 1% 0.00 0 0.23 k-0 0.32i-m 0.61 gh 1.60c 0.55 C
Gum Arabic 5% 0.00 0 0.16 m-o 0.23 k-0 0.45 h-k 0.98 ef 0.36 D
Gum Arabic 10% 0.00 o 0.06 no 0.15 m-o 0.26 k-n 0.55 g-i 0.20 E
Control 0.00 o 0.52 g-j 1.13 de 1.80c 2.75a 1.24 A
Mean 0.00 E 0.24D 0.40 C 0.70 B 1.50 A

Second season

Aloe vera Gel 4% 0.00 k 0.22 i-k 0.27 g-j 0.63 e 1.40 ¢ 0.50 C
Aloe vera Gel 6% 0.00 k 0.27 g-j 0.48 e-g 0.68 e 1.73b 0.63 B
Chitosan 0.5 % 0.00 k 0.16 i-k 0.27 g-j 0.47 e-h 1.14d 0.41D
Chitosan 1 % 0.00 k 0.22 i-k 0.30 f-i 0.64 e 1.48 ¢ 0.53 BC
Gum Arabic 5% 0.00 k 0.18 i-k 0.23 h-k 0.53 ef 1.09d 0.41D
Gum Arabic 10% 0.00 k 0.05 jk 0.26 g-j 0.27 g-j 0.59e 0.24 E
Control 0.00 k 0.63 e 1.11d 1.8b 2.48 a 1.20A
Mean 0.00 E 0.25D 0.42C 0.72B 1.41A

Values with same letter(s) are not significantly different at P< 0.05 level; using Tukey's multiple range test.

1075



Haffez and Gad El-Rab Egypt. J. Agric. Res., (2023) 101 (4),1073-1085

General appearance:

data in Table (2) illustrate the influence of postharvest interventions on sweet pepper overall appearance during
storage. The general look of sweet pepper fruits reduced as the storage duration at 100C was extended. Gad EL-
Rab (2013) and Shehata et al. (2009) found similar results with pepper. When compared to untreated, all coating
treatments considerably preserved the fruit appearance.

Table 2. Effect of edible coating treatments on general appearance (score) of sweet pepper fruits during cold
storage in 2021 and 2022 seasons.

Storage period (days)
Treatments 0 | 7 | 14 | 21 | 28 Mean
First season
Aloe vera Gel 4% 9.00 a 7.67 a-c 6.33 c-e 5.67 d-f 5.00 e-g 6.73 B
Aloe vera Gel 6% 9.00 a 8.33ab 6.33c-e 6.33 c-e 5.67 d-f 7.13 B
Chitosan 0.5 % 9.00 a 9.00a 9.00 a 7.67 a-c 6.33 c-e 8.12 A
Chitosan 1 % 9.00 a 7.00 b-d 5.67 d-f 5.00 e-g 3.67 gh 5.97C
Gum arabic 5% 9.00 a 7.67 a-c 7.00 b-d 5.67 d-f 4.33 f-h 6.73 B
Gum arabic 10% 9.00 a 9.00a 9.00 a 7.67 a-c 6.33 c-e 8.12 A
Control 9.00 a 6.33 c-e 5.00 e-g 3.00h 1.00 i 498 D
Mean 9.00 A 7.96 B 6.91 C 5.76 D 4.62E
Second season

Aloe vera Gel 4% 9.00 a 8.33 ab 7.67 a-c 5.67 d-f 5.00 e-g 7.27 B
Aloe vera Gel 6% 9.00 a 8.33 ab 7.00 b-d 6.33 c-e 5.00 e-g 7.27 B
Chitosan 0.5 % 9.00 a 9.00 a 9.00 a 7.67 a-c 6.33 c-e 8.01 A
Chitosan 1 % 9.00 a 8.33 ab 6.33 c-e 5.67 d-f 4.33 f-h 6.60 C
Gum arabic 5% 9.00 a 8.33 ab 7.67 a-c 5.00 e-g 3.67 gh 6.87 BC
Gum arabic 10% 9.00 a 9.00a 9.00 a 7.67 a-c 6.33 c-e 793 A
Control 9.00 a 6.33 a-c 6.33 c-e 3.00 hi 1.67 i 5.67 D
Mean 9.00 A 8.43B 7.57 C 6.05 D 443 E

Values with same letter(s) are not significantly different at P< 0.05 level; using Tukey's multiple range test.

sweet pepper fruit. However, the general appearance of sweet pepper treated with chitosan 0.5 % or gum arabic
10% was better than the other treatments with no significant difference between them. Other words, these
treatments gave highest score of appearance in both seasons, but untreated control obtained the lowest ones in
this concern. These results are agreement with AL-Juhaimi et al. (2012) for gum arabic and Haffez (2016) for
chitosan. The interaction between postharvest treatment and storage period reveals that sweet pepper dipped in
chitosan 0.5 % or gum arabic 10% showed best appearance. It did not exhibit any changes in their general
appearance till 14 days and gave good appearance till 21 days at 10 2C, these results are true in two seasons.

Decay:

Data in Table (3) show that there was a significant increase in decay score with prolongation of storage period in
two seasons. These results are in harmony with those obtained by Atress and Attia (2011) and Shehata et al.
(2013). The sweet pepper fruits treated with all treatments had lower decay percentage in comparison to
untreated control treatment during storage conditions. Moreover, the application of chitosan 0.5 % and gum arabic
10% treatments had lower scores of decay with no significant difference between them, when compared with
other treatments. Above findings were completely similar in two seasons. Similar results have been reported by
Chitravathi et al. (2014) for gum arabic and Haffez, (2016) for chitosan. Recording, the interaction between all used
treatments and storage period, Results indicate that sweet pepper fruits obtained from treated chitosan 0.5 % and
gum arabic 10% didn’t show any decay until 21 days of cold storage with no significant difference between them.
However, the decay in the untreated fruits appeared after 7 days of storage period in two seasons.
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Table 3. Effect of edible coating treatments on decay (score) of sweet pepper fruits during cold storage period in
2021 and 2022 seasons.

Storage period (days)
Treatments 0 | 7 | 14 | 21 | 28 Mean
First season
Aloe vera Gel 4% 1.00 h 1.00 h 1.67 f-h 2.33d-g 3.00 c-e 1.80 C
Aloe vera Gel 6% 1.00 h 1.00 h 2.67 c-f 3.00 c-e 3.67 bc 2.328B
Chitosan 0.5 % 1.00 h 1.00 h 1.00 h 1.00 h 1.33 gh 1.07 D
Chitosan 1% 1.00 h 1.00 h 2.33d-g 2.67 c-f 3.33 b-d 2.17 BC
Gum arabic 5% 1.00 h 1.00 h 1.00 f-h 2.67 c-f 3.33 b-d 1.96 BC
Gum arabic 10% 1.00 h 1.00 h 1.00 h 1.00 h 1.33 gh 1.07 D
Control 1.00 h 2.00 e-h 3.33 b-d 4.33 ab 5.00 a 313 A
Mean 1.00D 1.15 D 195 C 2438B 3.00 A
Second season

Aloe vera Gel 4% 1.00 f 1.00f 1.00f 2.67c-e 3.33 bc 1.80B
Aloe vera Gel 6% 1.00 f 1.00f 1.00f 2.67 c-e 3.33 bc 1.80B
Chitosan 0.5 % 1.00 f 1.00f 1.00f 1.00f 1.33f 1.07 C
Chitosanl % 1.00 f 1.00 f 2.00 d-f 2.67 c-e 3.00 cd 2.07 B
Gum arabic 5% 1.00 f 1.00f 1.00f 2.67 c-e 3.33 bc 1.80 B
Gum arabic 10% 1.00 f 1.00f 1.00f 1.00f 1.33f 1.07C
Control 1.00 f 2.00 d-f 3.33 bc 4.33 ab 5.00 a 3.13 A
Mean 1.00D 1.15 D 1.48C 243 B 295 A

Values with same letter(s) are not significantly different at P< 0.05 level; using Tukey's multiple range test.

Fruit firmness:

According to the data in Table 4, fruit firmness reduced significantly as the storage period was extended. Gad EL-
Rab (2013) found similar findings with sweet peppers. In terms of the effect of edible coating treatments, results
show that the chitosan 0.5 % and gum Arabic 10% treatments offered highest mean values of fruit firmness when
compared to other treatments and untreated control, with no notable difference between them in two seasons.
Chitosan 1 % and untreated control had the lowest mean value of firmness, with no major difference between
them in the second season only. These findings were consistent across both seasons and agreed with Abad Ullah et
al. (2017) for gum arabic and Djioua et al. (2010) for chitosan. Gum arabic solution significantly maintained stiffness
by acting as water loss barrier. Abad Ullah et al. (2017). The interplay between edible coating treatments and
storage periods had a considerable effect on firmness. After 21 days of cold storage, data revealed that fruits
treated with chitosan 0.5 % and gum arabic 10% treatments were the most noticeable in preserving fruit firmness
throughout storage in the two seasons, whereas the untreated control had the least value of fruit firmness.
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Table 4. Effect of edible coating treatments on fruit firmness (kg/cm?) of sweet pepper fruits during cold storage
period in 2021 and 2022 seasons.

Storage period (days)
Treatments 0 | 7 | 14 | 21 | 28 Mean
First season
Aloe vera Gel 4% 7.68 a 5.12 ef 4.53 h-j 4.28 j-I 3.93 | 5.11 C
Aloe vera Gel 6% 7.68 a 5.75 ¢ 522 e 4,77 f-i 4.37 i-k 5.56 B
Chitosan 0.5 % 7.68 a 6.58 b 5.72 cd 5.08 ef 4.57 h-j 5.93 A
Chitosan 1% 7.68 a 6.28 b 5.35c-e 4.78 f-h 4.27 j-l 5.67 B
Gum arabic 5% 7.68 a 6.66 b 522 e 4.53 h-j 4.08 kI 5.64 B
Gum arabic 10% 7.68 a 6.68 b 573 ¢ 5.01 ef 4.37 i-k 5.90 A
Control 7.68 a 5.32 de 4.58 g-j 312 m 2.57 n 4.65 D
Mean 7.68 A 6.056 B 5.19 C 4,52 D 4.02 E
Second season
Aloe vera Gel 4% 7.13 a 491 c 4.52 c-e 3.93 gh 3.33 ij 4.76 C
Aloe vera Gel 6% 7.13 a 4.88 c 4.52 c-e 4.01f-h 3.78 h 4.87C
Chitosan 0.5 % 7.13 a 6.82 a 561 b 4.73 cd 3.94 gh 5.60 A
Chitosan 1% 7.13 a 4.57 c-e 3.88 gh 3.76 h 3.00 j 4.47 D
Gum arabic 5% 7.13 a 5.53 b 4.87 c 3.96 gh 3.75 h 5.05 B
Gum arabic 10% 7.13 a 6.83 a 545 b 4.76 cd 3.97 f-h 5.63 A
Control 7.13 a 4.80 c 4.25 e-g 3.73 hi 2.58 k 4.50D
Mean 7.13 A 5.48 B 473 C 411 D 3.50 E

Values with same letter(s) are not significantly different at P< 0.05 level; using Tukey's multiple range test.

Surface color:

Data in Table (5) indicate that there was a significant decrease in L value for all treatments during storage. These
results were true in the two seasons and confirm those of Shehata et al. (2019) on sweet pepper fruits. Concerning
the impact of postharvest treatments, the highest value of L was achieved from fruits dipped in chitosan 0.5
percent and gum Arabic 10%, with no significant variations in color during storage at 10°C. However, lowest L value
obtained from untreated control resulting in a deeper color. Coating treatments, cold storage and treatment
interaction had a substantial impact on color of sweet pepper fruit. Sweet pepper fruit lightness (L) coated

Table 5. Effect of edible coating treatments on lightness (L* value) of sweet pepper fruits during cold storage
period in 2021 and 2022 seasons.

Storage period (days)
Treatments 0 | 7 | 14 | 21 | 28 Mean
First season
Aloe vera Gel 4% 53.37 a 50.73 a-f 49.64 b-h 48.87 d-i 47.60 e-i 50.04 BC
Aloe vera Gel 6% 53.37 a 50.43 a-f 49.55 c-i 48.85 d-i 46.72 g-j 49.78 C
Chitosan 0.5 % 53.37 a 53.06 ab 51.09 a-d 50.80 a-e 48.84 d-i 51.43 AB
Chitosan 1 % 53.37 a 50.94 a-e 50.03 a-g 48.57 d-i 47.56 e-i 50.09 BC
Gum arabic 5% 53.37 a 49.51 c-i 48.74 d-i 47.25 f-i 46.39 h-j 49.05 C
Gum arabic 10% 53.37 a 52.51 a-c 52.02 ad 50.72 a-f 49.91 a-g 51.71 A
Control 53.37 a 50.40 a-f 46.13 ij 43.39 jk 42.37 k 47.13D
Mean 53.37 A 51.08 B 49.60 C 48.35 D 47.06 E
Second season

Aloe vera Gel 4% 52.32 a 50.25 a-f 48.96 d-h 47.99 f-j 46.92 h-k 49.29 CD
Aloe vera Gel 6% 52.32 a 49.20 c-g 47.51 g-k 46.66 i-k 45.45 kI 48.23 E
Chitosan 0.5 % 52.32 a 51.91 ab 51.35 a-c 51.44 a-c 49.87 b-f 51.38 A
Chitosan 1 % 52.32 a 50.68 a-d 50.12 a-f 49.33 c-g 48.23 e-j 50.13 BC
Gum arabic 5% 52.32 a 48.83 d-i 48.17 e-j 46.86 h-k 46.26 j-1 48.49 DE
Gum arabic 10% 52.32 a 52.32a 51.68 ab 50.32 a-e 48.80 d-i 51.09 AB
Control 52.32 a 47.43 g-k 46.47 jk 45.36 ki 44171 47.15 F
Mean 52.32 A 50.09 B 49.18 C 48.28 D 47.10 E

Values with same letter(s) are not significantly different at P< 0.05 level; using Tukey's multiple range test.
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10% gum Arabic and chitosan 0.5 % exhibited higher L* value than control fruit. These results were true in two
seasons and in agreement with those reported by Hernandez-Munoz et al. (2008) for chitosan, Hedayati and
Niakousari (2015) for gum Arabic. The data in Table (6) show that extending the storage duration increased the b
value significantly in both seasons. With increased storage time, the color of sweet pepper fruits became fully
yellow, which could be related to the breakdown of chlorophyll and the synthesis of carotenoids, a pigment that
contributes to the yellow color in fruit. (Muharrem et al., 2005). Changes in b values of sweet pepper fruits during
storage are indicator of senescence. Concerning effect of postharvest treatments, data reveal that all treatments
had lowest value of b* indicating delays color change. While untreated control fruits had a full yellow appearance
after 28 days at 10°C (the highest b value). In contrast, the surface color of fruits dipped in chitosan at 0.5 % and
gum arabic 10% never exceeded light yellow color (the lowest b value) at the same period, it is mean chitosan at
0.5 % and gum arabic 10% were the most effective for reducing change rate of yellow color. These results were
true in the two seasons and in agreement with Fard et al. (2010) for chitosan and Hedayati and Niakousari (2015)
for gum arabic.

Table 6. Effect of edible coating treatments on b value of sweet pepper fruits during cold storage period in 2021

and 2022 seasons.

Storage period (days)
Treatments 0 | 7 | 14 | 21 | 28 Mean
First season
Aloe vera Gel 4% 30.85 s 34.68 op 39.26 g-i 40.99 c-f 41.65 b-d 37.49 B
Aloe vera Gel 6% 30.85 s 35.62 m-o 37.90 -l 39.86 e-h 41.46 b-e 37.14BC
Chitosan 0.5 % 30.85 s 32.00rs 34.61 op 39.12 g-j 41.28 b-e 35.57D
Chitosan 1 % 30.85 s 33.45 p-r 36.72 I-n 38.65 h-k 42.33 bc 36.40 C
Gum arabic 5% 30.85 s 34.06 o-q 37.10 k-m 39.39 f-i 40.49 d-g 36.54 C
Gum arabic 10% 30.85 s 32.61 gr 35.38 no 38.81 g-k 41.30 b-e 35.63 D
Control 30.85 s 37.49 j-| 41.38 b-e 42.87 b 45.49 a 39.62 A
Mean 30.85E 34.27D 37.48C 39.96 B 42.00 A
Second season

Aloe vera Gel 4% 32.23 n 35.46 | 38.61 g-j 40.30 b-f 41.47 bc 37.61 B
Aloe vera Gel 6% 32.23 n 35.19 | 38.67 f-j 39.12 f-i 41.53b 37.35 B
Chitosan 0.5 % 32.23 n 33.30 mn 35.96 ki 37.61j 39.89 c-g 35.80 D
Chitosan 1 % 32.23 n 34.37 Im 35.89 kI 39.39 e-h 41.09 b-d 36.60 C
Gum arabic 5% 32.23 n 35.09 | 35.91 ki 38.55 f-j 41.28 b-d 36.55 C
Gum arabic 10% 32.23 n 33.10 mn 35.22 | 37.73 ij 41.00 b-e 35.85 D
Control 32.23 n 37.43 jk 39.78 d-g 41.48 bc 4445 a 39.07 A
Mean 32.23 E 3485 D 37.15 C 39.12 B 41.53 A

Values with same letter(s) are not significantly different at P< 0.05 level; using Tukey's multiple range test.

Total soluble solids percentage (TSS) %:

Data in Table (7) show that extending the storage time resulted in a considerable drop in TSS in both seasons.
These findings are consistent with those of Gad EL-Rab (2013) for sweet pepper fruits. In terms of effect of
postharvest treatments, data revealed that sweet pepper fruits dipped in chitosan at 0.5% and gum Arabic at 10%
retained more TSS content with no significant differences between them followed by fruits dipped in Aloe vera gel
4% and 6% with no significant differences between them. Untreated control gave the lowest value of TSS. These
results are true in the two seasons and were in agreement with Shiri et al. (2013) for chitosan and Gurjar et al.
(2018) for gum Arabic. generally, the interaction among postharvest treatments and storage length was significant;
whereas, after 3 weeks of storage at 10°C, the interaction was no longer significant., sweet pepper fruits dipped in
chitosan at 0.05% and gum Arabic at 10% recorded the highest value of TSS content with no significant differences
between them, while untreated control gave lowest ones at same period.
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Table 7. Effect of edible coating treatments on TSS (%) of sweet pepper fruits during cold storage period in 2021
and 2022 seasons.

Storage period (days)
Treatments 0 | 7 | 14 | 21 | 28 Mean
First season
Aloe vera Gel 4% 7.23 a 6.63 c-h 6.47 e-j 6.27 h-l 5.83 no 6.49 B
Aloe vera Gel 6% 7.23 a 6.80 b-e 6.50 d-i 6.02 |-n 5.87 m-o 6.48 B
Chitosan 0.5 % 7.23 a 6.98 a-c 6.70 b-f 6.63 c-g 6.20 j-n 6.75 A
Chitosan 1% 7.23 a 6.50 d-i 6.30 g-| 6.02 I-n 5.600 6.32 C
Gum arabic 5% 7.23 a 6.40 f-k 6.23 i-m 6.03 k-n 5.630 6.31 C
Gum arabic 10% 7.23 a 7.07 ab 6.85 b-d 6.65 c-g 6.20i-n 6.80 A
Control 7.23 a 6.12 j-n 6.02 I-n 5.630 5.05p 6.01 D
Mean 7.23 A 6.64 B 6.44 C 6.18 D 5.77 E
Second season

Aloe vera Gel 4% 6.70 a 6.50 a-d 6.30 c-f 6.00 f-j 5.70 j-I 6.24C
Aloe vera Gel 6% 6.70 a 6.40 b-e 6.30 c-f 6.10 f-h 5.87 g-k 6.28 BC
Chitosan 0.5 % 6.70 a 6.67 ab 6.60 a-c 6.40 b-e 5.90 g-k 6.45 A
Chitosanl % 6.70 a 6.17 d-g 5.80 h-| 5.60 kI 5.50 Im 5.95 D
Gum arabic 5% 6.70 a 6.17 d-g 5.77 il 5.47 Im 5.20m 5.86 D
Gum arabic 10% 6.70 a 6.65 ab 6.40 b-e 6.37 b-e 6.03 f-j 6.43 A
Control 6.70 a 6.10 e-i 5.63 ki 520 m 4.80 n 5.69 E
Mean 6.70 A 6.39B 6.11 C 5.85 D 5.57E

Values with same letter(s) are not significantly different at P< 0.05 level; using Tukey's multiple range test.

Total carotenoids content:

Data in Table (8) demonstrate that total carotenoid levels in sweet pepper fruits increased at start of storage until
21 days of cold storage at 10°C and then declined until conclusion of storage in both seasons; similar observations
were obtained by Gad EL-Rab (2013). In both seasons, there were substantial differences between postharvest
treatments and untreated control. In both seasons, untreated control had the lowest total carotenoids levels.
Antunes et al. (2012) achieved comparable results. In general, 10% gum arabic and 0.5% chitosan treatments.

Table 8. Effect of edible coating treatments on total carotenoids (mg/100g fresh weight) of sweet pepper fruits
during cold storage period in 2021 and 2022 seasons.

Storage period (days)
Treatments 0 | 7 | 14 | 21 | 28 Mean
First season
Aloe vera Gel 4% 2.50 jk 2.62 h 2.78 de 2.88 ¢ 2.43 k 2.65C
Aloe vera Gel 6% 2.50 jk 2.62 h 2.79 de 2.98 a 2.54 ij 2.69B
Chitosan 0.5 % 2.50 jk 2.66 gh 276 e 2.90 bc 2.72 eg 2.71 AB
Chitosan 1% 2.50 jk 2.65h 2.79 de 2.96 ab 2.52 j 2.68 B
Gum arabic 5% 2.50 jk 2.63 h 2.74 ef 2.89c 2.68 f-h 2.69 B
Gum arabic 10% 2.50 jk 2.61 hi 2.75 ef 2.90 bc 2.84 cd 272 A
Control 2.50 jk 2.62 h 2.79 de 2.74 ef 2.24 | 2.58 D
Mean 2.50 E 2.63C 2.77B 2.90A 2.57D
Second season

Aloe vera Gel 4% 2.68 m 2.76 Im 3.51 e-g 3.57 de 337 i 3.18 C
Aloe vera Gel 6% 2.68 m 275 m 3.42 hi 3.47 f-h 3.43 g-i 3.15 C
Chitosan 0.5 % 2.68 m 2.89 k 3.61d 3.70 bc 3.62 cd 3.30 A
Chitosan 1% 2.68 m 271 m 3.52 ef 3.61d 3.41 hi 3.18 C
Gum arabic 5% 2.68 m 2.84 ki 3.47 f-h 3.51e-g 3.64 cd 3.23 B
Gum arabic 10% 2.68 m 2.84 k 3.47 f-h 3.882a 375 b 3.32 A
Control 2.68 m 271 m 3.41 hi 3.42 hi 3.23 j 3.09 D
Mean 2.68D 2.78 C 3.49 B 3.59 A 349 B

Values with same letter(s) are not significantly different at P< 0.05 level; using Tukey's multiple range test.

1080



Haffez and Gad El-Rab Egypt. J. Agric. Res., (2023) 101 (4),1073-1085

There was no significant variation in total carotenoids contents between these treatments that resulted in
preserving total carotenoid contents throughout storage conditions. In terms of the interaction among postharvest
different treatments period on total carotenoid content, data in Table 8 show that sweet pepper fruits treated with
10% gum arabic and 0.5 % chitosan were most effective treatments in preserving total carotenoid content at the
end storage. These findings hold true for both seasons.
Ascorbic acid content:
Table (9) displays the influence of postharvest interventions on the ascorbic acid concentration of sweet pepper
fruits throughout storage. The ascorbic acid concentration of sweet pepper fruits declined gradually as the cold
storage period was extended in both seasons, similar to findings obtained by Shehata et al. (2009) on fresh-cut
sweet pepper. All treatments were vastly more effective than untreated fruits at preventing ascorbic acid
breakdown during storage (control). Furthermore, sweet pepper dipped in chitosan 0.5 percent and gum arabic
10% had higher fruit ascorbic acid content than other treatments and resulted in ascorbic acid retention. These
findings apply to both seasons. In both seasons, the untreated control had the lowest values. Table 9 shows that
sweet pepper treated with chitosan 0.5 % and gum Arabic 10% was the most efficient treatment in minimizing
ascorbic acid loss during all storage period conditions in both seasons.
Table 9. Effect of edible coating treatments on ascorbic acid (mg/100 g) of sweet pepper fruits during cold storage
period in 2021 and 2022 seasons.

Storage period (days)
Treatments 0 | 7 | 14 | 21 | 28 Mean
First season
Aloe vera Gel 4% 167.3a 146.0 c-e 138.0fg 134.7 g-i 130.0 hi 143.2 BC
Aloe vera Gel 6% 167.3a 147.3 b-d 136.0 f-h 135.3 g-i 129.3i 1445B
Chitosan 0.5 % 167.3a 153.3 b 142.0 d-f 141.0d-g 140.0 e-g 1485A
Chitosan 1% 167.3 a 139.3 fg 136.7 fg 134.7 g-i 120.7 j 139.7D
Gum arabic 5% 167.3 a 138.7 fg 136.0 f-h 136.0 f-h 135.3 g-i 142.7 CD
Gum arabic 10% 167.3 a 166.7 a 147.0 b-d 142.0 d-f 141.3 d-f 148.2 A
Control 167.3a 148.7 bc 130.0 hi 113.3k 101.7 1 133.1E
Mean 167.3 A 148.6 B 138.0C 134.0CD 128.3D
Second season

Aloe vera Gel 4% 182.0a 155.3 c-e 153.0 c-f 153.3 cf 150.7 c-f 158.9B
Aloe vera Gel 6% 182.0a 156.7 b-d 150.3 c-f 149.0 d-f 144.7 fg 156.5 BC
Chitosan 0.5 % 182.0a 174.7 a 165.3 b 158.7 bc 155.3 c-e 163.7 A
Chitosan 1% 182.0a 152.3 cf 151.3 cf 147.0 ef 137.0 gh 154.0C
Gum arabic 5% 182.0a 1553 c-e 152.7 c-f 152.0 cf 146.0f 157.6 BC
Gum arabic 10% 182.0a 181.3a 156.3 b-d 1553 c-e 146.0f 163.6 A
Control 182.0a 157.3 b-d 145.3 fg 130.0 h 116.7i 149.7 D
Mean 182.0A 161.8B 153.3C 149.0D 142.3E

Values with same letter(s) are not significantly different at P< 0.05 level; using Tukey's multiple range test.
DISCUSSION

Weight loss percentage:

According to the findings of this study, the drop in the percentage weight loss can be linked to loss of water, which
is particularly quick to evaporate (Vasey, 2006). Weight loss is a normal result of horticulture products catabolism
and is attributed to respiration and other senescence-related metabolic functions during cold storage (Watada &
Qi, 1999). Reduced the weight loss in gum Arabic covered fruit could be attributed to stomatal and guard cell
blockage, which reduced active metabolic processes and respiration. Furthermore, effect of semipermeable coating
during respiration, moisture loss and solute transfer across the membrane (Amirthaveni & Palak, 2016). It is also
possible that this is due to creation of a thin coating covering fruit, which limits moisture loss, lowers gas exchange,
and so suppresses metabolic activity, resulting in lesser weight loss (AL-Juhaimi et al., 2012). Lowest weight loss in
chitosan coated fruits due to that edible coating creates a modified atmosphere with a higher concentration of
carbon dioxide and reduced oxygen around produce which slows down metabolic processes and transpiration
(Haffez, 2016).

General appearance:

Shriveling, wilting, color change, and degradation could all cause a reduction in overall look during storage
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(Banaras et al., 2005). The preservation of overall look by applying chitosan or gum Arabic may be attributable to
effect of these treatments on weight loss, enzyme degradation, respiratory activity and microbial rot of fruits
(Antunes et al., 2012) on fresh-cut sweet peppers.

Decay:

Results indicate that sweet pepper fruits obtained from treated chitosan 0.5 % and gum arabic 10% didn’t show any
decay till 21 days of storage. These findings could be attributed to the fruits' ongoing chemical and metabolic
changes, such as the transition of complex chemicals into simpler forms that are more susceptible to fungal
infection (Wills et al., 1998). These findings are consistent with those of Djioua et al. (2010), who found that
antibacterial act of chitosan coating was more successful in reducing mango degradation during storage. Chitosan
coating treatments in strawberries cause host resistance (Fajardo et al., 1998). Also, Chien et al. (2007) and Meng
et al., (2008) found that chitosan coating can form a film on the pepper surface and this film acts as a barrier, to
protect the pepper from pathogen infection, which reduces decay during storage. Huang et al. (2021) found that
gum arabic coating has a preventive effect in reducing fungal infection due to its ability to reduce the attacks from
pathogenic fungi.

Fruit firmness:

Slow breakdown of proto-pectin to lower molecular fractions that are more soluble in water may be responsible for
loss in fruit firmness, which is directly related to pace of softening of the fruits (Wills et al., 1998). In general, the
hardness of vegetables is mostly determined by turgidity and weight loss. In other terms, softening is caused in part
by turgor loss and chemical changes in the cell wall. Fruit softening is caused by deterioration of cell structure, cell
wall composition, and intracellular contents (Seymour et al., 1993) and is a biochemical process involving the
hydrolysis of pectin and starch by enzymes such as wall hydrolases. Depolymerisation or shortening of chain length
of pectin compounds happens when the fruit ripens, accompanied by increases in pectin esterase and
polygalacturonase activities (Yaman & Bayoindirli, 2002). Gum arabic may have an effect because it boosts cell wall
turgor pressure and stabilizes cell membrane. AL-Juhaimi et al. (2012). Xing et al. (2011) discovered that peppers
treated with chitosan had considerably lower malondialdehyde (MDA) levels and relative leakage rates, both of
which are indicators of membrane integrity, than the control fruit. AL-Juhaimi et al. (2012) found that gum arabic
treatment considerably preserved the firmness of the fruits, operated as a barrier against water loss, and
prevented softening of the fruit as well as enzyme hydrolysis of pectin and starch.

Surface color:

Fard et al. (2010) discovered that chitosan coating reduced color loss in bell peppers and delayed green pepper
degeneration as measured by exterior appearance. Furthermore, Xing et al. (2011) discovered that chitosan coating
had a stronger control effect on lowered chlorophyll concentration in all treatments. A higher L value in coated
sweet pepper fruit highlights the capacity of edible coatings to postpone chlorophyll breakdown and carotenoids
synthesis. The green color change in pepper could be attributed to the conversion of chloroplasts to chromoplasts
as the pigment content of pepper fruit varies as it ripens. These findings clearly demonstrate the efficiency of
edible coatings in enhancing the visual appearance of sweet pepper fruit by balancing lower b values with greater L
values. Our findings support those of Ali et al. (2010), who discovered that tomatoes coated with gum Arabic
delayed color change due to reduced respiration. It was also demonstrated that coating a bell pepper with chitosan
reduced the color change. Furthermore, Al-Juhaimi et al. (2012) found that cucumber coated with 5-20% gum
arabic kept its bright green color for 12 days in cold storage.

Total soluble solids percentage (TSS) %:

TSS concentration may have decreased during storage due to a greater rate of sugar loss through respiration than
water loss through transpiration (Wills et al., 1981). According to Shiri et al. (2013) and Gurjar et al. (2018), effect
of chitosan or gum Arabic in preserving the TSS of fruits during storage may be related to these materials' lower
rate of respiration and physiological changes of fruit during storage. Greater TSS levels in sweet peppers coated
with edible coated material may be attributed to reduced respiration, which slows the fluctuations in TSS contents
(Yonemato et al., 2002).

Total carotenoids content:

Previous research found that fruits dipped in gum Arabic 10% and chitosan 0.5 percent maintained their complete
carotenoid content after storage. These results come from a gum Arabic or chitosan coat that delayed the ripening
process by slowing down respiration and so retained a larger amount of total carotenoids until 21 days of storage.
Results are consistent with those acquired by Ali et al. (2013), who discovered that changes in fruit color at end of
storage occurred more slowly in gum Arabic treatment, although colors of untreated fruits quickly changed. The
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early increase in total carotenoids in control fruit shows that those fruits ripened earlier than those treated with
gum Arabic or chitosan, as reported in a prior study where gum Arabic and chitosan coated fruit yielded better
quality outcomes (Ali et al., 2010). This could be because sweet peppers treated with gum Arabic and chitosan
reduced color loss and delaying green color degradation during storage, lowering their rate of ripening and
deterioration. (Kays, 1991).

Ascorbic acid content:

Wills et al. (1981) hypothesize that the decline in ascorbic acid level during storage is due to high metabolic activity
during storage as it is respired. This drop may also be attributed to faster rate of sugar loss via respiration than
water loss via transpiration. (Wills et al., 1998).

CONCLUSION

Based on the previous findings, it is possible to conclude that sweet pepper fruits treated with 10% gum arabic and
0.5 % chitosan are a promising technique for preserving fruit quality attributes and did not display any changes in
appearance of fruits after 21 days of storage at 102c without decay.
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