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A B S T R A C T   

In this research work, hog plum (Spondius mangifera L.) was treated with Aloe vera gel (AVG) 
coating and paraffin wax-coated box (PWB) packaging and stored at ambient condition (25 ±
3 ◦C and 80–85% relative humidity) for 12 d to evaluate their impact on postharvest quality and 
storability. The physicochemical properties, microbiological analysis, and decay evaluation were 
analyzed throughout the storage period. The AVG and PWB coating treatments both demon-
strated a significant effect on the quality of fruits during storage. The results showed that fruits 
with AVG coating and PWB packaging exhibited lower decay rates, weight loss, color difference, 
total microbial population, total soluble solids, titratable acidity, and higher fruit firmness and pH 
than uncoated (control) fruits. The AVG coating was the most effective treatment, followed by the 
PWB packaging treatment. Our findings show that the AVG coating and PWB packaging treatment 
can be a promising solution for preserving the quality of hog plums and also helps in increasing 
the lifetime of hog plums during storage.   

1. Introduction 

Hog plum (Spondius mangifera L.) is considered a healthy fruit as it is abundant in proteins, minerals, dietary fibres, thiamin, 
riboflavin, and ascorbic acid with minimum calories [1]. Besides these, it is composed of many bioactive compounds like phenolics, 
flavonoids, and triterpenes, which serve numerous biological functions, such as antimicrobial, hypoglycemic index, antioxidant, and 
anti-inflammatory activities to the body [2]. Thus, the acceptability of this fruit spreads across different tropical parts of America, Asia, 
Africa, and Brazil [3]. It is a minor fruit in Bangladesh and is known as Amra. The annual production of hog plum in Bangladesh was 
40521 M. Tons in the fiscal year 2018–2019, and production has been increasing every year [4]. It can be used as homemade pickles, 
chutney, jam, soft drink powder, and even in raw form with salt and chilli powder for consumption [5,6]. The mature fruit of hog plum 
is abundant in acids and micro-and macronutrients that combine well with sugars and is used to make a range of traditional 
high-energy and refreshing beverages. Currently, it is regarded as a valuable resource for producing various industrial products and 
new medicines for various diseases [7]. 

However, its perishable nature is the major hindrance to its widespread application and makes it vulnerable all over the production 
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chain. The perishability of the fruit causes negative physicochemical changes, including weight loss, flesh softening, quality degra-
dation owing to microbial attack, and changes in sugar and acid content [8]. So, some preservation technologies were employed to 
extend the shelf-life of hog plum fruits, including irradiation [9], coating with cassava starch [10], and hot air convective drying [11]. 
Shelf-life enhancement with biodegradable films, edible coatings, and biodegradable packaging has become a novel approach for 
perishable fruits and vegetables [12]. They act as moisture and oxygen barriers during the processing, handling, and storage of fruits 
and vegetables, and their natural biocide activity not only delays deterioration but also improves safety [13]. It also helps to modify the 
environment surrounding fruits and decreases weight loss during transportation and storage [14]. The edible coatings are derived 
primarily from agricultural products and by-products that can be eaten in conjunction with the coated item [15]. 

Aloe vera gel (AVG) as an edible coating is gaining popularity in fruit coating since it is edible, eco-friendly, has no chemical 
reactions with fruits, and retains the taste of the fruits [16]. It also performs some biological functions, such as curing different burns, 
wounds, and cardiovascular and gastrointestinal issues [17]. The mucilaginous structure of aloe vera gel is abundant in poly-
saccharides. Among the other polysaccharides, the presence of acetylated-glucomannans in AVG, which provides a thick texture, is 
believed to be the most suitable for preparing edible coatings [18]. Furthermore, the presence of essential oils in AVG improves the 
physical appearance of fruits. The shelf life and quality of fruits have also been significantly improved using this gel. From the previous 
literature, it has been observed that AVG coating significantly reduced firmness losses, weight losses, and color changes in apple [19], 
blueberry [20], strawberry [21], papaya [22], and table grapes [23] compared to uncoated fruits. Moreover, it is also found that AVG 
coating resulted in higher antioxidant activity in jujube fruit [24], higher acidity and vitamin C, respiration rate, and antioxidant 
activity in blueberry [20], higher ascorbate peroxidase, peroxidase, superoxide dismutase, catalase activities, ascorbic acid, DPPH 
scavenging antioxidants and phenolics in persimmon [25] and lotus root slices [26], higher respiration rate, soluble solids content, 
titratable acidity in cornelian cherry [27], than uncoated fruits during storage. Moreover, AVG coating inhibited the decay incidence in 
strawberry and tomato [21,28]. 

In addition to edible coating, edible films and paper and paperboard packages are renewable source-based packaging materials that 
draw manufacturers’ interest [29]. Poor barrier characteristics of papers and paperboard packages against moisture, gas, aroma, and 
grease hinder their broad applicability in the industry, which can be adjusted using coating from various hydrophobic materials [30]. 
Improving the mechanical properties of papers and paperboards has been found to be achieved by the addition of several polymeric 
material coatings like alginate, celluloses, lipids, milk proteins, paraffin wax, starch, and zein. Among others, paraffin wax is widely 
accepted to avoid moisture and water vapor transmission in fresh fruits and vegetables because of its low polar chemical structure [31]. 
Additionally, paraffin wax coating can potentially preserve fruits and vegetables from being damaged during chilling and enhance 
their appearance. Its feasibility is related to its concentration during application as a coating on paper and paperboard [32]. 

To the best of our knowledge, no prior study has been conducted on the effect of AVG coating and paraffin wax-coated box 
packaging on the post-harvest qualities of hog plums while they are being stored, despite the fact they have potential roles of 
improving the post-harvest quality of hog plum. Therefore, the main aim of this research was to evaluate the impact of corrugated 
paperboard packaging coated with paraffin wax and AVG coating on the post-harvest qualities of hog plums during storage at room 
temperature. 

2. Materials and methods 

2.1. Sample collecting and preparation 

Uniform in maturity (collecting after 8–9 weeks of fruits set, when the endocarp was demarcated), size and shape, disease and 
damage-free (by visual observation) hog plum (Spondius mangifera L.) fruits were harvested by hand harvesting method from a local 
orchard in Dinajpur district (25◦ 38′ 11.6664″ N and 88◦ 38′ 10.7592″ E), Bangladesh. The pH of the orchard soil was 5.5, and the lime 
content was 4 kg/decimal, respectively. Fruits were placed in plastic crates and immediately transferred to the Food Engineering and 
Technology Laboratory of Hajee Mohammad Danesh Science and Technology University (Dinajpur, Bangladesh) under environmental 
conditions. The fruits were rinsed with running tap water to remove adhering dirt and dried using a gentle blower. The dried hog plum 
fruits were used for Aloe vera gel and paraffin wax box coating treatments. 

2.2. Preparation of aloe vera gel coating 

In this work, Aloe vera gel was extracted from mature aloe vera leaves, which are uniform in color, size, and disease-free aloe vera 
leaves, according to Parven et al. [22], with some modifications. The leaves were first washed under running tap water to eliminate dirt 
and then soaked for 5 min in 0.1% sodium hypochlorite. After drying, the gelatinous parenchyma was isolated from the leaves using a 
sharp stainless-steel knife. In a blender, the hydro parenchyma (colorless) was uniformly blended. The resulting mixture was then 
filtered through a sterile muslin cloth to eliminate fibrous fractions. Finally, the liquid gel fraction was obtained at the end of the 
process. The obtained gel was diluted with distilled water at a 1:1 (v/v) ratio, according to Hassanpour [33]. Then, the obtained 
mixture was pasteurized at 70◦C for 45 min, and subsequently, we cooled down the mixture to room temperature (25 ± 3 ◦C). The pH 
was adjusted to 4.0 with citric acid. 

2.3. Paperboard coating and conditioning 

The paraffin wax was melted at 80–85 ◦C. The paraffin wax coating (thickness about 1 mm) was applied onto the inner wall of the 
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corrugated paperboard (thickness − 3 mm, single wall, B flute) using the manual coating method. The dimension of paperboard was 9ʺ 
× 6ʺ × 6ʺ. After coating, the paraffin wax-coated paperboard (PWB) was dried for 24 h at room temperature. 

2.4. Experimental design and treatments 

The experiment was conducted in a completely randomized design (CRD) with three treatments: without coating (control) 
treatment, AVG coating treatment, and PWB packaging treatment. Fruits were coated according to the process reported by Chrys-
argyris et al. [28]. Fruits were washed in 0.05% sodium hypochlorite solution for 5 min before being rewashed with distilled water and 
dried before coating application at ambient temperature. The fruits were immersed in AVG concentration for 10 min. The coating 
solution was evenly applied to the entire fruit surface and allowed to dry at room temperature for 30 min. The dried AVG-coated fruits 
were stored in a paperboard box at ambient temperature. In another treatment, the uncoated fruits were kept in a paraffin wax-coated 
paperboard box (PWB) and uncoated paperboard box (control) and then stored at room temperature (25 ± 3 ◦C). The experimental 
set-up consisted of three treatments × three replications × six fruits per replication × five sampling intervals (with day 0) using 270 
fruits. The fruits were stored at ambient conditions (25 ± 3 ◦C and 80–85% relative humidity) for 12 d. The fruits were sampled on 
0 (before coating), 3rd, 6th, 9th, and 12th d of the storage period of application of the coating for various analyses. 

2.5. Physical and chemical quality of the fruits 

2.5.1. Total soluble solids content, titratable acidity, and pH 
Total soluble solids (TSS) of fruits were determined using a portable manual hand refractometer (HI 9601) from the extracted fruit 

juice of each fruit after removing skin and seeds. The pH of each sample (fruit juice) was determined by a digital pH meter (HI 2211 
pH/ORP meter, China) with a glass electrode [34]. Titratable acidity (TA) was analyzed by potentiometric titration of 5 mL of aliquot 
(5 gm extracted juice was diluted to 100 mL) using 0.1 N NaOH up to pH 8.1 with phenolphthalein indicator (0.1%) until the endpoint 
was reached. The result was expressed as a percent of citric acid per 100 g on a fresh weight basis. 

2.5.2. Weight loss 
Weight loss was measured according to the method described by Duan et al. [12]. A digital balance (model with accuracy) was used 

to measure the weight of each fruit sample on the first day and during each sampling day of storage. The weight loss of fruits was 
measured in a percentage using the following formula: percent weight loss = (Wo – Wf) × 100/Wo, where Wo is the initial weight of 
fruits, and Wf is the final weight of the fruit. 

2.5.3. Fruits firmness 
Firmness was measured using a texture analyzer (Probe TA39, TA-MTP) to measure the resistance of samples to penetration of a rod 

of 2 mm diameter for fruits. The rod was perpendicularly placed on the fruits and pressed until a gradually visible cut appeared, at 
which point the fruit firmness (kg/cm2) was recorded [28]. Each fruit was punctured around the equatorial area thrice, and the mean 
value was reported. 

2.5.4. Color value 
The color difference (ΔE) of fruit samples was determined following the Hunter color lab system (coordinate L, a, b) using a 

colorimeter (CR400, Konica Minolta). The results were the averages of three measured values along the equatorial axis for each fruit. 
The ΔE was calculated according to the following equation 

ΔE=

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(L ∗ − L˳)2
+ (a ∗ − a˳)2

+ (b ∗ − b˳)2
√

where “o” refers to the color reading of fresh samples used as control. 

2.5.5. Decay evaluation of fruits 
The severity of fruits’ decay was visually evaluated according to Chrysargyris et al. [28] during the storage period. The degree of 

fruit surface infection was assessed using a scale of 1–5. (Where: 1 denotes clean, no infection; 2 denotes trace infection; 3 denotes 
slight infection; 4 denotes moderate infection, and 5 denotes severe infection). Fruits with mycelia growth on the surface were 
considered to decay. Three different fruits per treatment and storage time were used to conduct the decay analysis. 

2.6. Microbial analysis of fruits 

10g sample was taken and homogenized in 90 mL of sterile peptone water using a stomacher (MIX 2, AES Laboratoire, Combourg, 
France). Serial dilutions were performed, and 1 mL of each dilution was poured onto plate count agar to determine the total plate count 
(total number of microorganisms). Plates were incubated at 37 ◦C for 24 h in an incubator. A Colony Counter (Stuart Scientific, UK) 
was used to count the total number of microorganisms over the 24 h incubation period. Serial dilutions were performed in triplicate. 
Microbes were counted on plates containing 30–300 colonies and multiplied by the dilution factor. The microbial population was 
expressed as colony-forming units (CFU) per g of the sample [17]. The fruits were sampled for microbial analysis on 0 (before coating), 
6th, and 12th d of the storage period of application of the AVG coating. 
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2.7. Statistical analysis 

A single factor completely randomized design (CRD) was used, and all data were analyzed statistically using statistical software 
SPSS (IBM SPSS Statistic 22). Duncan’s new multiple range tests (DMRT) were used to compare the mean difference at p ≤ 0.05. All 
results were expressed as the mean ± standard deviation. 

3. Results and discussion 

3.1. Firmness 

The firmness of the fruit flesh is one of the important quality characteristics that affect the storage ability [35] and consumer 
preferences [36] of the fruit. Fruits become softer and lose their firmness as a result of biochemical changes in cell wall fractions that 
involve hydrolytic reactions that lead to the breakdown of cell-wall polymers such as cellulose, hemicelluloses, and pectin, among 
others [37] and the decrease in turgor pressure in the cell [38] when the maturation is in progress. The hydrolytic enzymes poly-
galacturonase, pectin methyl esterase, pectate lyase, rhamnogalacturonase, cellulase, galactosidase, and others, cause various hy-
drolytic reactions [39]. This study also observed that the firmness of fruits was affected by coating types and the storage period, as 
shown in Fig. 1. The firmness of hog plum decreased with an increase in storage time in both control and treated fruits. The firmness of 
the hog plum was in the range between 2.27 kg/cm2 and 0.98 kg/cm2. The AVG coating treatment on hog plum possessed significantly 
higher firmness of 1.69 kg/cm2 compared to PWB packaging treatment (1.39 kg/cm2) and uncoated hog plum (0.98 kg/cm2) at the last 
day of storage. Application of AVG coating on the fruit’s surface could delay the fruit flesh from softening during storage by lowering 
the activities of the enzymes polygalacturonase, pectin methylesterase, and galactosidase in fruit [17,40]. The coating on the surface of 

Fig. 1. Firmness changes of hog plum during storage. Different letters show the significant difference between treatments at the specified storage 
day (P < 0.05). 

Fig. 2. Percent weight loss of hog plum during storage. Different letters show the significant difference between treatments at the specified storage 
day (P < 0.05). 
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the fruit acts as a barrier to water diffusion and prevents dehydration, resulting in a reduced loss of firmness [41]. Furthermore, the loss 
of firmness of the stored fruits could be due to the transformation of insoluble pectin into soluble form while storage [42]. Khan et al. 
[19] and Parven et al. [22] found that the AVG coating on apple and papaya, respectively minimized the loss of firmness during 
storage. Other similar studies by Rasouli et al. [43] and Totad et al. [44] reported that AVG coating delays the softening of the fruit 
flesh during storage. In contrast, Islam et al. [24] observed no effect on the fruit flesh firmness after harvest. 

3.2. Weight loss 

The weight loss of fruits causes economic concerns since it leads to a deterioration in both the structural quality of the fruit and its 
visual attractiveness. Generally, it is assumed that the weight loss of fresh fruits and vegetables occurs through the peel, which is 
influenced by the vapor pressure gradient between the fruit tissue and the surrounding atmosphere. This gradient can cause senescence 
through metabolic reactions such as ethylene production [45]. Water loss in fresh fruit may cause by the decrease of carbon reserves in 
the fruit due to respiration and transpiration [46]. As a result, water is easily released through the peel by transpiration, which also 
allows for the removal of several other soluble substrates. As stated in past research [20,22], in this study, the weight loss of fruits 
gradually increased throughout the storage period for all treatments, as shown in Fig. 2. Coating treatments demonstrated a significant 
effect on the reduction of weight loss of hog plum compared to control. Percent water loss ranged from 4.13 to 9.37% at the end of the 
storage. The AVG coating treatment showed a better effect compared to the PWB packaging treatment and control after 12 d of storage. 
The results in this present study exhibited that AVG coating treatment and PWB packaging treatment effectively reduced the percent 
weight loss of hog plum compared to the control treatment, probably, the coating may function as a protective barrier on fruits and 
their surroundings, reducing foreign exchange and moisture loss [47]. The loss of water from fruits might be influenced by light, 
temperature, maturation, and oxidation, resulting in increased weight loss [22]. The percent weight of hog plums during storage is in 
line with the findings of Freitas et al. [10]. Silva et al. [48] reported that the edible coating may prevent water loss, sugar accumu-
lation, and starch breakdown. The AVG coating on apples [19] and papaya [22] also demonstrated a similar reduction trend in weight 
loss of these fruits during storage. 

3.3. Total soluble solids 

The total soluble solids (TSS) content of fruits has the greatest impact on how it tastes when eaten. With the maturation of the fruit, 
the TSS increases as a consequence of the hydrolysis of the polysaccharides not dissolved in simple sugars [49]. In our study, the 
coating treatments and storage time demonstrated a significant effect on the TSS of hog plums. Like previous studies [22,25], in this 
current study, a gradual increase in TSS content was noticed in all treatments throughout the storage period, as shown in Table 1. The 
control fuits had a significantly higher level of TSS content of 8.92◦Brix compared to the PWB packaging treatment (8.19◦Brix) and 
AVG coating treatment (7.95◦Brix) at the end of 12 d of storage. The coating treatments were found to reduce the TSS content during 
the storage of hog plums. The AVG coating and PWB packaging treatments showed statistically the same effect on the TSS content of 
fruits throughout the storage. The gel barriers around the fruit and/or the paraffin wax coating on the interior surface of the box may 
have changed the internal atmosphere by reducing oxygen and/or raising carbon dioxide levels, suppressing ethylene production [22]. 
According to Barakat et al. [50], increase in TSS content with storage time in climacteric fruits is common. Rodriguez et al. [51] stated 
that the breakdown of pectin and the transformation of carbohydrates into simple sugars throughout storage due to the metabolic 
functions of the tissues could lead to an increase in TSS. Shahkoomahally and Ramezanian [52] also reported that the TSS of fruits 
increases, possibly due to the higher water and weight loss during storage. A similar effect of AVG coating on the TSS content has been 
observed for strawberry [53] and apples [19]. 

3.4. Titratable acidity and pH 

Titratable acidity (TA) and pH are two important parameters for determining the freshness of fruit and are directly correlated since 

Table 1 
TSS, TA, and pH of AVG and PWB coated hog plum during storage interval.  

Parameter Storage (day) 

Treatment 0 3 6 9 12 

TSS (◦ Brix) Control 7.50 ± 0.33Ad 7.78 ± 0.19Acd 8.19 ± 0.32Abc 8.58 ± 0.21Aab 8.92 ± 0.16Aa 

PWB coated hog plum 7.51 ± 0.42Ab 7.53 ± 0.38Ab 7.97 ± 0.11Aab 8.12 ± 0.11Ba 8.19 ± 0.34Ba 

AVG coated hog plum 7.5 ± 0.05Ab 7.67 ± 0.18Aab 7.73 ± 0.22Aab 7.76 ± 0.08Cab 7.95 ± 0.13Ba 

TA Control 0.18 ± 0.03Ad 0.37 ± 0.05Ac 0.56 ± 0.06Ab 0.72 ± 0.04Aa 0.77 ± 0.05Aa 

PWB coated hog plum 0.20 ± 0.03Ad 0.27 ± 0.04Bd 0.36 ± 0.03Bc 0.51 ± 0.04Bb 0.67 ± 0.05Ba 

AVG coated hog plum 0.19 ± 0.02Ad 0.23 ± 0.03Bd 0.30 ± 0.03Bc 0.38 ± 0.04Cb 0.47 ± 0.05Ca 

pH Control 3.20 ± 0.08Aa 2.92 ± 0.05Bb 2.73 ± 0.07Bc 2.68 ± 0.03Bc 2.54 ± 0.02Bd 

PWB coated hog plum 3.17 ± 0.07Aa 2.93 ± 0.05Bb 2.81 ± 0.05Bc 2.71 ± 0.05Bc 2.60 ± 0.08Bd 

AVG coated hog plum 3.17 ± 0.04Aa 3.06 ± 0.05Ab 2.98 ± 0.07Abc 2.94 ± 0.05Acd 2.86 ± .03Ad 

Note: Control: Untreated fruit; AVG: Aloe vera gel; PWB: Paraffin wax-coated paperboard box packaging. Values with different superscript letters in a 
row (small letter) and a column (Capital letter) are significantly different (P < 0.05). Data are represented as mean ± SD. 
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the pH value is defined based on acid compounds. In our study, the TA and pH were affected by coating treatments and storage time. 
All the treatments showed a significant increase in TA and a decrease in pH with the increase in storage period, as summarised in 
Table 1. At 12 d of storage, the TA values varied from 0.47 to 0.77, where the lowest value of TA (0.47) was found in AVG-coated hog 
plums. The pH ranged from 2.86 to 2.54 at the end of the storage, with AVG-coated hog plums having the highest pH of 2.86. This 
finding is similar to Freitas et al. [10], who investigated hog plum coated with cassava starch and PVC film. In general, TA content 
decreases [24,25] and pH increases [33] during storage, probably due to organic acids serving as a substrate for respiration during the 
ripening or maturing of the fruit. However, an increase in TA in our study could be caused by anaerobic respiration (increased CO2 
concentration and decreased oxygen concentration), which may affect the glycolytic enzyme system, leading to a build-up of acids in 
fruits [54]. In this current investigation, the AVG coating and PWB packaging treatments were found to reduce the increase of TA and 
decrease of pH. 

3.5. Color values 

One of the most important consumer expectations for fruit acceptance is the color of the fruit. Consequently, it is essential to ensure 
that the fruit keeps its proper color while it is being stored. The increase in the breakdown of chlorophyll, the accumulation of an-
thocyanins, and the acceleration of the carotenoid synthesis due to a rise in ethylene in the fruit promotes the color change of the fruit 
after harvest [55]. Applications of edible coatings can alter the fruit surface qualities that prevent discoloration by delaying changes in 
anthocyanin and total phenolic contents [56]. In our study, the color difference (ΔE) for all treatments was increased gradually from 
harvest color with the increase in storage period, as presented in Fig. 3. The control demonstrated a higher color difference compared 
to PWB packaging and AVG coating treatment, but the values were not statistically significant up to nine days of storage due to a high 
standard deviation from the mean. The total color difference of AVG coating treatments was significantly lower than the control at the 
end of the experiment (12 d). Chlorophyll transforms into other pigments and synthesizes carotenoids and anthocyanins, which causes 
color changes [57]. According to another study, color changes and softening occur due to the degradation of cell wall components by 
hydrolytic enzyme activity during ripening and post-harvest storage [58]. The AVG coating and PWB packaging of fruits modify its gas 
permeability by acting as a barrier. This modified atmospheric condition may slow down the process of color changing in fruits 
externally and internally, delaying chlorophyll degradation and carotenoid synthesis [34]. In this experiment, the AVG coating 
treatments retained the color of hog plum peel throughout the storage better than the PWB coating treatment. A similar effect of AVG 
coating on the color change of papaya [22] and strawberry [21] has also been reported. 

3.6. Decay evaluation 

The visual decay evaluation of the control, treated hog plum is shown in Table 2. There were no evident signs of decay in PWB- 
packed hog plum and AVG-coated hog plum until 3 d and 6 d. The infection of fruits increased significantly after the third day of 
storage for PWB-packed hog plum and after six days of storage for AVG-coated hog plum, with soft rot spot growth and shrinkage 

Fig. 3. Total color difference (ΔE) of AVG and PWB coated hog plum during storage. Different letters on bar chart show the significant difference 
between treatments at the specified storage day. (P < 0.05). (For interpretation of the references to color in this figure legend, the reader is referred 
to the Web version of this article.) 

Table 2 
Effect of AVG coating and PWB packaging on decay incidence of hog plum during storage.  

Treatment Storage (day) 

0 3 6 9 12 

Control 1 ± 0.00Ad 1 ± 0.00Ad 1.63 ± 0.06Ac 2.27 ± 0.12Ab 2.63 ± 0.12Aa 

PWB coated hog plum 1 ± 0.00Ad 1 ± 0.00Ad 1.23 ± 0.06Bc 1.83 ± 0.12Bb 2.17 ± 0.06Ba 

AVG coated hog plum 1 ± 0.00Ac 1 ± 0.00Ac 1.03 ± 0.06Cc 1.53 ± 0.10Cb 1.97 ± 0.06Ca 

Note: Control: Untreated fruit; AVG: Aloe vera gel; PWB: Paraffin wax-coated paperboard box packaging. Values with different superscript letters in a 
row (small letter) and a column (Capital letter) are significantly different (P < 0.05). Data are represented as mean ± SD. 
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continuing until the end of the storage period for both treatments. AVG coating, PWB packaging, and control treatment secured 1.97, 
2.17, and 2.63 values at the 12 d of storage. The results of decay evaluation exhibited that the AVG coating had a lower infection score 
than PWB packaging and control throughout the storage period, which is consistent with the previous research showing that the 
application of AVG coating could increase resistance against decay substances in table grapes [23], strawberry [47], and orange fruit 
[43]. 

3.7. Microbial population 

The edible coating can improve food safety by slowing or preventing the growth of microorganisms. Aloe vera gel, as an edible 
coating, has antimicrobial activity against Gram-positive than Gram-negative bacteria [59] and antifungal activity against Rhizopus 
stolonifer, Bortrytis cinerea, and Penicillium digitatum [60]. In our research, the AVG coating and PWB coating treatments lowered the 
growth of microorganisms during storage at room temperature, as summarised in Table 3. After harvesting, the microbial population 
was found to be 1.2 × 103 CFU/g. Microbial load increased with an increase in storage period. Both coating treatments lowered the 
microbial growth more than the control at the end of storage, where the AVG coating treatment possessed the better result. After 12 
d of storage, the total microbial population in control was 1.5 × 107 CFU/g, whereas in the AVG-coated and PWB-coated hog plum, 1.2 
× 105 CFU/g and 1.4 × 106 CFU/g, respectively. According to Albanese et al. [61], an edible coating is effective at delaying microbial 
proliferation because it creates a layer on the fruit’s surface that reduces water activity on the surface of the fruit. A reduction of 
microbial growth after the application of AVG coating has also been reported for lotus root slices [26], Persian walnut [62], and grapes 
[17] during storage. 

4. Conclusion 

This research has found that AVG coating and PWB packaging affected hog plum fruit post-harvest quality. AVG coating and PWB 
coating treatments prevent water loss, loss of firmness, and skin color changes in fruits during storage. The AVG coating treatment was 
noticed to provide a better effect compared to the PWB coating treatment and control. These results indicate that AVG coating could be 
used as an environmentally friendly non-chemical treatment to preserve the quality of hog plum fruit and increase its post-harvest life 
when stored at 25 ± 3 ◦C. Additional research is required on the coating qualities of AVG, the packaging properties of PWB coating, 
and the antioxidant characteristics of hog plum fruits. Furthermore, more research is needed to determine the underlying correlation 
between AVG treatment and hog plum fruit antioxidant capacity. Therefore, the study suggests that the AVG coating and PWB 
packaging could be considered an eco-friendly treatment to maintain the quality of hog plum fruits and to increase the lifetime at 25 ±
3 ◦C storage condition. 
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