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Abstract
Edible coatings for fruits and vegetables are the subject of intensive agro-based research. These coatings provide value 
to the product due to their multifunctionality and sustainability. The current study focuses on the development and 
evaluation of plant-based edible active coatings for Jara lebu (Citrus medica), with the aim of determining the effective-
ness of these coatings in extending the shelf-life and preserving the quality attributes. Different blends of corn starch 
and various plant extracts were formulated and all formulations were applied by immersion onto the fruit surface. The 
study had five treatment groups: T0, T1, T2, T3, and T4. T0 served as the control group, while T1 consisted of a mixture 
of 2% corn starch and 0.5% glycerol. T2 included a combination of 2% corn starch, 0.5% glycerol, and 1.5% holy basil. T3 
comprises 2% corn starch, 0.5% glycerol, and 1.5% wild turmeric. Lastly, T4 consisted of 2% corn starch, 0.5% glycerol, 
and 1.5% Indian pennywort. Control and coated samples were kept under the same conditions for 35 days before being 
evaluated for changes in their physiological, physicochemical, and sensory qualities. Coated sample T2 significantly 
prolonged the shelf-life of Jara lebu samples, having the least weight reduction (26.25%) and retaining most of the 
essential nutrients (TSS = 7.09%, pH = 3.0, vitamin C = 22.03 mg/100 g, TPC = 44.57 mg GAE/g DW, TFC = 45.24 mg QE/g 
DW, antioxidant = 86.09%). This sample received the highest overall acceptability score, a maximum of 8.24. Sensory 
evaluations revealed no adverse effects on taste, aroma or appearance, suggesting these coatings can be an eco-friendly 
and efficient method for preserving the freshness and quality of Jara lebu and potentially other citrus fruits.
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1 Introduction

Citrus fruits are globally esteemed for their palatable taste, abundant nutritional composition, and convenient acces-
sibility, hence prompting their cultivation in tropical and subtropical regions [1]. Jara lebu (Citrus medica), commonly 
known as Citron, is a fruit indigenous to Southeast Asia [2]. The edaphic and climatic conditions in Bangladesh, par-
ticularly in the Sylhet region, are favorable to the growing of citrus fruits. As a result, an estimated annual production 
of around 1293 MT of lime and lemon is cultivated in Bangladesh [3]. Among these, Jara lebu is famous in the Sylhet 
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region, and the fruit skin is eaten raw with rice [4]. Based on the data provided by the Department of Agricultural 
Extension (DAE), it can be observed that Bangladesh’s yearly export of Jara lebu amounts to approximately 100 MMT 
[5]. However, a significant proportion of lemon, up to 30%, is annually lost due to inadequate post-harvest manage-
ment [6]. There is a pressing need to mitigate post-harvest spoiling by implementing novel technologies that can 
enhance the shelf-life of Jara lebu. One effective method for extending the duration of fruit shelf-life has entailed 
the utilization of suitable coating materials applied to the outer layer of the fruit peel [7]. Applying an edible coating 
to the outer surface of fruits is a highly effective method for improving the shelf-life of the fruit, in addition to the 
material surface coating. Coating materials applied on natural fruit do not alter its texture or flavor. Instead, they 
create a barrier that hinders the fruit’s ripening mechanism, therefore delaying the ripening process by limiting gas 
exchange [8].

In contemporary times, the majority of citrus fruits that are harvested for commercial purposes are subjected to 
a process known as waxing, wherein a synthetic fungicide coating is applied to the fruits within packing facilities. 
This practice has been found to have adverse effects on both human health and the environment. Food businesses 
face significant challenges in managing the postharvest phase of citrus fruits to minimize losses during the supply 
chains. In order to mitigate postharvest losses, many strategies have been employed to extend the shelf-life of fresh 
produces. When considering the health of consumers, one of the most effective options to enhance the shelf life of 
fruits after they are harvested is the use of edible coatings, which are ecofriendly solutions [9]. Edible coatings have 
demonstrated considerable potential in prolonging the shelf-life of diverse fruit items, exhibiting comparable efficacy 
to traditional coating methods. Edible coatings are formulated using biodegradable and edible ingredients derived 
from natural sources, thereby addressing environmental considerations and meeting consumer preferences. Edible 
coatings have proven to be an effective kind of primary packaging that delays the ripening process and maintains 
the nutritious properties of the product [10].

There are multiple compelling reasons that have led to a growing interest in plant-based edible coatings. To begin 
with, these coatings frequently originate from renewable resources, so establishing their status as sustainable solu-
tions. The incorporation of various bioactive compounds into plant-based products improves the overall quality and 
lifespan of perishable foods as a result of their natural adaptability [11]. The utilization of bio-active plant extracts as 
a substitute for synthetic post-harvest treatments has been shown to greatly enhance antioxidant and antibacterial 
efficacy. The utilization of an active edible coating provides several advantages. These coatings are utilized on the 
external layer of a fruit in order to inhibit the process of dehydration and the occurrence of contamination. Edible 
coatings are used to safeguard food products from environmental damage, including oxidation, moisture loss, and 
microbial growth [12].

The use of edible plant-based coatings is not only a pragmatic approach, but also reflects the holistic character of 
traditional practices in regions where the fruit is indigenous. The presence of fungal and mold growth in citrus fruits 
poses a significant risk to human health due to the abundant generation of mycotoxins. P. digitatum, P. italicum, and 
G. candidum are the primary fungal infections that cause spoilage and postharvest disease in citrus fruits, resulting 
in economic losses [11]. Researchers have discovered that plant extracts can be used effectively in food preserva-
tion to prevent the deterioration of food by providing them with antimicrobial protection [13]. The modernization 
of these practices could therefore pave the way for more sustainable and health-conscious preservation techniques. 
Prior research has shown that using sustainable coating materials on freshly harvested citrus fruits is an efficient 
postharvest technique that improves quality and prolongs the time they can be stored. This is accomplished by 
enhancing the fruit’s visual aesthetics and reducing postharvest losses [14]. Nevertheless, the development of a 
proficient edible coating necessitates thorough and meticulous research. Several factors have been identified as 
significant determinants of the effectiveness of a coating. These factors include the selection of the base material, 
the inclusion of active components, the application method employed, and the interaction between the coating and 
the surface of the fruit [15]. It is also important to comprehend the physicochemical characteristics, biodegradability, 
and potential sensory impacts of the fruit coating in order to ensure customer acceptance. A primary objective of 
this research was to assess how effective these coatings were at extending the shelf-life and maintaining the quality 
of Jara lebu. The study measured various physiological, physicochemical, and sensory qualities to determine this. In 
this context, the objective of this study was to develop and evaluate an active edible coating made of corn starch 
and various plant extracts (Holy basil, Wild turmeric, and Indian pennywort) to increase the shelf-life of Jara lebu 
in a sustainable way, thereby reducing post-harvest losses and quality attributes of this valuable fruit. The major 
contributions of this study are:
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a. The research presents innovative edible coatings made from plant-based materials. The combination of natural 
ingredients for edible coatings is relatively unexplored, especially for citrus fruits like Jara lebu.

b. The study underscores the sustainability of using plant-based materials for food preservation, highlighting the eco-
friendly nature of the coatings and their efficiency in maintaining fresh quality.

c. The research demonstrates the effectiveness of these coatings in significantly extending the shelf-life of Jara lebu 
by reducing weight loss and maintaining essential nutrients. This contribution is crucial for agricultural economics 
and food sustainability.

Although the study focuses on Jara lebu, the successful application of these coatings suggests potential adaptability 
to other citrus fruits, which could broaden the impact of the research.

2  Materials and methods

2.1  Experimental site and plant materials

The research was carried out at the laboratories of the Food Engineering and Technology Department and the Horticul-
ture Department at Sylhet Agricultural University, Sylhet, Bangladesh. Jara lebu (Citrus medica) samples were collected 
from Jaintapur, Sylhet. In order to get bioactive extract concentrations, plant materials including holy basil (Ocimum 
tenuiflorum), wild turmeric (Curcuma aromatica), and Indian pennywort (Centella asiatica) were gathered from various 
locations within the Sylhet and Mymensingh regions of Bangladesh. The corn starch (Merck, Germany) used for the 
preparation of the basic coating was obtained from a nearby scientific store located in Sylhet city. All other chemicals 
used in this study were from Merck, Germany.

2.2  Preparation of plant extract

The mature leaves of holy basil, wild turmeric, and Indian pennywort were gently washed with 2.5% chlorine solution. 
The wild turmeric was peeled and subsequently pulverized using a blender. Holy basil and Indian pennywort were indi-
vidually ground using a blender. The resultant mixture underwent filtration in order to eliminate the presence of fibers. 
The pasteurization process involved subjecting each plant extract to a temperature of 70 °C for a duration of 45 min. 
After immediately cooling the plant extract to room temperature, 1.9–2.0 g  L−1 ascorbic acid was added to stabilize it. 
To regulate the pH at a level of 4, citric acid was introduced at a concentration of 4.5–4.6 g per L [16].

2.3  Preparation of active edible coating

The use of 2% corn starch [9] as a commercial gelling agent prior to usage as a coating agent resulted in enhancements 
in both the viscosity of the stabilized substance and its coating efficiency. Subsequently, the gel was placed in a brown 
amber bottle in order to mitigate the effects of oxidation [17]. The mixture of 2 g corn starch and 100 mL distilled 
water was heated at 100 °C for continuous heating on a magnetic stirrer until total dissolution was achieved, which 
took approximately 30 min. The combination was subsequently cooled to ambient temperature, which typically ranges 
between 28 and 35 °C. The solution was mixed with 1.5% (w/v) of each plant extract, which was added one at a time and 
stirred for two to three minutes to make the mixture smooth [18].

2.4  Coating of fruits

Fresh limes of comparable size, color, and firmness were sorted and subjected to a cleaning process involving immersion in 
a 0.5% solution of commercial bleach for a duration of three minutes [19]. Subsequently, the limes were thoroughly washed 
and let dry naturally. Five lemons were coated for each batch of coating formulations. The study had five treatment groups 
and the details are shown in Table 1. Lemons were submerged in the coating solution for 30 s, then withdrawn for 10 s. The 
operation was conducted three times, involving one instance of suspension and one instance of coating. The lemons were 
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subjected to a coating process and afterwards underwent a two hr period of allowing excess coating solution to drop off at 
ambient temperature and with airflow. In order to ensure the application of the coating, the samples were thereafter sub-
jected to air drying at ambient temperature for a minimum duration of 30 min. Samples were stored at room temperature 
and 80–85% relative humidity for 35 d.

2.5  Determination of physiological and physicochemical characteristics

2.5.1  Firmness

The determination of the firmness of the sample was conducted in accordance with the procedure outlined by Formiga 
et al. [20]. The evaluation of the firmness of the entire sample, including both the skin and flesh, was conducted utilizing a 
texture analyzer  (Agrosta®100, Agrosta SARL, Serqueux, France). The texture analyzer employed a load cell with a maximum 
capacity of 10 kg and a maximum penetration speed of 27 mm/s. A probe with a diameter of 10 mm was utilized to assess 
the firmness of the material. The measurements were conducted on the entire fruit. The probe was inserted into the fruit at 
a velocity of 27 mm/s, with a penetration depth of 1 mm, and afterwards retracted to its initial position. In three locations, 
1 cm incisions were made to test the samples’ skin and flesh hardness.

2.5.2  Weight loss

The measurement of weight loss in the sample was conducted according to the methodology outlined by Ahmed et al. [21]. 
The net weight was determined using a laboratory-grade electronic weighing balance (Model: ATY 224, Shimadzu, Kyoto, 
Japan) with a precision of 0.0001 g. The data was collected at regular intervals of 5 d during a period of 35 d. By comparing 
the initial and final weights at various times, weight loss of each samples were measured. This value was then reported as a 
percentage, relative to the initial weight.

2.5.3  Color

The color of the plant extract samples was assessed utilizing a colorimeter (PCE-CSM4 model, PCE Instruments, UK), follow-
ing the procedure given by Zinia et al. [22] with certain modifications. The measurements encompassed brightness (L*), red/
green (a*), yellow/blue (b*), chromaticity (C), and hue angle (h°). The color of each sample was assessed at three points, and 
the average of three observations was used to calculate L*, a*, and b*. The calculation of color differences (ΔE) was performed 
by means of the following equation, in relation to the control [23].

2.5.4  Total soluble solids (TSS), titratable acidity (TA), pH, and vitamin C

The measurement of total soluble solids (TSS) was conducted using a refractometer (Bellingham + Stanley, UK) at a tem-
perature of 30 °C, with the findings being reported in °Brix. The titratable acidity was assessed using a method outlined 
by the Association of Official Agricultural Chemists (AOAC) [24], with some adjustments made. Juice was diluted by mix-
ing 4 mL with 25 mL of distilled water. The solution underwent homogenization and was thereafter titrated with a 0.1 
N solution of sodium hydroxide (NaOH). The titration process involved the addition of 2 drops of phenolphthalein as an 
indicator. The determination of vitamin C in the sample was evaluated utilizing a modified methodology derived from two 

(1)Overall color change(ΔE)= [(ΔL ∗)2 + (Δa ∗)2 + (Δb ∗)2]
1∕2

Table 1  Treatment details of 
plant-based edible coatings 
for Jara Lebu

Identifiers Treatment details

T0 Control group
T1 2% corn starch + 0.5% glycerol
T2 2% corn starch + 0.5% glycerol + 1.5% (w/v) holy basil
T3 2% corn starch + 0.5% glycerol + 1.5% (w/v) wild turmeric
T4 2% corn starch + 0.5% glycerol + 1.5% (w/v) Indian pennywort
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contemporary studies [25, 26]. The absorbance measurement was performed using a UV–Vis spectrophotometer (Model: 
UV-1800, Shimadzu, Kyoto, Japan) at 266 nm wavelength. The vitamin C concentration in the sample was measured in 
mg/mL, utilizing the ascorbic acid standard curve with a coefficient of determination (R2) value of 0.9955. The pH value 
was measured using a digital pH meter (Model: HI-2211, Hanna Instrument, USA). In the course of the analysis, a 5 mL 
volume of fruit juice was subjected to homogenization with 45 mL of distilled water. Subsequently, the electrode was 
submerged into the homogenized solution, and the corresponding reading was properly recorded.

2.5.5  Total phenol content (TPC), flavonoid content, and antioxidant activity

Folin-Ciocalteu reagent was used to measure total phenol content (TPC) using gallic acid as the reference standard [27]. 
The determination of antioxidant activity was conducted using two methods: the 2, 2-diphenyl-2-picrylhydrazyl (DPPH) 
method [28] and the ferric reducing antioxidant power assay (FRAP) [29]. Methods developed by Hajlaoui et al. [30] were 
used to calculate total flavonoid content, with certain adjustments as outlined by Naeem et al. [31].

2.6  Sensory analysis

An untrained group of 50 people (24 men and 26 women) with a median age of 25, who were familiar with the fruit, were 
recruited to do sensory evaluations. The main eligibility requirement for panel testers was their proficiency in discerning 
the taste, aroma, and color of the juice. In the periods between sample assessments, the panelists were instructed to do 
oral rinsing using drinking water. The sensory attributes of the juice samples, including taste, color, aroma, and overall 
acceptability, were evaluated using a nine-point hedonic scale. A rating of 9 indicated extreme liking, while a rating of 
1 indicated extreme disliking.

2.7  Shelf‑life study

The study on shelf-life was carried out through the observation and evaluation of several physicochemical and micro-
biological parameters of both the sample and the juice derived from it.

2.8  Statistical analysis

The results are presented as means ± standard deviations. A one-way analysis of variance (ANOVA) was used to compare 
the various treatments. A comparison test with a significance level of p < 0.05 was used to evaluate whether there were 
significant differences between mean values. SPSS 16.0 software (SPSS Inc., Chicago, IL) was used for the statistical 
analysis.

3  Results and discussion

3.1  Fruit firmness and weight loss

The firmness of fruit is a significant attribute in post-harvest quality assessment due to consumer preference for 
firmer fruits over softer ones [32]. Figure 1 depicts the firmness of the fruit samples throughout storage. Regard-
less of edible coating treatments, the fruit firmness of Jara lebu deteriorated with increasing storage length till 20 
d of storage. For instance, on the very first day of storage, there was hardly any difference in fruit firmness across 
the treatments, but it fell to 10.22, 12.22, 12.45, 12.12, and 12.12 kg/cm2 for T0, T1, T2, T3, and T4, respectively, after 
20 d of storage. Control treatments were shown to have a faster loss in fruit firmness than other treatments. Fruit 
firmness and shriveling are caused by a loss of pectic compounds in the cell wall’s middle lamella, which leads to a 
loss of cell wall integrity and softening and shriveling [33]. Loss of firmness during storage may be attributed to fruit 
senescence, which occurs when fruit is exposed to conventional storage conditions for an extended period of time 
and give consumers an unattractive visual appearance [34]. Within 20 d of storage, fruit firmness increased stead-
ily in all treated and untreated fruits, reaching levels comparable to the first day of storage after 35 d. Long-term 
storage in typical room settings may cause skin hardening due to water loss and wrinkles, resulting in a high firm-
ness value [35]. In contrast, both the control and coated samples lost weight steadily over time while being stored 
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(Fig. 1). The control sample (T0) differed significantly from other samples. After 20 d, the proportion of weight loss 
in the control group was much higher. T1, T2, and T3 samples were similar (about 30%), with T2 exhibiting the least 
weight reduction (26.25%). At the 35th d, the control therapy had the greatest weight reduction (53.31%), while the 
T2 treatment had the least (36.24%). The primary cause of water loss from the surface of the fruit is respiration and 
transpiration and edible films and coatings offer a potentially efficient method for preserving fresh fruits by minimiz-
ing moisture loss [36]. Because of the hydrophilic nature of the edible coating, more water is retained, resulting in a 
decrease in transpiration and respiration rate. Plant extracts can change the physicochemical properties of coated 
fruits and boost their water-binding capability. Although starch coatings have a high water vapor permeability, the 
inclusion of plant extracts can improve their moisture barrier properties. These findings are consistent with those of 
Adetunji et al. [16] and Shanta et al. [25], who indicated that coatings or films preserved water content significantly.

3.2  Color

The findings indicated that the color indices L* (lightness/darkness), a* (redness/greenness), and b* (yellowness/
blueness) underwent significant shifts over the storage period (Fig. 2). The lightness of both the control and coated 
samples exhibited a gradual increase throughout the storage period. The control samples exhibit a higher rate of 
increase in the L value compared to the coated samples. Since L is a measure of the lightness–darkness axis, this 
increase in value is evidenced by the disappearance of the darker green color and resulting appearance of the 
lighter yellow color [37]. The findings indicated that the a* values of the coated samples were significantly more 
negative, and thus, the color of the coated ones seemed greener compared to the control samples (p < 0.01). The 
transition of the a* value from negative to positive often signifies a decrease in the green color intensity of the 
samples. The b* value also exhibited a comparable trend, indicating significant (p < 0.01) increases over time for 
both the control and coated samples. This can be attributed to the presence and increase of carotenoid pigments 
as chlorophyll degrades. Similar findings can be observed from the findings of Maftoonazad & Ramaswamy [37].

3.3  TSS, TA, and pH

Figure 3 presents the TSS, TA, and pH content of Jara lebu samples during the storage periods. Irrespective of the 
post-harvest treatments applied, the TSS exhibited an increase during the storage period (Fig. 3a). The control treat-
ment (T0) exhibited a higher observed change in TSS, while the T2 treatment showed a lower change in TSS at the 
end of the storage period. TSS may have increased due to the breakdown of polysaccharides (starch, pectin, and other 
insoluble carbohydrates) to simpler sugars such as glucose and fructose [32]. Edible coating treatments may delay 

Fig. 1  Firmness value (a) and weight loss % (b) of the Jara lebu samples during the 35 d storage period
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Fig. 2  L* value (A), a* value (B), and (C) b* value of the Jara lebu samples during the 35 d storage period
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TSS increase due to delayed ripening, lower metabolic activity due to intact fruit peel, and slower senescence [38]. 
A gradual decrease in TA is also observed in the control and coated samples throughout the storage period (Fig. 3b). 
Upon reaching the end point of the storage period, it becomes noticeable that the T2 sample exhibited the least 
amount of reduction, but the control sample experienced a greater decrease, followed by T1, T4, and T3, in descending 
order. Same type of trend in acidity can be observed in the study by [32] and [39]. The pH fluctuations of Jara Lebu 
resulting from various coating treatments are depicted in Fig. 3c. Until the fifth day, the pH levels of all the samples 
remained quite constant. After that a significant increase is seen in all samples. Following the storage period, the T2 
sample had a comparatively lower rise in pH levels, whereas the control group demonstrated a large increase in pH 
values. The observed gradual alteration in pH aligns with the findings presented by [39]. This phenomenon exhibits 
potential promise as it is attributed to the oxidation of acid during storage, leading to an increase in pH levels. This 
observation aligns with the conclusions drawn by [40].

Fig. 3  a TSS, b TA, and c pH 
values of the Jara lebu sam-
ples during the 35 d storage 
period
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3.4  Vitamin C

The application of the coating influenced the concentration of vitamin C in the citrus fruits. Over the course of the 
storage period, there was a gradual decline in the overall vitamin C concentration on a daily basis. Figure 4 shows that 
control samples had considerably lower ascorbic acid content after 5 d of storage than other coated samples. After 15 
d, there was a significant difference between T0 (29.12 mg/100 g) and T3 (33.67 mg/100 g). The vitamin C concentration 
of coated samples was considerably different from control samples after 30 d of storage where T3 and T4 retained sub-
stantially more vitamin C than other treatments. On the final day of the storage period, the maximum level of vitamin 
C retention was observed in T4 (26.87 mg/100 g) treatments and, there was a similarity among T2 (22.03 mg/100 g), T3 
(22.98 mg/100 g). Evidence from edible coatings corroborated findings of [41] that vitamin C degraded more slowly. 
The observed decline in ascorbic acid concentration may be attributable to alterations in metabolic processes and an 
elevation in acidity levels associated with certain coating materials. During storage, coating made it easier for ascorbic 
acid to dissipate into de-hydro ascorbic acid by reducing the rate of respiration and maturation [31]. These findings 
demonstrated that edible coatings have a significant impact on biological reactions such as the creation of organic acids 
(ascorbic acid) that occur inside lemon fruits during the post-harvest life [42].

3.5  Total phenol, flavonoid, and antioxidant activity (DPPH)

The total phenolic content (TPC) varied significantly across treatments. TPC content decreased after 5 d of storage and 
then steadily increased throughout the storage duration (Fig. 5a). TPC was significantly lower in the control treatment 
than in all edible coated samples from 10 to 35 d of storage. Control samples had the lowest amount of TPC (32.03 mg 
GAE/g DW) after 35 d of storage, whereas T3 treated samples had the maximum amount of TPC (47.57 mg GAE/g DW), 
followed by T4 (44.89 mg GAE/g DW), T2 (44.57 mg GAE/g DW), and T1 (41.33 mg GAE/g DW). TPC levels were highest in 
coated fruit across all storage conditions, showing that active edible coating preserved more antioxidants in fruit. The gas 
barrier of the coatings can be used to describe the function of edible coatings and active edible coatings on preserving 
TPC in Jara Lebu fruit during storage time [43]. As a result, the defensive system was strengthened, and the fruit quality 
was preserved during storage following harvest. These findings agreed with those of Saberi et al. [44]. Flavonoids are 
abundant in lemons, with narirutin, didymin, and hesperidin being the most abundant in lemon juice. Flavonoids, such 
as hesperidin, play a significant part in plant defense mechanisms and are produced as phenolic substances [45, 46]. 
Total flavonoid content in samples taken from coated and controls decreased after 5 d of storage and then continuously 
increased up to 35 d of storage (Fig. 5b). To deal with the abrupt shift in the environment, flavonoid concentration would 
initially increase during postharvest storage and then fall due to enormous flavonoid compound consumption [47]. Total 
flavonoid content levels in control fruit samples dropped after 20 d of storage, whereas total flavonoid content levels in 

Fig. 4  Changes of vitamin C content of the Jara lebu samples during the 35 d storage period
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coated fruits were significantly higher. Control fruit samples had the lowest amount of total flavonoid content (31.49 mg 
QE/g DW) of Jara Lebu fruit extract after 25 d of storage, whereas T2 treated samples had the maximum amount of total 
flavonoid content (45.24 mg QE/g DW), followed by T1 (43.85 mg QE/g DW), T3 (40.62 mg QE/g DW), and T4 (39.44 mg 
QE/g DW). T2 treated fruit samples had the greatest total flavonoid content from 5 d of storage than all other treatments. 
Figure 5c depicts changes in total antioxidant capacity in Jara Lebu throughout storage in terms of DPPH scavenging 
activity. All samples, regardless of treatment, had increasing antioxidant activity as storage time increased up to 20 d. 
After 20 d of storage, antioxidant capacity in the control treatment rapidly dropped but antioxidant capacity in coating 
treated samples increased until 25 d of storage and then began to decline. At the end of the storage, antioxidant activities 
of all the treated samples were reached with the values of 76.59%, 82.23%, 86.09%, 84.12%, and 81.95% for T0, T1, T2, T3, 
and T4 treatments, respectively. According to the results, all of the coated samples had significantly higher antioxidant 
activity than the control treatment, with T2 having the maximum antioxidant capacity during the later stages of storage. 
The use of plant-based edible coverings resulted in the preservation of increased levels of antioxidant capacity in the 
samples across time. The phenomena could be ascribed to the oxygen barrier qualities of plant-based edible coatings, 
which delay the biochemical and physiological changes that occur during storage, hence slowing enzyme activity and 
oxidative degradation of antioxidant molecules [48]. Citrus fruit antioxidant activity has been linked to phenolic chemi-
cals, flavonoid compounds, and ascorbic acid [49]. Our findings are consistent with [50] and [31].

Fig. 5  a Total phenolic con-
tent (TPC), b flavonoid con-
tent, and c antioxidant activity 
of Jara lebu samples during 
the 35- d storage period
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3.6  Sensory analysis

Sensory acceptance of the coated Jara lebu samples was mostly favorable, with average ratings of more than 7 (7.8 > liked 
moderately) (Fig. 6). This shows that all of the coated samples were well received in terms of sensory perception. The T2 
sample had the greatest overall acceptability score, with a maximum of 8.24. In terms of general acceptability, the control 
sample received the lowest score. When it came to taste, aroma, and appearance, all of the coated samples obtained the 
same level of scoring compared to the control sample.

4  Conclusion and future works

In order to evaluate the effectiveness of an edible coating applied to fruits and vegetables, quality parameters of the 
coated products are typically examined as indicators. The findings of this study provide confirmation that the application 
of coating containing Jara lebu samples, corn starch, glycerol, and holy basil contributes to the preservation of physi-
ological, physicochemical, and sensory quality criteria. Finally, the treated samples outperformed the control sample in 
every physicochemical and sensory feature. T2 was discovered to be the best of the coated samples. T2 significantly pro-
longed the shelf-life of Jara lebu samples, having the least weight reduction (26.25%) and retaining most of the essential 
nutrients. T2 had a lower change in TSS (7.09%) at the end of the storage period, a lower rise in pH levels (3.00), good 
retention of vitamin C (22.03 mg/100 g) and TPC T2 (44.57 mg GAE/g DW), the highest total flavonoid content (45.24 mg 
QE/g DW), and antioxidant capacity (86.09%). This sample received the highest overall acceptability score, a maximum 
of 8.24. In conclusion, edible coatings have emerged as a viable technique to address the issue of postharvest losses 
by offering supplementary protection to food products. These coatings operate as selective barriers to gases, thereby 
extending the shelf-life of the food. It is important to highlight that there is no universally applicable edible coating, as 
each composition is specific to the individual characteristics of the food. Future research could include testing the efficacy 
of these coatings on a broader range of fruits and vegetables to generalize the findings and potentially revolutionize 
post-harvest treatments in agro-based industries, further optimizing and characterizing the coatings to enhance their 
protective qualities and sustainability, possibly by experimenting with different concentrations and combinations of plant 
extracts, and conducting a comprehensive economic analysis. Another potential future scope for the current work is the 
use of ultrasonication to the coating solution, which could result in the production of nanoparticles. The morphology, 
size distribution, and chemical content of the nanoparticles can be studied further using procedures such as scanning 
electron microscopy (SEM), transmission electron microscopy (TEM), and X-ray diffraction (XRD). Furthermore, investigat-
ing the rate of ethylene production and respiration at various storage durations might be a viable area for future research.
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