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Fresh fig fruits are abundant sources of antioxidants and health-beneficial compounds. 
However, they are highly prone to spoilage and have short postharvest life. Thus, 
the current study aimed to investigate the potential synergistic effect of applying 
Aloe vera (AV) gel combined with chitosan (CH) as a natural edible coating on fresh 
fig fruits’ quality and shelf life. Different coating treatments; T1—Water; T2—CH 
(0.5%, w/v); T3—AV (100%); T4—AV (100%) + 1% CH (25:75, v/v); T5—AV (50%) + 1% 
CH (25:75, v/v); T6—AV (50%) + 1% CH (40:60, v/v), were applied to fresh fig fruits 
utilizing dip method. Fruits were analyzed weekly to examine fruit weight loss, decay, 
color, texture, enzyme activity [β Galactosidase and polyphenol oxidase enzyme 
(PPO)], phenolic content, antioxidants, and microbial load. The combined AV and 
CH coatings extended the shelf life of the fig fruits up to 21 days compared to the 
control during storage at 2°C and 90–95% R.H. The T5 treatment has significantly 
retarded the fruit decay, reduced total fungal and bacterial counts, preserved total 
phenolics and flavonoid contents, and antioxidant activity (enzymatic and non-
enzymatic), as compared to the other treatments. Meanwhile, T6 fruits showed 
minimum fruit weight loss and microbial load. These treatments can be applied 
at a large scale to improve the shelf life of fresh fig fruits.
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1 Introduction

The fig (Ficus carica L.) belongs to the Moraceae family and is one of the oldest fruit trees 
cultivated worldwide (Ben Temessek et al., 2023). The fruit has an increasing demand among 
consumers due to its high nutritional and medicinal value (Debib and Menadi, 2023; George 
et al., 2023). According to the current Food and Agriculture Organization of the United 
Nations (FAO) database, fig production has increased from 1.08 to 1.35 million tons since 2016 
to meet the increasing demand (FAOSTAT, 2022). Due to their tolerance to drought and 
alkalinity, they grow mainly in the hot and dry climates of subtropical regions. Compared with 
other deciduous trees, it flourishes better in warm, humid environments with less chilling 
incidence (Micheloud et al., 2023).

Figs are climacteric fruits characterized by ethylene production and high respiration rate 
at the onset of ripening (Freiman et al., 2015). They undergo a rapid ripening process, usually 
taking at least 3 days to develop into a mature eatable fruit. Additionally, figs are very sensitive 
to microbial deterioration due to the abundance of sugars and openings (ostiole end) which 
easily allow the microbes to enter the fruit (Crisosto et  al., 2011). To overcome these 
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problems, figs are commonly commercialized in dried form. 
However, the content of bioactive compounds gets compromised 
compared to fresh fruits (Sandhu et al., 2023), therefore, giving a 
suitable postharvest treatment to fresh fig fruits is essential to 
decrease their susceptibility to such incidences that reduce their 
marketability and shelf-life.

Cold storage, modified atmosphere packaging, and edible coatings 
are some techniques that can be utilized to extend the postharvest life 
of fresh fruit (Maan et  al., 2021; Abdullah et  al., 2023). Still, 
postharvest life necessitates innovative techniques to keep fresh fig 
quality at peak levels (Al Shaibani et  al., 2022). In this sense, 
refrigeration on its own is ineffective for preserving the freshness of 
the fruit (Nadeem et al., 2022). Alternatively, edible coatings on fresh 
fruits and vegetables can reduce nutritional and physicochemical 
changes from field to table compared to traditional preservation 
methods (Adiletta et al., 2022). Recently, increasing attention has been 
given to compounds of natural origin for coating due to the economic 
costs associated with food spoiling and health concerns about food 
safety (Kaur et al., 2023). Bio-based compounds such as chitosan 
(CH) and Aloe vera gel are increasingly being utilized in edible 
coatings to maintain the integrity of fresh fruits after harvesting 
(Maan et al., 2021).

Chitosan (CH), a derivate of chitin, is a high molecular weight 
polycationic linear polysaccharide that is derived from natural 
sources, including the cell walls of microorganisms, fungi, and the 
outer shells of crustaceans (Brasil and Siddiqui, 2019). The well-
renowned biopolymer has a vast range of applications in food 
packaging, cosmetics, and the medical sector (Balakrishnan et al., 
2023; Kulka and Sionkowska, 2023; Nguyen et al., 2023). It has been 
used as edible coatings and films to preserve and enhance the shelf life 
of fruits, vegetables, and poultry products (Adiletta et  al., 2018; 
Fernando et  al., 2023). Chitosan alone as a coating material has 
remarkable properties; however, combining it with other components 
has enhanced the overall effect of treatment (Asif et al., 2023). Several 
substances such as essential oils, phenolic compounds, nanoparticles, 
phytohormones, and plant extracts have been used in combination 
with CH to improve the quality and shelf life of various horticulture 
products (Khalil et al., 2022; Sun et al., 2022; Aazami et al., 2023). 
Adding other materials to the CH can exert both favorable and 
adverse influences. Therefore, selecting a suitable material for a 
positive synergetic effect is crucial.

Aloe vera (Aloe barbadensis Miller) gel has recently been reported 
as an edible coating for food preservation and packaging (Maan et al., 
2021; Kaur et  al., 2024). The transparent jelly material mainly 
comprises water carbohydrates, proteins, organic acids, vitamins, 
minerals, and bioactive compounds (Grace et al., 2015; Kahramanoğlu 
et al., 2019). Historically, Aloe vera gel (AV) has been known to have 
many therapeutic benefits and is used to treat several diseases (Embark 
and Abdalla, 2019; George et  al., 2023). The use of AV gel has 
expanded at a wider scale, and it has been employed as a coating 
material to extend the shelf life of many horticulture products 
(Adhikary et al., 2023; Farooq et al., 2023; Kaur et al., 2024).

The application of AV or CH on fig fruits as a standalone 
treatment has been reported (Mirshekari et al., 2020; Akhila et al., 
2022). However, the literature has no information regarding the 
combined application. Therefore, the present study investigated the 
synergistic effect of AV gel combined with CH as an edible coating on 
fig fruit quality and shelf life during cold storage for 21 days.

2 Materials and methodology

2.1 Plant materials

Fresh Aloe vera (Aloe barbadensis) leaves (disease-free) of uniform 
size were harvested from the AV plants cultivated in the greenhouse 
at UAE University, Al Ain City, United Arab Emirates (UAE). Fig 
fruits “Brown turkey” cv., were collected from commercial farms in Al 
Ain City. Fruits were harvested 50% purple skin color (the commercial 
maturity stage), and immediately were transported to the 
university laboratory.

2.2 Edible coating preparation and 
treatments

The AV gel was extracted and prepared for coating treatment 
according to the protocol mentioned by (Kaur et  al., 2024). The 
chitosan stock solution (1%, w/v) was prepared and the pH was 
adjusted by lactic acid (1%), and then used to make different coating 
formulations in combination with AV gel (Table  1). All the 
formulations were kept stable in sterile tubes. The homogeneity of the 
formulations was observed by measuring the absorbance of solutions 
at 600 nm just after the preparation of solutions. Afterward, 
absorbance from the lower and upper portions of the solution was 
taken after 24 h to check the homogeneity. Homogenous solutions 
were used to coat the fruits. Uniform fig fruits (in color and size) 
without defects, pests, or mechanical damage were randomly selected 
and distributed into 6 groups each for one treatment as mentioned in 
the table above. Fruits were given dip treatment for 60 s and then dried 
at room temperature for 2 h. Afterward, fruits were packed in plastic 
trays with perforated resealable plastic enclosure and placed in cold 
storage at 2°C and 90–95% R.H. for up to 21 days. Fig samples (10 
fruits) from each treatment were taken out from storage each week for 
various analyses in triplicates.

2.3 Fruit physiochemical properties

2.3.1 Fruit weight loss and decay
Ten fruits/treatments were retrieved from cold storage weekly and 

weighed using an analytical balance, and visually checked for any 
deterioration and counted every week till the end of storage. The 
weight loss and decay percentages were calculated according to 
Equations 1 and 2, respectively (Ahmed et al., 2022).

TABLE 1 Composition of edible coatings used to treat the fig fruits.

Treatments Edible coating 
formulations

Applications 
(AV: CH)

T1 Water -

T2 Chitosan (0.5%, w/v)

T3 Aloe vera gel + Water (50:50, v/v)

T4 Aloe vera gel + Chitosan (1%) (25:75, v/v)

T5 Aloe vera gel (50%) + Chitosan (1%) (25:75, v/v)

T6 Aloe vera gel (50%) + Chitosan (1%) (40:60, v/v)

W: weight, v: volume.
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2.3.2 Fruit texture
The textural analysis of fruits was carried out using CTX USB 

texture analyzer, Brookfield, (USA), and the probe, trigger, 
deformation, and speed of penetration applied were 2 mm, 0.0100 N, 
5 mm, and 1 mm/s, respectively (Ahmed et al., 2022).

2.3.3 Fruit color
Fruit color was recorded using a Hunter Lab colorimeter (Hunter 

Lab Inc., Reston, VA, USA), and values: L* (Lightness), a* (red, green), 
and b* (blue, yellow) were recorded every week of cold storage. The 
Hue angle, Chroma saturation, and Browning Index (BI) were 
calculated (Hssaini et al., 2021).

2.4 Total microbial load

The total fungal/mold and bacterial counts on fruits were 
determined before cold storage and at the end of the storage period of 
21 days according to the method described by (Kaur et al., 2024).

2.5 Determination of phenolic compounds

2.5.1 Extraction of phenolic compounds
Preparation of fruit extract: Fig fruits were cut into small pieces 

and 10 grams of fruit pieces were taken to freeze-dry using a Labconco 
FreeZone freeze dryer. The lyophilized fruits were homogenized with 
50 ml of Absolute methanol and left in dark conditions at room 
temperature shaker at 150 rpm. The next day, samples were filtered 
using filter paper (Whatman #1) and dried using a water bath at 45°C 
to evaporate the methanol, and the dry weight of the extract was 
recorded. The final extract was prepared by dissolving the dry fig 
extract in 2 ml of 50% methanol and was used for further analysis 
(Aldhanhani et al., 2022).

2.5.2 Total phenolics content
A modified method was adopted to measure fig fruit extract’s total 

phenolic content (TPC; Velioglu et al., 1998). An aliquot of 100 μl of 
fig extract was added into test tubes, then 50 μl of Folin Ciocalteu 
reagent and 2 ml of NaOH (6%). The tubes were vortexed and 
incubated in the dark for 45 min. Then the blue color developed was 
measured using a UV–visible spectrophotometer at 650 nm. The 
results were calculated according to the standard curve of gallic acid 
and expressed as milligram gallic acid equivalents (GAE) per 100 
grams of fresh weight (mg GAE 100 g−1 FW).

2.5.3 Total flavonoids content
The total flavonoid content was determined for fig fruit extract 

according to Kim et al. (2003). Briefly, an aliquot of 75 μl of NaNO2 
(5%) was added to the fig extract (250 μl) and vortexed then incubated 
for 5 min in the dark. Afterwards, 75 μl of AlCl3 (10%) was added; the 

mixture was kept in the dark for 6 min. After 6 min, 500 μl of NaOH 
(1 M) was added, mixed by vertexing and the final volume was made 
to 2.5 ml with distilled water. The absorbance was measured at 510 nm 
using a spectrophotometer (Shimadzu, Kyoto, Japan). The results were 
calculated and expressed as milligram catechin per 100 grams fresh 
weight basis (mg CE 100 g−1 FW).

2.6 Determination of antioxidant activity

2.6.1 The DPPH assay
The scavenging activity of 2,2-diphenyl-1-picryl hydrazyl 

(DPPH) radical was determined according to the method developed 
by Blois in 1958 with some modifications (Kedare and Singh, 2011). 
Different concentrations of samples ranging from 2 to 10 mg ml−1 
were mixed with 0.5 ml of DPPH (0.15 mM) in absolute methanol. 
After 30 min incubation in the dark at room temperature, absorbance 
was taken at 517 nm. A blank was prepared for each similar 
concentration, except that methanol was utilized instead of a DPPH 
solution. Each sample’s standard curve was prepared to calculate the 
IC50 (Half maximal inhibitory concentration) value (milligrams per 
milliliters of concentrated fig extract).

2.6.2 The ABTS assay
The radical scavenging activity of 2,2′-azino-bis-(3-

ethylbenzothiazoline-6-sulfonic acid (ABTS) was determined by 
using a modified method (Khadhraoui et al., 2019). Stock solutions 
of ABTS (7.4 mM) and potassium persulphate (2.6 mM) were 
prepared. For each assay, a fresh ABTS solution was made. Samples 
(150 μl) with concentrations ranging from 0.5 to 10 mg ml−1 were 
combined with 2,850 μl of ABTS solution and left at room 
temperature for 2 h in the dark. The absorbance was then measured 
at 734 nm. The activity was recorded and calculated according to a 
Trolox standard curve ranging from 50 to 600 μM, and expressed as 
milligrams of Trolox equivalents (TE) per 100 grams fresh weight 
basis (mg TE 100 g−1 FW).

2.7 Enzymes’ extraction and activity 
analysis

2.7.1 β galactosidase enzyme
A modified method was utilized to extract the β Galactosidase 

enzyme from fig fruits and to assess its activity (Rastegar et al., 2012). 
Briefly, 5 grams of fig fruit tissue was homogenized in a sodium 
acetate buffer (50 mmol L−1) and sodium chloride (1 mol L−1), and 
polyvinylpolypyrrolidone (12 g L−1), pH 6.2. After homogenization, 
the mixture was stirred for 3 h at 4°C. Then centrifuged (7,500 rpm) 
at 4°C for 35 min. Subsequently, the supernatant (crude enzyme 
extract) was collected and used for enzyme activity measurement. For 
β Galactosidase activity analysis, 50 μl of sodium acetate buffer (0.1 M, 
pH 5.2) and 50 μl of р-nitrophenyl-β-D-galactopyranoside were 
pre-incubated at 37°C for 15 min. Then 50 μl of crude enzyme extract 
was added to the above mixture and allowed to react for 30 min at 
37°C. The reaction was stopped by adding 200 μl of sodium carbonate 
solution (0.5 M). Production of free р-nitrophenol was measured at 
400 nm in a Multiskan™ FC (Thermo Fisher Scientific, Waltham, 
MA, USA) Microplate Photometer, and β Galactosidase activity was 
expressed as units per gram fresh weight of fruits.
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2.7.2 Polyphenol oxidase enzyme
Fig fruits’ polyphenol oxidase enzyme (PPO) activity was 

determined every week (Daas Amiour and Hambaba, 2016). Fruit tissue 
(5 g) was homogenized in phosphate buffer (50 mM, pH 6.8) containing 
12 g L−1 polyvinylpolypyrrolidone and stirred for 30 min at 4°C. The 
clear supernatant was collected after centrifuging the samples at 4°C for 
30 min and labeled as crude enzyme extract. For PPO activity, 50 mM 
potassium phosphate buffer, pH-6.8 (150 μl), crude enzyme extract 
(10 μl), and freshly prepared 20 mM catechol (50 μl) were added to 96 
well-plate and then kept at 37°C for 30 min. PPO activity was measured 
at 398 nm in a Multiskan™ FC Microplate Photometer. The results were 
expressed as units per gram fresh weight of fruits.

2.7.3 Peroxidase enzyme
Fig fruits’ peroxidase enzyme (POD) activity was measured every 

week using a modified method (Zeyadi, 2019). Five grams of fig fruit 
tissue was homogenized in Tris–HCl buffer (50 mM, pH 7.5) 
containing 12 g L−1 polyvinylpolypyrrolidone and stirred for 30 min 
at 4°C. Then, the mixture was centrifuged, and the clear supernatant 
was collected to measure enzyme activity. For enzyme activity assay, 
the reaction mixture containing 50 mM sodium acetate buffer sample 
(pH 5.2), 10 μl enzyme extract, 40 mM guaiacol (freshly prepared), 
and 8 mM H2O2 was prepared and incubated at 37°C for 30 min and 
absorbance reading was taken at 470 nm utilizing a Multiskan™ FC 
Microplate Photometer. The results were calculated and expressed as 
units per gram of fresh fruit weight where one unit of peroxidase is the 
amount of enzyme that reduces 1.0 μM of H2O2 per minute at 37°C.

2.8 Statistical analysis

All experiments design was a complete randomized design (CRD) 
with three replicates. The obtained data were statistically analyzed by 

analysis of variance two ways-ANOVA utilizing the Minitab statistical 
analysis software version 21. Comparisons between means were 
accomplished by the Fisher LSD test at level p ≤ 0.05. Principal 
component analysis was done using Factoextra and FactoMineR libraries 
in R Studio software version 4.2.2 (Kassambara and Mundt, 2020).

3 Results

3.1 Effect of edible coatings on fruit weight 
loss

Fruit weight loss results of treated and non-treated fig fruits 
during cold storage are presented in Figure  1. Throughout the 
experiment, gradual weight loss occurred in all the fruits during 
storage. When compared to the treated fruits, the T1 (control) fruits 
showed the greatest weight loss, reaching a drop of 12.38% by the end 
of the cold storage period. In the context of treated fruits, T6 fruits 
showed the least weight loss (7.40%) followed by T2 (8.98%), whereas 
no significant difference was observed in the weight loss of T4 (8.66%) 
and T5 (8.31%) at the end of storage (Figure 1). T3 (AV alone) coating 
was found to be the least effective compared to other coatings.

3.2 Effect of edible coatings on fruit color

Color is an essential visual attribute of food, especially for fresh 
fruit, that has a direct impact on the product attractiveness and 
acceptability by the consumers. Therefore the effect of CH and 
AV-based coatings on the color characteristics: L* (Lightness), Hue 
angle, Browning index, and Chroma (saturation) of fig fruits during 
cold storage are presented in Figure 2. Generally, color parameters the 
fruit were significantly impacted by the application of the edible 

FIGURE 1

Effect of different edible coatings on weight loss of fig fruits during cold storage. Means with different letters in the column for each treatment are 
significantly different at p ≤ 0.05 using the Fisher LSD test. Values are the mean (n = 10) ± SE. T1: control; T2: CH (0.5%, w/v); T3: AV (50%, v/v) T4: 
AV + 1% CH (25:75, v/v), T5: 50% AV + 1% CH (25:75, v/v), T6: 50% AV + 1% CH (40:60, v/v).
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coating. A color transition from dark purple to nuanced brown was 
observed in all the fig fruits during storage discernible through a 
decrease in L* and chroma values. Surprisingly, T6 fruits showed more 
color transition compared to the control fruit andother treated fruits. 
On the other hand, T2, T4, and T5 fruits showed the least color 
change, i.e., high L* and chroma, low hue values, and least browning.

3.3 Effect of edible coatings on fruit texture 
and cell wall-associated β galactosidase 
enzyme

In the present study, a gradual reduction in firmness was observed 
in all the fruits with significant differences (p ≤ 0.05) within the 
treatments and the storage days (Figure 3). The control fruits (T1) 
showed a substantial loss in firmness from day zero to the end of the 
storage period (2.16–1.38 N) concerning the other treatments. Among 
the treated fruits, T4 (2.32–1.906 N) and T5 (2.33–1.94 N) coatings 
considerably preserved the fruit texture and performed better than T2, 
T3, and T6 and the control till the end of the cold storage. While no 
significant differences were noticed in the texture of T2 (2.18–1.63 N), 
T3 (2.19–1.75 N), and T6 (2.05–1.65 N) treated fruits. The results 
suggest that T4 and T5 treated fruits are the best treatment for 
maintaining fruit firmness.

To determine the effect of edible coatings on fruit firmness, β 
galactosidase activity was measured in fruits every week and results 
are presented in Table 2. It is observed that the enzyme activity was 

first elevated from day 0 to day 7 in all fruits except T1, T4, and T5. At 
day 0, the highest activity was found in T5 (77.0 U g−1 FW) followed 
by T4 (76.7 U g−1 FW), T3 (73.9 U g−1 FW), T6 (68.4 U g−1 FW), and 
T2 (62.6 U g−1 FW) in decreasing order. However, on day 14, all 
treated fruits showed decreased enzyme activity except T1 (control), 
and then the enzyme activity increased for all fruits, except for T2, 
where it remained unchanged on day 21 of storage.

3.4 Effect of edible coatings on fruit decay 
and microbial load

The present study examined the effect of CH and AV-based 
coatings on preventing the microbial degradation of fig fruits. The 
visual inspection of fruits was done to detect the fermentative smell, 
mold appearance, and any other visible disorder, and the results were 
expressed as fruit decay percentage (Figure  4). The data showed 
significant differences between different treatments and storage times 
on fruit deterioration.

Comprehensively, the fruits started to degrade on the 14th day of 
cold storage in all treatments and by the end of the storage, severe 
symptoms of spoilage were found in T1 fruits (50.3%) followed by the 
T3 (33%), whereas all other treated fruit had lower decay percentage 
with T5 fruits the least symptomatic (3.0%). At the end of the 
experiment after 21 days of cold storage, the T1 fruits had 83.3% 
decay, while T5 only had 20.5%, which means that the shelf life of the 
fruit had increased by 7–10 days after the T5 treatment.

FIGURE 2

Effect of different edible coatings on fig fruit color parameters: L*, Browning index, Chroma, and Hue angle during cold storage. Means with different 
letters in the column for each treatment are significantly different at p ≤ 0.05 using the Fisher LSD test. Values are the mean (n = 10) ± SE. T1: control; 
T2: CH (0.5%, w/v); T3: AV (50%, w/v), T4: AV + 1% CH (25:75, v/v), T5: 50% AV + 1% CH (25:75, v/v), T6: 50% AV + 1% CH (40:60, v/v).
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FIGURE 4

Effect of different edible coatings on fruit decay index during cold 
storage at 2°C (90–95% R.H.) for 21 days. Means with different letters 
in the column for each treatment are significantly different at 
p ≤ 0.05 using the Fisher LSD test. Values are the mean (n = 10) ± SE. 
T1: control; T2: CH (0.5%, w/v); T3: AV (50%, w/v), T4: AV + 1% CH 
(25:75, v/v), T5: 50% AV + 1% CH (25:75, v/v), T6: 50% AV + 1% CH 
(40:60, v/v).To evaluate the total microbial load in the fig fruit, the total 

fungal count and bacterial count were measured before and after 
cold storage, and the results are presented in Figure 5. Overall results 
depicted the surge in the microbial count from day 0 to day 21 of 
cold storage. However, the fruits coated with CH and AV had less 
fungal and bacterial growth than the control (T1). In the present 
study, the initial ranges for total bacterial and fungal counts ranged 
from 3.77 to 4.62 and 3.4 to 4.10 Log10 CFUg−1 FW, respectively, 
then it reached 5.82–6.68 and 4.82–6.83 Log10 CFUg−1 FW, 
respectively at the end of storage. It is observed that all treatments 
including chitosan have lower bacterial and fungus growth, with T5 
fruits showing the minimum microbial load (4.17, 4.82 Log10 
CFUg−1 FW) as compared to T1 the control (6.67, 6.95 Log10 
CFUg−1 FW). In comparison, no significant difference was found 

between T1 (control) and T3 (AV-treated fruit) at the end of the 
storage period.

3.5 Effect of edible coatings on total 
phenolics and flavonoids content

The current study evaluated the effect of coatings made of CH 
and AV in preserving the quality of fig fruits during storage. The 
results showed that the coatings preserved fruits’ phenolics and 
flavonoid content until the end of storage (Table 3). Overall results 

FIGURE 3

Effect of different edible coatings on fig fruits texture during cold storage. Means with different letters in the column for each treatment are 
significantly different at p ≤ 0.05 using the Fisher LSD test. Values are the mean (n = 10) ± SE. T1: control; T2: CH (0.5%, w/v); T3: AV (50%, w/v), T4: 
AV + 1% CH (25:75, v/v), T5: 50% AV + 1% CH (25:75, v/v), T6: 50% AV + 1% CH (40:60, v/v).

TABLE 2 Effect of different edible coatings on β-galactosidase enzyme 
activity (U g−1 fresh fruit weight) in fig fruits during cold storage at 2°C 
and 90–95% R.H. for 21 days.

Treatments Day 0 Day 7 Day 14 Day 21

T1 71.4 ± 1.2Ca 80.3 ± 1.4Ba 81.9 ± 1.5ABa 83.5 ± 1.4Aa

T2 62.6 ± 2.1Bc 71.6 ± 1.3Ab 69.8 ± 1.2Ac 69.7 ± 1.1Ac

T3 73.9 ± 2.9Ba 78.2 ± 1.1Aa 74.4 ± 0.5Bb 78.9 ± 0.9Aa

T4 76.7 ± 1.3Aa 72.4 ± 0.2Bc 69.8 ± 0.2Bbc 70.9 ± 1.4Bb

T5 77.0 ± 2.8Aa 76.5 ± 0.2Ab 67.8 ± 1.7Cd 70.8 ± 0.2Bb

T6 68.4 ± 0.9Bb 72.1 ± 0.8Abc 69.2 ± 0.4Bbc 69.8 ± 2.9Bb

The mean (n = 10) ± SE. Means with different letters in the column for each treatment (small 
letter) and in each row for different time interval (capital letter) are significantly different at 
p ≤ 0.05 using the Fisher LSD test. T1: control; T2: CH (0.5%, w/v); T3: AV (50%, w/v), T4: 
AV + 1% CH (25:75, v/v), T5: 50% AV + 1% CH (25:75, v/v), T6: 50% AV + 1% CH (40:60, 
v/v).
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depicted that the applied coatings have modulated the phenolic 
and flavonoids. The T1 (control) fruits were found with reduced 
TPC and TFC from the beginning and throughout the cold storage 
whereas the T6 fruits showed the highest TPC and TFC with 
410.8 mg GAE 100 g−1 FW and 67.3 mg CE 100 g−1 FW, 
respectively at day zero whereas, no significant differences were 
found in the TPC for rest of the treatments. However, the T6 
treatment reduced the phenolic and flavonoid content at day 21. 
At the end of storage, T5-treated fruits showed the highest TPC 

and TFC with 427 mg GAE 100 g−1 FW and 73 mg CE 100 g−1 FW, 
respectively.

3.6 Effect of edible coatings on enzymatic 
and non-enzymatic antioxidants

In this study, different formulations of edible films made of AV gel 
and CH were applied on fig fruits and the antioxidant content was 

FIGURE 5

Different edible coatings’ effect on fruits’ microbial load during cold storage at 2°C (90–95% R.H.) for 21 days. Means with different letters on the bars 
for each treatment are significantly different at p ≤ 0.05 using the Fisher LSD test. Values are the mean (n = 10) ± SE. T1: control; T2: CH (0.5%, w/v); T3: 
AV (50%, w/v), T4: AV + 1% CH (25:75, v/v), T5: 50% AV + 1% CH (25:75, v/v), T6: 50% AV + 1% CH (40:60, v/v).

TABLE 3 Effect of different edible coatings on total phenolic content (TPC) and total flavonoid content (TFC) in fig fruits during cold storage at 2°C and 
90–95% R.H. for 21 days.

Treatments Day 0 Day 7 Day 14 Day 21

TPC (mg GAE 100 g−1 FW)

T1 340.7 ± 1.6Bb 356.1 ± 2.9Aab 323.3 ± 2.5Cb 345.0 ± 4.6Bd

T2 352.8 ± 3.7Bb 351.9 ± 0.4Bb 315.5 ± 3.7Cc 383.9 ± 7.5Abc

T3 375.6 ± 7.5Bb 343.2 ± 0.8Db 360.7 ± 4.2Ca 403.4 ± 0.4Aab

T4 379.3 ± 2.9Ab 370.6 ± 5.8Ba 320.4 ± 3.7Cbc 389.4 ± 7.9Ab

T5 375.6 ± 4.2Bb 353.6 ± 2.1Cb 359.4 ± 5.4Ca 427.0 ± 4.1Aa

T6 410.8 ± 6.2Aa 344.9 ± 2.5Cb 363.2 ± 0.8Ba 354.8 ± 5.4Bc

TFC (mg CE 100 g−1 FW)

T1 55.7 ± 0.5Cc 57.5 ± 0.6Ab 56.6 ± 0.2Bc 55.5 ± 0.6Cc

T2 62.4 ± 0.3Bb 65.3 ± 0.4Aa 50.2 ± 1.3Cd 63.6 ± 0.6Bb

T3 62.1 ± 0.9Bb 59.4 ± 0.3Cb 67.4 ± 0.5Aa 66.1 ± 0.8Aab

T4 65.8 ± 0.8Aa 58.2 ± 0.2Bb 48.9 ± 0.9Cd 64.8 ± 3.1Ab

T5 64.1 ± 0.5Bab 49.2 ± 0.9Dc 61.8 ± 0.5Cb 73.9 ± 1.8Aa

T6 67.3 ± 0.3Aa 55.5 ± 1.4Bb 58.4 ± 0.3Bbc 56.8 ± 0.4Bc

The mean (n = 10) ± SE. Means with different letters in the column for each treatment (small letter) and in each row for different time interval (capital letter) are significantly different at 
p ≤ 0.05 using the Fisher LSD test. T1: control; T2: CH (0.5%, w/v); T3: AV (50%, w/v), T4: AV + 1% CH (25:75, v/v), T5: 50% AV + 1% CH (25:75, v/v), T6: 50% AV + 1% CH (40:60, v/v).
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TABLE 4 Effect of different edible coatings on antioxidant activity (ABTS; 
mg TE 100 g−1 FW) and (IC50, mg ml−1) in fig fruits during cold storage at 
2°C and 90–95% R.H. for 21 days.

Treatments Day 0 Day 7 Day 14 Day 21

ABTS (mg TE 100 g−1 FW)

T1 76.4 ± 2.6Ab 66.7 ± 1.9Ac 64.7 ± 2.8Ac 76.0 ± 3.2Ac

T2 82.8 ± 3.9Ba 74.4 ± 2.9Cb 76.0 ± 3.4Cb 92.3 ± 1.4Aa

T3 78.9 ± 2.9Cab 82.9 ± 3.4Ca 92.9 ± 5.6Ba 106.7 ± 1.1Aa

T4 81.9 ± 1.6Ba 72.2 ± 1.8Cb 78.5 ± 2.9Bb 89.9 ± 5.7Ab

T5 86.5 ± 5.3Ba 76.9 ± 2.8Cab 90.9 ± 1.2Ba 109.5 ± 5.6Aa

T6 88.5 ± 5.2Ba 74.6 ± 5.1Cb 92.7 ± 2.2Aa 84.1 ± 2.4Bb

(IC50, mg ml−1)

T1 8.6 ± 0.12Ba 8.5 ± 0.12Ba 9.4 ± 0.4Aa 9.0 ± 0.14Aa

T2 7.6 ± 0.34Abc 7.0 ± 0.04Ab 7.4 ± 0.52Ac 6.3 ± 0.17Bb

T3 8.0 ± 0.20Ab 7.5 ± 0.05Bb 7.9 ± 0.22Ab 6.4 ± 0.25Cb

T4 7.3 ± 0.07Ac 7.2 ± 0.12Abc 7.6 ± 0.63Ac 5.9 ± 0.32Bc

T5 6.6 ± 0.25Bd 7.0 ± 0.07Ac 6.8 ± 0.18Bd 5.1 ± 0.53Cd

T6 7.4 ± 0.42Ac 7.3 ± 0.11Abc 6.9 ± 0.31Ad 5.8 ± 0.42Bc

The mean (n = 10) ± SE. Means with different letters in the column for each treatment (small 
letter) and in each row for different time interval (capital letter) are significantly different at 
p ≤ 0.05 using the Fisher LSD test. T1: control; T2: CH (0.5%, w/v); T3: AV (50%, w/v), T4: 
AV + 1% CH (25:75, v/v), T5: 50% AV + 1% CH (25:75, v/v), T6: 50% AV + 1% CH (40:60, 
v/v).

TABLE 5 Effect of different edible coatings on peroxidase (POD) and 
polyphenol oxidase (PPO) enzymes activities (U g−1 fresh FW) in fig fruits 
during cold storage at 2°C and 90–95% R.H. for 21 days.

Treatments Day 0 Day 7 Day 14 Day 21

POD activity (U g−1 FW)

T1 19.7 ± 0.8Cc 32.1 ± 0.9Bc 48.3 ± 2.1Abc 33.4 ± 0.4Be

T2 22.1 ± 0.3Db 35.5 ± 0.7Cb 39.1 ± 1.5Bd 49.3 ± 0.3Ac

T3 23.7 ± 0.2Da 36.4 ± 2.6Cab 51.6 ± 2.1Bb 74.4 ± 2.5Aa

T4 23.5 ± 0.3Da 26.9 ± 0.6Cd 37.1 ± 1.8Bd 63.1 ± 2.9Ab

T5 21.2 ± 0.9Dbc 30.1 ± 1.7Cc 70.1 ± 0.6Ba 77.3 ± 2.1Aa

T6 23.3 ± 0.5Cab 37.9 ± 1.5Ba 46.8 ± 2.3Ac 42.8 ± 6.1Ad

PPO activity (U g−1 FW)

T1 7.8 ± 0.3Ab 6.4 ± 0.7Bab 3.3 ± 0.2Ca 2.6 ± 0.3Db

T2 6.6 ± 0.1Ad 5.9 ± 0.6Bb 2.7 ± 0.2Da 3.2 ± 0.2Ca

T3 6.7 ± 0.2Bd 7.1 ± 0.1Aa 3.3 ± 0.5Ca 3.3 ± 0.6Ca

T4 8.3 ± 0.5Aa 5.9 ± 0.7Bb 2.9 ± 0.2Ca 2.9 ± 0.2Cb

T5 7.9 ± 0.3Ab 6.5 ± 0.3Aab 3.4 ± 0.3Ba 3.4 ± 0.1Ba

T6 7.1 ± 0.1Ac 6.5 ± 0.1Bab 3.3 ± 0.5Ca 3.1 ± 0.4Cab

The mean (n = 10) ± SE. Means with different letters in the column for each treatment (small 
letter) and in each row for different time interval (capital letter) are significantly different 
p ≤ 0.05 using the Fisher LSD test. T1: control; T2: CH (0.5%, w/v); T3: AV (50%, w/v), T4: 
AV + 1% CH (25:75, v/v), T5: 50% AV + 1% CH (25:75, v/v), T6: 50% AV + 1% CH (40:60, 
v/v).

measured using non-enzymatic (DPPH and ABTS; Table  4) and 
enzymatic (POD and PPO) methods (Table 5). DPPH is a purple 
color-reducing agent that reduces antioxidants and IC50 value indicates 
antioxidant activity in the sample were calculated. The IC50 is the 
concentration of antioxidant compounds in the sample that required 
to scavenge 50% of the initial DPPH radicals. The lower the IC50 value, 
the more scavenging DPPH and higher antioxidant activity. The 
antioxidant activity decreased during the storage in all the fruits 
irrespective of the treatments. However, T5 treatment showed the 
highest antioxidant activity with values of 5.1 mg ml−1 and 109.5 mg 
TE 100 g−1 FW for DPPH and ABTS assay, respectively, at the end of 
storage (Table 4). Meanwhile, T1 (control), followed by T6, showed 
the lowest antioxidant activity at the end of storage. The DPPH and 
ABTS results showed high similarities with the TPC and TFC values. 
Further validation of antioxidant activity was done by measuring the 
activity of antioxidant enzymes (POD and PPO) in fig fruits at weekly 
intervals and results are presented in Table 5. On day zero of storage, 
the POD activity got elevated in treated fruits compared to the control 
fruits and gradually increased with storage time. On the 21st day of 
storage, T5-treated fruits had the highest POD activity (77.3 U g−1 
FW) compared to the other treatments and the control T1 (33.4 U g−1 
FW). In the case of PPO activity, the opposite trend was observed. The 
PPO activity was comparatively higher at day 0 and then it started to 
decline with the storage time irrespective of the treatments. No 
significant differences were observed in the PPO activity within the 
treated fruits throughout the storage period.

3.7 Principal component analysis

The effect of different edible coatings on various physicochemical 
and biochemical properties of fig fruits during cold storage was 
analyzed using PCA (Figures  6A,B). The biplots represent the 
clustering of the parameters along with compound loading across the 
two main components. According to the eigenvalues, the cumulative 
variance of the first two components is explained by 72.8% (Dim 
1 = 48.3% and Dim 2 = 24.5%). The variance in physiochemical 
properties of fig fruits is best explained by principal component 1 
(Dim 1). Specifically, Dim1 represents the direction of maximum 
variance in the data, where the major portion of variability lies. The 
analysis results on each storage day of different treated fruits show 
significant differences that separate ellipses can see. According to both 
biplots, the most contributing factors are those far from the centre 
point. This shows that the β-Gal is the least contributing factor to the 
Dim1. The plots illustrate the correlation among the evaluated 
parameters, revealing a negative association between fruit firmness 
and fruit decay, as well as among TPC, TFC, and IC50. Additionally, 
correlations were observed among L*, Chroma, PPO, Hue, and 
FW. The PCA biplot (A) shows significant differences within the 
treatments during storage, and the plot explains small variability in T1 
and T2 whereas, other treatment’s response varies significantly from 
day 0 to day 21 of cold storage. The second biplot describes the 
variability among the treatments during the whole storage period. The 
closely grouped bullet points indicate less variability in the treatments 
on day 0 of the storage period. However, the variability has increased 
by the end of the storage period as evidenced by the more scattered 
distribution of points (Figure 6B). These biplots gave a clear picture of 
the whole experiment.

4 Discussion

Figs, being climacteric fruit have high respiration rates; they 
undergo fast deterioration after harvest. The primary affirmation of 
low-quality figs can be evaluated through total weight loss, palatability 
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level, and a change in hue from purple to brown that influences the 
customer’s choice of purchasing (Lufu et al., 2020). Generally, fruits 
with a weight reduction of more than 10% from their initial weight 

become unviable for the market. The mechanism behind weight loss 
is complex, with several physiological changes such as transpiration 
and respiration taking place in the fruits during storage leading to 

FIGURE 6

(A) Principal component analysis (PCA) Biplot for the effect of postharvest application of different Treatments on various physicochemical and quality 
parameters of fig fruits during cold storage. (B) Principal component analysis (PCA) Biplot for the effect of storage days on various physicochemical 
and quality parameters of fig fruits (Treated and non-treated). Abbreviations: L, lightness; PPO, polyphenol oxidase; POD, peroxidase; BI, browning 
index; ABTS, 2,2′-azino-bis-(3-ethylbenzothiazoline-6-sulfonic) acid; IC50, half-maximal inhibitory concentration; FWL, fruit weight loss; β gal, β 
galactosidase; TBC, total bacterial count; and TFC = total fungal count.
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water and turgidity loss, and the subsequent fruit flagging and 
withering (Lufu et al., 2020). Moreover, color changes in the figs are 
probably due to the ripening wherein ethylene hormone plays the 
major role. The function of ethylene is quite complex and multiplexed 
with other factors that synergistically trigger various metabolic 
pathways, influencing biochemical reactions, and causing oxidative 
browning in fruits during postharvest storage (Freiman et al., 2015). 
However, several research studies indicate that edible coatings based 
on CH and AV have been significantly effective in preventing weight 
loss and mitigating the degradation of postharvest quality in fruits. 
Due to the protective coat of edible layers, fruits do not lose their 
natural moisture easily. This phenomenon has been observed in 
different fruits coated with AV and CH such as mangoes, strawberries, 
kiwi, and peaches (Benítez et al., 2013; Pinzon et al., 2020; Shah and 
Hashmi, 2020; Aboryia et al., 2022). Similarly, the current results agree 
with the CH-coated sponge gourd (Han et al., 2014).

The role of CH and AV gel as edible coatings in delaying fruit 
ripening, decreasing various physiological disorders, and extending 
their shelf life has been reported. Furthermore, CH and AV coatings 
control the gas exchange in fruits during storage consequently 
slowing down the metabolism and pigment change. For instance, 
higher concentrations of AV gel have positively affected the color 
of strawberries (Pinzon et  al., 2020). This could be  due to the 
reduced contact with oxygen which might have inhibited the 
enzymatic reactions responsible for color change (Shekari et al., 
2021). In another study, reduced weight loss occurs in tomatoes and 
guava coated with AV gel (Al-Hilifi et al., 2022; Dutta Roy et al., 
2023; Farooq et al., 2023). In contrast, opposite results were found 
in the case of persimmon fruits coated with 50% AV gel (Saleem 
et al., 2022). Our findings suggest that CH and AV-based coatings 
have reduced discoloration, shrivelling, decay, and bioactive loss in 
fruits over cold storage. The CH owns the film-forming properties 
that reduce the water permeability across the fruit’s surface and 
prevent moisture loss (Kaur et al., 2024). The combination of CH 
and AV has retarded the fruit softening in mangoes, strawberries, 
guavas, papayas, and tomatoes (Adiletta et al., 2018; Mendy et al., 
2019; Khatri et  al., 2020; Pinzon et  al., 2020). Likewise, our 
treatments especially, the T5 [50% AV + 1% CH (25:75, v/v)], T4 
[AV + 1% CH (25:75, v/v)], and T2 (0.5% CH, w/v) have 
significantly preserved the physical properties of the fig fruits 
during cold storage.

When fruits begin to ripen, the starch components will convert to 
sugars, and cell wall components undergo hydrolyzation by different 
enzymatic actions. For example, β galactosidase (β-gal) enzyme is 
involved in the hydrolytic digestion of the non-reducing 
β-D-galactosyl moieties from the β-D-galactoside present in the cell 
wall, leading to fruit softening (Gross et  al., 1994). The current 
investigation shows that the applied treatments have suppressed the 
β-galactosidase enzyme activity in fruits after 2 weeks of cold storage. 
This activity remained there in the control fruits until the 14th day. 
These results are highly correlated with the fruit firmness pattern. 
Similar results were found in the CH-coated blueberry and strawberry 
fruits (Gol et al., 2013; Sun et al., 2022). The coatings have prevented 
moisture loss from the fruits, thereby preserving the fruit’s firmness 
until the end of storage.

The postharvest decay in fresh fig fruits is mainly caused by fungal 
species from the genus: Fusarium, Alternaria, Aspergillus, Rhizopus, 

Penicillium, and Botrytis (Crisosto et al., 2011; Dogan et al., 2018). Fig 
fruits exhibit exceptional delicacy; even a minor contact can incur 
abrasion, eventually making them highly susceptible to microbial 
spoilage. However, this delicacy can be improved and protection from 
microorganisms can be  achieved using appropriate postharvest 
management techniques (Crisosto et  al., 2011). In the current 
research, the T5 (50% AV + 1% CH (25:75, v/v)) and T6 (50% 
AV + 1% CH (40:60, v/v)) treatments were found to be the best in 
retarding the microbial growth on fig fruits, thus, extending the 
storage life. This might be due to the specific concentrations of AV gel 
and CH used in this study. Despite their antimicrobial properties, the 
ratio of CH and AV gel used has improved their film-forming abilities 
which have effectively coated the fruit and retarded the microbial 
growth. Correspondingly, a prior study reported the role of CH in 
providing resistance against Botrytis cinerea in ripened strawberries 
and grapes (Peian et al., 2021).

Fig fruits possess a high number of bioactive compounds 
including anthocyanins, flavonoids (flavanols, flavones, flavanones, 
flavanonols, flavonols, and isoflavones), and phenolic compounds 
such as hydroxybenzoic acids, hydroxycinnamic acids, and hydroxy 
coumarins (Ammar et al., 2015). These compounds play a pivotal role 
in defence, imparting resistance against diverse microorganisms and 
reactive oxygen species. Also, they serve as a great source of 
antioxidants and provide several health benefits to humans (Debib 
and Menadi, 2023). Edible coatings have been proven to be highly 
effective in preserving the antioxidants in fruits, thereby enhancing 
their shelf life.

The CH has been documented to be involved in defence-related 
pathways such as jasmonic acid signalling and phenol synthesis 
pathways (Peian et  al., 2021). Furthermore, it activates the 
phenylalanine ammonia-lyase; a key enzyme in phenolic acid 
biosynthesis and boosts the production of phenolic compounds. The 
application of CH and AV gel has decreased the phenolic and 
flavonoid loss in several fruits such as mangoes, sapota, strawberry, 
raspberry, and loquat during storage (Hassanpour, 2015; Adiletta 
et  al., 2018; Khaliq et  al., 2019). On the other hand, different 
concentrations of AV gel as coatings have been reported to preserve 
the TPC and TFC of tomatoes (20% AV gel) and cherries (100% AV 
gel) during cold storage (Serrano et al., 2017). In some cases, AV gel 
is used as a carrier for other elements in the coatings to maintain the 
fruit’s phenolic content, which AV gel alone cannot preserve. For 
example, adding ascorbic acid to 33% AV gel improved the phenolic 
and flavonoid content in strawberries compared to the AV gel alone 
(Sogvar et al., 2016). In the present study, AV gel (50%) combined 
with CH (1%) in a 40:60 ratio could not preserve the TPC and TFC 
content by the end of storage. However, better results were found in 
AV gel alone and other combinations with CH. Hence, the 
treatments improved the TPC and TFC in fig fruits till the end of 
cold storage.

The relationship between the postharvest degradation of phenolic 
compounds and the activity of antioxidant-related enzymes (POD and 
PPO) has been reported (Posmyk et al., 2009). It is suggested that they 
deal with many postharvest events, including discoloration, browning, 
and off-flavour. PPO enzymes are responsible for browning by 
reducing diphenols, whereas POD is involved in the transition of 
reactive oxygen species to hydrogen peroxide (Shekari et al., 2021). 
POD is a main enzyme that helps in reducing oxidative damage. 
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Mainly, phenolic compounds are a substrate of browning-causing 
enzymes. In this manner, the low PPO activity is proportionate to the 
low consumption of phenolic compounds and the browning symptoms 
(Loay and Taher, 2018). It has been proposed that the inhibition of 
these enzymes can reduce the browning and discoloration of fruits 
(Maioli et al., 2020). CH treatment inhibited PPO and POD activity 
during cold storage in Loquat fruit and eggplant (Adiletta et al., 2018; 
Sharma et al., 2021). Higher POD activity was found in jujube fruits, 
mangoes, and berries treated with AV and CH (Xing et al., 2020; Nia 
et al., 2021). The current results showed that the treatments applied on 
fig fruits have increased the POD activity and reduced PPO activity 
during cold storage. Hence, it could be inferred that the CH and AV 
gel combinations as an edible coating are promising in maintaining 
the quality and extending the storage life of fig fruits.

5 Conclusion

The treatments utilized in the current study have significantly 
improved the shelf life of figs by delaying the fruit weight loss and 
microbial load on fruits during the cold storage for 21 days. Overall, 
all coating compositions have positively affected the fruit performance 
during storage however, the T5 treatment (50% AV + 1% CH (25:75, 
v/v)) performed better than the other treatments across the storage 
period. The T5 treatment significantly reduced the microbial load on 
fruits and retarded fruit decay. Moreover, the T5 treatment improved 
the fruit’s phenolic and flavonoid content and its antioxidant activity. 
Whereas T6 (50% AV + 1% CH (40:60, v/v)) and T2 (CH (0.5%, w/v)) 
treatments protected the fruit from weight loss till the end of storage. 
This study concludes that the coatings: T2 (CH (0.5%, w/v)), T5 (50% 
AV + 1% CH (25:75, v/v)), and T6 (50% AV + 1% CH (40:60, v/v)) can 
be  used at large scale for improving the shelf life of fig fruits. 
Additionally, these treatments can be tried on other perishable fruits 
to observe their broad-spectrum effects.
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