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Abstract
Phalsa (Grewia subinequalis L.) berries also known as Dhamani/Star apple are dark purplish in colour, tiny, tender and 
acidic in taste. These berries are highly perishable and have poor storage life (< 2 days) under ambient conditions. Differ-
ent combinations of edible coating materials based on polysaccharides, protein and lipids were applied to Phalsa to extend 
their shelf life. The use of locally available materials like Aloe vera, guar gum, and aonla juice was also considered. Besides 
these, two layer-by-layer coatings (LBL) were also applied on berries and kept under refrigerated conditions (4 ± 2 °C) for 
storage upto 9 days. All coating treatments were found significantly effective in minimizing quality deterioration compared to 
control. Our findings suggest that LBL coatings are more effective in maintaining quality whilst coatings from locally avail-
able resources can also help in extending their shelf life moderately (6 days). LBL based coatings yielded effective results, 
providing phalsa fruits with good appearance, reduced physiological loss in weight (9.3% compared to 14.11% in control) 
and respiration rate (5.7% lower). Higher firmness (52%), reducing sugars (32.38%) and better colouration were recorded 
for LBL coated fruits over conventional coatings. LBL coating based on soy protein isolate-CMC could effectively extend 
the shelf life upto 7 days under refrigerated conditions.
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Introduction

Phalsa (Grewia subineaqualis L.) is an underutilized minor 
fruit crop indigenous to South Asia and belongs to Malva-
ceae family. The genus Grewia includes 150 species which 
are small to medium shrubs. Out of that, G. subineaqua-
lis and G. asiatica species produce edible fruits predomi-
nantly found in sub-tropical, arid and semi-arid regions of 
India like Rajasthan, Punjab, Gujarat and Haryana with an 
average area of 30 ha and production of 190 MT (Qamar 
et al. 2020). The berries are well known for their medici-
nal properties from ancient times and are mentioned in 

Ayurveda for potent activities like antihyperglycemic, 
antioxidant, hepatoprotective, radioprotective, antifungal 
and antiviral activity since they are bestowed with bioac-
tive components like flavonoids, anthocyanins, tannins, 
proteins, amino acids and phenolic components (Ray and 
Bala 2019; Sinha et al. 2015). However, phalsa berries are 
highly perishable in nature having poor shelf life of 48 h at 
room temperature. These delicate berries senesce quickly 
and are highly prone to damages caused during handling 
and transportation like bruising, mishandling, postharvest 
decay by fungi such as Penicillum, Botrytis leading to soft 
rot. Higher temperature and lower relative humidity in arid 
regions where it is cultivated leads to excessive moisture 
loss, resulting in faster shriveling and weight loss. Thus, 
improper storage leads to postharvest loss of these valuable 
fruits (Kumar et al. 2017). Hence, marketability of these 
prized phalsa berries has become a challenging task.

Among various postharvest technologies available till 
date, edible coatings have emerged as a promising, cost 
effective and eco-friendly technique for extending the shelf 
life of most of the fresh and fresh-cut fruits like apple, 
melon, papaya, and pineapple. Most of the components of 
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edible coatings are based on proteins, lipids, or polysac-
charides. Application of edible coating over phalsa berries 
may generate a modified atmosphere by creating a semi-
permeable barrier against O2, CO2, moisture, and solute 
movement, thus reducing rate of respiration, water loss, and 
oxidation reaction rates. Since, arid regions have good native 
production of nutritive crops such as aloe vera, cluster bean 
(provides guar gum) and aonla, their utilization as the edible 
coating resource was explored. Use of guar gum and aloe 
vera gel, known to be rich in antioxidants and antimicrobial 
compounds while being non-toxic, biodegradable and read-
ily available can be a practical (Saha et al. 2017), natural 
and organic raw material for coating on fruits. Braich et al. 
(2022) have recently demonstrated efficacy of aonla essential 
oil to enhance shelf life of aonla fruits. Being rich in ascor-
bic acid, antioxidants and phenolics, it has great potential 
for use in edible coatings. Harnessing such locally abun-
dant natural resources for postharvest treatments can provide 
potentially cheaper, natural, sustainable and farmer friendly 
solutions towards reducing loss of product.

Dave et al. (2016) have studied the effect of different con-
centrations of edible coating materials comprising of soy 
protein isolate (SPI), olive oil, hydroxypropyl methyl cel-
lulose (HPMC) and potassium sorbate for phalsa berries. 
They suggested that combination of SPI 3.45%, HPMC 
0.40%, olive oil 1% and potassium sorbate 0.25% as the 
most suitable formulation for coating of phalsa berries. In 
recent years, layer-by-layer (LBL) edible coating is gain-
ing more attention in coating of fruits (Sowmyashree et al. 
2021). LBL technique employs polysaccharide based coat-
ing materials like alginates, CMC, chitosan, pectin mainly 
based on electrostatic deposition of oppositely charged natu-
ral polyelectrolytes. LBL edible coating containing alginate 
and chitosan was found to improve the quality of fresh cut 
melon fruits (Poverenov et al. 2014) by providing beneficial 
properties of both the materials. CMC and chitosan bilayer 
coating showed significant effect on firmness of citrus fruits 
like oranges, grapefruit and mandarins (Arnon et al. 2014). 
CMC-chitosan coating also maintained higher firmness by 
slowing the primary and secondary metabolism in strawber-
ries during storage at 0 °C for eight days (Yan et al. 2019). 
However, most LBL coating studies have used CMC-chi-
tosan materials, which can be a deterrent for vegetarian 
consumers. Hence, use of alternate electrostatic materials 
like alginate-pectin; SPI-CMC could offer vegan options 
for coatings on fruits to extend their shelf-life and maintain 
post-harvest quality. Thus, the current study was conducted 
with the objectives to apply conventional coatings based on 
locally sourced materials and compare their efficacy with 
two vegan layer-by-layer coatings.

Materials and methods

Fruit material

Well mature, firm phalsa (reddish to purple) berries were 
harvested freshly in early morning hours from the experi-
mental blocks of ICAR-Central Institute for Arid Horticul-
ture, Bikaner, Rajasthan and brought to Central Research 
Laboratory, Bikaner, washed thoroughly to remove dirt from 
the fruits and dried under fan immediately.

All chemicals: l-ascorbic acid, guar gum, calcium chlo-
ride, sodium alginate, pectin, soy protein isolate (SPI), car-
boxy methyl cellulose (CMC) and reagents used for this 
experiment were of analytical grade and procured from SRL 
Chemicals Pvt. Ltd. New Delhi.

Preparation of coating solutions

Conventional coatings: for T1, Aloe vera gel was extracted 
from freshly harvested leaves and blended with water in 
1:1 ratio, ascorbic acid was added to it at 5% level. For T2, 
Aloe vera gel (50%) was combined with freshly extracted 
Aonla juice (diluted with water in equal proportion to extract 
juice). For T3 coating, solution of 1% of Guar gum with 1% 
calcium chloride was used.

LBL coatings: for T4, separate solutions of Sodium 
alginate-Pectin–calcium chloride (1% each) each were pre-
pared by using magnetic stirrer. For T5 coating, two separate 
solutions of SPI (3.45%) and CMC (0.4%)-Sesame oil (1%)-
Tween-20 (0.2%) were prepared. All gums were hydrated 
overnight prior to application.

Coatings application

Phalsa berries were washed and drained for 1 h at room 
temperature. Then, the berries were immersed in the coat-
ing solutions for 30 s. For LBL coatings, the berries were 
immersed sequentially in each solution for 30 s. Followed 
by coating application, residual solution was allowed to drip 
off and the fruits were dried under fan at room temperature 
(24 ± 2 °C) for 2 h, weighed 100 g each, placed in punnet 
boxes (200 mL) and stored in refrigerator (4 ± 2 °C), 70–75% 
RH based on previous studies (Ray and Bala 2016). The 
coated as well as control fruits were evaluated during stor-
age every alternate day upto 9 days to determine the quality 
attributes like PLW, firmness, respiration rate, TSS, titrat-
able acidity, ascorbic acid, PME, and anthocyanin content.
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Physiological loss in weight (%)

Phalsa berries were weighed at the beginning of the experi-
ment (i.e. 0 day) and at each storage interval. The difference 
between the initial and final weight of the fruit was consid-
ered as a total weight loss and the results were expressed as 
the percentage loss of the initial weight as per the standard 
method (Sowmyashree et al. 2021)  

Total soluble solids and titratable acidity

The TSS content of the fruit was determined using digi-
tal refractometer (Atago Co., Tokyo, Japan). Samples were 
squeezed and the filtrate was placed on the testing area of 
the refractometer and a direct reading was taken. The results 
were expressed as degree Brix (°B) at 20 °C. The total titrat-
able acidity was determined by visual titration method (Ran-
ganna, 1986). In brief, five gram phalsa pulp was crushed 
with distilled water and the volume was made up to 100 mL. 
10 mL aliquot of filtrate was taken in a conical flask and 
titrated against 0.1 N NaOH using phenolphthalein indicator.

Ascorbic acid

Ascorbic acid content was determined by 2, 6-dichlorophe-
nol indophenol (DPIP) method (AOAC, 967.21). Five gram 
phalsa pulp was crushed with 3% metaphosphoric acid, fil-
tered and volume was made up to 100 mL using 3% met-
aphosphoric acid, from which 10 mL was taken for titration 
against DPIP. Ascorbic acid content was calculated as mg of 
ascorbic acid equivalents per 100 g of fresh weight.

Reducing sugars

Reducing sugar content of the samples were estimated by 
using modified DNSA reagent method (Rudra et al. 2022). 
For reducing sugars estimation, 100 mg of phalsa pulp was 
weighed, suspended in 5 mL hot 80% ethanol two times for 
complete extraction and kept in hot water bath for 2 h. 100 µL 
of supernatant was taken and volume made up with 3 mL dis-
tilled water, 3 mL of DNS reagent was added and kept in hot 
water bath for 5 min. 1 mL of 40% Rochelle salt solution was 
added to the warm samples and cooled for a while, intensity 
of red color was measured by spectroscopic reading at 510 nm

Reducing sugars (mg∕100g) =
{

Abs (sample)×Conc. of std. ×Dilution factor ×100

Abs (std)×Aliquot taken ×1000

}

× 100

Titratable acidity (%) =
Titre value × Normality of NaOH × Vol. made up × Equi. wt of citric acid

Vol. of sample taken for titration × Wt. of sample × 1000
× 100

Vitamin C (mg∕100g) =
Titre value × Std. value (μg) × Total vol. of extract × 100

Assay volume × Wt. of the sample (g) × 100

Anthocyanins

Anthocyanins were extracted and estimated by using pH dif-
ferential method (Rudra et al. 2022). Two gram phalsa pulp was 
blended with 15 mL of extracting solvent (80% ethanol) and 
centrifuged at 4 °C for 20 min at 10,000 rpm. The samples were 
filtered and 1 mL of supernatant was taken and mixed with KCl 
buffer and sodium acetate pH buffers (pHs 1.0, 4.5, respec-
tively).The absorbance was recorded at 510 and 700 nm using 
UV–Vis Spectrophotometer (Varian Cary) using following for-
mula, where MW is 449.2 g/mol for cyanidin-3-glucoside; L = 
path length in cm; Eta = 26 900 molarextinction coefficient, in 
L mol–1 cm–1, for cyanidin-3-glucoside, m = weight of sample.

Respiration rate

Respiration of samples was analyzed periodically in a closed 
and hermetic system. The samples (five gram per container) 

were randomly distributed in 50 mL plastic containers with 
a needle inserted through a septum fixed at the center of the 
lid and kept at ambient temperature (27 ± 2 °C). The needle 
was connected to CO2/O2 gas analyzer (PBI Dansensor Gas 
Analyzer, Checkmate II, Denmark).The CO2 percentage was 
used for calculation of the respiration rate (mL kg−1 h−1), 
using the following equation:

Firmness

Fruit firmness (N) was determined by measuring the com-
pression force (at 0.05 mm/s) of the berries with spherical 
probe (0.25S) using texture analyzer (TA-XTplus, SMS, 
UK) with 5 kg load cell.

Pectin methyl esterase activity

The procedure for extraction and assay of PME was 
adapted from Lohani et al. (2004). The reaction mixture 

Anthocyanins (mg∕L) =
{

A × MW × DF × 1000

Eta × L ×m

}

Respiration rate =
CO2(%) × Head space

100 × weight(kg) × Time(hours)
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contained 1 mL pectin solution (0.01%, pH 7.5), 0.2 mL 
NaCl (0.15 M), 0.1 mL bromothymol blue solution (0.01%), 
0.2 mL water and 0.1 mL of fruit extract. Absorbance was 
measured immediately at 620 nm and again measured after 
3 min. The difference in initial absorbance and absorbance 
after 3 min was used as measure of PME activity, expressed 
as μmol g−1 min−1 (fresh fruit weight).

Statistical analysis

The experiment was conducted in a completely randomized 
design (CRD) with three replications. All the analyses were 
carried out in triplicates and the standard deviation (SD) 
was calculated. Data analyses were performed by analysis 
of variance (ANOVA) using SPSS statistical software (ver-
sion 16.0). Multiple comparisons among the treatments with 
significant differences tested with ANOVA were conducted 
by using least significant difference (LSD) at p < 0.05 level. 
Tukey’s posthoc analysis was used to compare the difference 
among mean values at different storage intervals.

Results and discussion

Physiological loss in weight (PLW)

PLW is a major physiological indicator indicating post-
harvest quality of a commodity. Higher perishability of 
phalsa is due to its greater physiological loss in weight. 
The intensity of weight loss was more in control (2.01% 
per day) compared to edible coated fruits because of rapid 
moisture loss during storage period (Table 1). PLW of con-
trol fruits reached 14.11% on 7th day of storage, so even 
under refrigerated conditions, the berries remained accept-
able barely upto 3–4 days. These findings corroborate with 
those of Dave et al. (2016). Lamo et al. (2020) have also 
reported PLW of 22.97% after 4 days of refrigerated stor-
age of phalsa. Edible coating materials made up of poly-
saccharides, protein derivatives could act as moisture bar-
riers and thus help in reduction of weight loss of the treated 

fruits. Amongst the conventional coatings, lowest PLW was 
recorded for T3 (guar gum-CaCl2) with an average PLW of 
1.67% per day. On similar lines, application of guar gum at 
0.4% has shown reduced weight loss in blackberries (64% 
reduction) compared to control on day 6 (Ascencio-Arteaga 
et al. 2022).

Amongst the LBL coatings, significantly lower PLW of 
9.33% was observed in T5 coating on 7th day of storage. 
Dave et al. (2016) also applied SPI based coating on phalsa 
berries, using different variables like olive oil, HPMC in dif-
ferent concentrations to check the efficacy of protein based 
composite coating. They found an optimum weight loss of 
7.06% on 4th day of storage which increased further till 8th 
day. In our study, locally available sesame oil was included 
in the coating. The rate of increase of PLW was 1.5% per day 
while 10% PLW was attained in 7.5 days of storage. Thus, 
it can be considered that there was shelf life extension of 
two days upon coating with LBL coating T5. The addition 
of oil or any wax based material to the protein based films 
helps in modification of barrier properties against moisture 
loss. Our coatings with SPI-CMC-Oil (T5) showed lower 
weight loss (6.17%) on 5th day of storage. Thus, an opti-
mized combination of SPI-CMC-sesame oil could help in 
attaining a constant and lower weight loss in coated phalsa 
berries upto 8 days.

The other LBL coating (T4: Sodium alginate-Pectin) 
recorded 10.05% loss in weight upon 7 days storage. The 
10% PLW cutoff was realized on ~ 7th day of refrigerated 
storage indicating > 24 h increase in shelf life over control. 
It is worth considering that even a days’ extension of shelf 
life is appreciable for transporting and storing such delicate 
tropical berries. Reduction in the rate of PLW of LBL coat-
ings might be due to the increased gel strength, better cover-
age, uniform spreading over the fruits and the water vapour 
permeability of coating materials which are different with 
respect to their structure and composition (Chiabrando and 
Giacalone 2016) enabling varied interaction with cell wall 
constituents.

Table 1   Physiological loss 
in weight during refrigerated 
storage of treated Phalsa berries

Note: Different letters above the individual columns show significant differences (p < 0.05) in the values in 
a given data set

Treatments Storage period (days)

3 5 7 9

Control 5.56a ± 0.41 9.05a ± 0.05 14.11a ± 0.12 18.10a ± 0.09
Aloe vera–aonla juice (T1) 4.60b ± 0.17 8.38a ± 0.34 12.18b ± 0.26 15.97b ± 0.31
Aloe vera–ascorbic acid (T2) 4.51b ± 0.18 7.60c ± 0.17 11.70b ± 0.35 15.13b ± 0.12
Guar gum–CaCl2 (T3) 4.70a ± 0.36 8.01b ± 0.11 10.40c ± 0.10 15.02b ± 0.13
Sodium alginate-Pectin (T4) 4.47b ± 0.25 7.13c ± 0.21 10.05c ± 0.10 14.37c ± 0.23
Soy protein isolate-CMC (T5) 4.15c ± 0.05 6.17c ± 0.15 9.33c ± 0.29 13.50c ± 0.46
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Respiration Rate

The effect of different coatings on respiration rate of phalsa 
fruits stored at refrigerated condition (4 ± 2 °C) is shown in 
Fig. 1a. Coated fruits showed decreased rate of respiration 
during storage period compared to control fruits (988.06 µg/
kg/h) on day 7. Lower respiration rate during storage is sup-
ported with prolonged shelf life of chitosan coated Japanese 

plum cv. Santa Rosa owing to partial blockage of pores pre-
sent in peel of plum fruits (Kumar et al. 2017).

While conventional coatings could lower the respiration 
rate upto 1–2%, LBL coatings lowered the respiration rates 
upto 5.72% after 7 days of storage. The lowest respiration 
rate was recorded for  T5 (931.5 µg/kg/h) followed by T4 and 
T3. It is presumed that edible coating helped to modify the 
internal atmosphere of the phalsa fruits which significantly 
delayed the respiration rate. This decrease was directly 

Fig. 1   Effect of edible coating 
on a respiration rate, b pectin 
methyl esterase activity, c firm-
ness of phalsa during refriger-
ated storage during storage
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proportional to the percent of physiological loss in weight. 
The interactive effect of polysaccharide and protein based 
coatings on respiration rate is related to their functional 
ability to create a barrier for oxygen diffusion through the 
coating (Ramírez et al. 2013). Ruelas-Chacon et al. (2017) 
have also reported reduced respiration rate of coated Roma 
tomatoes with gum arabic, alginate or zein and hydroxyl 
propyl methyl cellulose (HPMC) upon storage.

Total soluble solids (TSS)

The total soluble solids of phalsa fruits were showing sig-
nificant variations during storage. An increasing pattern 
of TSS could be observed in coated and uncoated berries. 
The significant increase in TSS content of control fruits 
(23.15 °B) might be attributed not only to rapid breakdown 
of starch during storage period but also due to desiccation 
(Table 2). According to Nandane and Jain (2011), increased 
TSS content might be due to the degradation of the cell wall 
polysaccharides during ripening and postharvest storage 
and is directly correlated with hydrolytic changes resulting 
in starch breakdown and depletion of organic acids as res-
piratory substrates during ripening in postharvest period. 
Among coated fruits, lesser increase in TSS was recorded 
during storage. Similar observations have been made for 
coated blueberries during storage (Rodríguez et al. 2020) 
where TSS content is correlated with hydrolytic changes in 
polysaccharides (hemicelluloses and pectin) during ripening 
and storage. This clearly indicates the slower metabolic pro-
cess and starch breakdown. Among conventional coatings, 

on 7th day, T3 berries showed significant higher TSS (17.95 
°B) followed by aloe vera and ascorbic acid coated berries 
(17.7 °B: T2). The application of aloe vera in combination 
with aonla juice or ascorbic acid, which is natural antioxi-
dant, might have resulted in decreased respiration rates that 
slowed down the synthesis and use of metabolites resulting 
in lower TSS (Saleem et al. 2021). Among the LBL coat-
ings, the lowest TSS was recorded for T5 (16.95 °B). Higher 
efficacy of T5 could be due to the hydrophobic nature and 
colloidal interactions between the coating materials espe-
cially with carboxy methyl cellulose, which is a widely used 
biopolymer known for its binding, gel strength and inter-
locking capacity in addition with soy protein isolate which 
has excellent antioxidant properties thus acting as a natural 
preservative. de Oliveira et al. (2021) have also recorded 
effectiveness of SPI-CMC coatings for formation of effective 
edible coatings for retaining soluble solids in fruits during 
storage.

Titratable acidity (TA)

Significant decrease in titratable acidity was recorded with 
storage duration in all treatments without much difference. 
Application of different coating materials helped in prevent-
ing faster degradation of organic acids, as organic acids’ 
breakdown occurred at a slower rate compared to control 
fruits. It is noteworthy that coatings exerted their effect even 
on the first day of storage, with significant differences among 
control, conventionally- and LBL coated berries. (Table 2). 
The rate of decrease in acidity was highest for control berries 
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(@ 0.07% per day) while T4 and T5 LBL coated berries 
exhibited decrease @0.026 and 0.023% per day, respectively. 
Decrease in acidity was also found less in case of aloe vera-
aonla juice coated berries (T1) i.e. 0.026% per day and it was 
at par with LBL coatings. The effect of aonla juice phenolics 
was evident with better retention in quality of aloe vera-
aonla juice coated fruits as well as aloe vera-ascorbic acid 
coated fruits. Aonla juice and ascorbic acid are the func-
tional components playing a major role in prolonging the 
shelf life of phalsa berries. T3 coating based on guar gum 
was found least effective with increase @0.028% per day.

Findings for acidity of berries are in line with lower rate 
of respiration. This decrease might be associated with physi-
ological activities such as the breakdown of complex poly-
saccharides and decomposition of sugars during postharvest 
storage period. The amount of organic acids present in the 
fruit may be expected as a result of metabolic changes in 
fruit. A slight decreased TA in all coated fruits during stor-
age period has been reported since coatings reduce the rate 
of respiration and therefore delay the utilization of organic 
acids (Ascencio-Arteaga et al. 2022). Retention of TA has 
also been reported for blackberries coated with aloe vera-
based coatings (Ramirez et al. 2015) and cassava starch 
based coatings (Rodriguez et al. 2020).

Ascorbic acid

Ascorbic acid available in fruits is one of the most abundant 
antioxidant, helps to scavenge free radicals. Phalsa berries 
are known to be a good source of ascorbic acid. Table 2 
represents the effect of coatings on ascorbic acid content 
of phalsa fruits in comparison with control. Irrespective of 
the treatments, an increase followed by decrease in ascorbic 
acid content has observed. The initial increases in ascorbic 
acid content may be attributed to synthesis of ascorbic acid 
from monosaccharides, since in plants most synthesis starts 
with preformed d-glucose through non-inversion pathway 
because of respiration activity during storage (Nunes et al. 
1998). Better retention of ascorbic acid found in coated fruits 
over control can be clearly observed. All coated fruits have 
showed a higher retention of ascorbic content of the phalsa 
fruits due to slower degradation of organic acids. The initial 
ascorbic acid content of the phalsa fruit was 3.85 mg/100 g. 
After 9 days of storage, T2 samples showed significantly 
higher amounts of ascorbic acid (18.8%) compared to con-
trol (6.25 mg/100 g) owing to utilization of organic acids in 
the respiration process (Nandane and Jain 2011). Similar 
results have been reported in strawberries by Hazarika and 
Marak (2022). Among the varied coatings, T2 maintained 
higher level ascorbic acid during the storage period. The 

Table 2   Physicochemical 
changes during refrigerated 
storage of treated Phalsa berries

Note: Different letters above the individual columns show significant differences (p < 0.05) in the values in 
a given data set

Parameter Storage period (days)

1 3 5 7 9

TSS (°Brix)
 Control 13.60a ± 0.42 15.85a ± 0.42 17.70a ± 0.35 20.43a ± 0.35 23.15a ± 1.20
 T1 12.90c ± 0.21 15.34b ± 0.14 16.35b ± 0.99 17.05c ± 0.42 18.43c ± 0.21
 T2 12.85c ± 0.85 14.38c ± 0.49 15.98c ± 0.92 17.70b ± 0.57 18.63c ± 0.92
 T3 13.00b ± 1.41 15.40b ± 0.28 17.30a ± 0.64 17.95a ± 0.49 19.33b ± 0.78
 T4 12.98b ± 0.35 15.10b ± 0.21 17.00a ± 0.92 17.40b ± 1.27 19.15b ± 0.71
 T5 12.90c ± 0.35 14.35c ± 0.21 16.64b ± 1.84 16.95c ± 0.28 17.20b ± 1.63

Titratable acidity (%)
 Control 0.97a ± 0.007 0.69d ± 0.028 0.51d ± 0.014 0.46e ± 0.021 0.37d ± 0.021
 T1 0.82b ± 0.021 0.79b ± 0.021 0.73b ± 0.014 0.64c ± 0.014 0.59b ± 0.007
 T2 0.83b ± 0.042 0.80b ± 0.014 0.72b ± 0.007 0.67b ± 0.035 0.58b ± 0.007
 T3 0.86b ± 0.007 0.83a ± 0.035 0.77a ± 0.028 0.71a ± 0.021 0.61a ± 0.014
 T4 0.79c ± 0.014 0.77b ± 0.014 0.73b ± 0.007 0.66c ± 0.028 0.56c ± 0.028
 T5 0.76c ± 0.007 0.74c ± 0.021 0.71c ± 0.014 0.62d ± 0.007 0.55c ± 0.007

Ascorbic acid (mg/100 g)
 Control 3.85a ± 0.071 4.85a ± 0.071 5.55a ± 0.212 7.65a ± 0.212 6.25c ± 0.071
 T1 3.65b ± 0.071 4.30c ± 0.424 4.85b ± 0.071 6.65b ± 0.212 7.35a ± 0.071
 T2 3.55b ± 0.071 4.55b ± 0.071 5.05b ± 0.071 6.80b ± 0.141 7.70a ± 0.141
 T3 3.60b ± 0.141 4.65b ± 0.212 5.19b ± 0.092 6.50b ± 0.283 7.20a ± 0.141
 T4 3.30c ± 0.141 4.15c ± 0.071 4.65c ± 0.071 5.70c ± 0.141 6.70b ± 0.141
 T5 3.28c ± 0.106 4.00c ± 0.141 4.25c ± 0.071 5.38c ± 0.028 6.40b ± 0.141
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effect could be due to antioxidant properties of aloe vera 
and ascorbic acid which may help in reduction of oxygen 
diffusion inside the fruits and reduced respiration thus pro-
tecting the ascorbic acid content from deteriorative oxidation 
reactions (Ramirez et al. 2015). Thus, the coating of fruits 
effectively helped to preserve the ascorbic acid content dur-
ing storage.

Reducing sugars

Decrease in reducing sugar content of coated and uncoated 
phalsa fruits was observed during storage upto 7th day 
(Fig. 2a). Considering 10% PLW as benchmark, on day 
5 lowest reducing sugar content was observed in control 
fruits (12.35 mg/100 g). On this day among conventional 

Fig. 2   Effect of edible coating 
on a reducing sugars and b 
anthocyanins of phalsa berries 
during refrigerated storage
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coatings, T3 showed higher reducing sugars (15 g/100 g). 
T5 LBL coating demonstrated relatively better performance 
over T4 in deceleration of reduction in reducing sugars. The 
reducing sugars level was higher (16.35 mg/100 g) in T5 
and (15.95 mg/100 g) in T4 on day 5. The level of reducing 
sugars on day 9 for T5 was equivalent to that on day 7 of 
control berries. Rate of decrease of reducing sugars in T5 
berries was 2 mg/day compared to 2.4 mg per day in control 
berries, depicting enhanced shelf life.

Such decrease is mainly due to conversion of reducing 
sugar to other metabolites. Dave et al. (2016) stated that 
reducing sugars content was found lower in control phalsa on 
4th day of storage. This clearly shows that increased rate of 
respiration in control phalsa had resulted in faster utilization 
of sugar compared to coated fruits.

Anthocyanins

During storage period, both coated and control fruits showed 
a significant increase in anthocyanin content. A gradual ini-
tial increase in the anthocyanin concentration was followed 
by a spurt in pigmentation of berries until they became 
very dark purplish color at the end of storage (Fig. 2b). 
This might be due to the biochemical reactions resulted in 
synthesis of anthocyanins especially in control or untreated 
fruits which showed maximum colouration (556.82 mg/L) 
compared to other edible coated phalsa fruits. Dave et al. 

(2016) also found that the anthocyanin content of phalsa 
fruits showed significant increase during storage period 
since the development of anthocyanin content is linked 
with changes in color of fruits at different stages of ripen-
ing. Thus, a gradual increasing pattern of color development 
in phalsa fruits shows the process in ripening while higher 
concentration could also be due to desiccation during stor-
age (Ali et al. 2019). From Fig. 2b, it can be seen that con-
trol fruits’ pigmentation reached peak on day 5 followed by 
plateau. In contrast, T2 and T5 berries showed much lower 
rate of increase over other coatings till day 9. The suppres-
sion of colour development in coated fruits might be due 
to their barrier properties which could strongly affect the 
anthocyanin synthesis by creating modified internal atmos-
phere in fruits. This in turn may retard the biochemical reac-
tions leading to anthocyanin synthesis (Ramirez et al. 2015). 
Gol et al. (2013) has also reported that the chitosan coated 
strawberries synthesized anthocyanins at a slower rate. The 
lower rate of colour development however did not altogether 
suppress pigmentation of berries which maintained their red 
colour (Fig. 3).

Pectin methyl esterase

Phalsa berries showed a significant increase in PME activ-
ity initially with high spurt till day 7 followed by decrease 
in later days (Fig. 1b). While all coated fruits maintained 

Fig. 3   Edible coated Phalsa 
fruits stored for 9 days in 
refrigerator

Aloe vera + Ascorbic acid
Day 9

Soy protein isolate+ CMC
Day 9

Sodium Alginate+ Pectin
Day 9

Control
Day 9

Guar gum+ CaCl2
Day 9

Aloe vera + Aonla juice
Day 9
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lower PME activity than control fruits during storage, on day 
7 PME activity of T4 and T5 was 34.7 and 43% lower than 
control fruits, respectively. Efficacy of guar gum-CaCl2 (T3) 
was also found appreciable in maintaining lower activity of 
PME (40% lower) at par with sodium alginate-pectin (T4). 
In contrast, the aloe vera based T1 and T2 coatings were 
not found as effective as other coatings. Kumar et al. (2017) 
found that coating treatments in plum fruits led to about 
82–86% reduction in pectin methylesterase (PME) activity 
over control fruits. The probable reason could be the ability 
of protein based films/coatings (Soy protein, whey protein 
and wheat gluten) to act as barrier for oxygen due to their 
mechanical properties (Hassan et al. 2018). Effectiveness 
of SPI-CMC films has been reported previously by several 
authors (de Oliveira et al. 2021) and Gol et al. 2013 for 
strawberries) during storage.

Firmness

One of the deciding quality parameters for berries includes 
firmness, which was found to be improved significantly by 
the application of edible coatings. The increase in firmness 
of phalsa fruits during storage (Fig. 1c) is in contrast with 
other climactic fruits where rapid loss of firmness occurs at 
ripening and development stage. Firmness of phalsa berries 
was found to increase until 5 days followed by decrease. This 
firming up was accompanied by detachment of pulp from 
the seeds as evidenced upon consumption. Increase in firm-
ness was much higher in control berries compared to coated 
ones. Similar behaviour has been attributed in blueberries 
to thickening of the parenchymal cell walls, corrugations of 
cell walls, increased skin toughness as well as drying and 
firming in berries (Paniagua et al. 2013).

Significant delay in firming was observed on the fruits 
coated with polysaccharide based coating materials like 
CMC, sodium alginate, guar gum, pectin on the 3rd day 
of storage compared to control. However during extended 
storage period, higher firmness was recorded for coated ber-
ries. This could be due to formation of thicker layer of gum 
coating on berries. Following 7th day, firmness decreased 
more rapidly for aloe vera coated berries (T1 and T2) com-
pared to others. Firmness was found significantly higher for 
T5 (640.02 kg/cm2) followed by T4 (592.74 kg/cm2) and 
T3 (590.01 kg/cm2) compared to control fruits (326.06 kg/
cm2) on 9th day of refrigerated storage. Higher effective-
ness of T5 coating could be due to functional properties and 
integrity associated with SPI and CMC. SPI-based films are 
generally considered to have good oxygen barrier and tensile 
strength (Su et al. 2010) and hence may help to slow down 
the metabolic processes in the fruits to prevent textural loss 
during storage. Totad et al. (2019) showed similar effect of 
CMC coating on Misty Blueberry, with 22% higher firmness 
over control during storage. Li et al. (2017) showed similar 

results in edible coated strawberry where they showed effec-
tiveness of polysaccharide based edible coating on soft berry 
like fruits in delaying tissue softening and reducing loss of 
textural integrity while preserving firmness during storage.

Conclusion

This study clearly demonstrates that layer-by-layer edible 
coating of phalsa berries could extend their shelf life upto 
8 days with acceptable textural and physiological quality 
while control fruits could be stored for 6 days even upon 
refrigeration. Among conventional coatings, guar gum-cal-
cium cloride coating showed higher acceptance compared to 
aloe vera based coatings. The phalsa berries coated with soy 
protein isolate-CMC-sesame oil exhibited effective retention 
of quality, with lower PLW loss, higher sweetness and firm-
ness. Since phalsa is an under exploited fruit crop, there is a 
huge scope for harnessing its natural, bioactive components 
like antioxidants and pigments with suitable postharvest 
handling practices and processing techniques.
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