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Abstract

Strawberries are highly perishable, leading to significant postharvest losses and reduced fruit quality during storage and
distribution. Conventional preservation methods are often insufficient, necessitating the development of innovative and
natural approaches to improve the longevity and quality of these fruits. This study investigates the use of sericin, chitosan,
and Aloe vera blended formulation (SBF) coating to extend the shelf life and quality of strawberries. The coated strawberries
were stored at 14 + 1 °C and 40-45% humidity, with their properties monitored over 12 days. Scanning electron microscopy
(SEM) and fourier transform infrared (FTIR) spectroscopy analyses of strawberries confirmed the uniform application and
chemical interaction of the coating, while contact angle measurements demonstrated improved wettability (contact angle
50.73 +£0.6 °). The SBF coating significantly reduced weight loss and maintained higher firmness i.e. with only 7 +1.14%
weight loss resulted after 9 days compared to a 16.5+0.7% weight loss in uncoated strawberries. It also preserved higher lev-
els of total soluble solids and titratable acidity compared to uncoated strawberries. Additionally, the SBF coating effectively
slowed moisture loss, prevented infection, and regulated pH and respiration rate, demonstrating its potential for postharvest
preservation of strawberries.

Keywords Postharvest quality - Strawberry - Shelf life - Edible coatings - Firmness

Abbreviations CMC Carboxymethyl Cellulose

BOD Biological Oxygen Demand HPMC Hydroxypropyl Methylcellulose

SEM Scanning Electron Microscopy SBF Sericin, Chitosan, and Aloe vera Blended

FTIR Fourier-Transform Infrared Spectroscopy Formulation

TSS Total Soluble Solids ppm Parts Per Million

TA Titratable Acidity ATR Attenuated Total Reflectance

FDA Food and Drug Administration RH Relative Humidity

GRAS Generally Recognized As Safe mAliquot Mass of Aliquot (used in TA calculations)

AOAC Association of Official Analytical CSTRI Central Silk Technological Research Institute

Collaboration
PEG Polyethylene Glycol
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proteins and natural additives, have the potential to modulate
the internal atmosphere of strawberries, thereby delaying
senescence [8].

Despite the successful application of certain edible coat-
ings to fresh produce, some instances have demonstrated
adverse effects on quality [9]. Altering internal atmospheres
through edible coatings may intensify disorders associated
with heightened CO, or diminished O, concentrations [10].
Consequently, regulating gas permeability in film develop-
ment is crucial [9]. Furthermore, the effectiveness of edible
coatings in protecting fruits and vegetables largely depends
on controlling the wettability of the coating solution, which
directly affects film thickness [10, 11]. Optimal formulations
must ensure uniform wetting and spreading across fruit sur-
faces, resulting in coatings with strong adhesion, cohesion,
and durability [10, 11]. Additionally, edible coatings serve
various functions, including acting as carriers for food addi-
tives such as antioxidants and antimicrobial agents [1-3].

Polysaccharides, proteins, resins, and lipids are common
components of edible coatings, each with distinct proper-
ties [12—15]. Polysaccharides and proteins form films with
good mechanical properties but poor permeability, while
lipids and resins offer good permeability but form brittle
films [12—-14]. Composite coatings combining hydrocolloids
(polysaccharides, proteins) and lipids with plasticizers (e.g.,
glycerol, polyethylene glycol (PEG)) produce non-greasy,
low-caloric films [12—14]. Sericin, derived from silk waste,
is a sustainable, cost-effective protein source for edible coat-
ings [16]. It reduces fruit weight loss, enhances color and
texture, and inhibits polyphenol oxidase activity [16]. Its
film-forming ability improves when mixed with polysac-
charides like glucomannan, offering tunable water vapor
permeability [13]. Sericin-based films combined with other
biomaterials can provide antioxidant, antibacterial and tun-
able water barrier properties [16]. Countries like China and
Japan lead in silk sericin utilization [17]. The food and drug
administration (FDA) has approved sericin and its deriva-
tives as generally recognized as safe (GRAS), with applica-
tions in cosmetics, medical, and food industries in countries
like Italy, USA, China, Austria, Japan, and Romania [18,
19]. However, in India, much sericin is wasted, increasing
the biological oxygen demand (BOD) load in wastewater
[20]. Utilizing sericin in food preservation and as a dietary
additive can offer health benefits and secondary income for
the silk industry.

Sericin’s complex formation ability allows it to polymer-
ize with other proteins and polysaccharides readily without
additional treatment steps [21]. Our group identified sericin’s
ability to form a stable formulation with chitosan and A.
vera, which was used to enhance the shelf life of tomatoes
[22]. The addition of chitosan and A. vera to sericin offers
unique advantages, including medicinal, antimicrobial,
protective, and stable film-forming properties [22-27]. For
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instance, reports state that chitosan-based coatings enhanced
strawberries preservation, reduced microbial load, main-
tained nutrients, and extended shelf life during cold storage
[S5, 6, 28]. However, there is currently no scientific literature
available on the use of antioxidant and sustainable sericin
protein alone or in combination with other natural protec-
tive agents like chitosan and A. vera for enhancing the post-
harvest quality of strawberries. Therefore, the present study
intends to investigate the potential of a blended coating for-
mulation containing sericin, chitosan, and A. vera to extend
the shelf life and improve the quality of strawberries. Key
parameters of elucidation include weight loss, pH, respira-
tion rate, firmness, total soluble solids, and titratable acidity
during storage. Furthermore, microscopy and spectroscopic
analyses were followed to assess the coating’s structural
integrity and its impact on the fruit’s preservation.

Materials and Methods
Chemicals and Plant Materials

Sericin was gifted by from Central Silk Technological
Research Institute (CSTRI), Bengaluru, India and chitosan
(10-150 mPa.s. deacetylated degree. Min. 90%), glycerol,
glacial acetic acid and other chemicals used in the study
are purchased from SRL, India. Garden fresh strawberries
(Fragaria ananassa chandler) were purchased from local
market, Chennai, India.

Preparation of Strawberries

Fruits with uniform size, shape, and ripeness with a bright
red color and no visible defects, bruises, or signs of disease
were used in this study. Only strawberries that were freshly
harvested and stored under optimal conditions were used.
Strawberries were immediately transferred to laboratory in
a closed thermocol box and stored at 5 °C in a temperature
controlled refrigerator until processing.

Prior to the study, fruits were sanitized using 5% sodium
hypochlorite solution with 1:100 dilution for 5 min. Then the
fruits were subjected to distilled water washing for 3 min,
subjected to air drying for 2 h at room temperature with
forced air.

Preparation of Individual Components

Primarily, sericin for coating formulation was prepared by
enzymatic treatment as reported in our earlier study. [22]
Silk sericin was exposed to alkaline protease at pH 9
and incubated for 90 min at 60 °C. Then the enzyme was
inactivated by heating step and separated from soluble
sericin by a centrifugation step. The recovered sericin
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from the supernatant was collected in solid form using
lyophilisation step (using CareBios Laboratory Freeze
Dryer DFD-10) and stored for further investigation.

Chitosan solution was prepared by dissolving it in 0.6%
glacial acetic acid through homogenization at 60 °C and
800 rpm. A. vera gel was prepared as per our earlier study
[22]. Primarily, mature and healthy leaves from the lower
part of the A. vera plant were selected and thoroughly
cleaned with distilled water. To eliminate the yellow latex,
the leaves were positioned vertically and allowed to drain
from the cut end. Using a sterile knife, the outer rind was
peeled away, and only the clear gel from the inner portion
was retained and collected in a sterile container. The gel
was then blended using a homogenizer until it reached a
uniform consistency. Afterward, it was filtered through
cheesecloth. The filtered gel was subjected to a heating
step at 70 °C for 45 min, then cooled to room tempera-
ture (25 °C) and lyophilized to obtain powder. A. vera.
Ultrapure water with 18.2 mQ.cm resistivity was used
throughout the study.

Coating Formulation Preparation and Dip Coating
of Fruits

The coating formulation solution was prepared by sequen-
tially mixing 40 mL of sericin (1.5%) and 40 mL of chi-
tosan (1%), followed by the addition of 0.4 g of extracted
A. vera powder and 0.6 g of glycerine.A. vera [22]. This
SBF was thoroughly mixed using a hot plate magnetic
stirrer (1500 rpm) at temperature of 70 °C with stirring
at 800 rpm until the final volume reduced to half. The
final strengths of ingredients in the SBF are sericin (1.5%),
chitosan (1%), A. vera (1%) and glycerine (1.5%). After
cooling of SBF to 25 °C, strawberries were dipped or
submerged in the coating formulation for 1 min and then
drained with the help of sieves. These fruits were dried
at room temperature of 25 °C for 2 h, placed in plastic
boxes and stored at 14+ 1 °C in the environment where
the relative humidity was 40-45%. With similar stated
approach, strawberries dipped in distilled water served as
control samples. The selected storage conditions (14 °C
with 40-45% relative humidity) were specifically chosen
to simulate real-world scenarios such as those encountered
during transportation or storage in less controlled envi-
ronments. Although lower temperatures (close to 0 °C)
are typically recommended to prolong the shelf life of
strawberries, this study sought to evaluate the efficiency
of the SBF coating under conditions where the strawber-
ries are more prone to spoilage. Both control and coated
strawberries were monitored over a 12 day period to assess
the effectiveness of the SBF coating in maintaining fruit
quality and extending shelf life under these conditions.

SEM and FTIR Analysis

The SEM and FTIR analyses were conducted on the coated
peels of the strawberries (1 X 1 cm). The coated peel sam-
ples were carefully prepared by first applying the SBF
composite coating to the strawberry surface. After the
coating was applied, the strawberries were allowed to dry
at room temperature. After 48 h, the peel was then gently
separated from the fruit and cut into small sections suit-
able for SEM and FTIR analysis. For SEM, the samples
were sputter-coated with a thin layer of gold to enhance
conductivity before imaging and analysed using TES-
CAN VEGA3 model, Czech Republic. For FTIR, the peel
sections were ground into a fine powder, and the spectra
were recorded in the range of 4000650 cm™! to iden-
tify the functional groups present in the coating material
using the Agilent Cary 600 FT-IR Spectrometer, which
was equipped with an attenuated total reflectance (ATR)
accessory.

Contact Angle Analysis

The contact angle (8) was measured using a contact angle
meter (Kyowa Contact Angle Meter - DMe-211 Plus). The
contact angle of water at the strawberry surface (coated and
uncoated) was measured by the sessile drop method [8], in
which a droplet of water was placed on a horizontal surface
of strawberry sample and observed with a contact angle
meter. To avoid changes on the strawberry surface, meas-
urements were taken within 60 s. This process repeated five
times at different points on the surface, all at a temperature
of 25+2 °C.

For SEM, FTIR, and contact angle measurements, freshly
cut peels from both the control and SBF-coated strawberry
fruits were used.

Physico-Chemical Assessments

The physical, chemical and microbiological analyses were
performed in triplicate during 12 days storage period of
strawberry fruits.

Weight Loss and Total Soluble Solids (TSS)

The weights of coated and uncoated strawberries monitored
using an analytical balance (accuracy: + 0.01 mg) during
the storage period. The difference between initial and final
weight of the samples were considered as the total weight
loss and weight loss in terms of percentage was calculated as
per the standard method of Association of Official Analytical
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Collaboration (AOAC), 1994 using the following equation.
(71
initial mass — final mass

Weight loss (%) = —tial tass x 100

TSS content was determined using benchtop refrac-
trometer (Hanna, India). Sample extract was prepared by
homogenizing the fruit using a blender followed by a quick
mixing. A few drops of this juice was placed on the prism
glass of the refractrometer and the °Brix reading was taken
as reported by Gol et al. [7].

Decay Percent

The number of decayed strawberry fruits due to fungal or
microbial infection was recorded at day 3, day 7 and day 12
and expressed as a percentage. For controls and SBF coated
samples, 12 fruits were observed in three replicates. The
decay percentage for both SBF coated and uncoated fruits
was calculated by dividing the number of decayed fruits by
the initial total number of fruits, then multiplying by 100 [7].

Titratable Acidity (TA)

TA of strawberry fruit was calculated by the method
reported by AOAC (1994) [29] and was expressed as g of
citric acid per 100 g of fruit.

V(NaOH)X 0.1 X 0.064 y

TA (%) = 100

maliqunt

Where V (NaOH) is the ml of NaOH spent for titration, 0.1
is the molarity of the NaOH solution, 0.064 is conversion
factor for citric acid and my;q, is the mass of the aliquot
sample taken for analysis [29].

pH

10 g of strawberry fruit was homogenized, and the juice
was filtered for pH measurement. A digital pH meter was
calibrated with standard buffers at pH 4.0 and 7.0 before
use. The electrode was rinsed, dried, and immersed in the
juice. Measurements were taken three times per sample to
ensure accuracy, and the average pH was recorded as per the
standard approach [30].

Firmness

The firmness of strawberry fruit was analyzed using fruit
penetrometer (Genex, TechZone Enterprises, India) dur-
ing storage period in each interval time. An 8§ mm diameter
stainless steel cylindrical probe with a flat end was used
for this measurement. The probe was pushed to a depth of
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3 mm into strawberries. The maximum penetration force
(kg/cm?) was used as the firmness value of the strawberry.
Three whole strawberries (two opposite locations in each
strawberry) from each replication were used [31, 32].

Respiration Rate

The respiration rate of strawberries in terms of CO, levels
were monitored using a compact CO, detector (Serplex 1
air quality meter, China), with readings expressed in parts
per million (ppm). Strawberries, both coated and uncoated,
were packed in a sealed container to measure the respiration
rate accurately [33].

All the statistical analysis of the study was performed
using OriginPro 8.5 software (OriginLab Corporation,
Northampton, USA) and MINITAB @release 14.1 (Minitab,
Inc., USA). analytical softwares.

Results and Discussion
SEM Analysis

The SEM analysis provided valuable insights into the sur-
face micromorphology of strawberry fruits, both with and
without the SBF coating (Fig. 1a-f). The control samples
exhibited a typical network of parenchyma cells with vis-
ible stomatal pores (Fig. 1a). The stomatal pores, critical for
regulating gas exchange and water loss, were not occluded
by the SBF coating, as seen in Fig. 1d,e. This is a signifi-
cant observation since coatings that occlude stomatal pores
can adversely affect fruit physiological processes, such
as respiration rate and water loss, potentially accelerating
senescence and reducing shelf life [34]. With noticeable
changes in micromorphology, SBF coating resulted in a uni-
form coating layer on the fruit surface (Fig. 1f), exhibiting
a more homogeneous appearance compared to the control
fruit (Fig. 1c). This behaviour complements with previous
studies that reported the formation of continuous and fis-
sure-free layers with nanocomposite-based coatings [35].
And findings from this study suggest that the SBF coating,
like chitosan and A. vera gel-based coatings, can provide
a protective barrier without compromising the natural gas
exchange through stomata [26].

Contact Angle and FTIR Analysis

Contact angle measurements (Fig. 2a) demonstrated a
significant difference between the coated and uncoated
strawberries, with values of 74.36 + 1.3 for the control and
50.73 +0.6 for the SBF-coated samples. These lower con-
tact angle values for the SBF-coated samples indicate bet-
ter wettability and uniform spreading of the coating across
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Fig.1 SEM images of strawberry fruits: control (a-c) and SBF-coated (d-f) samples. Coated and control samples are from day 2

Fig.2 Contact angle measure-
ments (a) and FTIR spectra (a) 50.3 deg 74.3 deg
(b) for control and SBF coated
strawberries

SBF coated Control

(b)

SBF coated

Control 1036

Transmittance % (a.u)

2922 1028

3500 3000 2500 2000 1500 1000

Wavenumber (cm™)
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the strawberry surface. Due to the inherent irregularity of
strawberry surfaces, lower contact angles suggest enhanced
coverage, which is desirable for maintaining the quality and
prolonging the shelf life of the fruit [8]. Our results align
with previous findings on coatings that achieve low surface
tension, enhancing fruit protection without the need for
additional surface tension-lowering agents [8]. Moreover, in
some cases, fruits coatings such as Carrageenan which have
high surface tension may not be ideal as it can lead to strong
forces between molecules, resulting in high contact angles
and improper barrier properties [8]. In such cases, surface
tension-lowering agents like Tween 80 are often added to
improve contact between the fruit and coating material [8].
However, with the developed SBF in this study, this chal-
lenge is minimized as the coating naturally achieves low
contact angle values on strawberry fruits, which is desirable
and reduces the need for procedural adjustments.
Furthermore, FTIR analysis provides direct evidence
of the interaction between the strawberry fruit surface and
SBF coating. The spectral data (Fig. 2b) reveal characteristic
peaks that are summarized in Table 1, showing comparisons
between SBF-coated and control strawberries. Most peaks
originate from the strawberries themselves, predominantly
reflecting the presence of sugars, pectin, pigments, and
organic acids in both control and SBF-coated fruits [36].
However, variations are observed in the SBF-coated fruits,
particularly in the region from 700 to 1500 cm™" (Fig. 2b).
These differences are attributed to the ingredients in the
SBF coating, which forms a barrier on the strawberry peel,
as observed in SEM images (Fig. 1d-f). The SBF coating
includes sericin, chitosan, A. vera, and glycerine. Although
identifying the specific groups involved in bonding is chal-
lenging, free bands from the SBF coating are detectable
(Fig. 2b) and tabulated (Table 1). Key peaks corresponding
to sericin (1625 cm™"), A. vera (1230, ~ 870 cm™!), and chi-
tosan (1394 cm™!) confirm the presence of the SBF coating

on the strawberries [22]. Additionally, shifts in wave num-
bers, such as from 3272 cm ™! to 3294 cm™, suggest interac-
tions between the organic components of the strawberries
and the SBF coating, possibly due to hydrogen bonding or
van der Waals interactions [36]. This evidence indicates that
the SBF coating was evenly distributed on the surface of the
strawberry fruits.

Weight Loss, Decay Percentage, Firmness

Digital images of coated and uncoated strawberry fruits
are shown in Fig. 3a. The weight losses of SBF coated and
uncoated fruits over time are depicted in Fig. 3b. Notably,
all strawberries, regardless of coating, exhibited increased
weight loss with storage duration (12 days). However, the
application of SBF coating significantly alleviated weight
loss compared to untreated strawberries when stored at
14 °C. After 5 days, uncoated strawberries reached a maxi-
mum weight loss of 9.75 +0.81%, whereas all coated straw-
berries maintained losses below 3.8 £0.67%. By the day 9,
control strawberries experienced a substantial 16.45+0.71%
weight loss, indicative of significant deterioration, whereas
coated strawberries exhibited only a 7+ 1.14 20% loss,
maintaining their freshness. These findings highlight the
efficacy of SBF coating in delaying weight loss, with a net
loss of 9.2 +1.2% by day 12. It is worth noting that moisture
loss accounts for the predominant mechanism behind weight
loss in strawberries. The observed results align with previ-
ous studies [7, 39—41] suggesting that fruit coatings establish
a semi-permeable membrane on the fruit’s surface, thereby
retarding moisture transfer from the fruit to the environment.

In addition to weight loss, the decay percentages and
firmness of the strawberries were assessed. Figure 4a
shows that strawberries are highly perishable due to sig-
nificant postharvest physiological activity. Our results
indicate that uncoated strawberries had decay percentages

Table 1 FTIR spectral peak assessments for control and SBF coated strawberries

Assignment Spectral bands/peaks (cm™) References
Control SBF coating

-OH of organic acids 3272 3294 [36]

asymmetric C-H, symmetric C-H 2922, 2847 2929, 2855

C=0 ester, carbonyl -COOR and carboxylate ion stretching —-COO- in pectin 1744 1714

C=C stretching (aromatic rings, alkenes) 1617

C=0 of amide I of sericin 1625 [22]

—O-CH, C-OH, C-CH from fructose 1453, 1356 [36]

-CH, stretch from chiotsan 1394 [22, 37]

C-0O-C stretching of -COCHj, groups in A. vera 1230 [22, 38]

C-0, C-0O-C stretching from disaccharides, polysaccharides, and glycosylated antho- 1162, 1028 1150, 1036 [36]
cyanins

C-H out-of-plane deformation of carbohydrate monomers of A. vera < ~870 [22, 38]

@ Springer



Food Biophysics

Day5 | Day7 | Dayo | pay12 |

Fig.3 Digital images of —1

strawberries (a) and weight loss (a)
monitoring (b) over 12 days of

storage
Control

SBF coated

Day 0 H Day 1 H Day 2 H Day 3 H

2y

A [—size reduced/not appealing—]

Weight loss (%)

of 13+1.8%, 90 +£2.2%, and 100% on days 3, 7, and 12,
respectively, with most fruits becoming infected and
unusable after seven days. In contrast, SBF-coated straw-
berries exhibited significantly lower decay percentages
of4+1.1%, 6 £0.8%, and 10 + 1.2% over the same peri-
ods. The SBF coating effectively protected the fruits from
microbial infection, extending their shelf life to 12 days.
This antimicrobial protection might be attributed to chi-
tosan in the SBF formulation, which enhances fruit resist-
ance by inducing chitinase, a defense enzyme that breaks
down chitin in fungal cell walls [7, 42].

The firmness of the strawberries depicted in Fig. 4a
was initially recorded to be 0.84 +0.03 kg/cm? and
decreased progressively with storage. Uncoated straw-
berries showed shaper decline in firmness compared
to SBF-coated ones i.e.11% loss in firmness for coated
strawberries whereas it was 47% loss for uncoated ones
after 9 days. This reduction in firmness correlates with
the weight loss behavior, as softening results from cell
wall degradation and/or microbial infection [43]. While
fruit coatings can mitigate softening [8], cold storage can
also induce softening due to increased respiration and
membrane damage [35]. The SBF coating, enriched with
sericin, provides weight reduction and antioxidant ben-
efits, while chitosan and A vera help inhibit microbial
spoilage and delay softening [22].

24

20

16

12

- o Control 3
—e— SBF coated ‘

10 12

Time (days)

Changes in TSS, Fruit Respiration Rate, pH and TA
Levels

The TSS levels of both control and coated strawberry sam-
ples during storage are depicted in Fig. 4b. Initially, the
TSS content was 7.3% and increased significantly over the
storage period for uncoated strawberries. Within the first
2 days of storage, the uncoated control samples exhib-
ited significantly higher TSS levels (8.2%) compared to
the coated samples. Over the 12 day storage period, the
TSS content in the control fruit decreased from 8.2% to
6.6%, while strawberries coated with SBF showed a slight
increase in TSS up to 9 days of storage (from 7.3 to 8%)
and slightly decreased (7.8%) at the end of storage (day
12). By the end of the 12 day storage period, SBF coated
fruits exhibited a TSS content of 7.8%. Coatings typi-
cally assist in maintaining TSS levels during storage, as
uncoated fruits experience rapid TSS loss due to uncon-
trolled respiration [35]. The SBF coating notably contrib-
uted to maintaining higher TSS levels in the fruits by the
end of 12 day storage. These results are in alignment with
those of Gol et al., [7] who observed chitosan enriched
edible coatings with carboxymethyl cellulose (CMC) and
hydroxylpropyl methylcellulose (HPMC) significantly
reduced the TSS content with respect to the control for
strawberries preservation. Regulation of TSS in coated
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Fig.4 Assessments of firmness 1.0
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fruits may be attributed to SBF’s ability to slow respiration
and metabolic activity, thereby delaying fruit ripening.
In addition to TSS monitoring, fruit respiration rate in
terms of CO, levels were measured in both SBF-coated and
uncoated strawberries at different intervals (Fig. 4¢). A sig-
nificant difference in CO, levels was observed between the
control and SBF coated fruits. The SBF-coated fruits exhib-
ited a gradual increase in CO, levels, while the control fruits
showed a gradual increase until the second day, followed
by a steep decline from day 4 to day 12. Typically, during
aging and senescence, the respiration rate increases, leading
to higher CO,, production [8]. The elevated CO, levels in the
control fruits indicate the aging process [8], as they lack the
protective SBF coating. Although not directly indicative,
the elevated CO, levels correlate with the decrease in TSS
observed in the control fruits (Fig. 4c), which is usually due
to high respiration and metabolic activity [7]. In contrast, the
SBF coating regulated the levels of CO, and TSS, keeping
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them low compared to the control fruits. Furthermore, the
one-way ANOVA and Fisher’s LSD test (detailed in SI)
revealed that SBF-coated strawberries had significantly
lower CO, levels (Fig. 4c) compared to the control group
with higher F (13.35) and lower p (0.004) values. This sug-
gests that the SBF coating effectively reduces CO, levels,
improving the postharvest quality of strawberries.

Figure 4d illustrates the impact of different SBF coat-
ings on the pH of strawberries compared to control samples
throughout the storage period. The results demonstrate a
consistent increase in pH levels in strawberry fruit over time,
with significant (P <0.05) differences observed between
coated and uncoated samples. Specifically, strawberries
coated with SBF exhibited the least increase in pH, measur-
ing from 3.74 (initial day) to 4.3 (12 days) of storage, while
the pH of uncoated fruits reached to 4.7 after 12 days. The
observed results are in agreement with those of Maftoonazad
et al. [44], who reported that a higher increase of pH was
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found in the control samples compared to CMC coated fruits
like peaches. Furthermore, Gol et al. [7] also showed coating
with CMC with HPMC with chitosan displayed retention of
pH in coated strawberries. Edible coatings act by forming
a barrier that controls the exchange of moisture and gases
between the fruit and its surroundings [45, 46]. This barrier
helps reduce the rates of respiration and ethylene produc-
tion processes that can contribute to pH level increase over
time [7, 35]. For instance, a study reported that 1-(3-phenyl-
propyl) cyclopropene (1-PCP) acts as an ethylene inhibitor,
effectively slowing down the ripening and decay of apricots
[47]. Similarly, another study demonstrated that melatonin, a
potent antioxidant, can inhibit ethylene biosynthesis, thereby
slowing the ripening process and reducing the rate of dete-
rioration when combined with tragacanth gum [48]. In this
study, the SBF coating composite also effectively regulated
the increase in pH and decelerated the respiration rate of the
fruit (Fig. 4d).

The impact of coatings on the TA of strawberries is
depicted in Fig. 4e. Over the storage period, both SBF-
coated and control samples showed a decrease in TA, albeit
at a slower rate for coated fruit. As shown in Fig. 4e, TA
from the SBF coated fruits declined intensely for after
2 days of storage (from 0.96 to 0.7%), then it was gradual
till 12 days and reached 0.54%. But TA for the SBF coated
fruits steadily decreased and reached 0.69% after 12 days.
TA levels are directly linked to the organic acid content in
fruit, and reductions in acidity may occur due to metabolic
changes or the utilization of organic acids in respiration [7,
35]. Past studies suggest that coatings can reduce respiration
rates, thereby delaying the depletion of organic acids [22,
23, 49]. Previous research has also shown that starch-based
coatings and more recently, chitosan-beeswax coatings, can
help retain TA in strawberry fruit [5, 50, 51].

In summary, this study demonstrates that the SBF coating
significantly enhances the postharvest quality and shelf life of
strawberries by providing a uniform, smooth coating that effec-
tively reduces weight loss, enhances firmness, and maintains
higher levels of TSS and TA compared to uncoated strawberries.
The SBF coated strawberries also exhibit significantly lower
decay rates, indicating superior protective properties likely due
to the synergistic effects of sericin, chitosan, and A. vera, which
together create a more effective barrier against spoilage organ-
isms. Additionally, this work shows that the developed SBF
coating offers an optimal balance between hydrophilicity and
hydrophobicity (as evidenced by contact angle measurements).
This balance is critical for preserving fruit quality during storage
by preventing excessive moisture loss while still allowing for
adequate gas exchange. Furthermore, SEM and FTIR analyses
provide evidence of the coating’s uniform distribution and its
strong chemical interaction with the fruit surface, underscor-
ing the enhanced functional properties of this novel formula-
tion compared to traditional coatings. Overall, SBF coating’s

potential as a promising solution for the preservation of per-
ishable fruits like strawberries offers dual benefits of improved
performance and sustainability benefits.

Conclusion

This study illustrates the application of a SBF composite
coating in significantly extending the postharvest shelf life
and maintaining the quality of strawberries under refriger-
ated conditions till 12 days. The findings from SEM, contact
angle, and FTIR analyses confirmed the uniform and effec-
tive application of the coating. The SBF coating reduced
weight loss and decay while maintaining higher firmness.
Moreover, coated strawberries retained higher TSS levels,
experienced a more gradual increase in CO,, and showed
a slower rise in pH. Additionally, the coated strawberries
preserved more TA, indicating effective regulation of respi-
ration and metabolic activity, which helped maintain their
organic acid content over the 12 day storage period. These
findings emphasize the potential of the SBF coating to effec-
tively preserve strawberries and indicate its possible advan-
tages for other fruits as well. Moreover, this research paves
the way for future investigations into sericin-based coatings
combined with other natural biopolymers, potentially lead-
ing to the creation of a new class of edible coatings with
superior preservation properties.
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