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ABSTRACT: Although many studies have been conducted on the development of edible food
packaging systems, there is limited research specifically focusing on coating paneer with a casein-
based edible coating and its potential for extending the shelf life of the product. Casein-based
edible coating incorporated with clove bud essential was applied to paneer in order to improve its
limited shelf life. The coating solution was prepared by adding sodium caseinate, plasticizer
(glycerol), pectin and clove bud essential oil at levels 13%, 3%, 1.25% and 0.3% respectively. The
coated paneer along with control sample were tested for its sensory appeal, physico chemical
qualities and microbial qualities during refrigerated storage which led to the conclusion that
coated paneer showed longer shelf life (nine days) than the control sample (six days). Also, the
coated paneer had good anti-oxidant property (IC 50- 5878 mg/Kg) initially when compared to
the IC 50 value of control paneer (10340 mg/Kg) which kept decreasing on storage. Hence edible
coating, apart from protecting the product from spoilage, has proven to be active agent of
delivering anti-oxidants to the product, which is a relevant topic for further research.
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INTRODUCTION

As customer demand for minimally processed foods has
grown in recent years, the packaging industry has also
begun to investigate novel solutions. Although
synthetic packaging material has advanced to reduce
the mass transfer between the food product and the
surroundings, it also has detrimental effects on the
environment, including marine, air, and soil pollution
(Kibria et al., 2023). Edible films and coatings, based
on biopolymers such as proteins, lipids, and
carbohydrates are considered one of the solutions that
can be used to replace plastic packaging materials fully
or partially (Galus and Kadziska 2015). The
significance of edible materials as value-added
components and as protective agents in food systems
has recently been the subject of numerous research.

Casein, a milk protein, can produce stable films that
resist coagulation and denaturation even at high
temperatures, making them suitable for a wide range of
pH and temperature conditions. Caseinates, especially
sodium caseinate and calcium caseinate, with their
random coiled structure, readily form films from
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aqueous solutions, exhibiting strong intermolecular
cohesion through the formation of hydrophobic,
electrostatic, and hydrogen bonds (Khwaldia et al.,
2004). To enhance the mechanical properties and
flexibility of casein-based films, plasticizers such as
glycerol are commonly added to the coating solution
(Hong and Krochta 2006). These films are produced
through casting or extrusion methods for films and
solution casting for coatings These coatings are
typically applied to fruits and vegetables using either
dipping or spraying techniques (Khan et al., 2021).
However, caseinate-based films exhibit poor water
barrier properties, which can be improved by
incorporating a lipid component into the film-forming
solutions (Fabra et al., 2008; Atarés et al., 2010;
Matsakidou et al., 2013).

Incorporating bioactive lipid components like essential
oils rich in compounds such as cinnamamic aldehyde
and eugenol into dairy products prevents oxidative
damage, enhances antioxidant properties, and improves
health benefits. To overcome the strong flavor and
hydrophobic nature of essential oils, a compatible
carrying system needs to be developed for their
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incorporation into  dairy  products  without
compromising sensory attributes. Clove bud essential
oil integration into pectin-based biodegradable films
affects mechanical, antioxidant, barrier, and
antimicrobial properties (Nisar et al., 2018). Essential
oil incorporation in edible films and coatings allows for
sustained release of bioactive components during
storage and are proven to be effective in increasing the
shelf life of perishable dairy products like paneer
(Karunamayi et al., 2020; Lamdande et al., 2012; Raju
and Sasikala 2016; Azadbakht et al., 2018; Issa et al.,
2017).

Paneer, a traditional milk product, is prepared by
coagulating milk solids with organic acid, followed by
curd pressing, and it has a limited refrigerated shelf life
of approximately six days (Reeta et al., 2012; Khatkar
et al., 2017). The use of sodium caseinate edible films
infused with plant essential oils, such as Laurel or
oregano essential oil, has been demonstrated to
effectively extend the shelf life of cheese. This
highlights the efficacy of these films as carriers of
active compounds, providing improved shelf life of the
product (Alvarez et al., 2019).

In the present study, a casein-based edible coating
infused with essential oil was utilized as an alternative
approach to prolong the shelf life of paneer. The
investigation involved assessing the physicochemical
and microbiological changes that occurred during
storage, as well as analyzing the antioxidant capacity of
the coated paneer and monitoring its changes over time.

MATERIAL AND METHODS

Raw materials. The current research was conducted at
the College of Dairy Science and Technology in
Mannuthy, Thrissur, at the Dairy Technology
Department. The University Dairy Plant, KVASU,
Thrissur, supplied milk for the study. For sodium
caseinate preparation, Sagar brand (Amul) skimmed
milk powder was utilised. CKS Products in Ernakulam,
Kerala, delivered glycerol and pectin required for the
study. Synthite Private Ltd, Ernakulam were Kkind
enough to supply Essential oils required for the study
free of cost. Merck India Pvt Ltd. and Sigma Aldrich
provided the chemicals and Himedia, Mumbai supplied
the microbiological media. The packaging material for
the storage studies was procured from the local market
in Thrissur.

Application of edible coating on paneer. Paneer was
made as per the procedure given by Bhattacharya et al.
(1971). Sodium caseinate was prepared from skim milk
as per the procedure given by Sarode et al. (2016), and
the edible coating was prepared as per the procedure by
Bonnaillie et al. (2014) with minor modifications.

The level of ingredients for edible coating was
optimized during Response Surface Methodology using
Design expert software and the optimum combination
obtained was glycerol (3 percent), 3% pectin solution
(1.25 percent), and clove bud essential oil (0.3 percent).
(Archana, 2021). The sodium caseinate solution with
added ingredients was stirred, and paneer cubes were
dipped, dried, and packed in sterilized LLDPE pouches.
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Samples were stored at refrigerated temperature
(7£1°C) and examined for sensory, chemical, and
microbiological parameters in 4 replications at 3 days
intervals at intervals.

Shelf-life analysis. The coated paneer samples under
refrigeration (7+1°C) were subjected to sensory,
physico-chemical and microbiological examination in 4
replications at 3 days intervals.

Sensory evaluation. The paneer samples were
evaluated organoleptically for different quality
attributes like flavor, body and texture, color and
appearance and overall acceptability by a selected panel
of judges comprising of five members. The paneer was
evaluated in raw form. A hedonic scale score card (9-
point) was used for evaluation (Annexure).
Physico-chemical analysis. The initial compositional
analysis of the coated paneer along with control was
done. The pH of the paneer sample was determined by
blending 10g of paneer with 10 ml of distilled water
and dipping the pH electrode (Eutech, Model- EC510).
The titratable acidity was determined by the method
recommended by AOAC (1990) for cheese. The water
activity of the sample was measured using a water
activity meter (AQUA LAB). The paneer coated with
casein based edible coating was subjected to
Thiobarbituric Acid (TBArase) value test according to
the method recommended by Sidwell et al. (1955), Free
Fatty Acid test by extraction titration method suggested
by Deeth (1975) and Tyrosine value test as per the
modified method of Juffs (1973).

Anti-oxidant activity. The antioxidant activity of
coated paneer during refrigerated storage was measured
using the method suggested by Brand et al. (1995). The
free radical scavenging activity of the sample was
determined based on the stable free radical (DPPH)
with an anti-oxidant component in the media resulting
in the bleaching of the DPPH due to its quenching by
the interaction with the analytes. The decrease in
absorbance of DPPH compared to blank measured
spectrophotometrically at 516nm related to the
concentration of anti-oxidant in the test solution.
Microbiological evaluation. Total viable count of each
paneer sample was estimated by pour plate technique,
as described by Mortan (2001) while the Coliform and
yeast and mould count of each paneer sample was
estimated by IS: 1224, 1981.

Experimental design. Each experiment was repeated
in 3 days in four replications and the results are
expressed as the means with standard errors. The
comparison between the periods within each sample
was done using Repeated measures ANOVA while the
comparison between the samples in each period was
done using Independent t-test. The statistical analysis
were performed using IBM SPSS STATISTICS
(version 26).

RESULTS AND DISCUSSION

Shelf life analysis
Changes in sensory quality of coated paneer during
refrigerated storage (7 + 1°C). The sensory scores
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(Table 1) of coated and control paneer declined
progressively during refrigerated storage (7+£1°C).
Flavor. The flavor score for control paneer declined
from an initial mean value of 8.58 to 6.23 at the end of
the 6th day of storage. However, coated paneer showed
a similar decline only after 9 days of refrigeration.
Statistical analysis revealed significant differences in
flavor scores between the control group and the coated
paneer group at multiple time points. Specifically, the
control group exhibited significant differences (p>0.05)
in flavor scores between the Oth and 3rd day, and
between the 3rd and 6th day. Meanwhile, the coated
paneer showed significant differences (p>0.05) in
flavor scores between the Oth and 3rd day, the 3rd and
6th day, and the 6th and 9th day.

Color and appearance. The color and appearance
scores of both the coated and control paneer declined
during refrigerated storage (7+1°C). Specifically, the
score of control paneer decreased from 8.50 to 6.29 by
the end of the 6th day, with a significant difference
(p<0.05) observed between the Oth and 3rd day of
storage. In the case of the coated paneer, the initial
sensory score of 7.95 decreased to 6.59 after 9 days of
refrigerated storage, and significant differences
(p<0.05) were observed between scores on the 3rd and
6th day, as well as between the 6th and 9th day of
storage.

Body and Texture. A progressive decline in body and
texture scores for both the control and coated paneer
was observed during refrigerated storage (7+1°C). In
particular, the control paneer showed a drop from an
initial score of 8.46 to 6.04 over the course of six days,
with significant differences (p <0.05) found between
the scores of Oth and 3rd day and the 3rd day and 6th
day. The scores for coated paneer coating also exhibited
a gradual decrease, decreasing from an initial score of
8.09 to 6.19 within a 9-day period of refrigerated
storage. Statistical analysis indicated significant
differences (p<0.05) in body and texture scores between
the time periods of refrigerated storage, specifically
between the Oth and 3rd day, 3rd and 6th day, and 6th
and 9th day.

Overall acceptability. The overall acceptability scores
revealed that the control paneer exhibited a decline in
scores from 8.51 to 6.13 within 6 days of refrigerated
storage at 7+1°C, with a significant difference (p<0.05)
observed between the time periods of Oth and 3rd day,
and 3rd day and 6th day. Similarly, the scores for
coated paneer decreased from an initial score of 8.03 to
6.25 within 9 days of refrigerated storage at 7£1°C. The
statistical analysis showed significant differences
(p<0.05) between the time periods of Oth and 3rd day,
3rd and 6th day, and 6th and 9th day during refrigerated
storage at 7+1°C.

From the sensory analysis, it can be concluded that the
sensory scores for both the samples declined during
refrigerated storage (7+1°C) however, the rate of
decline in score was lesser for coated paneer when
compared to the control. The decline in flavour scores
for both coated and control paneer during refrigerated
storage can be attributed to factors such as microbial
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growth which can cause off flavors, odors, and
discoloration (Kumar et al., 2015). Also, the breakdown
of proteins and lipids in paneer can contribute to
deleterious changes in flavor, color, and texture (Singh
et al., 2016). However, the longer acceptability of
coated paneer over control could be attributed to adding
clove bud essential oil, an antimicrobial agent to the
coating (Kumar et al., 2015). The presence of this may
have helped to prevent the spoilage organisms thereby
improving its sensory properties. Similar observations
in the sensory score were reported for paneer coated
with whey protein-based edible coating with cinnamon
oil up to the level of 1% by Punnagaiarasi et al. (2016).
Physico-chemical changes during storage. Changes
in Moisture. A gradual decrease in the moisture
content was seen in coated paneer as well as control
during refrigerated storage (7+£1°C) (Table 2).
However, a significant difference (p<0.05) in moisture
was observed between the samples only after the 6th
day of storage. Throughout the refrigerated storage, the
moisture content of the paneer consistently declined,
which is likely due to moisture loss to the surrounding
environment. Nevertheless, the presence of the coating
on the paneer's surface acted as a physical barrier,
potentially slowing down the rate of moisture expulsion
when compared to the uncoated paneer (Singh et al.,
2021).

Changes in pH and Acidity. During refrigerated
storage (7+1°C), significant differences (p<0.05) in pH
and acidity were observed between coated paneer and
the control, indicating that storage duration had a
significant impact on both parameters. Makhal et al.
(2014) found a similar decrease in pH for thymol-
infused cottage cheese at a slower rate compared to the
control under refrigerated conditions (4+1°C). Khatkar
et al. (2017) observed a comparable trend in acidity for
clove-treated paneer, aiming to extend its shelf life.
Karunamay et al. (2020) found that using a starch-
based film with clove and oregano essential oil on
paneer resulted in slower pH changes and increased
acidity. This was due to the antimicrobial effects of
clove bud essential oil, which inhibited lactose
fermenting organisms and slowed down the pH decline
and acidity increase in the coated paneer.

Changes in Water Activity. Paneer is considered
highly perishable due to its high water activity. Table 2
illustrates the findings regarding changes in the water
activity of both coated paneer and the control sample
during refrigerated storage (7+1°C). The water activity
of control paneer increased from 0.98 to 0.99
significantly (p<0.05) at the end of 6 day of refrigerated
storage. Coated paneer had initial water activity of 0.88
which increased to 0.94 significantly (p<0.05) from 3rd
day of refrigerated storage. Water activity of control
and coated paneer increased during storage but the rate
of increase was found to be lesser for latter. This can be
attributed to the protective barrier property of sodium
caseinate based coating on it. Mishra et al. (2017)
reported a similar increase in water activity during in
paneer when stored at refrigerated temperature (7+1°C).
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Table 1: Effect of refrigerated storage (7 + 1°C) on the sensory quality of paneer coated with casein based
edible coating.

Days of Storage
_ Chi
Attributes Sample 0 3 6 9 0 square
value
Control 8.58+0.153° | 7.33+0.166® | 6.225+0.103° | _ SPOILED SPOILED 12%*
Kk
Flavor Coated paneer | g, 91707 | 7.74+0108* | 729+0.100® | 6175+00900 | SPOILED | 1463
Z value -2.163* -1.686 ™ 2.934 **
Control 85+0.129° | 8.00+0.105° | 6.29 +0.100° SPOILED SPOILED | 11.56**
Coated paneer | 7.95+0.100* | 7.88+0.083“ | 7.33+0.083% | 659+0.152° | SPOILED | 16.44**
Color and .
appearance Z value -2.539* -0.172 2,923 *
Coated paneer | 8.09 +0.100% | 7.77 £0.103® | 7.20+0.100® | 6.19+0.098"° | SPOILED | 17.58**
Body and Texture Control 8.46+0.181° | 7.93%0.092% | 6.04 +0.041° SPOILED SPOILED | 11.27**
Z value -1.639 ™ -0.948 ™ -3.017**
Overall Control 851+0.129° | 8.04+0.041® | 6.125+0.055° | SPOILED SPOILED | 11.56**
Acceptability
Coated paneer | 8.025:0.078" | 7.83+0.105° | 7.25+0.090® | 6.25+0.091° | SPOILED | 16.93**
Z value -2.351* -1.687 ™ -2.939 **

Figures are mean = standard error of three replications, **-Significant at one per cent level (p<0.01), a-b - Means with different superscript vary
significantly within a row, x-y Mean with different superscripts vary significantly within a column.

Table 2: Effect of refrigerated storage (7 + 1°C) on the physico chemical properties of paneer coated with
casein based edible coating.

DAYS OF STORAGE
F value
Days | 3 | 6 | 9 12
A CHANGE IN MOISTURE DURING STORAGE (percent)
Control 55.82 +0.168" 5539+ 0.155% | 54.94+0228° | SPOILED SPOILED | 8.72%*
Coated paneer 55.93 + 0,233 Sg.ggxai 1505..142385% ii‘.‘z%iib SPOILED 4.87*
t—value 0.41% 1417 2.56*
c CHANGE IN pH DURING STORAGE
Control 5.75+0.014% 5.65+0.013° | 548+0.024° SPOILED SPOILED | 76.60*
Coated paneer 5.78+0.01° 569+0.015° | 561+0.019° | 554£0020° | SPOILED | 75.32%*
t—value 1.26™ 3.005* 4.079%*
D CHANGE IN ACIDITY DURING STORAGE (per cent LACTIC ACID)
Control 0.2240.006% 0.260.002° | 0.31%0.004< SPOILED SPOILED | 86.50**
Coated paneer 0.23+0.008° 0.26+0.002° | 028+0.002* | 020£0.002 | SPOILED | 32.19%*
- value 1.115" -0.961" ~6.305%*

Figures are mean + standard error of three replications, *-Significant at five per cent level (p<0.05), **-Significant at one per cent level (p<0.01),
=d-Means with different superscript vary significantly within a row, *YMean with different superscripts vary significantly within a column

DAYS OF STORAGE
F value
Days 0 3 6 | 9 12
E CHANGE IN WATER ACTIVITY VALUE DURING STORAGE
Control 0.98+0.002* 0.98+0.002* 0.992+0.001*® SPOILED SPOILED 4.62*
Coated paneer 0.88+0.003* 0.895+0.002¥2 0.916+0.003" 0.945+0.002¥° SPOILED 89.24**
t- value -26.372** -38.616** -21.767**
F CHANGE IN TBA™*VALUE DURING STORAGE (per cent)
Control 0.012+0.000* 0.021+0.001* 0.023+0.0010%° SPOILED SPOILED 26.57**
Coated paneer 0.011+0.0004 0.015+0.001"° 0.020+0.000* 0.025+0.000% SPOILED 103.16**
t- value -0.96 ™ -3.53%* -2.22m
A CHANGE IN FFA VALUE DURING STORAGE ((ueq/g))
Control 0.547+0.009* 0.650.018° 0.761+0.007* SPOILED SPOILED 109.37**
Coated paneer 0.56+0.0146™ 0.59+0.003*2 0.669:+0.008" 0.703+0.008>° SPOILED 91.09**
t value 1.039™ -5.511%* -7.94%*
B CHANGE IN TYROSINE DURING STORAGE (mg/100ml)
Control 22.23x0.539 | 27.19520.217°° | 33.313x0.48° SPOILED SPOILED 137.54**
Coated paneer 22.18+0.276* 25.08+0.166"° | 28.938+0.534" 31.37+0.418% SPOILED 154.6%*
t value 0.815™ -12.19** -6.07**

Figures are mean + standard error of three replications, *-Significant at five per cent level (p<0.05), **-Significant at one per cent level (p<0.01),
=& Means with different superscript vary significantly within a row, *YMean with different superscripts vary significantly within a column
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Changes in Thiobarbituric acid value. The TBA™®
value measures the extent of lipid oxidation in coated
paneer during refrigerated storage (7+1°C) (Dorsey and
Jones, 2017). The changes in TBA™*® value of coated
paneer and control stored at refrigerated temperature
(7£1°C) are given in Table 2.

The significant (p<0.05) increase in TBArase value
over the storage period for both the control and coated
paneer suggests lipid oxidation occurred. The increase
in TBA value during storage, suggests that a possible
reduction in the protective effect of the coating has
occured. In line with the findings, which indicated an
increase in TBA value during storage, a study by
Wanjari et al. (2019) found that different levels of
garlic extract did not significantly impact the rate of
lipid oxidation in paneer. This further supports the
notion that the protective effect of the coating may have
diminished over time, allowing increased lipid
oxidation.

Changes in Free Fatty acids (FFA). The FFA (Free
Fatty Acid) value is a measure of the degree of
lipolysis, or the breakdown of fats, in food during
refrigerated storage (7£1°C) (Dalvandi et al., 2020).
Table 2 displays the changes in FFA (Free Fatty Acid)
value for coated paneer and the control during
refrigerated storage (7+1°C). Both samples showed
significant increases (p<0.05) in FFA value, indicating
lipolysis. However, the rate of increase was slower in
the coated paneer, indicating reduced lipolysis
compared to the control. On the 3rd and 6th day,
significant differences (p<0.05) were observed between
the samples, highlighting the protective effect of the

coating in limiting lipolysis. The coating likely acted as
a barrier, reducing fat hydrolysis and the release of free
fatty acids. Gokhale et al. (2016) reported a similar
increase in FFA value during refrigerated storage for
partially dried paneer treated with citric acid, vinegar
and lactic acid. The results obtained are also consistent
with those reported by Khatkar et al. (2017).

Changes in Tyrosine Value. The tyrosine content is a
measure of proteolysis in products high in protein
during refrigerated storage (7+1°C) (Biswas et al.,
2017). During storage, both the control and coated
paneer showed a significant increase (p<0.05) in
tyrosine content, indicating proteolysis. However, the
coated paneer had a lesser extent of increase compared
to the control, which suggests reduced proteolysis in the
treated product. Similar results were observed in studies
with paneer incorporated with garlic extract (Wanjari et
al., 2019) and paneer coated with an edible film
containing clove and oregano essential oil (Karunamay
et al., 2020) during refrigerated storage. The reduction
in proteolysis in the coated paneer could be attributed to
the presence of bioactive compounds or inhibitory
effects on proteolytic enzymes.

Changes in Microbial quality during storage.
Significant differences (p<0.05) were observed in the
Standard Plate Count (SPC), coliform count (CC), and
yeast and mould count (YMC) of the coated paneer and
the control throughout the refrigerated storage period
(7£1°C), as shown in Table 3. However, the rate of
increase in these microbial counts was lower for the
coated paneer compared to the control.

Table 3: Effect of refrigerated storage (7 £ 1°C) on microbiological quality of paneer coated with casein based
edible coating.

DAYS OF STORAGE
Days
0 | 3 | 6 | 9 | 12 F value
A CHANGE IN SPC (log10cfu/g)
Control 4370077 | 4590036® | 4.78+0.015° SPOILED SPOILED 19.11%
Coated paneer 433+0063° | 44740031 | 459+0019° | 473+0025" | SPOILED 70.24%*
t— value -0.38™ 23,57 -7.86*
B CHANGE IN COLIFROM COUNT (log10cfu/g)
Control 047+0028° | 053+0026® | 0.606+0008° | SPOILED SPOILED 10,87
Coated paneer 042+0034° | 047+0022° | 0504+0006® | 0.636+0038" | SPOILED 9.94%
t— value -0.28™ -1.82 -9.70%
c CHANGE IN YEAST AND MOULD COUNT (log10cfu/g)
Control 1.28+0024% | 148+0027° | 1.76+0.019° SPOILED SPOILED 33.83**
Coated paneer 126+0011¢ | 139+0023° | 143+0034° | 164+0022° | SPOILED 80.60%*
t— value 0.81" -2.55" -8.31%

Figures are mean + standard error of three replications, **-Significant at one per cent level (p<0.01), *®Means with different superscript vary
significantly within a row, *¥ Mean with different superscripts vary significantly within a column

Table 4: Anti-oxidant activity 1C 50 value of Coated paneer and control during refrigerated storage period
(7£1°C).

Days 1C 50 VALUE (mg/Kg)
0 3 6 9 12 F value
Control 10340£0.447% | 20980 +0.307° | 28422 +0.365° SPOILED SPOILED 501120716.8**
Coated paneer 5878 + 0.302% 6964 +0.175% 7150 + 0.263% 8230+0.124° SPOILED 6590072.5**
t value 5734** 38384** 33633**

Figures are mean * standard error of three replications, **-Significant at one per cent level (p<0.01), **Means with different superscript vary
significantly within a row, *YMean with different superscripts vary significantly within a column.
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This improvement in microbiological quality of the
coated paneer in comparison to control, can be
attributed to the antimicrobial properties of clove bud
essential oil, as reported by Khatkar et al. (2017).
Similar findings were reported by Raju and Sasikala
(2016) for paneer with a sodium alginate edible film
incorporating cinnamon essential oil, and by Lamdande
et al. (2012) for whey protein concentrate film coated
paneer, stored in LDPE packaging at refrigeration
temperature (5 + 1°C). Makhal et al. (2012) also
observed increased microbial counts in cottage cheese
incorporated with thymol during refrigerated storage (5
+1°C).

Changes in anti-oxidant potency during storage. The
antioxidant activity of casein-based edible coated
paneer during refrigerated storage (7 + 1°C) is shown in
Table 4. The antioxidant capacity of the sample was
assessed using the I1C50 value, which represents the
concentration needed to inhibit a biological function by
half. The IC50 values increased from 10340 mg/Kg to
28422 mg/Kg for the control and from 5878 mg/Kg to
7150 mg/Kg for the coated paneer over 6 and 9 days,
respectively. Significant differences (p<0.05) in
antioxidant potency were observed between the control
and coated paneer throughout the storage period.

The results indicate that the coated paneer exhibited
higher antioxidant activity compared to the control
paneer throughout the storage period. This is supported
by previous studies on clove oil, which demonstrated
high antioxidant activity with a DPPH free radical
scavenging activity (EC50) of 21.50 mg/Kg (Gulcin et
al., 2010). Other studies have also highlighted the
phenolic compounds present in clove bud essential oil,
such as eugenol, R-caryophyllene, and acettaugenol,
which contribute to its antioxidant properties
(Dashipoor et al., 2014). Additionally, clove bud
essential oil has shown significant inhibition of linoleic
acid autoxidation (Binsi et al., 2017), and its
incorporation in cakes has exhibited antioxidant activity
during storage (Ibrahium et al., 2013).

Overall, the findings suggest that the casein-based
edible coating, particularly when incorporating clove
bud essential oil, enhances the antioxidant activity of
paneer, contributing to its oxidative stability during
refrigerated storage.

CONCLUSIONS

The present study aimed to investigate the efficacy of a
casein-based edible coating incorporated with clove bud
essential oil in extending the shelf life of paneer, a
traditional dairy product. The coated paneer samples
were stored under refrigeration (7 + 1°C), and an
analysis of sensory evaluation, physicochemical
characterization, antioxidant activity assessment, and
microbiological evaluation was conducted at regular
intervals throughout the storage period. The findings
revealed that the paneer coated with the novel edible
coating exhibited significantly slower sensory
deterioration, including improved flavor, color,
appearance, and texture attributes, compared to the

Archana etal.,

uncoated control samples. Moreover, the coated paneer
showed reduced moisture loss, decreased pH and
acidity levels, and maintained lower water activity
values during storage, thus effectively mitigating
quality deterioration. Importantly, the incorporation of
clove bud essential oil in the edible coating imparted
remarkable antimicrobial properties, as indicated by the
lower microbial counts in the coated samples.
Consequently, the results highlight the potential of the
casein-based edible coating with clove bud essential oil
as an efficient approach for enhancing the shelf life of
paneer while maintaining its sensory and nutritional
attributes.

FUTURE SCOPE

In the future, further research can be conducted to
explore the long-term stability and effectiveness of the
casein-based edible coating with clove bud essential oil
in extending the shelf life of paneer under different
storage conditions, such as varying temperatures and
packaging methods. Additionally, investigating the
impact of the edible coating on the nutritional profile of
paneer and conducting consumer acceptance studies
would provide valuable insights for commercial
implementation. Furthermore, exploring the potential
application of this edible coating in extending the shelf
life of other dairy products would broaden its
practicality and market potential in the food industry.
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ANNEXURE

Score card for organoleptic evaluation of paneer
with casein based edible coating. Please evaluate the
samples on a 9-point Hedonic scale, for their sensory
attributes of flavor, body and texture, color and
appearance and overall acceptability

Like extremely

Like very much

Like moderately

Like slightly

Neither like nor dislike
Dislike slightly
Dislike moderately
Dislike very much
Dislike extremely

RPINW|A|OIO(N|0|©

Characteristics Sample number

Flavor 1 2 3 |4

Body and Texture

Color and appearance

Overall acceptability
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