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The Effect of Sodium Caseinate or Chitosan Edible Coatings on Some Chemical Textural and
Microbiological Characteristics of Kashar Cheese

Umit YALCIN?, Seval ANDIC'*, Suna AKKOL?

ABSTRACT: This study aimed to evaluate the effects of the edible coatings produced from casein,
casein / transglutaminase enzyme, and chitosan on certain chemical, textural, and microbiological properties
of Kashar cheese over a storage period of 60 days. The use of edible coatings affected the levels of nitrogen
fractions (water-soluble nitrogen, trichloroacetic acid-soluble nitrogen, and phosphotungstic acid-soluble
nitrogen) and the lipolysis level of Kashar cheese to a statistically significant extent (P<0.05 for all). The
levels of nitrogen fractions and lipolysis in the uncoated control group cheeses increased significantly
(P<0.05) during the storage period compared to coated cheese. Cheese samples coated with chitosan yielded
significantly lower yeast-mould counts compared to samples that were uncoated or coated with sodium
caseinate or sodium caseinate/transglutaminase at the end of the storage period (P<0.05). The results
indicated that the edible coatings had a significant effect on the chemical, textural, and microbiological
properties of Kashar cheese.
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Sodyum Kazeinat veya Kitosan Bazh Yenilebilir Kaplamalarin Kasar Peynirnin Baz1 Kimyasal,

Yapisal ve Mikrobiyolojik, Ozelliklerine Etkisi
OZET: Calismada sodyum kazeinat, sodyum kazeinat / transglutaminaz enzimi ve kitosandan iiretilen
yenilebilir kaplamalarin, 60 giinlik depolama siiresinde Kasar peynirinin bazi, kimyasal, yapisal ve
mikrobiyolojik ozellikleri tlizerine etkisi arastirtlmistir. Yenilebilir kaplamalar Kasar peynirinin azot
fraksiyonlari (suda ¢oziiniir azot, trikloroasetik asitte ¢oziiniir azot ve fosfotungustik asitte ¢6ziiniir azot) ve
lipoliz diizeylerini istatistiki olarak onemli (P<0.05) diizeyde etkilemistir. Kaplanmamis kontrol grubu
peynir Orneklerinin azot fraksiyonlar1 ve lipoliz diizeyleri depolama siiresi boyunca kaplanmis peynir
orneklerine gore istatistiki olarak dnemli P<0.05) diizeyde artmistir. Depolama sonunda kitosanla kaplanan
peynir  Orneklerinin  kiif-maya sayilarinin  kaplanmamis, sodyum kazeinat veya sodyum
kazeinat/transglutaminaz ile kaplanmig peynir 6rneklerinin kiif-maya sayilarindan 6nemli (P<0.05) diizeyde
diisiik oldugu tespit edilmistir. Calisma sonuclar1 kullanilan yenilebilir kaplamalarin Kasar peynirinin
incelenen kimyasal, yapisal ve mikrobiyolojik ozellikleri iizerinde onemli diizeyde etkili oldugunu
gostermistir.
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INTRODUCTION

Active packaging refers to packaging systems that ensure the preservation of product quality
during interactions between the environment, product, and packaging, via the introduction of certain
auxiliary components to the latter. Antioxidants, antimicrobials, moisture control components,
preservatives added to prevent premature ripening, and packages employing carbon dioxide release
systems are all examples of active packaging elements (Suppakul et al., 2003; Ozdemir and Floros, 2004;
Vilela et al., 2018). The materials used in active packaging are plastic and edible films. Although plastic
packaging materials are economical, their effects on the environment, food, and health are negative.
Replacing plastic with alternative materials, however, increases the cost of packaging. Therefore, the
search for alternative, effective, and inexpensive materials to replace plastic continues apace, with the
trend towards edible films and coatings gaining traction in recent years. Edible films and coatings are
obtained from polysaccharides, lipids, or proteins and, when applied to foods, regulate moisture, gas,
and solid permeability (Chen, 1995; Ozdemir and Floros, 2004). Edible films and coatings primarily
control the transfer of oxygen, carbon dioxide, and lipids to improve the overall quality and physical
properties of food, reduce the loss of flavour and aromatic substances, and lengthen the shelf life by
preserving the antioxidants, antimicrobial agents, pigments, ions, and vitamins already present in the
product. They also provide mechanical protection by hampering crushing and breaking, thereby
contributing to the integrity of the food (Debeaufort et al., 1998; Guillard et al., 2003). Successful results
have been achieved particularly in sliced fresh fruits and vegetables, portioned or sliced cheeses, meat
and meat products, and nuts in the fast-food industry (Gennadios et al., 1997; Kang et al., 2007; Sahan
et al., 2008; Krasaekoopt and Mabumrung, 2008; Simoes et al., 2009; Di Pierro et al., 2011; Moreira et
al., 2011; Sanchez-Ortega et al., 2014; Dhall, 2013; Valenzuela et al., 2015; Artiga-Artigas et al., 2017;).

Edible films are produced mainly from proteins, polysaccharides, and lipids. Plant-based proteins
(such as corn zein, wheat gluten, soy protein, pea protein, sunflower protein, peanut protein, and
cottonseed protein) and animal-based proteins (such as keratin, collagen, gelatine, fish myofibrillary
protein, egg white protein, casein, and whey protein) can both be used in the production of edible films.
Polysaccharide-based films are produced from biological materials such as chitosan, starch, carrageenan,
pectin, and pullulan (Chen, 1995; Shahidi et al., 1999; Kaya and Kaya, 2000; Barreto et al., 2003;
Devlieghere et al., 2004; Peng et al., 2005; Hassan et al., 2018).

The properties of edible films may further be modified or improved by employing a combination
of proteins, polysaccharides, or lipids. Plasticizers, including sorbitol, glycerol, polyethylene glycol, and
mannitol, are also used to improve the mechanical properties of edible films. The transglutaminase
enzyme, in conjunction with various natural antioxidants and antimicrobial agents, bolsters the
mechanical properties of edible films and their ability to prevent adverse microbial growth and chemical
reactions (Mizuno et al., 1999; Kuraishi et al., 2007).

Various studies have reported decreased surface discolouration, moisture loss, respiration,
microbial infection, and consequently, reduced quality losses in whole or sliced fruits and vegetables
coated with edible films produced from various organic materials. Studies have also reported increased
shelf life in sliced and ready-to-consume fruits and vegetables (Krasaekoopt and Mabumrung, 2008;
Simoes et al., 2009; Moreira et al., 2011; Dhall, 2013; Valenzuela et al., 2015; Artiga-Artigas et al.,
2017).

In some studies on cheddar, mozzarella, Kashar, and other low-fat as well as local cheeses, edible
films produced from carbohydrates and proteins obtained from different sources have been successful
in preventing various declines in quality due to chemical and microbiological factors (Yildirim et al.,
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2006; Yasar and Giizeler, 2011; Zhong et al., 2014). Coatings have also been shown to minimize the
problem of oil absorption in fried products (Kiirek et al., 2017; Ananey-Obiria et al., 2018).

In the present study, casein and chitosan comprised the principal materials in the production of
edible films. The transglutaminase enzyme to enhance the properties of casein and sorbitol as plasticizer
were used. The films produced were applied to slices of fresh Kashar cheese and chemical,
microbiological, and textural changes in the cheese were observed over a 60-day storage period.

MATERIALS AND METHODS

Materials

The samples of Kashar cheese used in this study were produced from additive- and contaminant-
free milk, using the classic boiling method. The sodium caseinate and transglutaminase used in film
production were obtained from BENOSEN Import Company (istanbul/Turkey), while chitosan and
sorbitol were procured from ACROS ORGANICS company (Geel, Belgium). The Kashar cheeses were
divided into 4 groups. Group 1 was uncoated and served as the control group. Groups 2, 3, and 4 were
coated with edible films produced using sodium caseinate, a combination of sodium caseinate and
transglutaminase, and chitosan, respectively. Sorbitol was used as a plasticizer in the preparation of the
edible films. The prepared film solutions were cooled to room temperature, and the cheese samples,
having been portioned into 100 g, were dipped into the solution and coated. The coated cheese samples
were left to dry for 24 hours at room temperature and then stored in plastic packages at +4 °C. The
samples were analyzed on days 0, 30, and 60 of the storage period.

Methods

Preparation of edible coatings

The method described by Barreto et al. (2003) was used for the production of the sodium caseinate-
based film. Sodium caseinate was dissolved in distilled water (10% w/v) and stirred in a magnetic stirrer
until the mixture achieved homogeneity. The prepared solution was then heat-treated in a 75 °C water
bath for 30 minutes. When phase separation occurred, plasticizer (sorbitol) was added at a rate of 40%
of the amount of protein (sodium caseinate) used in the preparation of the solution. The solution was
subsequently cooled to room temperature and the cheese samples were dipped into the solution for
coating.

The sodium caseinate and transglutaminase enzyme-based film solutions were prepared using the
method specified by Carvalho and Grosso (2004). Sodium caseinate was dissolved in distilled water
(10% w/v) and homogenized using a magnetic stirrer. The prepared solution was heat-treated in a 75 °C
water bath for 30 minutes. Following the heat treatment, transglutaminase enzyme (10 U g!) was added
to the solution and the mixture was left at 50 °C for 15 minutes to activate the enzyme. At the end of this
period, the transglutaminase enzyme was inactivated by heat treatment at 85 °C for 10 minutes. Finally,
sorbitol was added to the solution at a rate of 40% of the protein amount, and after cooling to room
temperature, the cheese portions were dipped into the solution and coated.

For the production of the chitosan-based film solution, the method specified by Moreira et al.
(2011) was employed. Chitosan (2%) was dissolved in 2% acetic acid at 45 °C for 30 minutes. The
solution was then sterilized at 121 °C for 15 minutes and sorbitol was added at a proportion of 40% of
the chitosan used. Finally, the solution was cooled to room temperature, after which the cheeses were
dipped into the solution to be coated.
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Chemical analysis

Dry matter analysis of the cheese samples was performed according to International Dairy
Federation (IDF) standards using the gravimetric method (IDF, 2004). The pH values of the samples
were measured using the Orion StarTM A211 pH meter (Thermo Fisher Scientific, Waltham, MA,
USA). The acidity values of the samples (lactic acid) were determined by the titration method in
accordance with the Association of Official Agricultural Chemists (AOAC) standard method (AOAC,
2002a), while the total nitrogen ratios were determined using the Kjeldahl method (AOAC, 2002b).
Water-soluble nitrogen (WSN), trichloroacetic acid-soluble nitrogen (TCA-SN) (non-protein nitrogen),
and phosphotungstic acid-soluble nitrogen (PTA-SN) (amino nitrogen) contents of coated and uncoated
Kashar cheeses were determined using a modified version of the method described by Butikofer et al.
(1993).

Determination of lipolysis value (ADV)

To determine the acid degree value (ADV) of cheese samples, 10 g of the sample was weighed
and 15 mL of Bureau of Dairy Industries (BDI) solution (obtained by dissolving 30 g of Triton X-100
and 70 g of sodium tetraphosphate in a 1:1 solution with distilled water) was added. The samples were
shredded and placed in butyrometers, allowing the oil to be completely released into the boiling water.
Sufficient aqueous methanol (1:1 water-methanol) was added to bring the oil column to the butyrometer
throat and the samples were centrifuged for 5 minutes. The oil, having been released and collected in the
throat of the butyrometer, was then drawn into a beaker using a syringe and weighed. Five (5) mL of the
solvent (petroleum ether/n-propanol; 4:1 v/v) containing 0.1 g L™ of thymol blue indicator was titrated
with 0.01 N tetra n-butyl ammonium hydroxide (IDF, 1991).

Texture profile analysis (TPA)

Texture profile analyses (TPA) of the cheese samples were performed using the TA.XT2 Texture
Analyzer (Stable Micro Systems, UK) with a load cell of 5 kg. The P/0.25S-P/1S 1 spherical probe
apparatus was used for the analysis. Three penetrations were made per cheese sample. Values for the
hardness, springiness, cohesiveness, chewiness, and adhesiveness of the cheese samples were
determined by TPA.

Determination of yeast and mould counts

Dehydrated Potato Dextrose Agar (PDA) was used the determine the yeast and mould counts of
the cheese samples. The prepared medium was sterilized in an autoclave at 121 °C for 15 minutes and
its pH was adjusted to 3.5 using sterile tartaric acid (10% w/v). Next, 15 mL portions were transferred
to sterile Petri dishes and solidified, after which preparations from the appropriate sample dilutions were
applied by the spread plate technique. Cultured media were allowed to incubate at 24 °C for 5-7 days.
Colonies formed as a result of incubation were then counted and logarithmic transformation was applied
to the results of the microbiological counts.

Statistical analysis

Statistical analysis of the data was performed using the IBM SPSS Version 22 program. Analysis
of variance was calculated based on the obtained values. Significant differences were evaluated using
the Duncan multiple comparison test.
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RESULTS AND DISCUSSION

Chemical Properties

The results showed an increase in the dry matter values of all cheese samples proportional to
storage time. The highest dry matter value was obtained from the control group samples. There was a
statistically significant difference between the dry matter values of the coated samples and the dry matter
values of the control group (P<0.05), which can be explained by the coated samples losing less moisture
than the uncoated samples. Among the coated samples, the lowest dry matter content - and therefore the
least moisture loss - was observed in samples from the 3rd group (those coated with sodium caseinate +
transglutaminase) (Table 1). The transglutaminase (Tgaz) enzyme catalyses the isopeptide bonds
between peptides or amino acids and forms cross-links to improve the functional properties of proteins,
including water retention, viscosity, and emulsification (Mizuno et al., 1999; Schorsch et al., 2000;
Sharma et al., 2002). In studies conducted with cheeses, edible coating materials were found to reduce
moisture loss, similar to our results (Cerqueira et al., 2010; Zhong et al., 2014; Yangilar, 2015; Yangilar
and Oguzhan-Yildiz, 2016; Embuena et al., 2017).

Table 1. Results of some chemical analysis of Kashar cheese uncoated and coated with different edible films
(mean + standard deviation)

Storage Period (Days)

Sample 0 30 60
1 55.90+0.15C2 60.82+1.0582 65.58+1.497a
Dry Matter 2 56.19+0.25C2 59.69+0.9182 63.89+0.17A®
(%) 3 55.82+0.2782 60.73+0.752 61.43+0.647
4 56.23+0.37¢2 60.49+0.2582 63.75+1.067%®
1 0.79+0.06%2 1.10+0.05 Ba 3.33+0.05%
Ba Aa Ac
Titratable Acidity (%) 3 079:0.06% 1 0820.045% 1 382014
4 0.79+0.06%2 1.03+0.01B2 1.32+0.014b
1 5.42+0.0182 5.42+0.008P 5.86+0.014
H 2 5.42+0.01C2 5.51+0.0182 5.64+0.01A0
p 3 5.42+0.01Ca 5.51+0.0182 5.64£0.034b
4 5.42+0.0182 5.42+0.008P 5.48+0.00A¢
1 3.53+0.05¢2 3.91+0.0582 4.63+£0.16%2
Total Nitrogen 2 3.57+0.1282 3.91+0.08ABa 4.10+0.074
(%) 3 3.59+0.0182 3.89+0.044 3.94+0.00A°
4 3.60+0.01C2 3.83+0.0652 4.08+0.10A
1 0.11+0.01%2 0.56+0.0282 0.99:+0.0472
2 0.11+0.01¢2 0.49+0.0382 0.69+0.03A°
WSN (%) 3 0.11+0.0182 0.58+0.04A 0.63+0.01A0
4 0.11+0.01¢2 0.57+0.0382 0.68+0.00A0
1 0.06+0.0082 0.11x0.0282 0.36+0.052
2 0.06+0.0082 0.07+0.01A8B0 0.11£0.02A¢
TCA-SN (%) 3 0.05+0.0182 0.07+0.018b 0.25+0.00A0
4 0.05+0.0082 0.07+0.008P 0.23+0.03A°
1 0.0120.00¢2 0.05+0.0182 0.09:0.0072
2 0.0120.00¢2 0.03+0.008" 0.05+0.00A°
PTA-SN (%) 3 0.01+0.0082 0.02+0.008P 0.03+0.02Ab
4 0.01+0.00¢2 0.03+0.008" 0.06:0.00A°
1 0.80+0.0682 1.57+0.0482 22.44+2 8174
ADV 2 0.80+0.06¢2 1.37+0.1282 2.96+0.09A¢
(meq 100 g fat) 3 0.80+0.0682 1.47+0.1282 8.48+1.29A
4 0.80+0.06¢2 1.53+0.0482 3.22+0.12A¢

a-c Different lowercase letters within a column and item indicate significant differences between cheese samples (P<0.05).
A-C Different uppercase letters within a row (sample) and item indicate significant differences between storage periods (P<0.05).
1: Control; 2: Sodium caseinate, 3: Sodium caseinate / Transglutaminase, 4: Chitosan.

Analysis of the data revealed a regular increase in acidity in all Kashar cheese samples used in the
experiment, relative to the length of storage time that they underwent. However, the highest acidity value

294



Umit YALCIN et al. 11(1): 290-302, 2021

The Effect of Sodium Caseinate or Chitosan Edible Coatings on Some Chemical Textural and Microbiological Characteristics
of Kashar Cheese

was obtained in uncoated cheese samples on both the 30th and 60th days of storage. These results
indicate that coatings inhibit microbial activity both within the sample and on the sample surface by
limiting oxygen transmission and forming a barrier against contamination. At the end of the storage
period, the difference between acidity values of uncoated cheese samples and those of coated cheese
samples was found to be statistically significant (P<0.05) (Table 1). Yangilar (2015), examining the
acidity values of Kashar cheeses coated with casein and casein/natamycin-based edible films over a 90-
day storage period, found the highest acidity value in uncoated cheese samples, consistent with the
results of our study. Similar results have also been reported by Di Pierro et al. (2011) and Soleimani-
Rambod et al. (2018).

The pH values of the Kashar cheese samples increased significantly during the storage period
(P<0.05), with the highest pH value found in the uncoated samples (Table 1). This increase can be
explained by mould growth. Moulds such as Penicillium roqueforti and P. camemberti, which may be
used as starters for cheese or result from subsequent contamination, are both able to assimilate the acidic
molecules in the medium as well as form buffering compounds by breaking down asl- and p-casein
through the secretion of extracellular proteinases (McSweeney, 2004; Beuvier and Buchin, 2005). As
uncoated cheeses yield more disintegration products because of microbial activity, the pH was
significantly higher than in coated samples (P<0.05). While some studies have reported similar results,
finding that uncoated cheeses had higher pH values compared to coated ones at the end of 90 days
(Yangilar, 2015; Yangilar and Oguzhan-Yildiz, 2016), others have observed only statistically
insignificant differences in pH values between coated and uncoated cheeses (Di Pierro et al., 2011).

Total nitrogen values of all samples increased over time during the storage period, with the greatest
increase following storage observed in the uncoated cheese samples and dry matter (Table 1). These do
represent actual increases, however, but only proportional ones, occurring solely as a result of moisture
loss.

Evaluating the samples for water-soluble nitrogen (WSN), trichloroacetic acid-soluble nitrogen
(TCA-SN), and phosphotungstic acid-soluble nitrogen (PTA-SN) revealed increases in all these values,
with the highest values obtained from uncoated samples during the storage period (Table 1).

Nitrogen fractions are indicators proteolysis, the most important biochemical process in cheese.
With ripening, the amount of nitrogenous substances soluble in water increases in proportion to the
degradation of proteins by microorganisms and enzymes. The level of nitrogen soluble in trichloroacetic
acid indicates the presence of small-size peptides (> 20 AA residues) and amino acids. These amino
acids and peptides are formed by the disintegration of peptides separated from casein by microbial
enzymes as a result of rennet and plasmin activity, and are known as “the total maturation depth index”.
The nitrogen fraction soluble in phosphotungstic acid represents the sum of tri- and di-peptides as well
as free amino acids consisting of casein and casein-derived peptides resulting from the activities of
enzymes in starter and non-starter microorganisms (McSweeney and Sousa, 2000; McSweeney, 2004).

The statistically significant (P<0.05) increase in all three nitrogen fraction values for the uncoated
and coated samples at the end of the storage period can be attributed to the intensive mould growth on
the cheese surfaces. Although mould growth was observed on the surface of the coated cheese samples
(Table 2), the coating materials partially prevented the surface microflora from affecting the cheese
components. Consistent with our findings, Yilmaz and Dagdemir (2012) reported that WSN values for
Kashar cheese samples were statistically higher in uncoated samples on the 120th day of storage than
for those coated with single or double layers of wax. Similar results also have been reported by Yangilar
and Oguzhan-Yildiz (2015) for Kashar cheeses coated with casein.
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Lipolysis in cheese occurs as a result of the natural lipoprotein lipase of milk, lipase from the
starter or raw milk microflora, or esterase or pregastric esterases added to milk (Beuvier and Buchin,
2005). Lipolysis values for all Kashar cheese samples in the present study showed a significant increase
(P<0.05) over time. Similar results have been reported by Soleimani-Rambod et al. (2018). However,
increases in lipolysis values of the uncoated samples were statistically significantly (P<0.05) higher than
those of the coated samples (Table 1). The reason for the higher lipolysis values of the uncoated samples
compared to the coated ones can be explained by the fact that in the absence of a protective coating,
microbial activity on the surface affects the cheese interior.

In a study investigating the effects of chitosan-based coatings prepared with oregano and rosemary
oils on goat milk cheese, the cheese was ripened in cold conditions for 15 days. Lipolysis values for all
samples increased over time, with the highest increases observed in the uncoated samples (Embuena et
al., 2017). The highest lipolysis values after storage were obtained from the control group samples,
similar to our results.

Texture Profile Analyses (TPA)
At all points of measurement during the storage period, the hardness values for all samples were
higher than those at the beginning of storage (P<0.05) (Table 2).

Table 2. Results of some textural analysis and mould-yeast counts of Kashar cheese uncoated and coated
with different edible films (mean =+ standard deviation)

Storage Period (Days)
Sample 0 30 60

1816.25+43.56B¢

1423.85+25.95C¢

2128.15+37.134¢

Hardness 1989.84+15.80¢¢ 2875.99+95.168P 3996.95+25.67A
) 2299.34+(.95¢2 3900.30+307.0282 5995.80+189.5042
2154.78+63.96CP 3876.45+37.558 5950.70+69.304
0.91+0.0188 0.94+0.002 0.88+0.008P
Springiness 0.914+0.0142 0.92+0.002 0.88+0.008P
0.91+0.01482 0.90+0.008P 0.92+0.0142
0.92+0.00782 0.93+0.0142 0.89+0.01BP
0.75+0.018¢ 0.87+0.02 A2 0.66+0.00¢¢
Cohesiveness 0.79+0.007 0.81+0.0342 0.69+0.028b
0.80+0.00/B2 0.81+0.0042 0.79+0.0182
0.81+0.00782 0.88+0.0442 0.76+0.0082
Chewiness 1246.78+19.544¢ 1171.98+4.658¢ 1240.59+22.37A
1444.24+31.49¢b 2147.51+23.9780 2437.71+71.93A¢
@) 1682.95+12.37¢2 2841.10+224.9482 4362.724+47.55"

1606.62+48.90¢2

3183.12+220.63%2

4047.44+104.97°

Adhesiveness
(g.sn)

76.13+8.49A%
84.93+7 474
70.8842.83A0

52.93 £16.07782
31.65 +4.208ab
34.29 +£2.168®

18.40+7.9952
17.84+0.7852
20.94+0.36%2

AP WONRPPRPONREPIRONRPRPRWONRERPONRERRWODNE

91.384+2.27 12.17+0.518° 5.74:+1.58
Mould-Yeast 1.10+0.12% 4.84+0.005° 7.13+0.04%8
(CFU Logro ¢*) 1.10+0.126% 5.45+0.2182 7.010.0340
1.10+0.12¢2 5.71+0.0880 6.85+0.05A¢
1.10+0.12¢ 4.70£0.11° 4.00-£0.008¢

a-d Different lowercase letters within a column and item indicate significant differences between cheese samples (P<0.05).
A-C Different uppercase letters within a row (sample) and item indicate significant differences between storage periods (P<0.05).

1: Control, 2: Sodium caseinate, 3: Sodium caseinate /Transglutaminase, 4: Chitosan, CFU: Colony forming unit

However, the highest hardness values were obtained from samples in groups 3 and 4. The samples
coated with the edible film were found to have significantly higher hardness values than the uncoated
control samples at all stages of the analysis period (P<0.05). This result can be linked to the reduced
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ripening of the coated samples. Since coatings inhibit the transfer of microorganisms from contaminated
surfaces to the cheese interior, the ripeness level of the coated samples was lower than that of the control
group, thus affecting the textural properties of the samples.

Consistent with the results of our study, Cerqueira et al. (2010) reported that the hardness values
of semi-hard local cheeses coated with galactomannan and chitosan increased during storage in all
samples, with the lowest hardness values obtained from uncoated samples stored at +4 °C. Sarioglu and
Oner (2006) found that the internal and external hardness values of the control group samples were
significantly higher than their coated counterparts as a result of excessive moisture loss in uncoated
samples.

Springiness values for the Kashar cheese samples generally decreased during the storage period,
with increases in springiness over time observed only in samples from group 3. The difference between
the springiness values of the group 3 samples (coated with sodium caseinate/transglutaminase enzyme)
and the other uncoated and coated samples at day 60 of storage was statistically significant (P<0.05)
(Table 2). According to Kuraishi et al. (2017), the transglutaminase enzyme forms cross-links between
protein molecules. In their study, the transglutaminase enzyme cross-linked the casein molecules used
in the coating formulation to render the coating more flexible, leading to higher springiness values for
the samples coated with this material. Similar to our results, Yasar and Giizeler (2011) reported that the
springiness values for Kashar cheese decreased to 0.70 from an initial value of 0.82 at the end of 90 days
of storage.

The cohesiveness value determined by the textural profile analysis is a function of the interaction
between the elements in the cheese mass and the tensile strength of the internal bonds forming the
structure of the cheese. The cohesiveness values of the Kashar cheese samples for days 0, 30, and 60 are
presented in Table 2. An increase in cohesiveness was observed in both uncoated and coated samples on
the 30th day of storage, after which time cohesiveness decreased to below the initial values. Differences
between cohesiveness values at the start and end of the storage period are statistically significant
(P<0.05). The lowest cohesiveness values as a result of storage were obtained from uncoated cheese
samples, the group in which the most ripening occurs (Table 1). The decline in cohesiveness can be
attributed to a reduction in interactions and bonding between components in the cheese due to enzymatic
and chemical reactions. The cohesiveness values for Kashar cheeses obtained following 90-day storage
periods in studies by Sahan et al. (2008) and Yasar and Giizeler (2011) are consistent with our results
(0.75-0.69 and 0.76 - 0.67, respectively).

The chewiness values of the control samples exhibited no significant changes at the end of the
storage period compared to the initial values, whereas those of the coated samples showed significant
increases (P<0.05) (Table 2). The lowest chewiness values as a result of storage were obtained from
uncoated control samples; the differences between the groups were statistically significant (P<0.05). The
cheeses coated with films produced from sodium caseinate/transglutaminase enzyme were found to have
the highest chewiness values (Table 2). Chewiness refers to the energy required to chew solid food to
the point of swallowing. The higher chewiness values of the coated cheeses may be explained by the
lower maturation parameters in these sample groups and by the coatings forming a firm and flexible
layer on the product surface. Due to cross-linking between the transglutaminase enzyme and the protein
molecules, the coating material with this enzyme increased the flexibility of those cheeses, resulting in
the highest chewiness values being obtained from this group. Koca and Metin (2004) reported chewiness
values for Kashar cheeses determined at the beginning and end of a 90-day storage period of 3.21 and
3.42 N, respectively, results with are generally consistent with those of the present study.
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Following the 60-day storage period, adhesiveness values for all samples showed significant
decreases (P<0.05). Adhesiveness is defined as the force required to overcome the attractive forces
between the surface of the food and the surface of other materials in contact with the food (e.g., tongue,
teeth, palate). The decrease in surface adhesiveness of the samples can be attributed to the fact that the
sample surfaces lose moisture over time, becoming drier. This may be due to fact that the
microorganisms developing on both coated and uncoated samples - in particular, the yeasts and moulds
hydrolysing the proteins on the surface - form an adhesive layer on the surface with the disintegration
products they release. At the end of the storage period, the lowest surface adhesiveness values were
obtained from cheeses coated with chitosan, a carbohydrate-based coating. Similarly, the yeast and
mould counts were also lower In cheeses coated with chitosan-based film than for the other groups.

Microbiological analysis (yeast and mould counts)

Yeast and mould counts increased significantly during the storage period for all samples coated
with casein and chitosan-based edible films as well as for uncoated Kashar cheese (P<0.05). The number
of yeasts and moulds identified on samples coated with chitosan-based film alone decreased by
approximately 1 log during the final period of storage compared to the previous analysis (Table 2). The
differences between the yeast and mould counts of the samples on the 30th and 60th days of storage
were also statistically significant (P<0.05). When the samples were examined in terms of yeast and
mould count at the end of storage, the lowest numbers were obtained from the samples coated with
chitosan (Table 2). This result indicates that chitosan, which has antimicrobial properties, limits the
growth of yeasts and moulds on the cheese surface.

In a related study comparing certain properties of Kashar cheeses coated with sodium caseinate
with uncoated control samples during 90 days of storage, no mould was detected in either of the groups.
Yilmaz and Dagdemir (2012) reported that wax coating on Kashar cheeses resulted in a 2.5 log unit
decrease in the mould counts compared to uncoated cheeses following 120 days of storage. At the end
of storage, moulds were detected in control, single layer wax, double layer wax, and vacuum-packed
samples at the level of 4.60 + 0.39, 2.05 + 0.70, 1.89 + 0.29, 2.82 + 0.19 log10 CFU/g, respectively.
Yangilar (2015) found that chitosan and chitosan + whey protein-based coatings along with storage time
had significant effects on the mould counts of Kashar cheeses (P<0.05), reporting that the mould counts
of all samples declined 1 log after 90 days of storage. Yangilar and Oguzhan-Yildiz (2015), however,
observed the highest mould count in the control group samples following 90 days of storage in cheddar
cheeses coated with casein, casein/natamycin, and natamycin. Only the mould counts of samples coated
with casein/natamycin decreased below 1 log, whereas those of the other samples remained above this
level. These results are generally consistent with the findings obtained in our study.

CONCLUSION

Surface desiccation and microbial contamination are the primary obstacles to maintaining the
freshness of sliced or portioned Kashar cheeses. In this study, we hypothesized that these issues could
be solved with the use of edible film coatings, which can regulate the interaction between food,
packaging, and the environment, thus stabilizing food quality. The most important property of edible
films is that they can act as barriers against moisture and oxygen. They can also serve as carriers for
natural antioxidants and antimicrobial agents to protect food quality. According to the nitrogen fractions
and lipolysis results obtained in our study, proteolysis and lipolysis levels for the uncoated samples were
higher than those of the coated samples over a 60-day storage period. Determination of the highest dry
matter values in uncoated samples showed that they lost more moisture than the coated samples,

indicating that the coating materials used formed an effective moisture barrier. The lowest yeast and
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mould counts were found in the samples coated with chitosan, an expected result as it is a polymer with
antifungal properties. Nitrogen fractions and lipolysis values for the coated samples were lower than
those of the control samples, although surface moulds were observed in all samples, indicating that
coatings were effective in preventing the passage of microorganisms onto the surface of the product.
Textural analysis results showed that the lowest springiness, cohesiveness, and chewiness values were
obtained from the control group samples, due to the higher levels of proteolysis and lipolysis occurring
in this group. Our findings demonstrated that sodium caseinate, sodium caseinate/transglutaminase
enzyme, and chitosan coatings were effective in preserving and maintaining the chemical,
microbiological, and textural properties of sliced fresh Kashar cheese. However, moulds and
contaminating microorganisms on the surface of the product were able to make use of the nutrients in
the coating material in all sample groups. As the dipping process used in our study is likely to cause
contamination, in order for such coatings to be effective and safe for consumption, proper methods to
prevent contamination and provide an effective outer coating should be chosen. If solutions to these
issues can be found, edible coatings can be used safely to preserve the quality of Kashar cheese served
in slices.
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