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Controlling Mould Growth and on Microbiological, Chemical and
Sensory Properties During Storage of Gobek Kashar Cheese

Filiz Yangilar
Erzincan University Department of Nutrition and Dietetics, 24000, Erzincan/Turkey

Abstract

The objective of present study was to evaluate the effects of the application of chitosan and chitosan/whey protein on the chemical,
microbial and organoleptic properties of Gobek Kashar cheese during ripening time (on 3™, 30", 60™ and 90™ d). Difference in micro-
biological and chemical changes between samples was found to be significant (p<0.05) during ripening period. Cheese samples with
edible coating had statistically lower mould counts compared to the uncoated samples. Furthermore the highest and lowest mould counts
were determined in control (4.20 Log CFU/g) and other samples (<1 Log CFU/g) at 60™ and 90" d of storage. All samples exhibited
higher levels of water soluble nitrogen and ripening index at the end of storage process. At the end of 90 day storage period, no signicant
dierences in salt and fat values were observed among the cheeses studied. The edible coatings had a beneficial effect on the sensory
quality of cheese samples. In the result of sensory analysis, while cheese C and the chitosan coated cheese samples were more preferred
by the panellists, the chitosan/whey protein film-coated cheese samples received the lowest scores. This study shows coating suggests
could be used to improve the quality of cheese during ripening time.
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Introduction for microbial growth by involving efficient amount of
water and suitable pH conditions (Conte et al, 2013).
As a type of cheese, Kashar is manufactured and con- Even though various antimicrobial applications can be

sumed in an extended geography including Turkey, where done on the surfaces of some types of food using various
the production types and techniques of Kashar may vary techniques such as spraying, dipping or brushing in order
depending largely on regions, producers and the methods to take under control microbial growth, such applications
applied and it has gained great diversity. Among these are seen to have confined effects (Ture ef al., 2011) may
delicious Kashar cheese types manufactured in certain be because the antimicrobial effects of the agents used are
regions and offering originality is the Gobek Kashar of  lost rapidly. The number of studies conducted on the
Ardahan. This type of Kashar is usually produced from maintenance of food safety and prolong shelf life has
cow milk using traditional methods and consumed after a increased over the last years. In such studies, edible films

long ripening period changing from 3 mon to 1 year. to coat foods and enable antimicrobials to remain on the
Gobek Kashar appealing to the taste of local people and surface are taken into consideration because such films
containing rich nutrition elements deserves to be the sub- contain active ingredients which can be present at high
ject of the present study. concentrations where they are needed (Dos Santos Pires

Growth of microorganisms on colonization of cheese et al., 2008; Fajardo et al., 2010; Kristo et al., 2008; Ollé
surfaces is generally seen to be an important risk (Kousta Resa et al., 2013; Ollé Resa et al., 2014; Ture et al., 2011).
et al., 2010) because such surfaces can allow ideal media Furthermore the activites of edible coatings not only
depend on the coating methods employed, but also the
properties of the coating materials (type, amount, density,
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orted to prolong food shelf-life and reduce the rate of haz-
ardous occurrence in food products (Guilbert, 1986; Kes-
ter and Fennema, 1986; Krishna et al., 2012; Krochta and
Johnston, 1997). From this point of view, the use of an
edible film chitosan [poly-a-(1-4)-2-amino-2-deoxy-D-glu-
cose], has been increasingly preferred in recent years. It is
a hydrophilic biopolymer from alkaline N-deacetylation
of chitin (Kurita, 2001) and exhibits broad-spectrum anti-
microbial effects on fungi, bacteria and viruses (Coma et
al., 2002; Liu et al., 2001; Rabea et al., 2003; Rhoades and
Roller, 2000). Chitosan also can be seen in exoskeletons
of crustaceans and insects and in the cell wall of some
fungi (Mucoraceae) (Keser and Bilal, 2010) and serve as
a protective additive due to its capability of holding fat
and water, creating colour, improving durability and exhi-
biting antibacterial and antifungal characteristics (Gokmen
and Gurbuz, 2011; Wang, 1992). In order to prolong shelf
life, chitosan was treated on various cheese types as coat-
ing by various authors such as Mozzarella (Altieri et al.,
2005), Emmental (Coma et al., 2002), Regional Saloio (Cer-
queira et al., 2009) and Apulia spreadable cheese (Gam-
mariello ef al., 2008). Chitosan was used alone or as car-
rier of other natural antimicrobials, e.g., lysozyme (Duan et
al., 2007), lysozyme and EDTA (Del Nobile et al., 2009).

To the best of authors’ knowledge, there has been no
study dealing with the effect of chitosan on Gobek Ka-
shar cheese. Therefore, the purpose of this study was to
evaluate the effectiveness of using a chitosan and chito-
san/whey protein (CWP) coating to prevent mould growth,
and to investigate its effects on microbiological, physico-
chemical properties and proteolysis levels of Gébek Ka-
shar cheese during ripening.

Materials and Methods

Materials

Cow milk was picked up from a livestock farm in Géle
district, Ardahan province. Microbial rennet (1:15000)
was purchased from Mayasan Company, Istanbul, Turkey.
Chitosan used for coating Gobek Kashar cheeses was
obtained from (Sigma-Aldrich Chemical, USA) and pre-
pared as described by Baxter e al. (1992) with a degree
of N-acetylation 9.0%. Spray-dried whey from bovine
milk (product no. W1500, lot no. 81K0279), containing
11% w/w proteins (biuret) and 65% w/w lactose was pur-
chased from Sigma Chemical Co. (USA).

Production of Gobek Kashar cheese
Since no literature could be found about Gébek Kashar

cheese, the term “Gobek” was accepted to be used for this
local type and it was prepared following the method com-
posed of the experiences of elderly villagers and cheese
producers in the province. Cheese samples were produced
in a local dairy manufacturer (Alibey plant, Gole, Arda-
han). Gobek Kashar cheese was produced traditionally
from raw cow milk without starter culture. The raw cow
milk (300 kg) was heated to 32°C and rennet diluted in
water (1/10) was added for coagulation. After 30 min, the
coagulum was cut into cubes and allowed to rest for 15
min. When pH reached 5.5, whey was removed from
curd in the tank and the curd was taken to a vat. Boiling
process was conducted at 83°C and 5.5% brine. Boiled
cheese paste was cut into pieces in moulding machine at
75 to 83°C, desired weight and put into moulds. After
resting in mould for 10 min, mould was removed and past
was expanded. After resting for an additional 10 min out
of mould, Gobek Kashar cheese was taken on a wooden
bench. Cheese samples were stored on benches for 10
hours at room temperature and then additional 10 hours at
10 to 15°C. Go6bek Kashar cheese, a traditional cheese
type, gets its name from its shape (gobek means belly in
Turkish) and manufacturing process is given in Fig. 1.
Following the preripening process, cheese samples were
divided into three groups; control (C; without edible
films), chitosan (X; 0.8% w/v) and chitosan/whey protein
(0.8% w/v chitosan and 2.4% w/v lyophilized milk whey;
Y). Cheese samples were first analysed at the end of pre-
ripening process and before coating. Other analyses were
carried out in 30 d intervals (i.e., on 3%, 30", 60™ and 90™

d) by duplicating all the analyses.

Preparation of chitosan/whey protein film forming

solution

A CWP film forming solution, containing 0.8% w/v
chitosan and 2.4% w/v lyophilized milk whey (11% WP),
was prepared by mixing of chitosan dissolved in 0.1 N
HCI and lyophilized milk whey dissolved in distilled
water under continuous stirring. The pH of the chitosan-
whey solution was adjusted to pH 5.0 with 0.1 N HCI,
and the solution was filter-sterilized. Films were prepared
by casting 32.5 mL of either chitosan (0.8% w/v) or CWP
(0.8% w/v chitosan and 2.4% w/v lyophilized milk whey)
solutions into polystyrene petri dishes (60x15 mm) and in
the preparation of coating films was used method as in
the study of Di Pierro ef al. (2010).

Microbiological analysis
Dried coating solution was removed from each cheese
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Fig. 1. The production of Gébek Kashar cheese.

wheel using sterile gloves and the sample groups were
subjected to microbiological analysis. For each sample,
11 g cheese was taken and diluted in 99 mL of 0.85%
(wt/vol) sterile saline solution. After that, a Stomacher
(Lab. Stomacher Blander 400 BA 7021, Swardmedical)
was used to homogenise the samples in a sterile polyeth-
ylene bag for 1.5 min. Sterile 9 mL 0.85% (wt/vol) NaCl
was used for dilution and the number of total aerobic
mesophilic bacteria (TAMB; Merck, at 30+=1°C for 72 h;
Ozdemir and Sert, 1996); lactic acid bacteria (in MRS;
Merck, at 30°C for 48 h in anaerobic conditions; Diliello,
1982); lactic acid bacteria (in M17; Merck, at 30°C for 48
h; Sert et al., 2007); coagulase-positive Staphylococcion
Baird—Parker agar with egg yolk tellurite enrichment
(Merck, at 37°C for 24 h; Ozdemir and Sert, 1996); coli-
forms (Violet Red Bile Agar, Oxoid, at 35+£2°C for 48 h;
Diliello, 1982) and moulds (Potato Dextrose Agar, Oxoid,
at 25°C for 5 to 7 d; Koburger and Marth, 1984) were
counted.

Chemical Analysis

After the removal of coating materials, each of cheese
samples was fully shredded. Parameters of moisture, fat,
salt and titratable acidity (by titration method with NaOH
using phenolphthalein as an indicator) were measured
conveniently with the method of Kurt et al. (2007). Kjel-
dahl method (International Dairy Federation, 1993) was

used to determine total nitrogen (TN) while pH was mea-
sured using a pH-metre (WTW 340-1) as in the study of
Savello et al. (1989).

Nitrogen fractions

Water-soluble nitrogen (WSN), 12% trichloroacetic acid-
soluble nitrogen (TCA-SN) and pH 4.6-soluble- nitrogen
in the percentage of cheese were determined in the ali-
quots of the same cheese extract prepared as described by
Kuchroo and Fox (1982). A 20 g grated cheese sample
was homogenised in 40 mL H,O for 2 min through an
Ultra turrax blender (IKA, USA); stored at 40°C for 1 h;
centrifuged at 3000 g for 30 min at 4°C; its fatty layer
was removed and the supernatant was filtered with filter
paper (Whatman 113). Twenty five mL extract prepared
for WSN was taken at an equal volume of 24% (wv) and
TCA was added for further fractionation of the nitroge-
nous compounds. The mixtures were incubated for 2 h at
room temperature. Precipitates were filtered through filter
paper (Polychroniadou et al., 1999). Contents of WSN,
TCA-SN and pH 4.6-SN were determined by Kjeldahl
method. The ripening index (RI) was determined using the
formula WSN/ TNx100.

Sensory evaluation
Eight panellists experienced in the sensorial evaluation
of Gobek Kashar cheese assessed the cheese samples on
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31, 30" 60™ and 90™ d of ripening considering the me-
thod of Bodyfelt ef al. (1988) and modifying the sensory
criteria for the characteristics of Gébek Kashar cheese.
Samples were scored considering five sensorial features
e.g., colour-appearance, texture, taste, odour and general
acceptability ranging from 1 (poor) to 9 (excellent).

Statistical analysis

The experimental design consisted of completely ran-
domised design in a factorial arrangement: three treat-
ments of Kashar cheese (C, X and Y), four ripening time
(3, 30, 60 and 90 d) and two replicates. All statistical cal-
culations were performed using SAS Statistical Software
(SPSS 17.0, USA; SAS, 1998). Duncan’s multiple range
tests and variance analysis were used to evaluate the sig-
nificance level (p<0.05) for statistical differences.

Results and Discussion

Dry matter, fat and proteincontents and acidity, SH and
pH rates of the cow milk used in the manufacturing pro-
cess of Gobek Kashar cheese samples were 12.71+0.28%,
3.541.24%, 3.21£0.11%, 5.8+0.04 and 6.52+0.07, respec-
tively while the counts of TAMB, LAB in MRS, LAB in
M17, coliform bacteria and moulds of the milk used in
the production of Kashar cheeses were 8.15+0.03, 7.31+
0.27, 6.5+0.51, 4.73+£0.80 and 4.6+£0.25 Log CFU/g, res-
pectively.

Microbiological evaluation

Results of the microbiological analysis carried out over
cheese samples are given in Fig. 2 (a)-(e). Microbiologi-
cal counts in cheese samples were found to be significant
(»<0.05) during ripening period. TAMB counts of C sam-
ples were determined to be higher than the others. As can
be seen in Fig. 2(a), total number of mesophilic aerobic
bacteria in cheese samples was determined to range in
cheese from 7.20 to 8.14 Log CFU/g. Similar results were
obtained by several researchers (Sarioglu and Oner, 2006;
Yiylmaz and Dagdemir, 2012). Fajardo et al. (2010)
found mesophilic bacteria counts to be between 6.29 and
7.51 Log CFU/g in natamycin coated Saloio cheese. Luc-
era et al. (2014) stated the total bacterial counts showed
an increasing trend in fresh mozzarella cheese. The initial
microbial count was about 4.5 Log CFU/g, and in the
control samples slightly faster than in the other cheese
coated with potassium sorbate. Such results found in pre-
vious studies aren’t in convenience with the present
study.

Counts of LAB in MRS were determined in cheese
samples to range between 6.23 and 7.76 Log CFU/g which
were found to be significantly lower (»<0.05) in control
samples on 3™ and 30" days of ripening by closing as the
values measured for coated samples. These results were
found to be in convenience with the values found in pre-
vious studies (Yi1lmaz and Dagdemir, 2012). Di Pierro et
al. (2011) found lactic acid bacteria (MRS) to be in the
range of 5 to 6 Log CFU/g for the control on 14™ d and
for the chitosan/whey protein film-coated cheese samples
on 30" d, which are lower than the findings in the present
study. As can be seen in Fig. 2(c), the LAB (M17) values
were found in cheese samples to be between 5.84 and 7.25
Log CFU/g. Yilmaz and Dagdemir (2012) found high
results to be between 6.73 and 8.13 for 120 d of coated
beewax coated Kashar cheese samples. These results sho-
wed that coating with chitosan and CWP did not have any
negative influences on the growth of necessary microor-
ganisms for the maturation of cheese.

The treatment and storage processes were found to af-
fect significantly the moulds (p<0.05) in cheese samples
in the present study being between <1 and 4.15 Log CFU/
g. Microbiological analyses showed that samples coated
with chitosan and CWP exhibited a decrease on moulds
compared to control after 90 d of storage while X repre-
sented higher mould counts than the sample Y at the end
of ripening period. Similar results were reported by sev-
eral studies (Sarioglu and Oner, 2006; Yilmaz and Dag-
demir, 2012). Mould counts were reported to be 10> CFU/
g for all samples in Yilmaz and Dagdemir (2012) while
increasing for control sample from 2.75 to 4.60 Log
CFU/g in the storage period and from 15" d of ripening.
Sartoglu and Oner (2006) stated that mould and yeast
could not be counted in Na-caseinate film coated Kashar
cheese samples from 60" d while in uncoated samples
counting could not be done from 90™ d. Fajardo et al.
(2010) reported the counts of mould and yeast to be 4.53
and 6.06 Log (CFU/g), respectively and that on 27" d of
storage, natamycin+chitosan coated cheese presented
lower mould/yeast rate (4.95+0.27). Ramos et al. (2012)
studied the efficacy of edible films produced from whey
protein isolate, glycerol and natamycin as antimicrobial
agent. The authors showed through the viable cell counts
assay that natamycin incorporated in the film displayed a
cidal effect against Y. lipolytica. Balaguer et al. (2013)
observed no fungi in the cheese samples packaged with
the active film on 26™ d of storage at 4°C while there was
fungi growth in control samples on 16™ d of storage. Ol1¢
Resa et al. (2014) studied the effectiveness of natamycin
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Fig. 2. The changes in microbiology characteristics of Gobel Kashar cheese samples (a) total aerobic mesophilic bacteria; (b)
lactic acid bacteria (in MRS agar), (c) lactic acid bacteria (in M17 agar); (d) coliforms and (e) moulds (Log CFU/g).

against yeast in Port Salut cheese and exerted an initial
fungicidal effect against S. cerevisiae. The barrier test per-
formed in cheese with films Cas/N which means that the
edible film exerted a fungicidal effect against moulds.
Additionally coated materials prevented the contamina-
tion of the cheese by the microorganisms inoculated in the
dipping.

Counts of coliform bacteria were found in cheese sam-
ples to be between <1 and 3.77 Log CFU/g in the present
study while it was <1 Log CFU/g level in Yilmaz and
Dagdemir (2012). Sarioglu and Oner (2006) stated that

counts of coliform microorganisms could not be detected
in Na-caseinate film coated Kashar cheese on 90" d while
it was possible to count them in control samples on 60" d.
Staphylococcus aureus count was under detectable level
(2 Log CFU/g) in all samples during ripening which can
be attributed to the scalding process applied in the pro-
duction of Gobek Kashar cheese. Pranoto er al. (2005)
determined the inhibitor effect of antimicrobial alginate
film containing 0.4 % garlic oil on S. aureus. Torlak and
Nizamoglu (2011) reported in Kashar cheese samples
coated with renewable films that the counts of S. aureus
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decreased on 14™ d compared to control group between
0.90-2.66 Log and all the film types exhibited antimicro-
bial effect at significant level compared to control group
(p<0.05). Furthermore Mei et al. (2013) reported that the
application of starch-chitosan film’s in the storage of
Mongolian cheese for controlling microbial populations
was effective.

Chemical conclusion

Chemical composition of the cheese samples is given in
Table 1. Chemical changes in samples were found to be
statistically significant (p<0.05) during ripening period
on 90™ d. Dry matter of the samples was found to change
between 57.70 and 64.18%. This increase was higher for
the cheese samples without coating (p<0.05). These results
may show that the coating process with chitosan and CWP
might have delayed moisture losses compared to control.
Fajardo et al. (2010) reported the moisture content of
coated Saloio cheese before storage to be significantly
higher than that of uncoated cheese samples resulting
mainly from the water content of the coating itself while
this difference was valid at 4°C only for natamycin-+chi-
tosan coated cheese samples. Yildirim et al. (2006) found
that the dry matter content of Kashar cheese samples A
(control), C (coating with casein solution), D (coating
with casein solution containing natamycin) and E (dip-
ping in natamycin solution) increased until the 60" d of
storage (p<0.05) after which it did not change significantly
(p>0.05).

In the present study, similar to the total dry matter con-
tent, the fat content in all the cheese samples increased
with increasing ripening time (p<0.05). The lowest fat

content was observed in sample Y (26.22%, w/w) while
the highest in C (30.30%). In coated Kashar cheese sam-
ples, the lowest and highest fat rates were 31.37% and
43.25% while in control group they were 30.5% and
42.25% (Sarioglu and Oner, 2006). Similar results were
obtained by Yildirim et al. (2006). Salt values were
found in samples to be between 3.50 and 5.75%. Gulec et
al. (2004) found the lowest and the highest salt rates of
casein coated Kashar cheese samples and control to be
1.54% to 2.54% and 1.54% to 2.43%.

As can be seen in Table 1, the treatment and storage
affected significantly pH values (»p<0.05). Gulec et al.
(2004) stated that pH ranged from 5.14 to 5.25 in casein
coated and uncoated Kashar cheese samples on 90" of
storage, which are in convenience with the present study.
Lucera et al. (2014) determined pH of mozzarella cheese,
monitored during the entire observation period, ranged
between 6.50 and 6.30.

Acidity rates of the samples varied between 21.01 and
35.46 SH. Di Pierro et al. (2011) reported that titratable
acidity of Ricotta cheese, coated with a chitosan/whey
protein film, reached the same level as measured for the
control sample at the end of storage.

In the present study, protein rates of the samples were
between 25.12 and 28.06%. Gulec et al. (2004) reported
the lowest and highest rates of protein in cheese samples
and control Kashar samples to be 24.5 to 31.36% and 24.5
to 31.28% while Saryoglu and Oner (2006) found this
rate in Kashar samples and control group to be 27.70 to
36.64% and 27.25 to 34.40%, respectively. WSN values
increased during ripening period. Yilmaz and Dagdemir
(2012) found WSN to be significantly higher in control

Table 1. The changes in chemical characteristics of Gobek Kashar cheeses during ripening

Cheese Ripening Dry matter

0,
samples time (d) (%) Fat (%)

Salt (%) pH

Acidity
SH (%) (%)

Protein WSN  Ripening TCA-SN pH 4.6-SN

index (%) (%) (%)

3 59.22+0.51° 27.30£0.32° 4.18+0.17° 5.85+0.03°
30 60.70+0.78° 28.60+0.16° 4.70+025" 5.66+0.06*

21.010.02°7 26.74+0.03% 3.93+0.03° 14.71£0.12° 4.54+0.30° 6.52+0.24°
23.27+0.06° 26.35+0.03% 4.10£0.02° 15.57+0.09° 5.91+0.05* 6.97+0.18"
27.94+0.02° 25.87+0.55" 4.67+0.04° 18.07£0.20° 6.81£0.15* 7.62+0.14°
30.14£0.09* 25.3240.23* 5.34+0.04° 21.11+0.12° 7.62+0.20° 8.69::0.30°

22.32+0.02° 27.49+£0.07° 3.42+£0.03* 12.45+0.10° 6.22+0.74° 7.55+0.35°
25.67+0.04° 26.57+0.06" 3.63+£0.03* 13.66+0.15% 6.75+0.10° 7.22+0.11¢
28.65+0.08° 26.98+0.22" 4.78+0.09° 17.71+0.19° 7.47+0.08" 9.21+0.08°
31.16£0.04° 25.12+0.09° 5.01+0.11° 19.95£0.47° 8.09+0.02° 9.01+0.02¢

¢ 60  62.54+0.53° 29.71+0.20° 549+0.21b 5.49+0.06°
90  64.18+0.67° 30.30+0.18° 5.25+0.19" 5.34+0.04°
3 57.70+0.24* 26.27+0.12* 3.50+0.10* 5.53+0.03°
% 30 5843+0.27% 27.02+0.13* 4.61+0.07* 5.37+0.36"
60  60.52+0.20° 28.47+0.17° 5.04+0.02* 5.20+0.19°
90  61.24+0.18° 29.07+0.06* 5.37+0.06* 5.14+0.02°
3 58.09+0.78 26.22+0.05* 4.38+.019° 5.42+0.04°
v 30 58.80+0.10% 27.46+0.04° 4.43+0.13* 5.36+0.04°

60  59.80+0.13* 28.10+£0.04 5.45+0.20" 5.28+0.02"
90  60.31:0.04* 29.60+0.01° 5.75+0.16" 5.22+0.02°

29.15+0.04° 27.20+0.11° 4.21+0.71° 15.33£043° 6.25+0.03° 4.25+0.05°
32.66+0.13° 28.06£0.03¢ 4.17+0.11° 14.10+0.09° 6.00+0.14* 5.83+0.08"
35.46£0.34° 26.61+0.11° 5.16+0.03° 19.40:£0.14° 7.46+0.06° 6.04+0.02°
34.57+0.23¢ 27.3120.68" 5.12+0.02°° 18.66+1.15" 7.87+0.08° 6.46:£0.12°

*Mean values followed by different letters in the same column are significantly different (p<0.05).
Control (C. without edible films); X. chitosan (0.8% w/v); Y. chitosan/whey protein (CWP, 0.8% w/v chitosan and 2.4% w/v lyophilized

milk whey).
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cheese until day 120, followed by BW1 (single-layer coa-
ting). The ripening index value ranged from 14.71 to
21.11% for control sample and 12.45 to 19.95% for X
and 14.10 to 18.66% for Y. Yildirim et al. (2006) rep-
orted that the ripening index of Kashar cheese samples
increased steadily until the 60™ d of ripening. Gulec et al.
(2004) found ripening index values of all samples were
similar until 60™ d while on 90™ d, ripening index values
of control increased more than coated samples. The coat-
ing method used significantly affected the ripening of
cheese. As can be seen in Table 1, 12% TCA-SN content
in the cheese samples increased with increasing ripening
time (p<0.05). The values of 12% TCA-SN, expressed as
%, showed a significant increase (p<0.05) during ripening
process (Yilmaz and Dagdemir, 2012). Aydemir (2010)
reported that the increase in WSN%TN and TCA%TN
values was low when the Kashar cheese samples were
ripened at 4+1°C following the pre-ripening. The pH 4.6-
SN ranged from 6.52 to 8.69% for the control samples,
7.22 t0 9.21% for X and 4.25 to 6.46% for Y was signif-
icant (p<0.05) during ripening time. The values of pH
4.6-SN were found to be 10.72-23.76% in the sample of
Kashar cheese samples in Hayaloglu (2009).

Sensory evaluation

Results of the sensory evaluation of 90 day cheese sam-
ples on a scale from 1 (poor) to 9 (excellent) are shown in
a radar plot in Fig. 3. A significant difference (p<0.05)
was found to be between the samples for colour-appear-
ance, taste, texture, odour and general acceptability. C
sample was preferred the most by the panellists. Y sample
was given the lowest scores by the panellists. Yildirim et
al. (2006) reported lower texture and taste scores of vac-

general acceptability

odour

uum-packaged Kashar cheese compared to control and
those coated with casein. Di Pierro et al. (2011) stated
that compared to control, Ricotta cheese exhibited better
texture conditions when it was coated with chitosan/whey
protein film while no difference was found to be in visual
appearance, texture, flavour and odour between uncoated
and chitosan/whey protein film coated Ricotta cheese
samples. Cetinkaya et al. (2004) reported significant dif-
ferences between Kashar samples coated with beewax in
terms of aroma, flavour, o colour, appearance and texture.
Coating of Gobek Kashar cheese with edible film com-
posed of chitosan and chitosan/whey protein showed re-
ducing effect on the microbial growth and extended the
shelf-life of the products. It is indicated from the results
that the use of chitosan/whey protein can suppress mould
growth during the ripening time without any adverse
effects on cheese quality. During the ripening process of
cheese, the level of soluble nitrogen components deter-
mined the effect of the edible film coating on the rate and
extent of proteolysis quantitatively in cheese. In terms of
sensorial evaluation, panellists gave the highest scores
especially to C group. This study may be important since
it could indicate successfully through the coated samples
with chitosan and chitosan/whey protein that the men-
tioned materials could be used as good coating materials
in the manufacture of Gobek Kashar cheese and extended
throughout this cheese production to improve quality.

References

1. Altieri, C., Scrocco, C., Sinigaglia, M., and Del Nobile, M. A.
(2005) Use of chitosan to prolong mozzarella cheese shelf
life. J. Dairy Sci. 88, 2683-2688.

texture

X

taste

Fig. 3. Changes in sensory characteristics of Gobek Kashar cheese after 90 d of storage.



Coated Gébek Kashar Cheese

223

10.

11.

12.

13.

14.

15.

16.

17.

Aydemir, O. (2010) The Characterization of Kars Kashar
Cheese. PhD Thesis. Ondokuz Mayys University, Graduate
School of Natural and Applied Sciences Samsun, Turkey
Balaguer, M. P., Lopez-Carballo, G., Catala, R., Gavara, R.,
and Hernandez-Munoz, P. (2013) Antifungal properties of
gliadin films incorporating cinnamaldehyde and application
in active food packaging of bread and cheese spread food-
stuffs. Int. J. Food Microbiol. 166, 369-377.

Baxter, A., Dillon, M., Taylor, K. D. A., and Roberts, G. A. F.
(1992) Improved method for IR determination of the deg-
ree of N-acetylation of chitosan. Int. J. Biol. Macromol. 14,
166-169.

Bodyfelt, F. W., Tobias, J., and Trout, G. M. (1988) The sen-
sory evaluationof dairy products. New York: Published by
Van NastrandReinhold.

Cerqueira, M. A., Lima, A. M., Souza, B. W. S., Teixeira, J.
A., Moreira, R. A., and Vicente, A. A. (2009) Functional poly-
saccharides as edible coatings for cheese. J. Agr Food Chem.
57, 1456-1462.

Cetinkaya, F. and Soyutemiz, G. E. (2004) A study on sur-
vival of listeria monocytogenes during manufacture and rip-
ening of Kashar cheese. Turk. J. Vet. Anim. Sci. 28, 927-932.
Coma, V., Martial-Gros, A., Garreau, S., Copinet, A., Salin,
F., and Deschamps, A. (2002) Edible antimicrobial films
based on chitosan matriz. J. Food Sci. 67,1162-1169.

Conte, A., Angiolillo, L., Mastromatteo, M., and Del Nobile,
A. (2013) Technological options of packaging to control food
quality. Food Ind. pp. 354-379.

Del Nobile, M. T., Gammariello, D., Conte, A., and Attana-
sio, M. (2009) A combination of chitosan, coating and mod-
ified atmosphere packaging for prolonging Fior dilatte cheese
shelf life. Carbohydr. Polym. 78, 151-156.

Diliello, L. R. (1982) Methods in food and dairy microbiology.
AVI Publishing Co. Inc.

Di Pierro, P., Mariniello, L., Sorrentino, A., Villalonga, R.,
Chico, B., and Porta, R. (2010) Putrescine-polysaccharide
conjugates as transglutaminase substrates and their possible
use in producing crosslinked films. Amino Acids 38, 669-675.
Di-Pierro, P. D., Sorrentino, A., Mariniello, L., Giosafatto, C.
V. L., and Porta, R. (2011) Chitosan/whey protein film as
active coating toextend Ricotta cheese shelf-life. LWT-Food
Sci. Technol. 44, 2324-2327.

Dos Santos Pires, A. C., De Fatima Ferreira Soares, N., De
Andrade, N. J.,, Da Silva, L. H. M., Camilloto, G. P., and Ber-
nardes, P. C. (2008) Development and evaluation of active
packaging for sliced mozzarella preservation. Packag. Technol.
Sci. 21, 375-383.

Duan, J., Park, S. 1., Daeschel, M. A., and Zhao, Y. (2007).
Antimicrobialchitosan Lysozyme (CL) films and coatings for
enhancingmicrobial safety of Mozzarella cheese. Food Micro-
biol. Safety 72, 355-361.

Fajardo, P., Martins, J. T., Fucifios, C., Pastrana, L., Teixeira,
J. A., and Vicente, A. A. (2010). Evaluation of a chitosan-
based edible film as carrier of natamycin to improve the
storability of Saloio cheese. J. Food Eng. 101, 349-356.
Gammariello, D., Chillo, S., Mastromatteo, M., Di Giulio, S.,

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Attanasio, M., and Del Nobile, M. A. (2008) Effect of chito-
san on the rheological and sensorial characteristics of apulia
spreadable cheese. J. Dairy Sci. 91, 4155-4163.

Guilbert, S. (1986) Technology and application of edible pro-
tective films in food packaking and preservation theory and
practise. Mathlouthi M. (ed).

Gulec, F., Bayram, M., Yildirim, M., and Yildrim, Z. (2004)
Some properties of kasar cheese coated with casein, Siiley-
man Demirel University, Recent Developments In Dairy Sci-
ence and Technology, International Dairy Symposium. May
24-28. pp. 58-66.

Gokmen, M. and Gurbuz, U. (2011) Use of Chitosan in turk-
ish sausage (Sucuk) productionand effects on quality. Kaf-
kas. Univ. Vet. Fak. Der. p. 17.

Hayaloglu, A. A. (2009) Volatile composition and proteoly-
sis in traditionally produced mature Kashar cheese. Int. J.
Food Sci. Technol. 44, 1388-1394.

International Dairy Federation. (1993) Milk: Determination
of the Nitrogen (Kjeldahl Method) and Calculation of the
Crude Protein Content. IDF Standard 20B. Brussels: Interna-
tional Dairy Federation.

Keser, O., and Bilal, T. (2010) Zeytin Sanayi Yan Uriinleri-
nin Hayvan Beslemede Kullanim Olanaklari. Lalahan Hay.
Arast. Ens. Derg. 50, 41-52.

Kester, J. J. and Fennema, O. R. (1986) Edible films and coa-
tings: a review. Food Technol. 40: 47.

Koburger, J. A. and Marth, E. H. (1984) Yeasts and moulds.
In: Marvin L. Speck (Editor), Compendium of Methods for
the Examination of Foods A.P.H.A., Washington D.C., pp.
197-202.

Kousta, M., Mataragas, M., Skandamis, P., and Drosinos, E.
H. (2010) Prevalence and sources of cheese contamination
with pathogens at farm and processing levels. Food Control
21, 805-815.

Krishna, A. C., Sathiyaraj, M., Saravanan, R. S., Chelladurai,
R., and Vignesh, R. (2012) A novel and rapid method to de-
termine doxycycline in human plasma by liquid chromatog-
raphy tandem mass spectrometry. Indian J. Pharm. Sci. 74,
541.

Kristo, E., Koutsoumanis, K. P., and Biliaderis, C. G. (2008)
Thermal, mechanical and water vapor barrier properties of
sodium caseinate films containing antimicrobials and their
inhibitory action on Listeria monocytogenes. Food Hydro-
colloid. 22, 373-386.

Krochta, J. M. and De Mulder-Johnston, C. (1997) Edible
and biodegradable polymer films: Challenges and opportuni-
ties. Food Technol. 51, 61-74.

Kuchroo, C. N. and Fox, P. F. (1982) Soluble nitrogen in
cheese: Comparison of extraction procedures. Milchwissen-
schaft 37, 331-335.

Kaurita, K. (2001) Controlled functionalization of the polysac-
charide chitin. Prog. Polym. Sci. 26, 1921-1971.

Kurt, A., Cakmakci, S., and Caglar, A. (2007) A guide book
of analysis methods of milk and milk products. Turkey: Atat-
urk University, Agriculture Faculty, Erzurum, Turkey.

Liu, X. F,, Guan, Y. L., Yang, D. Z., Li, Z., and Yao, K. D.



224

Korean J. Food Sci. An., Vol. 35, No. 2 (2015)

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

(2001) Antibacterial action of chitosan and carboxymethy-
lated chitosan. J. Appl. Poly. Sci. 79, 1324-1335.

Lucera, M., Mastromatteo, M., Conte, A., Zambrini, A. V.,
Faccia, M., and Del Nobile, M. A. (2014) Effect of active
coating on microbiological and sensory properties of fresh
mozzarella cheese. Food Pack. Shelf Life 1, 25-29.

Mei, J., Yuan, Y., Wu, Y., and Li, Y. (2013) Characterization
of edible starch-chitosan film and its application in the stor-
age of Mongolian cheese. Int. J. Biol. Macromol. 57, 17-21.
Ollé Resa, C. P., Gerschenson, L. N., and Jagus, R. J. (2013)
Effect of natamycin on physical properties of starch edible
films and their effect on Saccharomyces cerevisiae activity.
Food Bioproc. Technol. 6,3124-3133.

Ollé Resa, C. P., Jagus, R. J., and Gerschenson, L. N. (2014)
Natamycin efficiency for controlling yeast growth in models
systems and on cheese surfaces. Food Control 35, 101-108.
Ozdemir, S. and Sert, S. (1996). Gida Mikrobiyolojisi Tat-
bikat Notlar1. Atatiirk Universitesi Ziraat Fakiiltesi Yayin-
lar1, Erzurum, No.128, p.111.

Polychroniadou, A., Michaelidou, A., and Paschaloudis, N.
(1999) Effect of time, temperature and extraction method on
the trichloroaceticacid-soluble nitrogen of cheese. Int. Dairy
J. 9,559-568.

Pranoto, Y., Salokhe, V. M., and Rakshit, S. K. (2005). Phys-
ical and antibacterial properties of alginate-based edible film
incorporated with garlic oil. Food Res. Int. 38, 267-272.
Rabea, E. I., Badawy, M. E. T., Stevens, C. V., Smagghe, G,,
and Steurbaut, W. (2003) Chitosan as antimicrobial agent:
Applications and mode of action. Biomacromol. 4, 1457-65.
Ramos, O., Silva, S., Soaresa, J., Fernandesa, J., Pocasa, M.,
and Pintadoa, M., et al. (2012) Features and performance of
edible films, obtained from whey protein isolate formulated
with antimicrobial compounds. Food Res. Int. 45, 351-361.
Rhoades, J. and Roller, S. (2000) Antimicrobial actions of de-
graded and native chitosan against spoilage organisms in lab-

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

oratory media and foods. Appl. Environ. Microbiol. 66, 80-86.
Sarioglu, T. and Oner, Z. (2006) Usage possibilities of an edi-
ble filmfor coating Kashar cheese and its effects on cheese
quality. Food 31, 3-10.

SAS (1998) Changes and Enhancements through Release
6.12, SAS Institute Inc., Cary, N.C., U.S.A.

Savello, P. A., Ernstrom, C. A., and Kalab, M. (1989) Micro-
structureand meltability of model process cheese made with
rennet and acidcasein. J. Dairy Sci. 72, 1-11.

Sert, D., Ayar, A., and Akin, N., (2007) The effects of starter
culture on chemical composition microbiological and sensory
characteristics of Turkish Kashar cheese during rripening.
Int. J. Dairy Technol. 60, 245-252.

Torlak, E. and Nizamoglu, M. (2011) Ugucu yag igeren yeni-
lebilir kitosan filmlerinin Staphylococcus aureus ve Escheri-
chia coli O157:H7 {izerine etkinlikleri. Kafkas Univ. Vet. Fak.
Der. 17(Suppl A), S125-S129.

Ture, H., Eroglu, E., Ozen, B., and Soyer, F. (2011) Effect of
biopolymers containing natamycin against Aspergillus niger
and Penicillium roquefortii on fresh kashar cheese. Int. J.
Food Sci. Technol. 46, 154-160.

Wang, G. H. (1992) Inhibition and inactivation ollive species
ol foodborne pathogens by chitosan. J. Food Prot. 55, 916-
925.

Yildirim, M., Gulec, F., Bayram, M., and Y1ildirim, Z. (2006)
Propertiesof Kashar cheese coated with casein as a carrier of
natamycin. ltal. J. Food Sci. 18, 127-138.

Yilmaz, F. and Dagdemir, E. (2012) The effects of beeswax
coating on quality of Kashar cheeseduring ripening. Int. J.
Food Sci. Technol. 47, 2582-2589.

Zhong, Y., Cavender, G., and Zhao, Y. (2014) Investigation
of different coating application methods on the performance
of edible coatings on Mozzarella cheese. LWT-Food Sci. Te-
chnol. 56, 1-8.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


