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1 Introduction
Diyarbakir Orgu cheese, one of the registered varieties of 

cheese, is produced in Turkey’s Southeastern Anatolia, especially 
in the province of Diyarbakir, Mardin, Siirt, Sanliurfa, and Van. 
However, in recent times it can be easily found and widely 
consumed all over Turkey and also known as cream cheese or 
scalding cheese in various locations. Orgu cheese, which is in the 
form of a braid, and oily, homogeneous, and elastic, is compared 
to White cheese in terms of its composition, to Circassian cheese 
in terms of flavor, and Kashar, Abaza and Maraş cheeses in terms 
of production technology because it includes a scalding stage 
(Kamber, 2005). However, there are differences in the final shape 
and maturation of the cheese. Old Kashar, Abaza, and Maras 
cheeses are offered for consumption after a maturation phase 
of 2-4 months, while Orgu cheese can also be served freshly 
(Ozdemir et al., 1998).

Orgu cheese, whose production was first started in Diyarbakır, 
has spread over wider geography in time, its production 
technology has been developed industrially and has taken its 
place as a cheese type consumed in many parts of the country. 
Thus, it received a Geographical Indication Certificate under 
the name of “Diyarbakır Orgu Cheese” by the Turkish Patent 
Institute in 2010 (Hatipoğlu, 2014; Turkey, 2019). Diyarbakır 
Orgu Cheese, which has a geographical indication of boundaries 
in Diyarbakır province and its districts, is a delicious and visually 
different regional cheese type. The reputation of Diyarbakır 
Orgu cheese comes not only from the quality of the milk used 
in its production but also from the knowledge and experience 
passed down from generation to generation, as well as the 

seasonal temperature specific to Diyarbakır, affecting the flavor 
and aroma of the cheese.

Diyarbakır Orgu cheese is defined as a semi-hard cheese 
type that is scalded in high-temperature water after its curd is 
fermented, high in fat, less salty (if consumed fresh) and easily 
split into fibers. In the production of this cheese, freshly milked 
full-fat raw ewe’s milk is mixed with some cow’s milk and/or 
goat’s milk and fermented using liquid yeast at 28-35  °C to 
coagulate for 60-90 minutes. The curd is cut and the whey is 
completely removed and the curd is pressed and fermented at 
room temperature (80-180 minutes). Fermented curd is finely 
chopped and scalded in hot water (75-90 °C for 2-7 minutes). 
Scalded curd is stretched in the form of a rope, knitted in the 
form of a typical braid (150-300 g), and left in brine for about 
30 minutes, then filled into tin or plastic drums. Packaged cheese 
is served for consumption freshly or after being stored/matured 
at 4-6  °C for varying periods (approximately 3-6  months) 
(Hatipoğlu & Celik, 2012).

Orgu cheese is of great importance in terms of nutrition, 
especially for the people of the region where it is produced. 
Orgu cheeses, which are served for consumption in Diyarbakır, 
are produced in relatively low hygienic conditions in small 
businesses that do not have modern technology and a closed 
family economy with traditional methods. Since there is no 
standard production and product composition in Orgu cheese 
production, products with different compositions and qualities 
can be offered for sale. Traditional Orgu Cheese, which does not 
have a standard production process, varies from producer to 
producer in terms of production material, production stages, and 
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packaging material. These differences may often have negative 
effects and may not please the consumer. In this context, it is 
important to ensure standardization in production and sustain 
the production of our traditional products that reflect the culture 
of the region. In this study, it is aimed to contribute to the 
dairy industry by eliminating the deficiencies in the literature 
about Diyarbakır Orgu Cheese produced by traditional and 
industrial methods. There are similar studies on the subject, 
and these studies are mostly about the storage of Orgu cheese 
produced under controlled conditions and the analysis of the 
product as a result of storage (Çelik et al., 2006; Çelebi, 2011; 
Hatipoğlu, 2014). Also, researchers mostly determined the 
microbiological quality (Ozdemir et al., 1998; Aksu et al., 1999; 
Anar  et  al.,  2000; Turkoglu  et  al.,  2003; Vural  et  al.,  2010), 
chemical properties (Akyuz  et  al.,  1998; Aksu  et  al.,  1999; 
Anar  et  al.,  2000; Turkoglu  et  al.,  2003; Çelik  et  al.,  2006; 
Çelik & Turkoglu, 2007; Çelebi, 2011; Hatipoğlu, 2014), production 
method (Demirci et al., 1991; Akyuz et al., 1998; Unsal, 1997; 
Çelik & Turkoglu, 2007; Hatipoğlu & Celik, 2012) and food safety 
(Hatipoğlu & Celik, 2012; Hatipoğlu, 2014) of Orgu cheese.

In this study, some chemical, biochemical, mineral content, 
antioxidant, and antimicrobial activity analyzes were made 
in 15 traditional and industrial Orgu cheeses from different 
manufacturers and brands supplied from the market, and 
the comparison of both groups of cheeses was made. Thus, the 
comparison of the production methods of Diyarbakır Orgu Cheese 
has been provided and this is also aimed to be a preliminary 
source for future study.

2 Materials and methods

2.1 Materials

In this study, 15 traditional Diyarbakır Orgu cheeses from 
different producers were obtained from the cheese market in the 
central district of Bağlar in Diyarbakır as the research material. 
Also, 15 industrial Orgu cheese from different brands being 
sold in the markets of Turkey was gathered, and thus a total of 
30 different samples of Orgu cheese were used in the research. 
Cheese samples were brought to laboratory in polyethylene bags, 
where they were ground and put in glass jars. The samples were 
kept at 4 ± 1 °C during the analysis.

2.2 Methods

Chemical analysis

The dry matter amount of Orgu cheese was determined 
by drying the samples in a drying oven at 103-105  °C for 
3-4  hours. The total amount of nitrogen was determined by 
the Kjeldahl method. A digital pH meter (Hanna Instrument 
pH 211; Microprocessor pH meter, Germany) was used for 
determination of pH (Association of Official Analysis Chemists, 
1990). Gerber method was used to determine the amount of fat. 
Titratable acidity (as a lactic acid), ash, and salt content of cheese 
samples were determined according to the methods described 
by Kurt et al. (2003).

Biochemical analysis

Water-soluble extracts of the cheese samples were prepared 
as described previously (Kuchroo & Fox, 1982). These extracts 
were used in the determination of water soluble nitrogen 
(WSN), 12% trichloroacetic acid soluble nitrogen (TCA-SN), 
5% phosphotungstic acid soluble nitrogen (PTA-SN), total 
peholic compounds (TPC) and antioxidant activity. The lipolysis 
ratio was measured as ADV (Acid Degree Value) according to 
methods described by Case et al. (1985). WSN, TCA-SN, and 
PTA-SN ratio of cheese were analyzed as described previously 
(Butikofer et al., 1993).

Mineral analysis

The cheese samples were burned in an ashing furnace at 
550 °C for 16 h (International Dairy Federation, 1992). The ash 
was dissolved with 5 mL nitric acid on the heating plate and 
filtered using Whatman no: 41. Following the filtering process, 
the solution was diluted with 1 N HNO3 and completed in 50 mL 
with 1 N HNO3. The Ca, Mg, K, P, Zn, Fe, Mn and Cu content 
of the cheese samples were determined by ICP-OES (Thermo 
Scientific ICAP 6300 DUO, England). Also, blank samples were 
prepared by subjecting the above procedures.

Total Phenolic Compounds (TPC)

TPC of samples in water-soluble extracts was analyzed 
according to the Folin Ciocalteu method (Yemis et al., 2008). For 
this, 150 μL of extract were mixed with 3 mL of Na2CO3 (2%) in 
a test tube and 150 μL of Folin-Ciocalteu’s reagent (1:1, v/v in 
water) was added to the tube. Then the mixture incubated for 
45 minutes at room temperature in the dark. Subsequently, the 
absorbance of the reaction mixture was read at 765 nm in the 
spectrophotometer (UV Mini-1240, Shimadzu, Japan). The 
results are expressed as gallic acid equivalent (mg GAE/kg).

Antioxidant activity

DPPH test

The DPPH radical-scavenging activity of the extracts was 
determined as described previously (Brand-Williams et al., 1995). 
Firstly, 100 mL of water-soluble extracts was mixed with 2.4 mL 
of the freshly prepared DPPH solution in a test tube. After a 
30 min incubation, the absorbance at 520 nm was read using a 
spectrophotometer. The results were calculated from the following 
formula: Inhibition of DPPH (%)=[1−(A⁄A0)]×100, where A0 is 
the absorbance of the blank and A is the absorbance of the test.

TEAC test

Firstly, 7.0 mM ABTS radical solution containing 2.45 mM 
potassium persulfate was prepared and oxidized in water for at 
least 12-16 hours at room temperature in the dark to form an 
ABTS • + radical solution. Then, this radical solution was diluted 
with 80% ethanol to give 0.700 ± 0.2 absorbances at 734 nm. 
It was taken 2.97 mL from diluted radical solution and mixed 
with 30 μL of water-soluble extracts in a test tube. The mixture 
left in a dark place for 6 min and the absorbance was measured 
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at 734 nm in a spectrophotometer. The same processes were 
performed for Trolox and antioxidant activity value was expressed 
as mmol/g Trolox equivalent (Kirca & Ozkan, 2007).

Antimicrobial assay

The antibacterial activity of water soluble extracts of cheese 
samples on Gram positive (Staphylococcus aureus ATCC 29213) 
and negative bacteria (Escherichia coli ATCC 11303) was 
determined by agar well diffusion method (National Committee 
for Clinical Laboratory, 1999). Water soluble extracts of cheeses 
were sterilized by filtration through 0.45 µm membrane filter. 
Firstly, test organisms were inoculated in Mueller Hinton 
Broth (Oxoid) and incubated at 37 ± 0.1 °C for 24 h. Following 
incubation, small amounts of bacterial colony was removed from 
fresh bacteria cultures and the density of bacterial suspensions 
was adjusted with sterile physiological solution against 0.5 
Mc-Farland standard tubes. 100  µL of prepared culture was 
spread on the Mueller-Hinton Agar and then 100 µL of extract 
solution was impregnated into the wells of agar plates directly. 
The inoculated plates were incubated at 37 °C for 24 h. Subsequently, 
the diameter of inhibition zone was observed and determined 
in mm. Ampicillin (10 μg) and Tetracycline (30 μg) discs were 
used as positive controls.

Statistical analysis

SPSS for Windows statistical software (SPSS, 1999) was 
used for all statistical analysis in this investigation. All data are 
showed as mean ± standard error of means.

3 Results and discussions

3.1 Chemical composition of Orgu cheeses

The chemical properties of the 30 cheese samples analyzed are 
demonstrated in Table 1. In the cheese communique published 
by the Turkish Food Codex, the moisture content of Orgu cheese 
is reported to be 50% at the most (Turkey, 2015). In this context, 
the dry matter rates in Table 1 comply with the limit values 
in the communiqué. When the groups were evaluated within 
themselves, the difference between the samples was mostly 
determined in Orgu cheese samples produced by the traditional 
method. It can be seen that the average dry matter values of 
Orgu cheese samples produced by traditional and industrial 
methods are close to the values obtained in previous studies 
(Hatipoğlu, 2014; Anar et al., 2000). The difference between the 
dry matter values is thought to be caused by the composition of 
milk affected by the dairy animal and feeding conditions and 
the lack of certain standards in Orgu cheese production (rennet 
used, salt amount, prepared brine, ripening time).

It was observed that the fat concentration results obtained in 
some studies on Orgu cheese (Ozdemir et al., 1998; Hatipoğlu, 2014; 
Aksu et al., 1999; Turkoglu et al., 2003) were lower than the 
values we obtained in the study (Table 1). This situation is 
thought to be caused by the difference in the fat content of the 
milk depending on the type of milk used. Çelik et al. (2006) 
determined the results of the fat analysis in Orgu cheese samples 
produced by using 3.8% full-fat, 3% fat, and 2% fat pasteurized 

cow milk as 22.00%, 20.75%, 17.75%, respectively. Since fat in 
cheese is one of the components that make up the dry matter, the 
increases and decreases of these two parameters are proportional. 
The decrease in the amount of dry matter during the ripening 
period also affects the oil amount. A second reason for this 
loss in the amount of fat during ripening is that the breakdown 
products formed as a result of the hydrolysis of the oils pass into 
the brine (Hatipoğlu, 2014).

The protein ratios of Orgu cheese samples are given in Table 1. 
The obtained data is higher than those obtained by Akyuz et al. 
(1998), while it is lower than the ones obtained by Hayaloglu 
(2009), and similar to other literature values (Ozdemir et al., 1998; 
Hatipoğlu, 2014; Çelik et al., 2001, 2006; Turkoglu et al. ., 2003). 
This difference between protein amounts can be explained by 
the effect of the packaging material on dry matter losses and the 
prolongation of storage time, and the passage of small molecules 
consisting of protein structures that are broken down as a result 
of proteolysis into the brine (Hatipoğlu, 2014; Kose, 2015). 
Yetismeyen et al. (1995) argued that the process of pasteurization 
was effective on substance losses, that is, it increased the amount 
of nitrogen remaining in the clot. When the average protein ratios 
of both groups examined in this study are considered, it is seen 
that the industrial type of Orgu cheese samples produced from 
pasteurized milk has a higher protein ratio than the traditional 
type Orgu cheese produced from raw milk.

The acidity in milk and dairy products is the total acidity 
value found like milk (phosphate, citrate, globulin, albumin, 
and carbon dioxide) and formed as a result of microorganisms 
and starter culture activities. The acidity that develops later in 
the production of cheese is formed as a result of ripening and 
the decomposition of lactose in the cheese into lactic acid as a 
result of the fermentation and the effect of the products formed 
during ripening (Inal, 1990). The titration acidity value of Dil 
cheese, which is similar to Orgu cheese in terms of production 
technique, was reported as the highest 1.0% l.a. (Turkey, 2006). 
It is estimated that the difference between the data obtained 
in the study and the literature is caused by the starter culture 
and amount used, the type of milk used, the salt ratio, and the 
maturation time. Kose (2015) reported that increasing the salt 
ratio in cheese decreases acidity and increases pH value. It can 
be said that with the increase in the fat content of milk used in 
cheese production, the acidity in cheese decreases, and the pH 
increases (Çelik et al., 2006).

Free basic and neutral compounds, free organic acids, and 
protein-bound acidic and basic groups are groups that affect 
pH in cheese (Fox et al., 2000). On the other hand, Hatipoğlu 
(2014) reported the average pH as 5.57 in a study on Orgu cheese 
made from raw milk. In this study, it was determined that the 
average pH values of both groups of cheeses were higher when 
compared with the ones in the literature (Table 1). Also, these 
values were higher than some Brasilian (Serra da Canastra and 
Araxa cheeses) (Kamimura  et  al.,  2019), Mexican (Adobera 
cheeses) (Ruvalcaba‐Gómez  et  al.,  2020) and Bosnia and 
Herzegovina (Livanjski cheeses) (Vladimír et al., 2020) cheeses. 
This difference is thought to be caused by the type of milk used, 
starter culture, packaging material, production methods and 
storage time. Also, ripeness levels of cheeses are thought to cause 
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differences in pH values. Kose (2015) found that the average 
pH values of Herby cheese, which produced experimentally, 
decreased during the ripening period over time. It is estimated 
that this situation is caused by the production of lactic acid and 
other organic acids by the effect of enzymes during maturation 
and the conversion of fats into free fatty acids with the existing 
lipase activity (Urkek, 2008).

In studies on Orgu cheese, Aksu et al. (1999) determined 
the average ash amount as 6.43%, while Ozdemir et al. (1998) 
found it as 7.43%, and Hatipoğlu (2014) determined as 8.77%. 
While Çelik & Turkoglu (2007) found the amount of ash between 
7.09% and 8.22% in their experimental Orgu cheese samples 
made from raw milk, Çelebi (2011) found the amount of ash 
between 6.95% and 8.49% in Orgu cheese samples produced using 

different coagulating enzymes. The difference between the ash 
ratios of the cheese samples we evaluated in this study and the 
literature is thought to be due to the difference in the amount of 
salt in the cheese samples. Also, according to Tuncturk (1996), 
titration acidity and pH value of cheese samples affect the rate 
of salt taken into the cheese environment and this situation is 
directly reflected in the ash ratio.

Salt is a nutrient that adds flavor to the cheese, also increases 
the durability of the cheese, and affects the consistency and 
yield. Changing the salt ratio in cheese may decrease or increase 
depending on the habit of the producer and the consumer’s 
request (Demir, 2008). Considering that the salt ratio allowed for 
curd scalded cheeses is at most 3% in the Cheese Communiqué 
(Turkey, 2015), it is seen that the average salt ratio in cheese 

Table 1. The results of chemical analysis of Orgu cheeses.

Sample No _D.m % Fat % Protein% L. a% pH Ash% Salt%
T1 46.50 21.50 20.29 0.24 6.09 4.70 2.16
T2 52.16 24.50 22.06 0.48 5.59 5.56 3.04
T3 52.86 26.00 21.47 0.47 5.58 5.43 1.99
T4 43.96 15.50 22.11 0.24 6.11 6.15 1.99
T5 48.79 18.50 23.86 0.20 5.48 6.40 2.52
T6 51.49 21.50 23.38 0.45 5.58 6.55 2.52
T7 55.94 27.50 22.60 0.20 5.54 5.81 1.26
T8 55.85 26.00 21.23 0.32 5.12 8.60 2.49
T9 49.69 19.50 23.98 0.18 6.17 6.11 2.54

T10 51.06 22.00 23.99 0.33 5.63 5.04 2.02
T11 51.13 23.50 22.43 0.44 5.80 5.15 2.40
T12 53.46 22.50 24.46 0.36 5.72 6.48 2.54
T13 52.02 21.50 23.75 0.52 5.57 6.75 3.07
T14 52.01 22.50 22.43 0.51 5.52 7.02 2.43
T15 54.36 25.50 22.30 0.24 6.16 6.53 2.63
Min. 43.96 15.50 20.29 0.18 5.12 4.70 1.26
Max. 55.94 27.50 24.46 0.52 6.17 8.60 3.07

Mean ± S.D 51.43 ± 2.56 22.53 ± 3.17 22.69 ± 1.19 0.35 ± 0.12 5.71 ± 0.30 6.17 ± 0.96 2.37 ± 0.45
I1 54.29 23.50 24.51 0.25 5.62 6.24 2.28
I2 53.08 22.50 25.69 0.22 5.58 4.85 1.81
I3 54.21 22.50 24.95 0.24 5.69 6.73 2.34
I4 54.18 22.50 25.85 0.23 5.54 5.79 2.11
I5 53.18 22.00 24.35 0.15 6.05 6.78 1.99
I6 52.92 23.50 23.48 0.16 6.01 5.91 1.93
I7 52.86 22.50 23.84 0.13 6.12 6.48 1.93
I8 50.73 22.50 22.38 0.14 6.07 5.81 1.96
I9 47.11 21.00 20.78 0.17 6.02 5.28 1.70

I10 50.40 20.00 24.99 0.18 5.72 5.36 1.90
I11 50.20 19.50 25.87 0.12 5.80 4.78 1.81
I12 52.62 22.50 25.35 0.23 5.49 4.74 1.76
I13 53.37 23.50 23.53 0.16 5.40 5.94 1.70
I14 51.88 21.50 23.39 0.22 5.83 6.95 2.72
I15 52.65 22.50 23.85 0.23 5.74 6.26 2.25

Min. 47.11 19.50 20.78 0.12 5.40 4.74 1.70
Max. 54.29 23.50 25.87 0.25 6.12 6.95 2.72

Mean ± S.D 52.25 ± 1.93 22.13 ± 1.19 24.19 ± 1.39 0.19 ± 0.05 5.78 ± 0.23 5.86 ± 0.73 2.01 ± 0.28
D.m: Dry matter; L.a: Lactic acid; T: Orgu cheese samples produced by the traditional method; I: Orgu cheese produced by the industrial method; S.D: Standard deviation.
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samples produced by traditional and industrial methods conforms 
to the standard (Table 1). It has been observed that the average 
salt ratio in different studies on Orgu cheese is generally higher 
than the results obtained in this study (Turkoglu et al., 2003; 
Çelik et al., 2006; Çelebi, 2011). It is thought that the amount 
of salt is affected by the salt ratio used in cheese making and 
the storage conditions. It was determined that the amount of 
salt in cheese samples kept in brine increased during storage 
(Yetismeyen et al., 1998; Çelik & Turkoglu, 2007; Çelebi, 2011; 
Hatipoğlu, 2014). According to Guinee & Fox (1987), in parallel 
with the increase in the moisture content of cheese, there is an 
increase in the salt movement towards the inner parts of the 
cheese. This increase is affected by factors such as the size of 
the cheese mold, acidity, and dry matter of the cheese, storage 
temperature, and time, and the longer the storage period, the 
higher the rate of salt transferred to the cheese.

3.2 Biochemical composition of Orgu cheeses

The biochemical properties of the 30 cheese samples analyzed 
are demonstrated in Table 2. When the WSN rates obtained in the 
study are compared with the literature, it is seen that the results 
are generally quite high (Ozdemir et al., 1998; Çelik et al., 2006; 
Çelebi, 2011; Farkye et al., 1991). When the WSN rates obtained in 
the study are compared with the literature, it is seen that the results 
are generally quite high (Ozdemir et al., 1998; Çelik et al., 2006; 
Çelebi, 2011; Farkye et al., 1991). It is estimated that this is due 
to the type of milk used, storage time, salt concentration, and 
the type of enzyme used. In the study, WSN ratios of cheeses 
produced by traditional methods were found higher than those 
produced by industrial methods. This difference is thought to be 
caused by microorganisms with high proteolytic activity found in 
the natural flora of raw milk. Similarly, in the study conducted by 
Kose (2015), it was found that the WSN ratios of Herby cheeses 
produced from raw milk were higher than cheeses produced 
from pasteurized milk. It also stated that another factor affecting 
the level of proteolysis in cheese is the salt concentration and 
that the proteolysis rate of cheeses stored in vacuum packaging 
is higher than the proteolysis rate of cheeses stored in brine. 
This is attributed to the lower salt content of cheeses stored 
in vacuum packaging. Likewise, in some studies, it has been 
reported that increasing salt concentration in water-soluble 
nitrogen analyzes in cheese reduces the water-soluble nitrogen 
ratio (Cakmakçı & Kurt, 1993; Kılıç & Işın, 2004).

In Orgu cheeses that Çelik et al. (2006) produced from cow 
milk with three different fat ratios, the nitrogen values dissolved 
in 12% TCA on average were found as 0.08%, 0.14%, and 0.18%. 
Yasar (2007) found the nitrogen solubility values between 0.05% 
and 0.14% in 12% TCA of Kashar cheeses produced by using 
different coagulating enzymes. Say (2008), in a study, reported 
the nitrogen solubility values of the Kashar cheese samples at 
12% TCA in the range of 0.05% to 0.24%. In a study conducted 
by Hatipoğlu (2014) on Orgu Cheese, the average value of soluble 
nitrogen at 12% TCA was given as 0.04%. Some of the data 
obtained were consistent with the literature, while some were 
higher than previous studies (Table 2). It is estimated that rennet 
used, salt concentration, and storage time lead to this situation.

There are very small peptides and amino acids in the nitrogen 
fraction obtained by using nitrogen soluble in 5% PTA. The rate 
of nitrogen soluble in 5% PTA is important for determining the 
peptidase activity and ripening level in cheese (Tuncturk, 1996). 
It has been reported that there is a direct proportion between 
this nitrogen fraction and cheese flavor-aroma. (Demir, 2008). 
It was determined that the data obtained were higher than 
the literature values (Yasar, 2007; Say, 2008). This is thought 
to be due to the increase in cheese ripening levels, like other 
proteolysis parameters.

Average lipolysis values obtained in the study were found 
to be lower than 5.59 ADV value which is the average lipolysis 
rate by Andic et al. (2010) in Herby cheese and higher than 0.96 
ADV value, the average lipolysis rate obtained by Kose (2015) in 
a study on Herby cheese (Table 2). This situation is thought to be 
due to the different maturity and salt concentration of cheeses.

Collins et al. (2003) reported that especially lipases originating 
from lactic acid bacteria were adversely affected by salt. In a study 
in which cheese samples were stored in brine and vacuum packaged 
(Kose, 2015), the lower lipolysis value in cheese samples stored 
in brine indicates that the salt concentration has a negative effect 
on the lipolysis value. In another study, the inhibitory effect of 
high salt concentration in lipolysis occurring in Iranian pickled 
cheese and curd cheese was highlighted (Azarnia et al., 1997).

3.3 Mineral content of Orgu cheese samples

The mineral content of cheeses depends on various factors 
such as nutrition, genetics, lactation period, geographical area of 
milk production, environmental conditions, lack of a standard 
technique in cheese production, and possible contamination 
of equipment during cheese production (Altun & Köse, 2016).

Sodium is important for the regulation of blood and osmotic 
pressure, the transport of water to and outside of the cells, and 
the transmission of nerve cell impulses (Cruz  et  al.,  2011). 
However, excessive sodium intake causes high blood pressure 
and other chronic diseases (Felicio  et  al.,  2013). When the 
values obtained in the study were compared with the literature 
(Ozdemir et al., 1998; Altun & Köse, 2016; Kose & Ocak, 2015), 
it was found that the results were close to some values and lower 
than others (Table 3). The main reason for this difference is the 
salt concentration of cheese samples and brine water. Demirci 
(1988) stated that salting forms of cheeses are effective in Na 
ratios, so Na ratios vary considerably in cheese types in the world.

The Ca content of Traditional and Industrial Orgu Cheese 
samples range between 1501.51 and 2015.44 mg/100 g (Table 3). 
When the data obtained were compared with the literature, it 
was found that the results were close to some values, higher 
than some, and lower than others (Çelebi, 2011; Demirci, 1988; 
Ozlu  et  al.,  2012; Feeney et  al, 2021). It is thought that this 
situation is caused by the storage method, storage period, 
packaging material, and the composition of the milk. It has been 
observed in some studies that Ca loss increases as the ripening 
period increases, and some minerals pass into brine water due 
to osmotic pressure, especially in cheeses preserved in brine. 
However, Ca loss, which is at high levels in the early stages 
of storage, decreases in the later stages (Guinee & Fox, 1986; 
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Kose & Ocak, 2019). It has been determined that this situation 
is caused by the salt concentration between cheese moisture and 
brine water (Guinee & Fox, 1986; Gider, 2006).

It can be understood from Table 3 that the Mg values of 
Orgu cheese are significantly higher than the previous research 
results (Ozdemir et al., 1998; Çelebi, 2011; Ozlu et al., 2012; 
Ocak & Kose, 2015). In a study on Herby cheese (Kose & Ocak, 2019), 
it appears that the Mg concentration decreases during storage 
over time, similar to the Ca content. It was reported that 70% of 
the Mg was in soluble form and that Mg was transferred from the 
cheese to the brine during the storage period until the osmotic 
pressure between the brine and the cheese phase is equalized. 
Also, it was determined that the Mg loss in cheeses kept in brine 
was higher than the loss in vacuum packaging.

Average K values of Orgu cheese samples in Table 3 were 
found to be higher than previous studies (Altun & Köse, 2016; 
Kose  &  Ocak, 2019; Ozlu  et  al.,  2012). It is thought to be 
caused by dairy animals, geographical area of milk production, 
environmental conditions, possible contamination, and losses 
during the maturation period. In a study conducted by Kose & Ocak 
(2019), a decrease in K was reported during storage. Also, it was 
reported that samples kept in brine were exposed to more K loss 
than vacuum-packed samples and this was due to the difference 
in salt concentration between the preservation methods.

Compared to previous studies, it is clear that the P content 
of Orgu cheeses is higher (Table 3). In a study by Demirci (1988) 
investigating the mineral content of many cheese varieties, 
the average P concentration in Kasar cheese was reported as 

Table 2. The results of biochemical analysis of Orgu cheeses.

Sample No WSN% TCA-SN% PTA-SN% Lipolysis (ADV)
T1 16.53 3.50 1.65 1.85
T2 14.91 6.69 2.16 0.65
T3 16.43 5.71 1.47 0.87
T4 18.82 4.33 1.51 2.57
T5 25.13 2.90 1.18 3.37
T6 12.83 4.12 1.28 1.77
T7 16.91 4.52 1.79 1.71
T8 22.55 5.95 2.62 4.55
T9 13.22 2.92 1.18 0.60

T10 11.00 2.96 0.87 1.08
T11 19.50 5.15 1.17 1.95
T12 12.83 3.47 0.65 1.05
T13 16.58 5.26 1.79 0.87
T14 25.99 5.84 1.63 0.84
T15 12.48 3.73 0.89 0.65
Min. 11.00 2.90 0.65 0.60
Max 25.99 6.69 2.62 4.55

Mean ± S.D 17.05 ± 4.61 4.47 ± 1.24 1.46 ± 0.52 1.62 ± 1.13
I1 15.95 3.49 0.64 1.53
I2 15.44 3.38 0.60 1.61
I3 14.62 2.56 0.69 1.08
I4 11.89 2.20 0.60 2.42
I5 10.50 2.62 0.56 0.53
I6 11.04 2.48 0.92 0.84
I7 10.77 2.11 0.82 0.81
I8 10.73 2.46 0.86 1.41
I9 15.64 3.04 1.24 1.18

I10 9.41 1.69 0.76 1.08
I11 8.05 1.22 0.67 0.52
I12 7.89 1.59 0.93 0.93
I13 6.04 1.96 1.01 0.82
I14 11.10 1.85 1.55 0.88
I15 9.58 1.72 1.80 0.83

Min. 6.04 1.22 0.56 0.52
Max. 15.95 3.49 1.80 2.42

Mean ± S.D 11.24 ± 3.01 2.29 ± 0.66 0.91 ± 0.36 1.10 ± 0.49
WSN: water soluble nitrogen; TCA-SN: Trichloroacetic acid- soluble nitrogen; PTA-SN: Phosphotungstic acid- soluble nitrogen T: Orgu cheese samples produced by the traditional 
method; I: Orgu cheese produced by the industrial method; S.D: Standard deviation.
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568 mg/100 g. Ozdemir et  al. (1998) reported the average P 
concentration in Orgu cheese as 368.74 mg/100 g. On the other 
hand, Akalin (2011), in a study investigating the mineral content 
of some cheese varieties, reported that the P concentration 
ranged from 100 mg/100 g to 810 mg/100 g.

Zinc is a normal component of cow’s milk and zinc can 
be obtained from milk and its products in a form that can be 
easily used in the body (Kınık et al., 2001). Zn values of Orgu 
cheese obtained in the study are given in Table 3. It has been 
determined that these values are higher than some values obtained 
in previous studies while close to some values (Çelebi, 2011; 
Ozlu et al., 2012; Yuzbası et al., 2009). It is estimated that this 
varies according to the storage period and the packaging used. 
As a matter of fact, in the study conducted by Kose & Ocak (2019), 

it was determined that the Zn concentration decreased during 
storage and the cheeses kept in brine at the end of storage had 
lower Zn content than vacuum-packed cheeses.

Iron is an important trace element found as a catalyst in various 
metabolic reactions. Milk and dairy products are insufficient 
sources of Fe for human nutrition (Zamberlin  et  al.,  2012). 
Its deficiency causes anemia, decreased immunity, and changes 
in mental development (Gaucheron, 2000). Iron (Fe) contents of 
the Orgu cheese samples produced by traditional and industrial 
methods were given in Table 3. The results of the study are generally 
consistent with previous study results (Altun  &  Köse,  2016; 
Kose & Ocak, 2019; Yuzbası et al., 2009; Mendil, 2006).

In the human body, red blood cell formation, amino acid 
metabolism, and energy metabolism are based on copper. Cu content 

Table 3. The results of mineral content of Orgu cheeses.

Sample No Na (mg/100 g) Ca (mg/100 g) Mg (mg/100 g) K (mg/kg) P (mg/kg) Zn (mg/kg) Fe (mg/kg) Cu (mg/kg) Mn (mg/kg)
T1 2592.17 1935.71 2313.67 2317.79 7981.30 82.80 5.04 7.88 4.38
T2 2548.42 1792.07 2271.23 2239.91 6643.13 67.36 4.82 4.56 1.25
T3 2499.70 1588.09 2243.24 2311.97 9216.21 61.10 6.43 3.79 1.18
T4 2467.49 1732.41 2224.72 2648.75 17738.99 88.73 4.67 3.23 1.40
T5 2343.61 1501.51 2104.98 1952.54 4856.27 42.61 5.45 4.08 0.95
T6 2484.54 1761.65 2239.34 2217.99 8336.54 74.35 4.72 6.36 0.97
T7 2488.07 1588.06 2128.86 2298.64 6887.47 56.60 5.48 4.27 0.94
T8 2587.82 1825.24 2224.37 2147.45 5800.68 47.66 6.34 3.71 1.27
T9 2499.21 1848.01 2139.93 2211.37 8094.93 59.68 7.13 3.12 1.14

T10 2416.85 1554.94 2170.80 2257.69 10318.35 65.40 8.02 5.09 1.43
T11 2475.50 1780.18 2220.24 2220.88 9883.49 58.01 8.25 4.74 1.38
T12 2489.44 1856.18 2238.45 2301.33 12404.69 64.92 4.45 4.71 1.17
T13 2500.16 1803.62 2236.00 2388.67 13126.81 78.30 5.20 4.38 1.48
T14 2472.23 1634.76 2145.66 2184.73 10070.58 77.84 5.75 4.61 1.22
T15 2511.65 1847.12 2234.08 2241.61 11755.57 57.85 6.40 5.19 1.31
Min. 2343.61 1501.51 2104.98 1952.54 4856.27 42.61 4.45 3.12 0.94
Max 2592.17 1935.71 2313.67 2648.75 17738.99 88.73 8.25 7.88 4.38

Mean ± S.D 2491.79 ± 
60.93

1736.64 ± 
130.74

2209.04 ± 
58.09

2262.76 ± 
145.43

9541.00 ± 
3290.98

65.55 ± 
12.89 5.88 ± 1.20 4.65 ± 1.21 1.43 ± 0.83

I1 2309.49 1795.93 2084.17 2003.56 9182.92 28.64 5.93 4.96 1.17
I2 2244.69 1645.31 2038.80 2112.85 12618.20 55.58 6.37 4.16 1.42
I3 2489.36 2015.44 2219.79 2297.77 15497.96 84.85 7.33 2.69 1.61
I4 2405.21 1847.08 2212.59 2262.95 13705.92 54.40 7.59 4.07 1.36
I5 2423.12 1647.75 2261.03 2399.58 13794.12 75.66 3.96 4.11 1.72
I6 2309.87 1942.81 2029.56 2477.37 18020.89 68.39 6.18 3.39 1.43
I7 2351.73 1634.29 2126.04 2469.60 17801.52 57.38 2.44 4.80 1.25
I8 2427.42 1607.73 2141.71 2291.61 16174.89 56.37 3.03 3.49 1.18
I9 2268.40 1608.96 2028.55 2333.80 16979.19 55.28 5.79 3.16 1.07

I10 2221.84 1535.17 1992.82 2077.19 13400.41 53.36 6.92 3.63 1.01
I11 2414.46 1858.21 2181.93 2055.77 10912.59 45.13 4.60 5.09 1.88
I12 2368.73 1862.04 2139.77 2288.21 20285.96 51.62 3.09 4.24 1.12
I13 2446.78 1786.42 2232.26 2485.39 20870.25 61.64 4.06 3.44 1.41
I14 2484.93 1820.11 2224.31 2334.23 18981.97 55.09 3.81 5.02 1.34
I15 2462.18 1850.39 2193.59 2342.86 20440.13 63.37 3.93 3.62 1.79

Min. 2221.84 1535.17 1992.82 2003.56 9182.92 28.64 2.44 2.69 1.01
Max. 2489.36 2015.44 2261.03 2485.39 20870.25 84.85 7.59 5.09 1.88

Mean ± S.D 2375.21 ± 
87.16

1763.84 ± 
140.91

2140.46 ± 
87.16

2282.18 ± 
155.31

15911.13 ± 
3583.95

57.78 ± 
12.84 5.00 ± 1.68 3.99 ± 0.73 1.38 ± 0.27

T: Orgu cheese samples produced by the traditional method; I: Orgu cheese produced by the industrial method; S.D: Standard deviation.
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in uncontaminated milk is at the level of 0.02-0.05  mg/kg. 
Cu catalyzes the oxidation of fat that causes oxidized taste in 
milk and its products in the presence of air. It also has a great 
influence on the acid formation and ripening speed of the cheese. 
Low Cu concentrations accelerate maturation (Kınık et al., 2001). 
According to Table 3, Cu amounts of Orgu cheese are between 
2.69 and 7.88 mg/kg and are similar to the results of previous 
studies (Çelebi, 2011; Altun & Köse, 2016; Kose & Ocak, 2019; 
Ocak & Kose, 2015). It is thought that possible contamination 
during cheese production will affect the Cu amount.

The Institute of Medicine recommends that manganese 
intake should not exceed a maximum daily limit of 11 mg/day 
(NRC, 1989). In general, Mn is bound to the insoluble part of the 
casein micelle of milk with a rate of 95% (Cichoscki et al., 2002). 
As the pH in cheese decreases during ripening, Mn is expected 
to pass into a soluble form (Macedo & Malcata, 1997). Thus, loss 
occurs in Mn content during maturation. Merdivan et al. (2004) 
reported that among the cheese groups they examined, the 
lowest amount of mineral matter in cheeses was seen in Mn 
values. By Macedo  &  Malcata (1997), the Mn concentration 
of Serra cheese was reported as 1.17 mg/kg and 1.40 mg/kg. 
Cichoscki et al. (2002) stated the Mn content for Prato cheese 
as 0.36 to 0.26 mg/kg. Kose & Ocak (2015) reported that the 
average amount of Mn in Surk cheese samples varied between 
0.42 mg/kg and 1.20 mg/kg. It was determined that the values   
obtained in the study were higher than some and close to others 
when compared with previous studies.

3.4 TPC and antioxidant activity

Antioxidants are defined as substances that greatly delay 
or prevent the oxidation of easily oxidizable materials in small 
quantities (MacDonald-Wicks  et  al.,  2006). Therefore, the 
intake of antioxidants with foods plays an important role in 
preventing various diseases such as cancer and cardiovascular 
diseases and delaying the aging process (Albayrak et al., 2010). 
The total phenolic substance and antioxidant activity analysis 
results of the traditional and industrial Orgu cheese samples 
were shown in Table 4.

Phenolic compounds are acidic and plant origin compounds 
that are rarely isolated in cheeses. However, as a result of a protein 
or amino acid degradation of some microorganisms, phenolic 
compounds can also be formed (O’Connell & Fox, 2001).

El-Tahra et al. (2015) reported that while the TPC of Domiati 
cheeses produced by adding different amounts of liquid incense 
and incense powder on the 90th day was 29.81 mg/100 g, the 
TPC contents of goat’s milk containing 0.4%, 0.5% and 0.6% 
liquid incense were respectively 42.15, 54.64 and 74.73 mg/100 g. 
Kara  (2019) also determined the average TPC as 647.72  mg 
GAE/kg in Herby cheeses matured with the brine method and 
742.81 ± 110.60 mg GAE/kg in Herby cheeses ripened by pressing 
method. The values obtained in the current study are close to 
the results obtained by Kara (2019) and El Tahra et al. (2015). 
It is thought that factors such as some additives added to cheese, 
storage conditions, and maturity level of cheese affect the TPC.

Stable synthetic radicals DPPH and ABTS tests were used to 
determine the antioxidant activity of the Orgu cheese samples. 

Both radicals take electrons and turn into non-radical derivatives 
when an antioxidant molecule is present in the environment. 
Species of these radicals, whose solutions are colored and 
absorb maximum in the wavelength region of 520 (DPPH) 
and 734 nm (ABTS), in the presence of antioxidants do not 
absorb at these wavelengths. There is an inverse relationship 
between the abundance of antioxidants in the environment and 
the total radical concentration or absorbance (Dagdelen, 2010). 
Meira et al. (2012) claimed that antioxidant activity is linked to 
the increase in the number of peptides that occur as a result of 
proteolysis in cheese.

The most important feature of antioxidant substances is that 
they capture free radicals (Sanlıdere-Aloglu, 2010). DPPH method 
has been used in many studies to determine the antioxidant 
properties of bioactive peptides in cheese. DPPH inhibition 
values   of Orgu cheese samples produced by traditional and 
industrial methods were given in Table 4. Meira et al. (2012) 
studied the antioxidant activities of sheep cheeses such as 
Roquefort, Pecorino, and Feta produced in Uruguay and Brazil. 
They reported that the radical inhibition rates of the peptides 
in terms of antioxidant activities varied between 38.49% and 
51.84%. Ozturk (2015) found the inhibition values   obtained 
during ripening in Tulum cheese samples produced from cow 
and goat milk and matured for 120 days as 30.96% and 29.87%, 
respectively. Kara (2019) reported the average DPPH inhibition 
value as 6.58% in herbal cheeses ripened with the brine method, 
and 8.35% in herbal cheeses ripened by the pressing method. It is 
estimated that the difference between the ripening levels of the 
cheeses and the storage conditions affect the antioxidant activity.

It has been reported that the method using ABTS•+ radical 
is more sensitive and suitable for determining the antioxidant 
activity of extracts dissolved in water (Gupta  et  al.,  2009). 
TEAC values of the Orgu cheese samples produced by traditional 
and industrial methods are given in Table 4. Meira et al. (2012) 
studied the antioxidant activities of sheep cheeses such as 
Roquefort, Pecorino, and Feta produced in Uruguay and Brazil. 
He reported that according to the results of the antioxidant 
activity measurement of peptides, TEAC values varied between 
0.74 mmol TE/g and 2.02 mmol TE/g. Kara (2019) determined 
the average TEAC value of Herby cheeses ripened with the brine 
method as 1.15 mmol TE / g, and the average TEAC value of 
Herby cheeses ripened by the pressing method as 1.62 mmol 
TE / g. The difference between the results is thought to be due 
to the maturation levels and storage conditions of the cheeses.

3.5 Antimicrobial activity

The zone diameters of Tetracycline (30μg) and Ampicillin 
(10 μg), which are used as positive controls in antimicrobial 
activity test, against Staphylococcus aureus ATCC 29213 were 
determined as 40 and 30 mm, respectively. It was determined 
that Ampicillin (10 μg) and Tetracycline (30 μg) formed 20 and 
19  mm zone diameters, respectively, against Escherichia coli 
ATCC 11303. It was determined that water-soluble extracts of 
Orgu cheese samples produced by both traditional and industrial 
methods did not show any antimicrobial activity against E. coli 
ATCC 11303 and S. aureus ATCC 29213.
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This study made it possible to evaluate the samples of both 
groups together and compare the two groups, besides examining 
the traditional and industrial Orgu cheeses separately. it was 
determined that the fat, ash, acidity, and salt ratios of group T 
cheeses were higher than group I cheeses. Also, the dry matter, 
pH, and protein ratios of group I cheeses were higher than 
group T cheeses. These results highlight the importance of 
standardization in cheese making.

When the lipolysis, proteolysis, mineral content, total 
phenolic substance, and antioxidant activity of the cheese 
samples were examined, the group T Orgu cheeses had higher 
proteolysis and lipolysis rates than the group I Orgu cheeses. 
It is seen that vacuum packaging used in industrial type cheeses 
has a preventive effect on maturation parameters. The mineral 

content of both groups of Orgu cheese samples was very close. 
It  is thought that the production method of Orgu cheeses 
produced by traditional and industrial methods does not make 
a difference in the mineral content. Also, it was found that the 
group T Orgu cheeses had a higher TFM than the group I Orgu 
cheeses, and their antioxidant activities were similar.

When the groups are examined within themselves, the 
standard deviation values calculated with the analysis results of 
the group T cheeses are generally high. This situation is thought 
to arise from the production method of group T cheeses. In the 
traditional method, although the final product composition differs 
from manufacturer to producer, it is seen that the production 
does not have a certain standard. The standard deviation values 
are generally lower in the industrial type Orgu cheese samples. 

Table 4. The results of total phenolics and antioxidant activity of Orgu cheeses.

Sample No TPC (mg GAE/kg) DPPH Inhibition % TEAC (mmol TE/g)
T1 775.29 4.77 3.12
T2 756.71 5.77 2.68
T3 887.43 5.40 4.46
T4 632.07 6.90 4.94
T5 855.64 5.14 3.35
T6 768.14 4.02 2.61
T7 1004.57 6.35 2.90
T8 1091.36 5.20 2.79
T9 764.21 6.22 3.61

T10 875.29 3.95 2.73
T11 700.29 6.02 3.18
T12 700.64 2.19 2.77
T13 774.57 4.72 2.39
T14 932.79 5.72 3.17
T15 648.14 5.16 3.13
Min. 632.07 2.19 2.39
Max 1091.36 6.90 4.94

Mean ± S.D 811.14 ± 129.67 5.17 ± 1.16 3.19 ± 0.70
I1 850.29 4.23 1.78
I2 729.93 7.01 2.36
I3 611.36 2.65 4.28
I4 930.29 3.88 3.25
I5 700.29 8.59 2.80
I6 732.07 4.77 2.76
I7 405.64 9.40 2.56
I8 568.50 7.62 3.57
I9 687.79 9.59 3.25

I10 848.14 5.89 1.69
I11 749.57 3.16 2.73
I12 361.71 7.85 1.66
I13 288.86 4.15 2.25
I14 645.29 6.26 2.45
I15 704.93 6.13 3.15

Min. 288.86 2.65 1.66
Max 930.29 9.59 4.28

Mean ± S.D 654.31 ± 183.04 6.08 ± 2.24 2.70 ± 0.73
T: Orgu cheese samples produced by the traditional method; I: Orgu cheese produced by the industrial method; S.D: Standard deviation.
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Using quantitative measures in production, applied technological 
processes, and some additives, a standard is provided in the final 
product. Thus, products with similar chemical structures, close 
quality, and the same textural structure are obtained.

The effort to obtain a final product at certain standards and 
the same quality by using pasteurized milk and starter culture in 
more hygienic conditions in the production of industrial-type 
Orgu cheese has ensured that the values obtained as a result of 
the analysis are in a narrower range. Looking at the examples 
of traditional Orgu cheese, it is seen that the data obtained are 
in a very wide range. However, it is known that some mineral, 
proteolysis, and lipolysis and total phenolic contents of traditional 
Orgu cheeses are higher than industrial type Orgu cheese. In this 
context, it is important to transfer traditional Orgu cheese 
to the industry without losing its natural structure. For this 
purpose, sensory studies, which were previously carried out on 
different cheeses (Rodrigues et al., 2020, 2021; Soares et al., 2020; 
Torres et al., 2020) are needed in order to evaluate the consumer 
perceptions of Orgu cheese in different regions of Turkey.

4 Conclusions
This study can be regarded as a reference in terms of 

eliminating the deficiencies in the literature on the degree of 
proteolysis and lipolysis, total phenolic substance, antimicrobial 
and antioxidant activity of Orgu cheese. There are very few 
studies on Orgu cheese, and it can be seen that these studies 
are insufficient in terms of proteolysis and lipolysis degrees, the 
mineral substance, total phenolic substance, antimicrobial and 
antioxidant activities. More detailed and comprehensive studies 
are required to eliminate the deficiencies of this subject and to 
determine the effect of the Orgu cheese production method 
on these ingredients. Also, it can be suggested that in further 
studies, the effect of the Orgu cheese production method and 
different packaging materials on fatty acid composition, volatile 
composition, and organic acid content should be investigated.
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