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Introduction 

Kaymak is a traditional dairy product that is 

produced mainly in eastern Turkey and central 

Anatolia (especially in Afyonkarahisar province) and 

is generally from either buffalo or cow milk. Kaymak 

is also known as “kajmak”, “kaimak”, “gemagh”, or 

“geymar” in some countries in the Middle East, 

Central Asia, India, and the Balkans (Simsek et al., 

2018). The origin of kaymak, which has an important 

place in Turkish culinary culture, is based on the 

Ottoman Cuisine and it was a food sent as a gift to the 

rulers of other countries in that period (Demirgul, 

2018). In Turkish cuisine, this product can be served 

at breakfast as plain (Çekal and Doğan, 2021), or can 

accompany some desserts (Zengin and Gürkan, 

2019), as well as used instead of butter or oil in the 

preparation of some dishes (Sandikci and Ozkan, 

2017), and used in the production of traditional 

desserts such as “Ekmek kadayıfı”, “Baklava” and 

“Lokum” (Demirgul, 2018). Especially “Afyon 

kaymağı” which is produced by buffalo milk in 

Afyonkarahisar province, is a product that revives 

gastronomy tourism today (Zengin and Gürkan, 

2019). Kaymak is one of the most popular dairy 

products made from buffalo milk (Yaman et al., 

2017) and contains at least 60% milk fat by weight 

(Kara and Ince, 2018). To produce kaymak, buffalo 

milk is heated to 95°C for 30 min and cooled to room 

temperature. One day after preheating, the milk is 

placed into a perforated container used to separate the 

cream layer from the milk. During this step, the milk 

is slowly heated again to 95°C for 45 min and cooled 

to room temperature, after which it is refrigerated for 

1 night and the kaymak layer, which forms at the top, 

is separated (Saglam and Seker, 2018).  

The Anatolian water buffalo (Bubalus bubalis) 

reared in Turkey are from the Mediterranean buffalo 

and are a subgroup of river buffalo (Gecgel et al., 

2019). According to regional statistics, the total 

number of buffalo in Turkey in 2020 was 192,489 

(head), of which 3,557 were in the Mediterranean 

region, which has the least number of head in Turkey. 

There were 437 and 55, respectively, head of buffalo 

in Adana and Mersin Provinces, or the Çukurova 
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region located in the eastern Mediterranean, in 2020. 

The total amount of buffalo milk in 2019 was 79341 

T in Turkey, 1181 T in the Mediterranean region, 155 

T in Adana, and 24 T in Mersin. Thus, the production 

of buffalo milk and its dairy products is limited; 

therefore, these products are valuable in the 

Çukurova region. 

Geographical location can result in differences in 

compositions of buffalo milk and its dairy products. 

Location affects the steps in processing the milk and 

the overall quality of the final product (Akgun et al., 

2016). There are only a few studies on buffalo milk 

and dairy products from specific regions in Turkey. 

Bulut et al. (2010, 2011) have investigated 

organochlorine pesticide residues buffalo milk, 

buffalo butter, and kaymak samples from 

Afyonkarahisar Province. Kara and Ince (2014, 2018) 

have determined aflatoxin M1 levels in buffalo milk 

and kaymak samples from the same province. Kara 

and Ince (2016) have also researched malathion and 

malaoxon contaminations in buffalo milk samples 

from Afyonkarahisar province. Çınar et al. (2019) 

have studied the compositions of general and fatty 

acids in buffalo milk samples from six different 

provinces.  

Only a few studies have been conducted on 

buffalo kaymak, especially on their mineral contents 

and aroma profiles. Kan and Küçükkurt (2018) have 

investigated the amount of heavy metals and Şenel 

(2011) has studied the aroma characteristics of Afyon 

kaymak samples.  

In the Çukurova region, buffalo milk and its 

products are produced from very few family 

businesses; therefore, the number of products on the 

market is quite low. Buffalo milk is not easily 

accessible, especially in cities such as Adana and 

Mersin; therefore, these products are quite valuable 

in this region. With the slow food movement, the 

gastronomic value of these products is increasing in 

the region (Çavuş et al., 2019; Guzeler et al., 2020). 

There is no information on the characteristics of 

buffalo dairy products in the Çukurova region and 

limited published data on the mineral composition 

and aroma profile of buffalo kaymak samples; 

therefore, the present study was conducted to 

determine the mineral compositions and aroma 

profiles of kaymak samples collected from Çukurova 

markets. In terms of ensuring the sustainability of 

traditional products, it is thought that it is important 

to determine the chemical and aromatic components 

of these products. This study also provides 

information on some general compositional 

properties of kaymak samples.  

Materials and Methods 

The present study used 20 samples of buffalo 

(Bubalus bubalis) kaymak collected from 20 different 

local producers in Mersin and Adana Provinces in the 

Çukurova region in spring season in 2019. Samples 

were transported to Çukurova University, Faculty of 

Agriculture, Department of Food Engineering, Milk 

Technology Laboratory, and some of the 

compositional properties, mineral contents, and 

aroma profiles were assessed. 

 

 

Chemical composition 

The amount of dry matter was determined 

gravimetrically by drying the samples at 100°C until 

the weight was constant (IDF, 2005). Fat ratios of the 

samples were determined using the Gerber method 

(TSE, 2002). The micro Kjeldahl method was used to 

determine total nitrogen content, and total nitrogen 

results were multiplied by 6.38 to determine protein 

content (IDF, 2014). The percentage of ash content 

was calculated using ~5 g samples placed into 

porcelain crucibles, drying in an oven, and cooling in 

a desiccator before burning the samples at 550°C, 

cooling again in the desiccator, and weighing (Kurt et 

al., 2007). 

Aroma profile analyses 

Solid phase microextraction (SPME) fibers were 

preconditioned by placing on an injection port of the 

Agilent 7890B gas chromatograph (Agilent 

Technologies, Agilent, Avondale, USA) at 250°C for 

5 min and then placed in a gas-phase flask for 

extraction for 60 min. Desorption from cheese 

samples was conducted at 250° for 3 min and a 

programmed temperature route was used for 

chromatography. The temperature was kept at 35°C 

for 3 min and then increased to 140°C at 4°C min-1. 

The temperature was maintained at 140°C for 1 min 

and then increased to 250°C over 3 min. The transfer 

line temperature was set at 250°C. Helium was used 

as the carrier gas at a flow rate of 1.0 mL min-1. For 

mass spectroscopy, electron ionization was 

conducted at 70 eV, the ion source temperature was 

230°C, the mass scanning range was m/z 33–450 

AMU, and the emission current was 100 µA (Dan et 

al., 2019).  

Mineral composition  

The concentrations of Cu, Fe, Mn, and Zn in the 

samples were determined using laser ablation 

inductively coupled plasma mass spectrometry (LA-

ICP/MS) (Perkin Elmer Nexion 2000 P) as applied by 

Khan et al. (2014). For this task, 2 mg sample was 

placed into Teflon tubes and 5 mL 65% HNO3 and 1 

mL 30% H2O2 were added to the tube. The samples 

were heated in a microwave oven (Berghof 

Speedwave MWS-2, Eningen, Germany) at 170°C 

for 10 min, 200°C for 15 min, and 100°C for 10 min, 

after which 1 mL distillate obtained by heating in the 

microwave was removed and increased to 10 mL 

using distilled water. The mineral content was 

determined using LA-ICP/MS.  

The Perkin Elmer PinAAcle 900T atomic 

absorption spectroscopy device (AAS, Norwalk, CT, 

USA) was used to determine Ca, Mg, K, and Na 

concentrations. Three grams of the sample were 

placed into Teflon cups and 5 mL deionized water 

and 5 mL concentrated HNO3 were added. The cups 

were shaken to mix the solution and then placed into 

a microwave mineralization device. After heating, the 

samples were filtered through filter paper and 

completed to 50 cm3 using deionized water. The 

samples were measured using the AAS device at 

specific wavelengths (Capcarova et al., 2017). 



     

 

668 

 

Ç. Özbek, N. Güzeler and M. Kalender                                                                                           DOI: 10.31015/jaefs.2021.4.28 

 

 

Results and Discussion 

Chemical Composition 

The mean values for the chemical compositions 

of the kaymak samples collected from Çukurova 

markets are provided in the Figure 1. 

The average dry matter content in the kaymak 

samples from the Çukurova region was 85.31%, 

which was higher than that in buffalo kaymak 

samples assessed by Şenel (2011) from 

Afyonkarahisar Province (65.92%) and Kocatürk et 

al. (2019) from Kütahya Province (57.48–64.41%). 

Siddique et al. (2011) and Parmar and Khamrui 

(2017) have determined similar percentages (83.00–

89.00 and 87.00%, respectively) for the dry matter 

contents in buffalo kaymak samples produced in 

Rawalpindi and Islamabad in Pakistan and Karnal in 

India.  

The fat content of the buffalo kaymak samples 

from Afyonkarahisar and Kütahya in Turkey that 

were assessed by other researchers was quite a bit 

lower (at ~5.00–40.00% lower) than those in samples 

from the Çukurova region (Siriken and Erol, 2009; 

Kocatürk et al., 2019).  

The protein content of the kaymak samples was 

similar to the findings (0.83–5.90, 3.30, and 3.50%, 

respectively) of other researchers from 

Afyonkarahisar Province (İzmen and Eralp, 1967; 

Yılmaz Baytok, 1999; Anon., 2005).  

The ash content of the kaymak samples was also 

similar to the findings of other researchers (0.50 and 

0.40%, respectively) from Afyonkarahisar Province 

(Yılmaz Baytok, 1999; Anon., 2005). 

 
 

 
Figure 1. Chemical composition of buffalo kaymak samples collected from Çukurova markets. 

 

 

Volatile aroma profile. 

Forty volatiles comprising four aldehydes, three 

ketones, eight acids, five alcohols, six esters, six 

amines, and eight miscellaneous compounds were 

identified in the buffalo kaymak samples from the 

Çukurova region (Table 1).  

Aldehydes 

Aldehydes were not major compounds in the 

buffalo kaymak samples. Acetaldehyde had the 

highest level among the aldehydes; however, it was 

at lower levels than other volatiles in the samples. 

Acetaldehyde is produced by the activities of 

Lactobacillus bulgaricus in the mixed starter cultures 

(Chen, 2017), and these cultures are not used to 

produce kaymak; therefore, the level of acetaldehyde 

in buffalo kaymak is low. According to Tamime and 

Robinson (2007), acetaldehyde contributes a unique 

flavor in butter and cream products. Şenel (2011) has 

also identified acetaldehyde in Afyon kaymak 

samples made with buffalo milk and has stated that 

Afyon kaymak samples have low acetaldehyde 

concentrations that is close to that of butter because 

of the high fat content in kaymak. Peterson and 

Reineccius (2003), and Karaca et al. (2018) have 

reported acetaldehyde in butter samples. The 

presence of 3-methylbutanal depends on the activities 

of Streptococcus lactis var. maltigenes and causes a 

malty off-flavor in butter (Mallia et al., 2018). Lee et 

al. (1991), and Peterson and Reineccius (2003) have 

identified 3-methylbutanal in butter samples. 

Çakmakçı and Hayaloğlu (2011) have identified 

hexanal in Ispir kaymak samples made with cow 

milk. 

 

 

 

 

 

85.31

78

4.01
0.44

Buffalo kaymak

0

10

20

30

40

50

60

70

80

90

100

C
o
m

p
o
si

ti
o
n

 (
%

)

Dry matter

Fat

Protein

Ash

https://doi.org/10.31015/jaefs.2021.4.28


 

 

669 

 

Ç. Özbek, N. Güzeler and M. Kalender                                                             Int J Agric Environ Food Sci 5(4): 666-674 (2021) 

Table 1. Flavor compounds of buffalo kaymak samples supplied from Çukurova markets. 

Compounds 
Relative peak area 

(%) 

RT 

(min) 

Molecular 

formula 

Aldehydes 

Acetaldehyde 1.210±0.254 4.466 C2H4O 

3-Methylbutanal 0.460±0.420 6.315 C5H10O 

Hexanal 0.163±0.022 14.751 C6H12O 

3-Hydroxybutanal 0.189±0.119 45.087 C4H8O2 

Ketones 

2-Heptanone 5.102±3.024 16.330 C7H14O 

Acetoin 7.484±5.865 20.836 C4H8O2 

2-Nonanone 0.778±0.255 25.466 C9H18O 

Acids 

3,4-Bis(methoxycarbonyl)benzoic acid 0.382±0.184 4.997 C11H10O6 

Acetyl acetate;formic acid 0.214±0.034 27.904 C5H8O5 

Butyric acid 11.855±7.785 34.176 C4H8O2 

1,3,4-Trihydroxy-5-oxo-cyclohexanecarboxylic 

acid 
0.213±0.118 36.251 C7H10O6 

Hexanoic acid 9.825±6.095 41.994 C6H12O2 

Heptanoic acid 0.176±0.020 44.981 C7H14O2 

Caprylic acid 3.593±1.948 47.425 C8H16O2 

Capric acid 0.743±0.376 51.813 C10H20O2 

Alcohols 

Cyclobutanol 0.283±0.044 3.047 C4H8O 

3-Phenyl-2-butanol 0.128±0.035 14.379 C10H14O 

Isoamyl alcohol 4.073±3.120 17.597 C5H12O 

2-Ethyl-4-methylpentan-1-ol 0.242±0.067 29.181 C8H18O 

2,3-Butanediol 0.300±0.214 30.733 C4H10O2 

Esters 

Ethyl acetate 19.578±5.225 5.655 C4H8O2 

Vinyl formate 0.842±0.490 5.911 C3H4O2 

Vinyl acetate 3.336±1.055 7.990 C4H6O2 

Methyl butyrate 0.239±0.033 8.303 C5H10O2 

Ethyl butyrate 4.046±1.775 10.143 C6H12O2 

Ethyl hexanoate 1.804±0.741 18.812 C8H16O2 

Amines 

sec-Butylamine 0.315±0.104 3.158 C4H11N 

1-Cyclohexylethanamine 0.385±0.109 3.277 C8H17N 

2-Amino-5-methylhexane 1.904±1.519 3.798 C7H17N 

1-Aziridineethanamine 0.182±0.026 4.349 C4H10N2 

Octodrine 0.130±0.010 7.124 C8H19N 

2-Formylhistamine 0.289±0.117 24.037 C6H9N3O 

Miscellaneous 

Carbon dioxide 10.531±2.701 2.901 CO2 

Ethylene oxide 0.209±0.090 3.501 C2H4O 

Formamide 6.366±4.238 6.855 CH3NO 

2-(Methylamino)ethanol 0.362±0.122 7.455 C3H9NO 

4,7,7-Trimethylbicyclo[4.1.0]hept-2-ene 0.139±0.049 9.614 C10H16 

D-Limonene 0.409±0.231 17.194 C10H16 

Oxime-, methoxy-phenyl- 0.527±0.111 39.196 C8H9NO2 

1-Deoxy-d-mannitol 0.151±0.062 49.763 C6H14O5 
RT: Retention time 

The values are expressed as the average ± standard deviation. 

 

Ketones 

Acetoin and 2-heptanone were the major ketones 

in the aroma compounds. Acetoin is a reduced form 

of diacetyl and produces a mild flavor and creamy 

consistency (Cheng, 2010). Diacetyl and acetoin are 

known as “butter aroma compounds” (Oberman et 

al., 1982). Ergöz (2017) has also identified acetoin, 

2-heptanone (milk flavor), and 2-nonanone (cooked 

milk flavor) in buffalo butter and has suggested that 

acetoin contributes to form the characteristic aroma 

of butter from buffalo cream. Gokce et al. (2014) and 

Roosta et al. (2014) have reported the presence of 

acetoin in butter samples. Çakmakçı and Hayaloğlu 

(2011) have stated that 2-pentanone, 2-heptanone, 

and 2-nonanone are the most abundant ketones in 

Ispir kaymak samples. The presence of 2-pentanone 

was not observed in buffalo kaymak collected from 

the Çukurova region, but 2-heptanone and 2-

nonanone were detected in all samples. Şenel (2011) 

has detected acetone, 2-butanone, and diacetyl in 

Afyon kaymak made from buffalo milk and none of 

these compounds were identified in buffalo kaymak 

samples collected from the Çukurova region; 

consequently, it is possible that the aroma profile and 

volatile compounds of these products can vary by 

location.  

Acids 

Acids were the largest group of volatile 

compounds in the buffalo kaymak, with butyric acid, 

hexanoic acid, and caprylic acid being the most 

abundant. Butyric acid contributes to the flavor of 

butter and cream and has many health benefits, such 

as anticancer properties (Kwak et al., 2013). Şenel 

(2011) has identified butyric, stearic, oleic, linoleic, 
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and linolenic acids as the characteristic free fatty 

acids in Afyon kaymak and has identified hexanoic, 

caprylic, and capric acids in the samples. Hashemi et 

al. (2017) and Kocatürk et al. (2019) have detected 

butyric, hexanoic, caprylic, and capric acids in 

kaymak samples made from cow milk and buffalo 

kaymak samples produced in Kütahya, Turkey. 

Çakmakçı and Hayaloğlu (2011) have identified 

butyric and hexanoic acids in Ispir kaymak. Erfani et 

al. (2020) have reported that butyric acid and 

heptanoic acid produce the buttery, sweet, cheesy, 

and rancid flavors, while hexanoic acid and caprylic 

acid produce the pungent, musty, cheesy, and rancid 

flavors in ghee. Ergöz (2017) has also identified 

butyric, hexanoic, and caprylic acids in buffalo butter 

samples.  

Alcohols 

Alcohols were not major compounds in the 

buffalo kaymak samples, the most abundant of which 

was isoamyl alcohol. This alcohol produces the fruity 

flavor in dairy products (Costa et al., 2019); however, 

no study was found on the presence of isoamyl 

alcohol in kaymak or butter samples. Çakmakçı and 

Hayaloğlu (2011) have reported the presence of 

ethanol, 2-furanmethanol, 2-pentanol, 1-pentanol, 2-

heptanol, 2-propanol, 1-hexanol, 2-nonanol, and 

terpinen 4-ol in Ispir kaymak. Ergöz (2017) has 

identified butanol, n-hexanol, 2-pentadecanol, n-

octanol, n-hexadecanol, and benzyl alcohol in buffalo 

butter samples. None of those alcohols were detected 

in the buffalo kaymak samples from the Çukurova 

region.  

Esters 

Esters were a large group of compounds in the 

buffalo kaymak, with ethyl acetate being at the 

highest level among all volatile compounds. Erkaya 

and Şengül (2011) have reported that ethyl acetate 

contributes a pineapple flavor. Ethyl butyrate and 

vinyl acetate were also important esters in buffalo 

kaymak. Çakmakçı and Hayaloğlu (2011) have 

reported that ethyl acetate, methyl butyrate, ethyl 

butyrate, and ethyl hexanoate were detected in Ispir 

kaymak samples. We could not find any study on the 

presence of vinyl acetate in the buffalo kaymak, 

cream, or butter.  

Amines 

Amines were not major compounds in the buffalo 

kaymak samples. It is known that in dairy products, 

lactic acid bacteria are the primary producers of 

amines (Perin and Nero, 2017). No studies were 

identified on the presence of amine groups in 

kaymak, cream, butter, or ghee samples, which could 

indicate their low concentrations and the absence of a 

starter culture in these products.  

Miscellaneous 

Carbon dioxide and formamide were the major 

miscellaneous compounds. It has been suggested that 

formamide contributes an ammonia-like flavor 

(Hohn, 1999). Li et al. (2020) have identified D-

limonene in samples of butter made from cow milk. 

Demirkol et al. (2016) have detected oxime-, 

methoxy-phenyl- in butter samples collected from 

Çanakkale, Turkey. No information was found in the 

literature on the presence of other miscellaneous 

compounds in buffalo kaymak.  

Mineral composition 

The mineral contents in milk and dairy products 

vary depending on the animal species, breed, 

nutrition, lactation stage, and health (Paszczyk et al., 

2019). The data on mineral composition in terms of 

major and minor elements in buffalo kaymak is 

provided in Table 2.  

Ateteallah and Hassan (2017) have assessed the 

Na, Ca, and K levels of some dairy products made 

with buffalo milk, such as fermented milk beverage, 

cream, and cheeses, collected from Egypt. They have 

found that the average Na, Ca, and K levels in buffalo 

creams are 165, 176, and 242 ppm, respectively. The 

kaymak samples from Çukurova had higher levels of 

these minerals than cream samples from Egypt.  

Kan and Küçükkurt (2018) have determined the 

levels of heavy metals in Afyon kaymak samples 

made from buffalo milk. According to their study, 

Afyon kaymak samples contained 0.09 mg kg-1 Cu, 

2.72 mg kg-1 Fe, 0.56 mg kg-1 Mn, and 8.27 mg kg-1 

Zn. The kaymak samples from the Çukurova region 

had higher Cu, Fe, and Zn levels and lower Mn levels 

than the Afyon kaymak samples. 

Enb et al. (2009) have also investigated the heavy 

metal compositions in buffalo milk and milk products 

from Egypt. They found that Cu, Fe, Mn, and Zn 

levels in the buffalo cream samples were 0.922, 

4.520, 0.360, and 19.570 mg kg-1, respectively. They 

have also found that buffalo cream had higher Cu, Fe, 

Mn, and Zn levels than cream made from cow milk. 

The levels of Cu, Mn, and Zn in the kaymak samples 

from the Çukurova region were lower than those in 

creams from Egypt, while the Fe level was higher.   

 

Table 2. Mineral contents of buffalo kaymak samples collected from Çukurova markets. 
Minerals Mean SD Min. Max. 

Ca (mg L-1) 408.96 47.36 361.14 455.85 

K (mg L-1) 542.42 106.02 440.66 652.24 

Mg (mg L-1) 289.39 33.58 255.40 322.55 

Na (mg L-1) 238.84 73.82 153.61 281.92 

Cu (ppm) 0.12 0.14 0.03 0.28 

Fe (ppm) 5.65 3.31 2.22 8.84 

Mn (ppm) 0.08 0.08 0.00 0.17 

Zn (ppm) 14.70 7.01 8.55 22.34 

 

Sayed et al. (2012) have also investigated the 

heavy metal composition in buffalo milk and some 

dairy products, such as cream, butter, ghee, and 

cheese, from Egypt. They have determined that the 

Mg levels in cream, butter, and ghee are 0.016, 0.010, 

and 0.0012 mg kg-1; Cu levels are 0.986, 1.040, and 

0.86 mg kg-1; and Fe levels are 2.470, 2.54, and 3.91 

mg kg-1, respectively. They have indicated that Mn 

https://doi.org/10.31015/jaefs.2021.4.28
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levels are 0 mg kg-1 in buffalo cream, butter, and ghee 

samples. When the results were compared with these 

compositions in the kaymak samples, Mg and Fe 

levels in the buffalo kaymak were quite higher than 

that in the buffalo cream, butter, and ghee samples, 

while the Cu level was lower. Tokuşoğlu et al. (2004) 

have indicated that the Cu level in kaymak made from 

cow milk is 0.098 mg kg-1, which is lower than that 

in buffalo kaymak from the Çukurova region. 

Conclusion 

Kaymak is a valuable product for Turkish cuisine 

in terms of gastronomy and culinary culture. It is very 

important to know the aromatic properties, chemical 

composition and mineral contents of this product in 

order to define the properties well and to ensure the 

sustainability of local variations of this product.  

In this research, kaymak samples obtained from 

the milk of buffaloes grown in Çukurova region were 

examined, compared with other regions and countries 

and recorded. As a result of the research, it was 

determined that Çukurova buffalo kaymak has a 

higher dry matter and fat content than the kaymak of 

other regions and countries in the literature. Thus, the 

nutritional value of desserts, meals or commercial 
products obtained by using this kaymak will be 

higher. Kaymak is a product with a very short shelf 

life. For this reason, it is consumed by drying in some 

regions. The drying efficiency of Çukurova buffalo 

kaymak with high dry matter is much higher and the 

drying cost is less. Çukurova buffalo kaymak, which 

is close to the kaymak of other regions and countries 

in terms of protein content, can be put on the market 

as a functional product with increased nutritional 

value if it is enriched in protein.  

It has been determined that the aromatic 

compounds of kaymak differ according to the 

regions. This is due to the milk composition that 

changes depending on the health status of buffaloes, 

lactation period, feeding, climatic and seasonal 

conditions. Unlike other regions, isoamyl alcohol, 

which gives the product a fruity aroma, has been 

detected in Çukurova buffalo kaymak. The presence 

of vinyl acetate in buffalo kaymak indicates an 

undesirable aroma originating from the packaging 

material. For this reason, we suggest that different 

packages than polypropylene packages can be used 

for these products on the market.  

As a result of mineral analysis, it is thought that 

Çukurova buffalo kaymak can be enriched in terms 

of copper, manganese and zinc. Thus, an alternative 

functional product can be brought to the market. 
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