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1 Introduction
For centuries, the camel was not only an economic means 

of transport for communities living in arid regions, but was also 
valued as a good source of milk. Camels are able to live in hot and 
harsh conditions and withstand hunger and thirst (Yagil, 1982; 
Çalışkan, 2016; Önkal & Bozkurt, 2019). According to a Food 
and Agriculture Organization report (FAO), there are around 
27.7 million camels around the globe, most in Mali, Somalia, 
Nigeria, Ethiopia and Saudi Arabia (Food and Agriculture 
Organization, 2014).

The camel population has increased in the world as well as in 
Turkey between 2012-2017 (Turkish Statistical Institute, 2017). 
According to Figure 1, if the rising trend in the world, in Turkey, 
as well as in Aydın continues, the estimated camel numbers will 
be 2264 in Turkey in 2025. In Turkey, camels are used for sport 
and meat. Camels are often raised for camel wrestling. Camel 
meat is also used in sausage production in Turkey. Interest in 
raising camels for wrestling and sausage production continues to 
increase and İncirliova (Aydın) is the only district where camel 
sausage is produced in Turkey (Çalışkan, 2016). However, the 
number of female camels remains small because females are 
raised only for impregnation by male camels and to nurse male 
camel cubs for wrestling (Çalışkan, 2016). According to the data 
of Turkish Statistical Institute (2017), there are 1,708 camels in 
Turkey; 1,105 camels in the Aegean region; and 584 camels in 
Aydin province (Figure 1). It should be remarked that Turkey 
has a variety of climates and the western region where Aydın 

city is located is suitable for camel breeding due to its hot 
summers and warm winters (Turkey, 2020). In recent years, 
many researchers have identified the health benefits of camel’s 
milk, and now camels are also raised for milking. In Turkey, 
camel farms have the opportunity to produce camel’s milk, 
besides raising camels for wrestling, particularly for therapeutic 
purposes (Koc & Atasever, 2016).

In addition to camel’s milk being nutritious, it has properties 
that are suggested to be angiotension I-converting enzyme-
inhibition, antitoxic, antiviral, antirheumatoid arthritis, wound 
healing, antiinflammation, antihypertensive, antidiabetic, 
anticancer, hypocholesterolemic, hypoglycemic, antimicrobial 
and hypoallergenicity and its properties make it potentially 
useful in treating illnesses (Konuspayeva et al., 2008; Al Haj & 
Al Kanhal, 2010; Ibrahim et al., 2018). Because of camel’s milk 
aforementioned potentially beneficial properties, it has been 
used to augment drug treatments for metabolic and autoimmune 
diseases, hepatitis, Rota viral diarrhea, tuberculosis, cancer, diabetes, 
liver cirrhosis, rickets, autism, and Crohn’s disease, which are 
assessed in some clinical trials, case reports, and in vivo/in vitro 
studies (Zibaee et al., 2015). Human and animal experiments 
have found camel’s milk is effective in controlling diabetes. One 
study showed the prevalence of diabetes among camel breeders 
in India who consume large amounts of camel’s milk is zero % 
compared to 5.5% in other populations (Agrawal et al., 2011). The 
efficiency of camel’s milk in treating food allergies is confirmed 
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by the authors. Consumption of camel’s milk by a four-year-old 
girl for 40 days, a fifteen-year-old child for 30 days, and some 
twenty-one-year-old adults for two weeks resulted in a positive 
impact on autism symptoms (Shabo et al., 2005; Yagil, 2013). 
Children with autism who consumed camel milk experienced 
reduced autism symptoms and improved motor skills, language, 
cognition etc (Panwar et al., 2015). Additionally, some suffering 
from immune system disorders such as multiple sclerosis and 
Crohn’s disease self-report that drinking camel’s milk improves 
their symptoms. However, there are currently no studies that 
suggest camel’s milk is effective as a treatment for autoimmune 
diseases (Hammam, 2019). An animal study in 2010 indicated 
that fermented camel’s milk had a higher content of sodium 
and potassium and stopped diarrhea in model rats (Mona, 
2010). Studies of diabetic experimental animals have found that 
drinking camel’s milk prevented kidney damage associated with 
diabetes (Shori, 2015; Kaskous, 2016). Another investigation 
revealed that the cellular immune response of chronic hepatitis 
B patients was enhanced by drinking Bactrian camel’s milk for 
one year (Saltanat et al., 2009).

In the last fifty years, milk consumption has increased by 
17% in all every countries for all mammals except for cows 
(Khalesi  et  al., 2017). Camel’s milk provides the necessary 
nutrients for human nutrition, and it can be used as an alternative 
to cow’s milk (Al haj and Al Kanhal, 2010). Beside its health 
benefits, camel’s milk has various potential superior nutritional 
components when compared to other mammals’ milk. Camel’s 
milk has 30 times more vitamin C as compared to cow’s milk, 
and six times more than in human milk (Gizachew  et  al., 
2014). Compared with ruminants’ milk, camel’s milk contains 
less sugar and cholesterol, and higher amounts of potassium, 
sodium, copper, iron, magnesium, and zinc. Additionally, it is 
lower in protein, but higher in vitamins, and contains higher 
concentrations of insulin than ruminants’ milk (Yadav et al., 
2015). Regarding proteins, while total caseins and κ-casein in 
camel’s milk are lower, β- casein is higher than in cow’s milk. 
Camel’s milk is rich in whey proteins such as immunoglobulins, 

lactoferrin, lysozyme, α-lactalbumin, and serum albumin, but 
lacks β-lactoglobulin when compared to whey proteins in cow’s 
milk (Maqsood et al., 2019).

The literature shows that there are specific whey proteins 
that are exclusively found in camel’s milk: whey acidic protein 
(WAP), peptidoglycan-protein (PGRP), immunoglobulins 
(IgGs) and camel whey basic protein (CWBP) (El Hatmi et al., 
2015). The antibacterial agents such as lysozyme, lactoferrin and 
immunoglobulin are present in bovine and buffaloes’ milk. Therefore, 
camel’s milk and its products’ properties make it promising and 
attractive for future industry investment (Mohamed et al., 2014). 
Most recent studies that have focused on the compositional 
properties and functions of camel’s milk and microbiological 
quality analyzed milk from camels in Arabia (El-Hatmi et al., 
2015; Konuspayeva et al., 2014; Sesh et al., 2012; Akbar, 2015; 
Yadav et al., 2015; Maqsood et al., 2019; Nagy et al., 2019) and a 
few are in other countries (Omar et al., 2010; Zhao et al., 2015). 
In Turkey, however, to the best of our knowledge, no work has 
been conducted on camel milk’s gross composition, minerals 
and sugars. More data is needed to encourage the potential of 
camels as a dairy animal as well as processing alternative camel’s 
milk dairy products. Therefore, this study aimed to evaluate the 
physicochemical properties and microbial flora of raw camel’s 
milk produced in Aydin, Turkey.

2 Materials and methods
2.1 Collection of camel’s milk samples

Raw camel’s milk samples were collected from camel 
herds that are raised for manual milking in various locations 
around Incirliova, Aydin. The samples were collected at 6:00 
am (September and October) from one-humped native camels 
and Afghan camels, aseptically taken in sterile glass bottles 
(totally 350 mL), and kept on ice (+4 °C). Animals generally 
breed and grazed on a land mainly characterised by clover 
herb (Medicago sativa), barley flakes (Hordeum vulgare), vetch 
(Lathyrus, Common vecth), thistle (Ononis spinosa), milk thistle 

Figure 1. Camel numbers by years (head animal).
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vitamins C and E were measured by Shimadzu Prominence HPLC. 
The water-soluble vitamin (vitamin C) was extracted using the 
procedure reported by Tomovska et al. (2018). The fat-soluble 
vitamin (vitamin E, tocopherol) was analyzed chromatographically 
as published by Lampi et al. (1999). Elemental analysis (Zn, Cu, 
Fe, Mn) was performed by Perkin Elmer Optima 8000 ICP-OES. 
Samples were prepared according to the Nóbrega et al. (2012) 
method. The microwave oven condition lines were 15 minutes 
and 110 °C for both step 1 and step 2.

2.4 Microbiological analysis

The total bacterial count (TBC), lactic acid bacterial count, 
coliform count, and yeast and molds counts were determined for 
the camel’s milk. Preparation of serial dilution, culturing method, 
and incubation are analyzed as given in Table 1. Counting of the 
developed colonies (cfu/mL) was done according to standard 
cultural counting methods (Harrigan & McCance, 1976; Halkman 
& Ayhan, 2000).

2.5 Statistical analysis

Variance analysis was carried out using SPSS (Version 18 
Statistics for Windows, United States).

3 Results and discussions
Changes in gross composition (protein, lactose, fat, ash, 

and total solid, etc.) of the raw camel’s milk are given in Table 2.

The pH and titratable acidity values in this study were found 
in the range of 6.22 to 6.56 and 0.13 to 0.25% w/v, respectively. 
The pH values were relatively lower, while titratable acidity 
(Fouzia  et  al., 2013) was higher, related to microbial flora 
producing lactic acid during the milking conditions at ambient 
temperature as reported by Ismaili et al. (2019) or related to 
vitamin C contents.

The percentage of fat, protein, ash, dry matter contents, 
and the density of the camel’s milk samples are shown in 
Table 2, and the mean values and standard deviation were as 
follows: fat 3.28 ± 0.48, protein 3.10 ± 0.10, ash 0.83 ± 0.04, 
dry matter 11.83 ± 0.41 and density 1.03 ± 0.0, respectively. A 

(Tribulus terrestris), straw, fodder and other endemic plants. 
Twenty samples of fresh camel milk were collected from two 
to four-year-old animals in Aydın, which has warm and hot 
seasons throughout the year. The samples were transported to 
the Scientific and Technology Application and Research Center 
(BILTEKMER, Mehmet Akif Ersoy University) for vitamin 
and sugar analyses, and to the Agricultural Biotechnology and 
Food Safety Center (TARBIYOMER Aydın Adnan Menderes 
University) for physicochemical and microbial analyses. The 
samples were stored at refrigeration temperature (+4 °C) until 
analysis. All analyses were completed as soon as the samples 
reached the laboratories.

2.2 Physicochemical analyses of camel’s milk samples

The raw camel’s milk was analyzed for total solids, ash and 
fat percent by gravimetric and Gerber methods, respectively 
(Ankara, 1978, 1994). Total nitrogen and protein contents were 
measured according to the standard Kjeldahl method using the 
general conversion factor for dairy products of 6.38 (Association 
of Official Analytical Chemists, 1990). Milk pH was measured 
using a pHmeter (Adwa, Romania) with a combined glass 
electrode. Density was measured at 15 °C with a lactodansimeter. 
All analyses were done in triplicate and results were expressed 
as mean values ± standard deviation. Lactose, glucose and 
fructose were analyzed by HPLC (Shimadzu prominence) 
according to the Turkish Standard method (Turkish Standards 
Institution, 2008). HPLC was equipped with a 10A RID detector 
(Shimadzu, 20ACBM), colon oven (Shimadzu, CTO-10ASVp), 
pump (Shimadzu, LC 20 AT) and auto sampler (Shimadzu, SIL 
20ACHT). The LC Solution computer software program was 
used. An isocratic HPLC method involves the amobile phase 
of acetonitrile: water H20 (20: 80, v/v) ratio, ODS 4 column 
(250 mm*4,6, 5 µ) at a flow of 1 mL/min. Lactose, glucose and 
fructose were identified by retention time and were quantified 
by peak area. Two grams of camel’s milk was added to 2 mL of 
ethanol, dissolved and filtered, and then the sample was injected 
into the chromatographer.

2.3 Fatty acid, mineral and vitamin analyses

Proportional FA compositions of the camel’s milk samples 
were performed in their FA methyl esters (FAME) according 
to Ackman (1998) and Bannon et al. (1982). Concentrations of 

Table 1. Media used in the analysis of microorganisms and incubation conditions.

Microorga-
nismgroupa Medium

Incubation
Source of counting method

Temperature Time Conditions

TBC Plate Count Agar 29 ± 1°C 48 hours Aerob ISO 4833-2 (International Organization for 
Standardization, 2013)

Coliform 
bacteria Violet Red Bile Agar 36 ± 1 °C 24 hours Aerob

Food and Drug Administration (2002);
American Public Health Association (2001);
ISO 4832 (International Organization for 
Standardization, 2006)

LAB Man Rogosa Sharpe 
Agar 32 °C 48 hours Anaerob

American Public Health Association (1995); 
ISO/FDIS 15214 (International Organization for 
Standardization, 1998)

YM
Dichloran Rose Bengal 
Chloramphenicol 
(DRBC) Agar

25 ± 1 °C 3-5 days Aerob ISO 21527-1 (International Organization for 
Standardization, 2008)

aTBC, Total bacteria count; LAB, Lactic acid bacteria; YM, Yeast and mold.
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ash, and lactose in camel’s milk as compared with other species’ 
milk (Aqib et al., 2019). Fructose was present in the samples of 
this study mainly because camels in Aydin stay in fields most of 
the time in a suitable, warm environment throughout the year, 
and camel eats grass, bushes and thorns. Little recent research 
and information can be found on glucose and fructose in camel’s 
milk (Fukuda et al., 2010; Albrecht et al., 2014).

The average concentrations of fatty acid in camel’s milk 
collected from various locations in the Aydin district are shown 
in Table 3. The main milk fatty acids identified were palmitic 
acid (C16:0), oleic acid (C18:1 n-9), myristic acid (C14:0), 
palmitoleic acid (C16:1 n-7), and stearic acid (C18:0) that all 
account for 89.38% of the total milk fatty acids. The fatty acid 
detected at the lowest concentration (0.31%) was γ-Linolenic 
(GLA, C18:3n6), and short-chain fatty acids (C4-C10) and 
linoleic (LA, ω-6, C18:2n6c) were below the detection limit. The 
fatty acid composition of Turkish camel’s milk fat is comparable 
with previous studies that reported butyric acid 2.1, caproic acid 
0.9, caprylic acid 0.6, and linoloic acid 3.8 (%) (Akbar, 2015). 
The sum of short chain fatty acids C4 to C8 was determined to 
be 0.52% in camel’s milk samples by Konuspayeva et al. (2014). 
Short chain fatty acids (C 4:0-C 6:0) ranged between 0.49-3.91% 
(average of 2.43%) of total fatty acids in milk fat collected from Al 
Umari and Al Qatrana (Ereifej et al., 2016). The difference could 
be related to various factors, such as breed, stage of lactation, 
diet, seasonality, etc. Saturated fatty acid content in camel’s 
milk fat ranged from 56.22 to 61.98% (average of 59.33%) in 
this study, whereas the unsaturated fatty acids content ranged 
from 38.20 to 43.77% (average of 40.74%) as shown in Table 3. 
These results are similar to those of one-humped dromedary 
camel’s milk (Zhang  et  al., 2005; Ereifej  et  al., 2016). This 
dietary characteristic is an important finding because intake of 
unsaturated fatty acids has been reported to decrease the risk of 
diseases like hypercholesterolemic and coronary heart disease 
(Roche, 1999). The predominant saturated fatty acids in camel’s 
milk, in our study in Turkey were C16:0, C18:0, and C14:0 
(Table 3), which were similar to those of dromedary and Bactrian 
camels reported by Zhao et al. (2015) in different countries. The 
proportion of polyunsaturated fatty acids (PUFA) was 2.68%, of 
monounsaturated (MUFA) 38.06%, and of unsaturated (UNSFA) 
40.74% with a ratio of SAT/unsaturated fatty acid of 1.46. The 
fatty acid composition of camel’s milk fat found in this study 
is consistent with an earlier report by Alichanidis et al. (2016). 
Suitable amounts of essential fatty acids were found in camel’s 
milk fat. In the modern Western diet, excessive quantities of 
omega-6 PUFA and elevated omega-6/omega-3 ratios enhance 
cardiovascular illness, cancer, and inflammatory and autoimmune 
illnesses, while a reduced omega-6/omega-3 ratio has suppressive 
impacts (Simopoulos, 2008).

The atherogenic index (AI), which is related to atherogenic 
acids (C12:0, C14:0, and C16:0), was 2.12 (Table 3). The low AI 
(C12:0, C14:0, and C16:0) level was similar to earlier findings 
(Konuspayeva et al., 2008). Lower AI can decrease the total and 
LDL-cholesterol in human blood plasma. However, significantly 
lower AI differences among breeds have been reported by the 
same authors (Yurchenko et al., 2018). An important indicator 
of the dietary quality of milk is the ratio of unsaturated fatty 
acids/saturated fatty acids. The ratios reported are 0.45 for 

similar range of density (1.0220 and 1.0310) was reported by 
Fouzia et al. (2013) and approaches the mean value of 1.03% 
reported by Zhao  et  al. (2015). Although density strongly 
depends on the dry matter content and the seasonal frequency 
of watering (Siboukeur, 2005), the composition of camel’s milk 
could vary day to day, depending on geographical locations, 
feeding conditions, lactation duration, age and health, body 
weight and kidding, environmental conditions, the intervals 
between milking, dry periods, livestock management, etc. (Al 
Haj & Al Kanhal, 2010). The minimum and maximum levels 
of chemical components of the milk samples in this study were 
similar to one-humped camel’s milk composition in other studies 
(Shamsia, 2009; Sesh et al., 2012; Ismaili et al., 2019; Nagy et al., 
2019). However, other studies reported higher values for double-
humped Indian and Chinese Bactrian camel’s milk in terms 
of fat, protein, and dry matter contents (Mal & Pathak, 2010; 
Zhao et al., 2015). Another study reported that one-humped 
camel’s milk composition was similar to cow’s milk in terms of 
protein, fat and casein contents, but lower than double-humped 
camel’s milk (Semen & Altıntaş, 2015).

The lactose content of the camel’s milk samples ranged from 
4.08 to 6.09% with an average percentage of 5.32% (Table 2). 
Other researchers from desert countries reported a mean value of 
4.37% for lactose (Ismaili et al., 2019), 4.15% (Nagy et al., 2019) 
and 3.67% (Sesh et al., 2012) that are lower than the results of this 
study. This might be related to the fact that camels usually prefer 
a dehydrated diet and graze on halophytic plants. With this diet, 
the lactose level in camel’s milk decreases (Fouzia et al., 2013). 
Lactose was found to be the dominant saccharide in the camel’s 
milk samples, along with small amounts of milk monosaccharides 
such as glucose and fructose, as shown in Table 2. There are 
limited data published on the monosaccharide composition of 
camel’s milk. Milk lactose study determined values of 4.8%, low 
enough that it would not affect those who are lactose intolerant 
(Yadav et al., 2015). Monosaccharides glucose and galactose were 
detected in cow’s milk previously with values of 10 mg/100 mL 
of milk respectively. The monosaccharide ratio in colostrum is 
significantly higher than in cow’s milk, with about 900 mg/100 mL 
(Demirci, 1984). One study reported higher amounts of fructose 
and a considerable variation in components, i.e. fat, protein, water, 

Table 2. Physicochemical properties of raw camel’s milk samples.  

Properties Min. value Max. value Average ± SDa

pH 6.22 6.56 6.37 ± 0.05
Titratable acidity % w/v 0.13 0.25 0.19 ± 0.02
Density g/mL 1.02 1.03 1.03 ± 0.0
Fat, % 2.30 5.10 3.28 ± 0.48
Fat in dry matter, % 19.39 37.61 27.43 ± 3.29
Protein, % 2.70 3.40 3.10 ± 0.10
Protein in dry matter, % 22.86 29.72 26.33 ± 1.12
Ash, % 0.72 1.01 0.83 ± 0.04
Ash in dry matter, % 6.43 7.44 7.02 ± 0.20
Dry matter, % 11.09 13.56 11.83 ± 0.41
Lactose, mg/100 g 4.08 6.09 5.32 ± 0.39
Fructose, mg/100 g 0.14 0.57 0.30 ± 0.08
Glucose, mg/100 g 0.03 0.46 0.19 ± 0.07
aSD, Standard deviation

Original Article



Karaman et al.

Food Sci. Technol, Campinas,      v42, e59820, 2022 5

2008). The fat in camel’s milk is lower than in cow’s milk, and 
it is a smaller globule that can be easily absorbed and digested. 
The lower fat content of camel’s milk is a benefit for people with 
heart disease because a build-up of fat in the arteries can lead to 
strokes (Hammam, 2019). Camel’s milk seems to be very different 
from other mammalian milks consumed by humans in terms 
of unsaturated fatty acid composition and in its low content 
of short-chain fatty acids and higher unsaturated fatty acids 
(Konuspayeva et al., 2008). Given these significant differences, 
camel’s milk may be a healthier option for milk consumers.

The concentrations of essential trace elements (zinc, copper, iron, 
manganese) are given in Table 4. There was a high concentration 
of Zn, but Mn, Fe, Cu were not found. Thus, camel’s milk is a 
good source of zinc, which could be associated with animals 
that graze during the summer and spring months. It has been 
reported that during the hot summer and warm spring seasons 
in Aydin, zinc concentrations in camel’s milk are high. Milk Zn 
concentration could be the discriminant parameter among camel’s 
milk from different locations in Turkey. The concentration of 
Zn and other essential minerals is influenced by plant variety 
and overall environment (Osorio et al., 2015). These results are 
in agreement with previous reports Haddadin et al. (2008) and 
AL-Ayadhi & Halepoto (2017) but differ from findings by others 
Shamsia (2009); Mal & Pathak (2010); Alichanidis et al. (2016).

Camel’s milk is known as a good source of vitamin C 
(34.16 mg/L), with 3-5 times more vitamin C than bovine 
milk, whereas the Vitamin E concentration in camel’s milk 
is similar to that of bovine milk (Al Haj & Al Kanhal, 2010; 
Brezovečki et al., 2015). The above mean value of vitamin C 
content is similar to the concentration of this vitamin found by 
other authors Haddadin et al. (2008) (33.0 ± 1.07 mg/L mean 
value), Zhao  et  al. (2015) (27.6-34.3 mg/L) for one-humped 
camels, and Konuspayeva  et  al. (2014) (26.1 ± 3.5 mg/L) in 
Saudi Arabia. The mean value of vitamin E (2.49 ± 0.87) in 
the milk samples was lower than the content reported by 
Haddadin et al. (2008) (17.8 ± 5.8 mg/L mean value), but higher 
than Zhao et al. (2015) (1.45-1.55 mg/L) and Konuspayeva et al. 
(2014) (20.2 mg/100 mL). Thus, the camel’s milk samples in this 
study are nutritionally useful, especially as an excellent source 
of vitamins C and E. The low pH and high acidity of camel’s 
milk (Table 2) is most likely due to the high vitamin C content 
(Table 4), which is also a factor that increases its shelf life (El 
Hatmi et al., 2015; AL-Ayadhi & Halepoto, 2017).

Microbiological results are shown in Table 5. There are no 
microbiological norms for camel’s milk in Turkey. Thus, the 
microbiological quality of samples in this study was assessed 

Table 3. Fatty acids content of raw camel’s milk (%).

Fatty acids Min. value Max. value Averages ± SD
Butryic C4:0 - - -
Caproic C6:0 - - -
Caprylic C8:0 - - -
Capric C10:0 0.29 1.32 0.71 ± 0.20
Undecanoic C11:0 - - -
Lauric C12:0 1.06 1.53 1.24 ± 0.07
Tridecanoic C13:0 - - -
Myristic C14:0 11.47 14.42 13.34 ± 0.44
Myristoleic C14:1 1.16 2.40 1.86 ± 0.19
Pentadecanoic C15:0 1.09 1.56 1.24 ± 0.07
cis-10-Pentadecenoic 
C15:1 0.57 0.92 0.79 ± 0.05

Palmitic C16:0 30.09 34.16 31.70 ± 0.62
Palmitoleic C16:1 8.16 13.72 10.74 ± 1.09
Heptadecanoic C17:0 0.47 1.32 0.80 ± 0.13
cis-10-Heptadecenoic 
C17:1 0.41 0.65 0.55 ± 0.04

Stearic C18:0 8.35 11.92 10.30 ± 0.67
Oleic C18:1n9c (n-9) 21.20 24.66 23.30 ± 0.53
Elaidic C18:1n9t (n-9) 0.47 0.95 0.83 ± 0.08
Linoleic (LA,ω-6) 
C18:2n6c (n-6) - - -

Linolelaidic (ω-6) 
C18:2n6t (n-6) 1.39 2,03 1.80 ± 0.10

γ-Linolenic (GLA,ω-6) 
C18:3n6 (n-6) 0.21 0.38 0.31 ± 0.03

α-Linolenic (ALA,ω-3) 
C18:3n3 (n-3) 0.23 0.87 0.56 ± 0.12

SFA: saturated fatty 
acids 56.22 61.98 59.33 ± 0.05

UNSFA: unsaturated 
fatty acids 38.20 43.77 40.74 ± 0.89

MUFA: monounsaturat 
fatty acids 35.87 40.72 38.06 ± 0,77

PUFA: polyunsaturated 
fatty acids 2.33 3.05 2.68 ± 0.14

SFA/UNSFA 1.28 1.62 1.46 ± 0.05
n6/n3 2.03 9.13 5.06 ± 1.26
Atherogenicity index 1.94 2.38 2.12 ± 0.07
Total ω-3 0.23 0.87 0.56 ± 0.12
Total ω-6 1.77 2.33 2.11 ± 0.09
Total ω-9 22.15 25.57 24.13 ± 0.53
Desaturation index-14 0.09 0.15 0.12 ± 0.01
Desaturation index-16 0.20 0.31 0.25 ± 0.02
Desaturation index-18 0.05 0.68 0.31 ± 0.13
C18:1n9c+9t (n-9) 22.15 25.57 24.13 ± 0.53

Bactrian and 0.43 for dromedary milk. Other mammals’ ratios 
are 0.30 for cows’ milk and 0.32 for goats’ milk (Cardak et al., 
2003; Konuspayeva et al., 2008). These values were lower than 
the ratio of unsaturated fatty acids/saturated fatty acids found 
in this study, where the average was 0.69% (Table 3). Higher 
levels of medium-chain fatty acids are generally regarded as 
useful to human health because they are easier to absorb and 
metabolize than long-chain fatty acids (Konuspayeva  et  al., 

Table 4. Mineral matter and vitamin contents of raw camel’s milk.a

Content Min. value Max. value Averages ± SD
Zn, µg/g 5.65 9.32 7.34 ± 0.65
Mn, µg/g nd nd nd
Fe, µg/g nd nd nd
Cu, µg/g nd nd nd
Vitamin E, mg/L 1.79 3.19 2.49 ± 0.87
Vitamin C, mg/L 9.56 75.24 27.57 ± 12.66
aND, Non defining.
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camel’s milk a potentially valuable dietary food. These findings 
are a useful contribution to the limited information available 
regarding the chemistry and microbiological properties of camel’s 
milk in Turkey. Due to its unique chemical composition and 
nutritional value, marketing of camel’s milk could be extended 
to manufacturers of processed products, such as ice cream, 
butter and cheese, as an alternative to liquid milk. However, 
further studies are needed in this field to support and enhance 
the production and utilization of this valuable food.
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