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Abstract 

The objectives of this study are to determine and compare the individual fatty acids profile of camel milk fat contents 

and their correlation with the production systems, breed (Kenana, Butana, Nefidia), parity, and stage of lactation. 

Camel milk fat samples were analysed for estimation of 37 fatty acids by using Gas Chromatography-Mass 

Spectrometry (GC-MS). Fatty acids were divided into: Short Chain Fatty Acids (SCFAs) from C4:0 to C12:0, Medium 

Chain Fatty Acids (MCFAs) from C13:0 to C16:1 and Long Chain Fatty Acids (LCFAs) from C17:0 to C22:6n3 and 

their indices in milk of Sudanese Arabi camels (Kenana, Butana, Nefidia) were evaluated. The statistical model 

included the effects of management systems, breed, parity and stage of lactation on fatty acids (FAs) within and 

between breeds. First to second parity had relatively higher proportions of SCFAs in the milk of Kenana and Nefidia 

camels as compared with Butana camel. Camel milk fatty acids composition were varied with stage of lactation, the 

proportions of SCFAs were high at early and late stage of lactation compared to middle stage of lactation. LCFAs 

(especially oleic (C18:1n9t) and Elaidic (C18:1n9c) showed an opposite trend to that of SCFAs and MCFAs. Although 

no significant differences in camel milk fatty acids composition during the different parities were observed, the results 

confirmed that parity order and stage of lactation contribute to the variations in camel milk fat composition. 
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1. INTRODUCTION 

 

Sudan is the second largest camel population in 

the world with annual milk producing of about 

7471 Metric tons. MARF (2011) stated that the 

livestock population contribution of cow milk 

is 71.92%, camel milk is 0.79%, goats milk is 

20.24% and sheep milk is 7.05%. Cow milk is 

yellowish in color due to carotene which is not 

present in goat and camel milk giving it off 

white color. The fatty acids composition of 

milk is one of the aspects linked to the 

discussion on the health effect of milk and milk 

products (Ulbricht and Southgate, 1991; Wahle 

and Heys, 2002). The milk fat of camel is 

different from that of other animals. When left 

standing, fat distributed as small globules 

throughout the milk (Yagil and Etzion, 1980). 

The hydration status of the animals would 

determine the fat content of the milk, as well as 

the type of forage eaten (Konuspayeva et al., 

2008). Milk fat is mainly composed of 

triglycerides with a broad variety of fatty acids 

composition. The complexity of its 

composition originates from the extreme 

diversity of its fatty acid with respect to chain 

lengths, position and number of double bonds 

and branching (Ulbricht and Southgate, 1991). 

Reports, about lipids in camel milk are rare. 

Some authors (Abu-Lehia, 1989; Farah, 1993; 

Gorban and Izzeldin, 2001) reported that camel 

milk lipids have a lower proportion of short-

chain fatty acids and saturated fatty acids than 

cow milk. Triacylglycerols of camel milk 

contained saturated fatty acids (66.1/%) and 

unsaturated fatty acids (30.5%). According to 

Gorban and Izzeldin (2001), the predominant 

saturated fatty acids were 16: 0 (34.9%) 14: 0 
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(14.5%) and 18: 0 (9.7%). Konuspayeva et al. 

(2008) reported that the ratio of unsaturated to 

saturated fatty acid was more favourable in 

camel’s milk compared with that of cows or 

other mammalians, although it had a higher 

content of cholesterol (37.1 mg·100 g
−1

) than 

cow’s milk. Fatty acids composition of camel’s 

milk is not well documented (Farah, 1993).  

Studies have shown that the fatty acids profile 

of camel milk fat makes this milk particularly 

important to consumers, due to its positive 

effects on human health (Gorban and Izzeldin, 

1999; Khan and Arshad, 2001; Cardak et al., 

2003; Narmuratova et al., 2006; Konuspayeva 

et al., 2008; Jirimutu et al., 2010). 

Nevertheless, there have been rather few 

studies carried out on the milk fatty acid profile 

of camels. In addition, the majority of studies 

have focused primarily on the effect of diet on 

the fatty acids profile of milk fat (Mele et al., 

2007; Gomez-Cortes et al., 2008; De La Fuente 

et al., 2009; Tyagi et al., 2010; Faye et al., 

2013; Saroha et al., 2014). However, the effect 

of physiological factors (e.g. breed, parity, 

stage of lactation) being less studied 

(Mihaylova et al., 2004; Tsiplakou et al., 2006; 

Bilal et al., 2014). Similarly, little information 

is available on the fatty acids profile of local 

camel breeds' milk (Farah et al., 1989; Attia et 

al., 2000; Konuspayeva, 2007). In Sudan, 

significant amounts of camel milk are 

consumed by nomadic people; the information 

about camel milk fat composition is limited. In 

addition, reports about fatty acid composition 

of the camel milk are scarce. The aim of this 

study was to determine and correlate the fatty 

acids profile of camel milk fat with production 

system, breed, parity and stage of lactation in 

Sudanese Arabi camels. 

 

2. MATERIALS AND METHODS 

 

Collection of milk samples 

Camel milk samples were collected from three 

different areas in central Sudan (Sinnar; Moya 

mountain, and Gezira State; Al Neb; Al 

Butana) and Khartoum State (Khartoum North 

locality and Eastern Nile locality), during July 

to August 2013. Milk samples were collected 

from healthy she-camels of three indigenous 

breeds; Kenani, Nefidia and Butana in 

traditional nomadic system and semi intensive 

system, respectively. In total, 105 bulk milk 

samples (35 samples/ system) were collected in 

dry clean bottles (60 ml). The samples were 

labeled and transferred in an icebox to the 

Dairy Chemistry laboratory of the Faculty of 

Animal Production, University of Khartoum 

for chemical analysis. According to parity, the 

collected samples were divided into five 

categories; first, second, third, fourth and fifth. 

The stages of lactation was also divided into 

four stages; early (from birth to 3 months), 

medium (from 4 to 6 months), late (from 7 to 9 

months) and latest (from 10 to the end of 

lactation stages). 

Milk fat extraction 

Milk fat extraction was carried out using the 

method described by Feng et al. (2004) with 

some modifications. Ten mL milk sample was 

taken in a 30 mL conical plastic tube and 

subjected to centrifugation (Centrifuge EBA 

20, Germany) at 6000 rpm for 30 minutes at 

4
0
C.  

Saponification and methylation of fatty 

acids 

Methyl esters of the lipid extract were prepared 

according to Wang et al. (2000). Dried lipid 

extracts were boiled for 2-3 minutes in a water 

bath, after adding 6 ml of 0.5 M methanolic 

sodium hydroxide, then left to cool to room 

temperature, 6 ml of 1% methanolic sulfuric 

acid was added and left to react over night at 

50
0
C, then 2 ml of N-hexane was added and 1 

ml of the upper hexane layer was taken into a 

glass stoppered tube, and sodium sulphate 

anhydrous was added to the tube to remove the 

moisture. These samples were ready to be 

injected in Gas Chromatography/Mass 

Spectrometry (GC/MS). 

Gas Chromatography Mass Spectrometry 

conditions  

Fatty acid methyl esters were quantified using a 

Shimadzu Gas Chromatography Model 14-A 

(Shimadzu Co., Japan) fitted with a methyl 
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lignose rate coated (Film thickness= 0.25μm), 

polar capillary column SP-2330 

(30m×0.32mm), using the following 

conditions: 

 Injector temperature: 250
0
C; 

 Column oven temperature: 140
0
C (5 min.), 

4
0
C / min. to 240 

0
C (2 min.); 

 Detector temperature: 250
0
C; 

 Detector: FID (Flame Injection Detector); 

 Carrier gas: hydrogen, 40cm/sec @ 175
0
C; 

 Injection of sample: 1 μL, split 100:1; 

 Liner: 4 mm I.D split, cup design. 

Under the same chromatographic conditions, 

the peaks were identified using standard 

mixture of known fatty acids and the retention 

time of unknown samples compared with the 

standard for quantitative estimation. 

Statistical analysis 

The data were subjected to analysis by using 

the General Linear Model (GLM) procedure in 

SPSS (version.17, 2009). Differences among 

means were estimated using Duncan’s Multiple 

Range Test (DMRT) when the significant 

differences existed. 

 

3. RESULTS AND DISCUSSION 
 

The results indicated that camel milk fatty 

acids (MFAs) composition (%) as affected by 

production systems, breed, parity and stage of 

lactation showed no significant differences in 

Short Chain Fatty Acids (SCFAs) percent 

(Tables 1, 2 and 3). 

 
Table 1 

Milk Short Chain Fatty Acids (MSCFAs) composition (%) of Arabi Kenana camel in different parity order and stages 

of lactation managed under semi-intensive system in Sudan 
Sig. C12:0 C11:0 C10:0 C8:0 C6:0 C4:0 Stages of lactation/months Parity order 

NS 1.41
b
±0.82 0.01

b
±0.01 0.15

c
±0.08 0.07

b
±0.06 0.06

c
±0.31 0.04

b
±0.08 (1-3) (1-2) 

 NS 3.86
a
±0.82 0.02

a
±0.01 0.18

b
±0.07 0.10

a
±0.06 0.07

a
±0.03 0.02

b
±0.08 (4-6) 

NS 1.43
b
±0.97 0.01

b
±0.01 0.19

a
±0.09 0.10

a
±0.07 0.07

a
±0.04 0.03

b
±0.10 (7-9) 

NS 1.14
c
±2.17 0.01

b
±0.02 0.14

c
±0.19 0.07

b
±0.15 0.05

b
±0.08 0.02

b
±0.22 (≥10) 

NS 1.65
c
±2.17 0.01

c
±0.02 0.15

c
±0.19 0.06

c
±0.15 0.05

c
±0.08 0.03

b
±0.22 (1-3) 3 

NS 1.63
c
±1.54 0.02

b
±0.02 0.20

b
±0.14 0.09

b
±0.11 0.08

b
±0.06 0.03

b
±0.16 (4-6) 

NS 3.28
a
±2.17 0.03

a
±0.01 0.38

a
±0.19 0.18

a
±0.15 0.16

a
±0.08 0.08

a
±0.22 (7-9) 

NS 1.78
c
±1.09 0.03

a
±0.02 0.18

c
±0.10 0.08

b
±0.08 0.08

b
±0.04 0.05

b
±0.11 (≥10) 

NS 2.13
ba

±1.54 0.06
a
±0.02 0.38

a
±0.14 0.27

a
±0.11 0.13

a
±0.06 0.08

a
±0.16 (1-3) 4 

NS 0.88
c
±2.17 0.01

c
±0.02 0.08

c
±0.19 0.03

c
±0.15 0.03

c
±0.08 0.03

a
±0.22 (4-6) 

NS 1.37
b
±1.54 0.02

b
±0.02 0.19

b
±0.14 0.13

b
±0.11 0.12

b
±0.06 0.03

c
±0.16 (7-9) 

NS 000000000 000000000 000000000 000000000 000000000 00000000 (≥10) 

NS 000000000 000000000 000000000 000000000 000000000 00000000 (1-3) 5 

NS 17.8
b
±2.17 0.02

b
±0.02 0.19

b
±0.19 0.08

b
±0.15 0.06

b
±0.08 0.02

a
±0.22 (4-6) 

NS 2.63
a
±1.09 0.05

a
±0.01 0.38

a
±0.10 0.23

a
±0.08 0.13

a
±0.04 0.02

a
±0.22 (7-9) 

NS 000000000 000000000 000000000 000000000 000000000 00000000 (≥10) 
a-dThe values in the same row with different superscript are  significantly different (P˂0.05). NS = not significant. 

 

Table 2  

Milk Short Chain Fatty Acids (MSCFAs) composition (%) of Arabi Butana camel in different parity order and stages of 

lactation managed under traditional nomadic system in Sudan 
Sig. C12:0 C11:0 C10:0 C8:0 C6:0 C4:0 Stages of lactation/months Parity order 

NS 3.72
a
±1.09 0.04

a
±0.01 0.52

a
±0.10 0.36

a
±0.08 0.24

a
±0.04 0.32

a
±0.11 (1-3) (1-2) 

 NS 00000000 000000000 00000000 000000000 00000000 000000000 (4-6) 

NS 00000000 000000000 00000000 000000000 00000000 000000000 (7-9) 

NS 3.01
b
±1.09 0.03

b
±0.01 0.32

b
±0.10 0.19

b
±0.08 0.14

b
±0.04 0.30

b
±0.11 (≥10) 

NS 5.56
b
±0.89 0.04

b
±0.01 0.66

b
±0.08 0.34

b
±0.06 0.23

b
±0.03 0.05

c
±0.09 (1-3) 3 

NS 6.50
a
±1.25 0.06

a
±0.01 0.73

a
±0.11 0.49

a
±0.09 0.32

a
±0.05 0.05

a
±0.13 (4-6) 

NS 1.56
c
±1.25 0.02

c
±0.01 0.31

c
±0.11 0.15

c
±0.09 0.08

c
±0.05 0.25

b
±0.13 (7-9) 

NS 3.21
c
±0.89 0.03

c
±0.01 0.36

c
±0.09 0.21

c
±0.06 0.13

c
±0.03 0.04

c
±0.09 (≥10) 

NS 6.74
a
±1.54 0.06

a
±0.02 0.85

a
±0.14 0.55

a
±0.11 0.29

a
±0.06 0.04

a
±0.16 (1-3) 4 

NS 000000000 000000000 000000000 000000000 000000000 000000000 (4-6) 

NS 000000000 000000000 000000000 000000000 000000000 000000000 (7-9) 

NS 4.76
b
±0.89 0.04

b
±0.02 0.58

b
±0.08 0.35

b
±0.06 0.18

b
±0.03 0.04

a
±0.09 (≥10) 

NS 4.98
a
±2.17 0.05

a
±0.02 0.55

b
±0.19 0.37

b
±0.15 0.26

a
±0.08 0.04

a
±0.22 (1-3) 5 

NS 3.94
c
±2.17 0.01

c
±0.02 0.59

a
±.019 0.54

a
±0.15 0.28

b
±0.08 0.05

a
±0.22 (4-6) 

NS 4.18
c
±2.17 0.04

b
±0.02 0.44

c
±0.19 0.27

c
±0.15 0.19

c
±0.08 0.04

c
±0.22 (7-9) 

NS 4.37
b
±2.17 0.03

b
±0.02 0.45

c
±0.19 0.31

c
±0.15 0.20

c
±0.08 0.04

a
±0.22 (≥10) 

a-dThe values in the same row with different superscript are  significantly different (P˂0.05).  NS= not significant. 
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Table 3  

Milk Short Chain Fatty Acids (MSCFAs) composition (%) of Arabi Nefidia camel in different parity order and stages of 

lactation managed under traditional nomadic system in Sudan 
Sig. C12:0 C11:0 C10:0 C8:0 C6:0 C4:0 Stages of lactation/months Parity order 

NS 2.26
c
±1.25 0.02

c
±0.01 0.22

b
±0.11 0.93

a
±0.09 0.09

b
±0.05 0.19

a
±0.13 (1-3) (1-2) 

 NS 2.31
c
±0.89 0.03

b
±0.01 0.26

b
±0.08 0.15

c
±0.06 0.11

a
±0.03 0.46

b
±0.09 (4-6) 

NS 2.83
b
±1.25 0.03

b
±0.0 0.40

a
±0.11 0.20

b
±0.09 0.08

c
±0.05 0.32

b
±0.13 (7-9) 

NS 3.93
a
±2.17 0.04a±0.02 0.04

c
±0.19 0.21

b
±0.15 0.08

c
±0.08 0.48

b
±0.22 (≥10) 

NS 2.50
b
±0.97 0.04

a
±0.01 0.33

b
±0.09 0.19

b
±0.07 0.11

b
±0.04 0.39

a
±0.10 (1-3) 3 

NS 4.69
a
±1.25 0.03

b
±0.01 0.62

a
±0.11 0.40

a
±0.09 0.22

a
±0.05 0.27

a
±0.13 (4-6) 

NS 1.73
c
±1.09 0.02

c
±0.01 0.20

c
±0.10 0.09

c
±0.08 0.06

c
±0.04 0.04

b
±0.11 (7-9) 

NS 00000000 000000000 000000000 000000000 000000000 000000000 (≥10) 

NS 1.39
b
±1.25 0.02

b
±0.01 0.14

c
±0.11 0.08

b
±0.08 0.08

b
±0.05 0.05

b
±0.13 (1-3) 4 

NS 3.04
a
±2.17 2.08

a
±0.02 0.27

a
±0.19 0.09

a
±0.15 0.09

a
±0.08 0.08

a
±0.22 (4-6) 

NS 1.99
b
±0.82 0.02

b
±0.01 0.23

b
±0.07 0.06

c
±0.06 0.05

c
±0.03 0.04

c
±0.08 (7-9) 

NS 00000000 000000000 000000000 000000000 000000000 000000000 (≥10) 

NS 00000000 000000000 000000000 000000000 000000000 000000000 (1-3) 5 

NS 1.10
b
±2.17 0.94

a
±0.02 0.16

b
±0.19 0.10

b
±0.15 0.07

b
±0.05 0.08

a
±0.22 (4-6) 

NS 5.27
a
±2.17 0.05

b
±0.02 0.85

a
±0.19 0.38

a
±0.15 0.24

a
±0.08 0.31

a
±0.22 (7-9) 

NS 00000000 000000000 000000000 000000000 000000000 000000000 (≥10) 
a-dThe values in the same row with different superscript are  significantly different (P˂0.05). NS= not significant. 

 

The results revealed that the Butyric acid 

(C4:0) percent of camel milk was significantly 

higher (P≤0.05) in Butana and Nefidia camels 

(0.32 and 0.19 %, respectively), when it 

compared with Kenani camel (0.04%) in the 

first and second parity at the early stage of 

lactation. The average Butyric acid (C4:0) in 

the present camel milk ranged from 0.04 to 

0.32 %. Lauric acid (C12:0 %) showed the 

higher values in the third parity at the early 

stage of lactation. The fatty acids composition 

showed that many of them varied significantly 

(P≤0.05), by production systems, parity and 

stage of lactation especially: C4:0, C6:0, C8:0, 

C10:0, C11:0 and C12:0. The Butyric acid 

(C4:0) in the milk of Butana camel (0.32%) 

was eight fold less than in the Kenani camel; 

Caproic acid  (C6:0)  was two times higher in 

the milk obtained from Butana camel (0.27%) 

than Nefidia and Kenani. However Stahl et al. 

(2006) reported that milk fat of dromedary 

camels carries a lower level of carotene and 

lesser concentrations of short chain fatty acids 

as compared to milk of bovine. 

Medium chain fatty acids of milk (MCFAs) 

composition (%) varied significantly at P≤0.05 

(C13:0, C14:0, C14:1, C15:0, C15:1, C16:0 

and C16:0). The myristic acid (C14:0) percent 

was higher in dromedary milk samples 

collected from semi-intensive system than the 

other samples collected from traditional 

nomadic systems (Tables 1, 1 and 3). It is 

indicated from the results in Tables 1, 2 and 7 

that medium chain fatty acids composition (%) 

of milk from Kenana, Butana and Nefidia 

camels were found to be significantly higher 

(P≤0.05). Camel managed in traditional 

nomadic (Nefidia and Butana) and semi-

intensive system (Kenana) represented 49.25, 

74.25, and 16.73% of the SCFAs, MCFAs and 

LCFAs, respectively. The results revealed that 

camel milk fatty acids composition was not 

significantly affected by parity order. The 

highest percentage of SCFAs (57.95%) and 

MCFAs (73.71%) were recorded for the semi-

intensive system. In contrast, those components 

were the lowest under traditional nomadic 

system (Butana). Similarly the content of 

LCFAs was higher in milk of Butana camel 

than Kenana and Nefidia camels (Tables 4, 5 

and 6). These decreases in the values of LCFAs 

in Kenana and Nefidia camels’ milk in 

comparison with those in Butana camels might 

be due to the role of feeding and physiological 

stage on fatty acids composition (Mohamed, 

1990; Chilliard et al., 2000). Production 

systems and availability of feed have been 

reported to influence the fat content of camel 

milk in Sudan (Shuiep et al., 2008 and 

Dowelmadina et al., 2014). Moreover, these 

results partly agreed with those reported by 

Konuspayeva et al. (2008) in fatty acids 

composition of Camelus dromedary, Camelus 

bactrianus and hybrid milk in Kazakhstan. 
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Table 4  

Milk Medium Chain Fatty Acids (MMCFAs) composition (%) of Arabi Kenana camel managed under semi-intensive 

system in Sudan 

Sig. C16:1 C16:0 C15:1 C15:0 C14:1 C14:0 C13:0 
Stage of 

lactation/months 
Parity 

order 

NS 6.50
c
±02.84 34.35

a
±06.61 0.31

a
±0.32 1.62

c
±0.84 1.56

a
±1.98 18.21

a
±5.09 0.16

c
±0.08 (1-3) (1-2) 

NS 8.42
a
±02.84 22.15

c
±0.6.61 0.07

b
±0.32 3.34

a
±0.84 0.40

c
±1.98 18.25

a
±5.09 0.24

a
±0.08 (4-6) 

NS 7.56
b
±03.63 19.60

c
±07.82 0.07

b
±0.38 2.31

b
±0.99 0.39

c
±2.34 16.67

b
±6.02 0.19

b
±0.09 (7-9) 

NS 4.23
c
±07.52 31.53

b
±17.48 0.01

c
±0.85 2.20

c
±2.21 0.46

b
±5.24 14.21

c
±13.47 0.13

c
±0.21 (≥10) 

NS 5.06
c
±07.52 0.04

c
±17.48 0.10

c
±0.85 3.96

b
±2.21 0.40

b
±5.24 19.75

c
±13.47 0.28

b
±0.21 (1-3) 3 

NS 9.62
b
±05.32 15.56

b
±13.26 0.06

c
±0.60 3.09

b
±1.56 0.29

c
±3.70 17.98

c
±9.53 0.22

c
±0.15 (4-6) 

NS 26.63a±07.52 0.14c±17.48 0.15b±0.85 7.53a±2.21 0.16c±5.24 43.06a±13.47 0.42a±0.21 (7-9) 

NS 7.39c±03.76 18.23a±08.74 0.49a±0.43 2.45c±1.11 2.41a±2.62 22.84b±6.74 0.18c±0.10 (≥10) 

NS 17.85a±5.32 15.58c±12.36 0.17a±0.60 3.75a±1.56 0.32c±3.70 26.53a±9.53 0.28a±0.15 (1-3) 4 

NS 8.91b±7.52 36.46a±17.48 0.05b±0.85 2.17c±2.21 0.35b±5.24 10.83c±13.47 0.12c±0.21 (4-6) 

NS 6.61c±05.32 19.57b±18.71 0.05b±0.60 2.90b±1.56 0.53a±3.70 17.41b±9.53 0.20b±0.15 (7-9) 

NS 000000000 0000000000 000000000 00000000 000000000 000000000 00000000 (≥10) 

NS 000000000 0000000000 000000000 00000000 000000000 000000000 00000000 (1-3) 5 

NS 9.44b±7.52 0.03b±17.48 0.07b±0.85 3.34b±2.21 0.53a±5.24 16.39b±13.47 0.20b±0.21 (4-6) 

NS 17.82a±3.76 0.08a±08.74 0.12a±0.43 5.32a±1.11 0.43b±2.12 32.14a±6.74 0.35a±0.10 (7-9) 

NS 000000000 0000000000 00000000 00000000 000000000 00000000 00000000 (≥10) 
a-dThe values in the same row with different superscript are  significantly different (P˂0.05). NS = not significant. 

 

 

Table 5 

Milk Medium Chain Fatty Acids (MMCFAs) composition (%) of Arabi Butana camel managed under Traditional 

nomadic system in Sudan 

Sig. C16:1 C16:0 C15:1 C15:0 C14:1 C14:0 C13:0 
Stage of 

lactation/months 

Parity 

order 

NS 3.62
a
±3.76 00.03

b
±8.74 2.56

a
±0.43 1.96

b
±1.11 5.78

a
±2.62 26.46

b
±6.74 0.49

a
±0.10 (1-3) (1-2) 

NS 00000000 000000000 00000000 00000000 00000000 00000000 00000000 (4-6) 

NS 00000000 000000000 00000000 00000000 00000000 00000000 00000000 (7-9) 

NS 0.03
b
±3.76 00.04

a
±8.74 2.13

b
±0.43 2.84

a
±1.11 5.78

a
±2.62 30.49

a
±6.74 0.43

b
±0.10 (≥10) 

NS 6.89
b
±3.07 00.05

a
±7.14 3.07

b
±0.35 0.32

a
±0.90 9.46

a
±2.14 18.74

c
±5.50 0.97

b
±0.10 (1-3) 3 

NS 0.03
c
±4.34 0.05

a
±10.09 3.63

a
±0.49 0.05

c
±1.28 8.70

b
±3.02 21.92

c
±7.78 1.19

a
±1.12 (4-6) 

NS 10.18
a
±4.34 0.04

b
±10.09 1.02

c
±0.49 0.08

b
±1.28 5.09

c
±3.02 38.61

a
±7.78 0.32

c
±0.12 (7-9) 

NS 0.03
c
±3.07 00.05

a
±7.14 1.76

c
±0.35 0.04

c
±0.90 6.80

c
±2.18 34.33

b
±5.50 0.48

c
±0.08 (≥10) 

NS 0.03
b
±5.32 0.07

a
±12.36 3.60

a
±0.60 0.03

b
±1.56 6.14

b
±3.70 28.59

a
±9.53 1.13

a
±0.15 (1-3) 4 

NS 00000000 000000000 00000000 00000000 00000000 000000000 00000000 (4-6) 

NS 00000000 000000000 00000000 00000000 00000000 000000000 00000000 (7-9) 

NS 4.19
a
±3.07 0.05

b
±07.14 1.71

a
±0.35 0.08

a
±0.90 7.33

a
±2.14 25.25

b
±5.50 0.59

b
±0.08 (≥10) 

NS 0.02
b
±7.52 0.01

c
±17.48 3.15

a
±0.85 0.02

c
±2.21 5.69

c
±5.24 26.15

c
±13.47 8.94

a
±0.21 (1-3) 5 

NS 0.01
c
±7.52 0.02

c
±17.48 1.91

c
±0.85 0.11

a
±2.21 9.68

a
±5.24 50.88

a
±13.47 0.08

c
±0.21 (4-6) 

NS 0.04
a
±7.52 0.05

b
±17.48 2.70

b
±0.85 0.02

c
±2.21 8.61

b
±5.24 38.39

c
±13.47 0.77

b
±0.21 (7-9) 

NS 0.04
a
±7.52 0.07

a
±17.48 2.03

b
±0.85 0.03

b
±2.21 9.19

a
±5.24 48.81

b
±13.47 0.68

b
±0.21 (≥10) 

a-dThe values in the same row with different superscript are  significantly different (P˂0.05). NS = not significant. 

 

 

Table 6  

Milk Medium Chain Fatty Acids (MMCFAs) composition (%) of Arabi Nefidia camel managed under Traditional 

nomadic system in Sudan 

Sig. C16:1 C16:0 C15:1 C15:0 C14:1 C14:0 C13:0 
Stage of 

lactation/months 

Parity 

order 

NS 6.61
a
±4.34 10.56

b
±10.09 1.17

b
±0.49 0.76

c
±1.28 3.31

c
±3.02 27.16

c
±7.78 0.38

b
±0.12 (1-3) (1-2) 

 NS 2.36
b
±3.07 11.17

b
±07.14 0.88

c
±0.35 2.74

a
±0.90 11.65

a
±2.14 30.62

b
±5.50 0.28

c
±0.08 (4-6) 

NS 2.87
b
±4.34 21.91

a
±10.09 0.69

c
±0.49 1.95

b
±1.28 3.38

c
±3.02 26.18

c
±7.78 0.27

c
±0.12 (7-9) 

NS 0.03
c
±7.22 0.07

c
±17.48 1.99

a
±0.85 0.28

c
±2.21 8.95

b
±5.24 47.10

a
±13.47 0.51

a
±0.21 (≥10) 

NS 5.24
b
±3.36 12.53

a
±7.82 0.95

b
±0.38 1.31

b
±0.99 3.39

b
±2.34 25.77

b
±6.02 0.31

b
±0.09 (1-3) 3 

NS 0.03
c
±4.34 0.04

c
±10.09 2.72

a
±0.49 0.06

c
±1.28 10.27

a
±3.02 29.66

a
±7.78 0.54

a
±0.12 (4-6) 

NS 12.58
a
±3.76 8.53

b
±8.74 0.12

c
±0.43 3.69

a
±1.11 0.39

c
±2.62 21.18

c
±6.74 0.25

c
±0.10 (7-9) 

NS 00000000 000000000 00000000 00000000 00000000 000000000 00000000 (≥10) 

NS 11.09
c
±4.34 23.88

a
±10.09 0.09

b
±0.49 3.64

b
±1.28 0.19

b
±3.02 19.15

c
±7.78 0.22

c
±0.12 (1-3) 4 

NS 26.91
a
±7.52 0.06

c
±17.48 0.21

a
±0.85 8.61

a
±2.21 0.15

c
±5.24 39.38

a
±13.47 0.45

a
±0.21 (4-6) 

NS 11.47
b
±2.84 18.55

b
±6.61 0.07

b
±0.32 3.08

c
±0.84 0.21

a
±1.98 21.07

b
±5.09 0.26

b
±0.08 (7-9) 

NS 000000000 000000000 00000000 00000000 000000000 000000000 00000000 (≥10) 

NS 000000000 000000000 000000000 00000000 000000000 000000000 00000000 (1-3) 5 

NS 7.52
a
±7.52 36.93

a
±17.48 0.03

b
±0.85 2.02

a
±2.21 0.02

b
±5.24 14.67

b
±13.47 0.14

b
±.021 (4-6) 

NS 0.06
b
±7.52 0.06

b
±17.48 2.51

a
±0.85 0.09

b
±2.21 10.33

a
±5.24 49.66

a
±13.47 0.40

a
±0.21 (7-9) 

NS 00000000 000000000 000000000 000000000 000000000 000000000 000000000 (≥10) 
a-d The values in the same row with different superscript are  not significantly different (P˂0.05). NS = not significant 
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On the other hand, the obtained results 

disagreed with previous results reported by 

Khan and Arshad (2001); Mansson (2008); De 

Fuente et al. (2009); Qureshi et al. (2012). In 

autumn, when the forages had a low nutritive 

value and the camels were at the medium stage 

of lactation, milk appeared richer in LCFAs, 

these results agreed with those reported 

previously by Konuspayeva et al. (2008). 

Palmquist et al. (1993) and Konuspayeva et al. 

(2008) stated that fatty acids composition was 

influenced by regional differences including 

feeding conditions. No significant differences 

among the three studied breeds (P<0.05) in the 

SCFAs, MCFAs and LCFAs were observed.  

The results also disagreed with those of other 

researchers in cattle, sheep, goats, buffalo and 

camel (Mansson, 2008; De Fuente et al., 2009; 

Ahmad et al., 2013; Saroha et al., 2014). They 

reported that fatty acids composition were 

significantly influence by some factors. 

Butyric, Caproic, Caprylic, Capric, 

Undecanoic, and Lauric acids in milk of 

Kenana, Butana, and Nefidia showed non 

significant differences; however the Lauric acid 

in milk of Butana, Kenana and Nefidia were 

4.38, 3.15 and 2.75%, respectively. These 

decreases, in Lauric acid of Kenana and 

Nefidia might be due to the type of feeding in 

comparison with the other two breeds 

(Dowelmadina et al., 2014). The other SCFAs 

among the three breeds also showed no 

significant differences. 

Tables 1, 2 and 3 showed that MCFAs 

(Tridecanoic, Myristic, Myristoleic, 

Pentadecanoic, cis-10-Pentadecanoic, Palmitic, 

and Palmitoleic acids) were affected by breeds 

and that the production systems revealed non 

significant differences on MCFAs composition. 

The Myristic (C14:0) concentration was higher 

in milk of Butana (32.8%) than Nefidia and 

Kenana (29.31 and 21.10%, respectively), 

contrary to Palmitoleic acid which was higher 

of Kenana camel (10.46%) in comparison with 

Nefidia and Butana camels (7.23 and 2.09%, 

respectively). The fatty acids composition of 

camel milk fat from Sudan was comparable 

with results in the literature, in particular the 

content of SCFAs and LCFAs which was 

higher than those reported for camel milk from 

Kazakhstan (Narmuratova et al., 2006; 

Konuspayeva et al., 2008). This supported 

Abbas et al. (2013) who reported that lipid 

fraction in camel milk is characterized by a 

high proportion of long chain fatty acids, which 

accounts for 96.4% compared to 85.3% in 

bovine milk. Moreover the content of SCFAs 

was higher than in cow milk (Farah, 1996; 

Attia et al., 2000; Karray et al., 2005). 

Meanwhile, the mean values of milk fatty acids 

composition were lower in the subsequent 

parity. Camels’ milk was richer in SCFAs 

when compared with results reported by 

Konuspayeva et al (2008) in Bactrian, 

dromedary and hybrid milk in Kazakhstan, also 

the results of SCFAs in camel milk, when 

comparing the SCFAs with that of cow’s milk, 

which contains more than 3.0% butyric acid 

(Palmquist et al., 1993; Agabriel et al., 2004; 

Narmuratova et al., 2006). This confers upon 

camels’ milk some interesting nutritional 

properties; in particular, if we refer to some 

papers classifying SCFAs as promoters of 

atherosclerosis (Konuspayeva et al., 2014). The 

sum of SCFAS (C4:0 to C12:0) was higher 

(49.25%) in Sudanese camel milk fat when it 

compared with Kazakhstan camel milk fat 

(1.15%), and milk fat of cows (8.99%) fed with 

a nutritional balanced diet  (Palmquist et al., 

1993). The MCFAs (C13:0 to C16:1) were 

74.25% in Sudanese camel milk fat. 16.38% in 

Kazakhstan camel milk fat and 21.44% in 

cow’s milk fat. Tables 4, 5 and 6 showed that 

the LCFAs (C17:0 to C22:6n3) were lower 

(16.73%) in Sudanese camel milk fat when it 

compared with Kazakhstan camel milk fat 

(82.43%) and cow’s milk fat (66.1%) as 

reported by Palmquist et al. (1993). The ratio 

of SCFAs/MCFAs was similar in the three 

breeds (45.9/80.5%). A higher content of 

MCFAs is usually considered as beneficial for 

human health as they are more easily absorbed 

and metabolized than LCFAs. In most of the 

literature data (Gorban and Izzeldin, 2001; 

Agabriel et al., 2004; Narmuratova et al., 2006; 

Konuspayeva et al., 2008; Mansson, 2008; De 
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Fuente et al., 2009; Ahmad et al., 2013), the 

fatty acid composition given without taking 

into account the variability due to 

environmental or physiological conditions. 

However, the observed variability is high and 

linked to the nutritional and physiological 

status of the animals. 

 

 
Table 7 

Milk long chain fatty acids (MLCFAs) composition (%) of Kenani camel in semi-intensive system at different parity 

and stages of lactation 

C21:0 C20:1 C18:3n3 C18:3n6 C20:0 C18:2n6c C18:2n6t C18:1n9c C18:1n9t C18:0 C17:1 C17:0 
Stages of 

lactation 

Parity 

No. 

0.11a±0.14 0.63c±0.51 0.26c±0.17 1.12b±1.01 1.54b±1.48 3.25a±3.03 3.25a±1.52 9.67d±2.79 9.66d±2.97 2.45d±3.53 0.44b±0.86 1.78b±0.59 (1-3) (1-2) 

0.11a±0.14 1.12a±0.51 0.38a±0.17 1.65a±1.01 2.12a±1.48 2.11b±2.47 2.11b±1.52 13.33b±2.79 13.33b±2.97 2.98c±3.53 0.64a±0.86 2.03a±0.59 (4-6) 

0.05b±0.17 0.75b±0.60 0.26c±.20 0.71c±1.19 1.42c±1.75 1.80c±4.28 1.80c±1.45 16.96a±3.30 16.96a±3.51 8.37b±4.17 0.48b±1.02 1.60b±0.69 (7-9) 

0.03c±0.38 0.31d±1.34 0.32b±0.45 0.07d±2.66 0.96d±3.91 0.99d±4.28 0.99d±4.03 11.79c±7.37 11.79c±7.85 16.55a±9.33 0.49b±2.28 1.15c±1.55 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

0.31a±0.38 1.31a±1.34 0.65a±0.45 3.21a±2.66 3.54a±3.91 3.55b±4.28 3.55b±4.03 23.70a±7.37 23.70a±7.85 0.31b±9.33 0.79b±2.28 2.55b±4.55 (1-3) 3 

0.05d±0.27 0.97c±0.95 0.15c±0.32 0.77c±1.88 1.48d±2.77 1.38d±4.28 1.38d±2.85 20.63b±5.21 20.63b±5.55 0.26c±6.59 0.45c±161 1.99c±1.09 (4-6) 

0.24b±0.38 1.11b±1.34 0.11d±0.45 0.10d±2.66 2.96b±3.91 2.53c±4.06 2.53c±4.03 0.55d±7.37 0.55d±7.85 0.72a±9.33 1.18a±2.28 4.10a±1.55 (7-9) 

0.13c±0.19 0.56d±0.67 0.51b±0.23 1.83b±1.33 1.82c±1.96 5.13a±2.03 5.13a±2.02 12.02c±3.69 12.02c±3.93 0.26c±4.66 0.62c±1.14 2.46b±0.77 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

0.13a±0.27 1.00a±0.95 0.16c±0.32 0.20b±1.88 3.81a±2.77 1.96a±2.87 1.96a±2.85 9.49c±5.21 9.49c±5.55 0.15c±6.59 0.46b±1.61 1.70a±1.09 (1-3) 4 

0.05c±0.38 0.29c±1.34 0.67a±0.45 1.18c±2.66 1.30c±3.91 1.30c±4.06 1.30c±4.03 15.33a±7.37 15.33a±7.85 0.20b±9.33 0.50a±2.28 1.05b±1.55 (4-6) 

0.07b±0.27 0.97b±0.95 0.35b±0.32 0.68a±1.88 1.79b±2.77 1.77b±2.87 1.77b±2.85 13.30b±5.21 13.30b±5.55 13.76a±6.59 0.43b±1.61 1.66a±1.09 (7-9) 

00000000 00000000 0000000 0000000 0000000 00000000 0000000 00000000 00000000 00000000 00000000 00000000 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

00000000 00000000 0000000 00000000 00000000 00000000 0000000 00000000 00000000 00000000 00000000 00000000 (1-3) 5 

0.04b±0.38 0.84b±1.34 0.39a±0.45 1.98a±2.66 2.03b±3.91 1.56b±4.06 1.56b±4.03 20.07a±7.37 20.07a±7.85 0.30b±9.33 0.58b±2.28 1.79b±1.55 (4-6) 

0.14a±0.19 1.06a±0.67 0.25b±0.23 0.38b±1.33 3.04a±1.96 2.12a±2.03 2.12a±2.02 9.55b±3.69 9.55b±3.93 7.16a±4.66 0.78a±1.14 2.65a±0.77 (7-9) 

00000000 00000000 00000000 00000000 00000000 00000000 0000000 00000000 00000000 00000000 00000000 0000000 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 
a-dThe values in the same row with different superscript are significantly different (P˂0.05). NS = not significant. 

 
Continue Table 7 

C22:6n3 C24:1 C24:0 C20:5n3 C22:2 C23:0 C20:4n6 C22:1n9 C20:3n3 C22:0 C20:3n6 C20:2 
Stages of 

lactation 

Parity 

No. 

0.07b±0.20 0.06b±0.07 0.07b±0.09 0.06c±0.07 0.03b±0.02 0.07b±0.03 0.18c±0.13 0.05c±0.03 0.06a±0.02 0.05a±0.03 0.14a±0.08 0.13a±0.08 (1-3) (1-2) 

0.60c±0.20 0.06b±0.07 0.05c±0.07 0.13a±0.07 0.02c±0.02 0.08a±0.03 0.21b±0.13 0.06b±0.03 0.03b±0.02 0.04b±0.03 0.11b±0.08 0.11b±0.08 (4-6) 

0.18a±0.23 0.05c±0.08 0.02d±0.12 0.08b±0.08 0.04a±0.042 0.05c±0.04 0.22a±0.14 0.07a±0.04 0.03b±0.04 0.04b±0.03 0.07d±0.09 0.07d±0.09 (7-9) 

0.01d±0.52 0.11a±0.18 0.71a±0.12 0.08b±0.18 0.03b±0.05 0.02d±0.08 0.02d±0.15 0.02d±0.09 0.03b±0.04 0.01c±0.07 0.08c±0.20 0.08c±0.20 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

0.05d±0.52 0.06b±0.18 0.03d±0.12 0.14a±0.18 0.02d±0.05 0.12a±0.04 0.18a±0.34 0.04d±0.09 0.04b±0.04 0.10a±0.07 0.24b±0.20 0.24a±0.20 (1-3) 3 

0.34a±0.37 0.04c±0.18 0.07c±0.12 0.09b±0.12 0.05b±0.03 0.06c±0.06 0.18a±0.24 0.08b±0.06 0.03c±0.03 0.03d±0.05 0.05d±0.14 0.06c±0.14 (4-6) 

0.12c±0.52 0.23a±0.18 0.28a±2.34 0.02c±0.18 0.08a±0.05 0.03d±0.08 0.17b±0.34 0.09a±0.09 0.09a±0.04 0.08c±0.07 0.24b±0.20 0.24a±0.20 (7-9) 

0.33b±0.26 0.04c±0.09 0.09b±1.17 0.14a±0.09 0.04c±0.24 0.09b±0.04 0.07c±0.17 0.07c±0.06 0.09a±0.05 0.09b±0.03 0.16c±0.09 0.16b±0.10 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

0.73b±0.37 0.15b±0.13 0.06b±1.65 0.04c±0.12 0.12a±0.03 0.26a±0.06 0.35a±0.24 0.08a±0.06 0.02c±0.03 0.01c±0.05 0.13a±0.14 0.13a±0.14 (1-3) 4 

1.03a±0.52 0.24a±0.18 0.28a±2.34 0.19b±0.18 0.03b±0.05 0.04c±0.08 0.05c±0.34 0.02b±0.09 0.06a±0.04 0.05a±0.07 0.05b±0.20 0.05b±0.20 (4-6) 

0.04c±0.37 0.08c±0.13 0.05c±1.65 0.23a±0.12 0.03b±0.03 0.08b±0.06 0.19b±0.24 0.08a±0.06 0.03b±0.03 0.03b±0.05 0.13a±0.14 0.13a±0.14 (7-9) 

000000000 000000000 000000000 000000000 00000000 00000000 00000000 00000000 000000000 00000000 00000000 00000000 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

000000000 000000000 000000000 00000000 00000000 00000000 000000000 00000000 000000000 000000000 00000000 00000000 (1-3) 5 

0.06b±0.52 0.05b±0.18 0.03a±2.34 0.10a±0.18 0.02b±0.05 0.07b±0.08 0.16b±0.34 0.07b±0.09 0.03b±0.04 0.03b±0.07 0.01b±0.20  0.01b±0.20 (4-6) 

0.36a±0.26 0.08a±0.09 0.03a±1.17 0.08b±0.09 0.08a±0.02 0.15a±0.04 0.26a±0.17 0.08a±0.05 0.04a±0.02 0.04a±0.03 0.16a±0.10 0.16a±0.10 (7-9) 

000000000 000000000 000000000 00000000 00000000 00000000 00000000 00000000 00000000 000000000 00000000 00000000 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 
a-dThe values in the same row with different superscript are significantly different (P˂0.05). NS= not significant. 

 

Table 8 

Milk long chain fatty acids (MLCFAs) composition (%) of Butana camel in traditional nomadic system at different 

parity and stages of lactation 

C21:0 C20:1 C18:3n3 C18:3n6 C20:0 C18:2n6c C18:2n6t C18:1n9c C18:1n9t C18:0 C17:1 C17:0 
Stages of 

lactation 

Parity 

No. 

0.42a±0.19 3.17a±0.67 0.07a±0.23 2.66b±1.33 4.93b±1.96 7.99b±2.03 7.99b±2.02 0.01b±3.69 0.01b±3.93 22.82a±4.66 1.48a±1.41 0.05b±0.77 (1-3) (1-2) 

00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 (4-6) 

00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 (7-9) 

0.37b±0.19 3.09b±0.67 0.07a±0.23 2.72a±1.33 8.54a±1.96 10.19a±2.03 10.19a±2.02 0.02a±3.69 0.02a±3.93 15.77b±4.66 1.36b±1.14 0.08a±0.77 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

0.54b±0.16 5.25b±0.55 0.10a±0.19 3.76c±3.38 10.32b±1.60 11.43b±1.66 11.43b±1.65 2.81a±3.01 2.81a±3.21 0.02c±3.81 1.50a±0.93 0.19a±0.63 (1-3) 3 

0.87a±0.22 7.99a±0.77 0.05d±0.26 4.71b±1.54 13.30a±2.26 11.99a±2.35 11.99b±2.33 0.01d±4.26 0.01d±4.53 0.07c±5.38 1.09c±1.32 0.08c±0.89 (4-6) 

0.27d±0.22 2.23d±0.77 0.08b±0.26 4.72a±1.54 5.24d±2.26 7.62d±2.35 7.62d±2.33 0.09c±4.26 0.08c±4.53 10.71a±5.38 0.83d±1.32 0.12b±0.89 (7-9) 

0.42c±0.16 4.23c±0.77 0.06c±0.19 3.76c±1.09 5.29c±2.26 11.17c±1.66 11.17c±1.65 2.71b±3.01 2.68b±3.21 9.26b±3.81 1.39b±0.93 0.04d±0.63 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

0.62b±0.27 6.56a±0.95 0.03a±0.32 4.24b±1.88 11.84a±2.77 11.81b±2.87 11.81b±2.85 0.01b±5.21 0.01b±5.55 0.02b±3.81 1.48a±1.61 0.07b±1.09 (1-3) 4 

00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 (4-6) 

00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 (7-9) 

1.19a±0.17 4.62b±0.55 0.51b±0.19 7.37a±1.09 10.17b±1.60 12.74a±4.06 12.74a±1.65 0.05a±3.01 0.05a±3.21 0.29a±3.81 0.93b±0.93 1.51a±0.63 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

0.65a±0.38 8.88a±1.34 0.03c±0.45 4.08a±2.66 4.65a±3.91 13.38a±4.06 13.38a±4.03 0.01b±7.37 0.01b±7.85 1.02b±9.33 0.32c±2.28 0.01d±1.55 (1-3) 5 

0.54c±0.38 1.84d±1.34 0.10d±0.45 2.79d±2.66 2.60c±3.91 8.89d±4.06 8.89d±4.03 0.08a±7.37 0.08a±7.85 0.22c±9.33 0.01d±2.28 5.06a±1.55 (4-6) 

0.56b±0.38 5.07b±1.34 0.04b±0.45 2.91c±2.66 1.54d±3.91 12.7b±4.06 12.7b±4.03 0.01b±7.37 0.01b±7.85 3.82a±9.33 1.83a±2.28 0.07c±1.55 (7-9) 

0.31c±0.38 3.56c±1.34 0.09a±0.45 3.51b±2.66 2.68b±3.91 8.92c±4.06 8.92c±4.03 0.01b±7.37 0.01b±7.85 0.19d±9.33 0.38b±2.28 3.57b±1.55 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 
a-dThe values in the same row with different superscript are  significantly different (P˂0.05).  NS= not significant. 
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Continue Table 8 

C22:6n3 C24:1 C24:0 C20:5n3 C22:2 C23:0 C20:4n6 C22:1n9 C20:3n3 C22:0 C20:3n6 C20:2 
Stages of 

lactation 

Parity 

No. 

0.03
a
±0.26 0.18

a
±0.09 0.28

a
±1.17 0.10

b
±0.09 0.11

a
±0.02 0.01

a
±0.04 0.68

b
±0.17 0.07

a
±0.05 0.03

a
±0.02 0.03

a
±0.03 0.42

a
±0.10 0.42

a
±0.10 (1-3) (1-2) 

000000000 000000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 (4-6) 

000000000 000000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 (7-9) 

0.03
a
±0.26 0.05

b
±0.09 0.19

b
±1.17 0.03

a
±0.09 0.09

b
±0.02 0.01

a
±0.04 0.70

a
±0.17 0.05

b
±0.05 0.01

b
±0.02 0.01

b
±0.03 0.37

b
±0.10 0.37

b
±0.10 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

0.05
b
±0.07 0.10

a
±0.07 0.31

a
±0.95 0.25

a
±0.07 0.20

b
±0.20 0.09

a
±0.03 1.19

b
±0.14 0.17

b
±0.04 0.04

a
±0.02 0.03

b
±0.03 0.53

b
±0.08 0.53

b
±0.08 (1-3) 3 

0.03
c
±0.30 0.09

b
±0.10 0.20

b
±1.35 0.01

c
±0.10 0.26

a
±0.03 0.01

d
±0.05 1.71

a
±0.20 0.03

d
±0.05 0.01

c
±0.03 0.01

c
±0.04 0.88

a
±0.12 0.88

a
±0.12 (4-6) 

1.12
a
±0.30 0.04

d
±0.10 0.20

b
±1.35 0.11

b
±0.10 0.11

d
±0.03 0.05

b
±0.05 0.49

d
±0.20 0.11

c
±0.05 0.04

a
±0.03 0.07a±0.04 0.20

d
±0.12 0.20

d
±0.12 (7-9) 

0.02
d
±0.21 0.08

c
±0.07 0.07

c
±0.09 0.01

c
±0.07 0.13

c
±0.02 0.02

c
±0.03 0.94

c
±0.14 0.19

a
±0.04 0.02

b
±0.02 0.01

c
±0.03 0.43

c
±0.08 0.43

c
±0.08 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

0.06
b
±0.37 0.16

a
±0.13 0.09

b
±1.65 0.26

a
±0.12 0.21

a
±0.03 0.03

b
±0.06 1.35

a
±0.24 0.02

b
±0.06 0.05

a
±0.02 0.01

b
±0.03 0.62

a
±0.14 0.62

a
±0.14 (1-3) 4 

000000000 000000000 00000000 00000000 00000000 00000000 00000000 00000000 000000000 00000000 00000000 00000000 (4-6) 

000000000 000000000 00000000 00000000 00000000 00000000 00000000 00000000 000000000 00000000 00000000 00000000 (7-9) 

0.57
a
±0.21 0.09

b
±0.07 0.13

a
±0.95 0.02

b
±0.07 0.18

b
±0.02 0.04

a
±0.03 0.89

b
±0.14 0.18

a
±0.04 0.05

a
±0.02 0.02

a
±0.09 0.51

b
±0.08 0.51

b
±0.08 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

0.01
b
±0.52 0.17

d
±0.18 0.30

b
±2.34 0.27

a
±0.18 0.22

a
±0.05 0.08

b
±0.08 1.96

a
±0.34 0.02c±0.09 0.02

b
±0.04 0.02

b
±0.07 0.63

b
±0.20 0.63

b
±0.20 (1-3) 5 

0.01
b
±0.52 0.56

b
±0.18 0.71

a
±2.35 0.04

b
±0.18 0.09

c
±0.05 0.04

c
±0.08 0.16

d
±0.34 0.16b±0.09 0.01

c
±0.04 0.01

c
±0.07  0.31

c
±0.20 0.31

c
±0.20 (4-6) 

0.03
a
±0.52 0.23

c
±0.18 0.17

c
±2.34 0.02

c
±0.18 0.17

b
±0.05 0.38

a
±0.05 0.91

b
±0.34 0.25

a
±0.09 0.01

c
±0.04 0.01

c
±0.07 0.56

a
±0.20 0.56

a
±0.20 (7-9) 

0.01
b
±0.52 0.83

a
±0.18 0.10

d
±2.34 0.01

d
±0.18 0.05

d
±0.05 0.01

d
±0.08 0.57

c
±0.34 0.25

a
±0.09 0.07

a
±0.04 0.07

a
±0.07 0.31

c
±0.20 0.31

c
±0.20 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

a-dThe values in the same row with different superscript are significantly different (P˂0.05). NS= not significant. 

 

Table 9 

Milk long chain fatty acids (MLCFAs) composition (%) of Nefidia camel in traditional nomadic system at different 

parity and stages of lactation 

C21:0 C20:1 C18:3n3 C18:3n6 C20:0 C18:2n6c C18:2n6t C18:1n9c C18:1n9t C18:0 C17:1 C17:0 

Stages 

of 

lactation 

Parity 

No. 

0.25
a
±0.22 1.27

c
±0.77 0.15

a
±0.26 1.94

c
±1.54 0.77

d
±12.26 4.72

c
±2.35 5.60

c
±2.33 6.58

a
±4.26 14.49

a
±4.53 0.27

c
±5.38 0.32

d
±1.32 0.52

d
±0.89 (1-3) (1-2) 

0.23
b
±0.16 1.78

a
±0.55 0.12

b
±0.19 3.10

b
±1.95 2.16

b
±1.09 5.87

b
±1.66 5.87

b
±1.65 4.40

c
±3.01 4.39

c
±3.44 2.50

b
±3.81 4.43

a
±0.93 0.60

b
±0.63 (4-6) 

0.17
d
±0.22 1.22

d
±0.77 0.10

c
±0.62 1.39

d
±1.54 1.39

c
±2.26 2.82

d
±2.35 2.82

d
±2.33 4.56

b
±4.26 8.62

b
±4.53 12.11

a
±5.38 0.94

c
±1.32 2.13

a
±0.89 (7-9) 

0.19
c
±0.38 1.56

b
±1.34 0.06

d
±0.45 4.06

a
±2.66 2.20

a
±3.91 11.88

a
±4.06 11.88

a
±4.03 0.15

d
±7.37 0.15

d
±7.85 0.26

d
±9.33 1.99

b
±2.28 0.56

c
±0.55 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

0.85
a
±0.17 1.07

b
±0.60 0.75

a
±0.20 3.29

b
±1.19 3.89

b
±1.75 5.16

b
±1.82 5.16

b
±1.80 11.56

b
±3.30 11.56

b
±3.51 0.14

c
±4.17 1.09

b
±1.02 0.58

c
±0.69 (1-3) 3 

0.60
b
±0.17 3.26

a
±0.77 0.10

c
±0.26 4.34

a
±1.54 6.90

a
±2.26 8.92

a
±2.35 8.92

a
±2.33 0.05

c
±4.26 0.05

c
±4.53 10.51

a
±5.38 1.31

a
±1.32 3.38a±0.89 (4-6) 

0.07
c
±0.19 0.96

c
±0.67 0.24

b
±0.23 1.58

c
±1.33 1.74

c
±1.96 0.83

c
±2.03 0.83

c
±2.02 24.73

a
±3.69 16.66

a
±3.93 0.29

b
±4.66 0.66

c
±1.14 1.87

b
±0.77 (7-9) 

00000000 00000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 000000000 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

0.07
c
±0.22 1.05

b
±0.77 0.24

b
±0.57 1.38

b
±1.54 1.57

c
±2.26 0.86

c
±2.35 0.86

b
±4.28 18.13

a
±4.26 10.50

b
±4.53 0.37

c
±5.38 0.99

b
±5.38 1.15

c
±0.89 (1-3) 4 

0.13
b
±0.38 1.22

a
±1.34 0.83

a
±0.45 0.13

c
±2.66 2.88

b
±3.91 2.90

a
±4.06 2.90

c
±4.03 0.04

c
±7.37 0.40

c
±7.85 0.39

b
±9.53 1.26

a
±2.28 5.47

a
±1.55 (4-6) 

0.24
a
±0.14 0.98

c
±0.51 0.19

c
±0.17 2.66

a
±1.01 3.12

a
±1.48 1.20

b
±1.54 1.20

a
±1.52 13.25

b
±2.79 13.24

a
±2.97 2.58

a
±3.53 0.56

c
±0.86 1.88

b
±0.59 (7-9) 

00000000 00000000 00000000 000000000 000000000 00000000 000000000 000000000 000000000 000000000 00000000 000000000 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig 

00000000 00000000 000000000 000000000 00000000 000000000 00000000 000000000 000000000 000000000 00000000 000000000 (1-3) 5 

0.04
b
±0.38 0.07

b
±1.34 0.13

a
±0.45 0.05

b
±2.66 1.92

b
±3.91 0.89

b
±4.06 0.89

b
±4.03 15.29

a
±7.37 15.28

a
±7.85 0.17

b
±9.33 0.20

b
±2.28 0.95

a
±1.55 (4-6) 

0.40
a
±0.38 1.67

a
±1.34 0.07

b
±0.45 4.83

a
±2.66 2.56

a
±3.91 7.71

a
±4.06 7.71

a
±4.03 0.19

b
±7.37 0.19

b
±7.85 0.34

a
±9.33 1.88

a
±2.28  0.03

b
±1.55 (7-9) 

00000000 0000000000 000000000 00000000 000000000 000000000 000000000 000000000 0000000000 000000000 00000000 000000000 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

a-dThe values in the same row with different superscript are significantly different (P˂0.05). NS = not significant. 

 

Continue Table 9 

C22:6n3 C24:1 C24:0 C20:5n3 C22:2 C23:0 C20:4n6 C22:1n9 C20:3n3 C22:0 C20:3n6 C20:2 

Stages 

of 

lactation 

Parity 

No. 

0.21
a
±0.30  0.52

a
±0.10 8.34

a
±1.35 0.02

b
±0.10 0.07

a
±0.03 0.01

d
±0.05 0.25

c
±0.20 0.07

d
±0.05 0.02

b
±0.03 0.07

c
±0.04 0.26

a
±0.12 0.25

a
±0.12 (1-3) (1-2) 

0.09
c
±0.21 0.07c±0.07 0.20

b
±0.95 0.02

b
±0.07 0.07

a
±0.02 0.02

c
±0.03 0.43

b
±0.14 0.09

b
±0.04 0.04

a
±0.02 0.08

b
±0.03 0.23

b
±0.08 0.23

b
±0.08 (4-6) 

0.02
d
±0.30 0.03

d
±0.10 0.12

c
±1.35 0.06

a
±0.10 0.03

b
±0.03 0.05

b
±0.05 0.25

c
±0.20 0.08

c
±0.05 0.02

b
±0.03 0.14

a
±0.04 0.19

c
±0.12 0.19

c
±0.12 (7-9) 

0.18
b
±0.52 0.18

b
±0.18 0.12

c
±2.34 0.02

b
±0.10 0.03

b
±0.05 0.06

a
±0.08 0.41

a
±0.34 0.14

a
±0.09 0.01

c
±0.04 0.01

d
±0.07 0.19

c
±0.20 0.19

c
±0.20 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

0.07
c
±0.23 0.14

a
±0.08 0.08

b
±1.05 0.41

a
±0.08 0.06

b
±0.02 0.06

b
±0.04 0.37

b
±0.15 0.05

a
±0.04 0.01

a
±0.02 0.01

a
±0.03 0.28

b
±0.09 0.28

b
±0.09 (1-3) 3 

0.10
b
±0.30 0.07

b
±0.10 0.18

a
±1.35 0.17

b
±0.10 0.11

a
±0.03 0.02

c
±0.05 0.55

a
±0.20 0.04

b
±0.05 0.01

a
±0.03 0.01

a
±0.03 0.46

a
±0.12 0.46

a
±0.12 (4-6) 

0.32
a
±0.26 0.03

c
±0.09 0.03

c
±1.17 0.09

c
±0.09 0.04

c
±0.02 0.08

a
±0.04 0.14

c
±0.17 0.04

b
±0.05 0.01

a
±0.02 0.01

a
±0.03 0.05

c
±0.10 0.05

c
±0.10 (7-9) 

00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 000000000 00000000 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 

0.73
a
±0.30 0.16

b
±0.10 0.11

b
±1.35 0.20

b
±0.10 0.05

c
±0.03 0.06

c
±0.05 0.24a±0.20 0.05

c
±0.05 0.02

c
±0.03 0.03

b
±0.04 0.08

b
±0.12 0.08

c
±0.12 (1-3) 4 

0.43
b
±0.52 0.28

a
±0.18 0.28

a
±2.34 0.03

c
±0.18 0.07

a
±0.05 0.18

a
±0.08 0.17

c
±0.34 0.12

a
±0.09 0.12

a
±0.04 0.11

a
±0.07 0.25

a
±0.23 0.25

b
±0.20 (4-6) 

0.29
c
±0.20 0.08

c
±0.07 0.01

c
±0.88 0.18

a
±0.07 0.06

b
±0.02 0.09

b
±0.03 0.21

b
±0.13 0.10

b
±0.03 0.04

b
±0.02 0.02

c
±0.03 0.03

c
±0.08 0.34

a
±0.08 (7-9) 

00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig 

00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 (1-3) 5 

0.08
a
±0.52 0.08

b
±0.18 0.53

a
±2.34 0.02

b
±0.18 0.04

b
±0.05 0.02

b
±0.08 0.16

b
±0.34 0.02

b
±0.09 0.02

a
±0.04 0.02

a
±0.07 0.08

b
±0.20 0.08

b
±0.20 (4-6) 

0.05
b
±0.52 0.81

a
±0.18 0.29

b
±2.34 0.11

a
±0.18 0.06

a
±0.05 0.03

a
±0.08 0.54

a
±0.35 0.22

a
±0.09 0.02

a
±0.04 0.01

b
±0.07 0.40

a
±0.20 0.40

a
±0.20 (7-9) 

00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000 (≥10) 

NS NS NS NS NS NS NS NS NS NS NS NS Sig. 
a-dThe values in the same row with different superscript are significantly different (P˂0.05). NS = not significant. 
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Table 10 

Overall mean of milk fat composition (%) of SCFA, MCFA, and LCFA in three Sudanese camels ecotypes 

Sig. LCFAs MCFAs SCFAs Stage of lactations/months Parity No. Breeds 

NS 07.91b±03.87 73.71b±06.98 57.95a±05.53 (1-3) (1-2) Kenana 

NS 8.46a ±07.31 75.35b±06.98 48.72b±05.53 (4-6) 

NS 05.56c±04.58 59.27c±80.26 41.06b±06.55 (7-9) 

NS 03.04c±10.25 95.97a±18.46 49.97b±14.64 (≥10) 

NS 13.83a±10.25 59.66c±18.46 26.48b±14.64 (1-3) 3 

NS 05.84c±07.25 59.69b±13.05 39.22b±10.35 (4-6) 

NS 08.21c±10.25 89.30a±18.46 55.57a±14.64 (7-9) 

NS 11.34b±05.12 69.88b±09.23 48.78a±07.32 (≥10) 

NS 09.28a±07.25 88.78b±13.05 49.65a±10.35 (1-3) 4 

NS 06.34b±10.25 92.36a±18.46 51.04a±14.64 (4-6) 

NS 06.69b±07.25 91.54a±13.05 42.50b±10.35 (7-9) 

NS 00000000000 00000000000 00000000000 (≥10) 

NS 00000000000 00000000000 00000000000 (1-3) 5 

NS 07.48b±10.25 90.98a±18.46 38.73b±14.64 (4-6) 

NS 08.49a±05.12 89.42b±09.23 41.91a±07.32 (7-9) 

NS 00000000000 00000000000 00000000000 (≥10) 

NS 21.56b±00.12 70.46a±09.23 42.48b±07.32 (1-3) (1-2) Butana 

NS 00000000000 00000000000 00000000000 (4-6) 

NS 00000000000 00000000000 00000000000 (7-9) 

NS 26.84a±05.12 62.97b±09.23 45.70a±07.32 (≥10) 

NS 34.84b±04.18 53.74b±07.54 39.53b±05.98 (1-3) 3 

NS 43.03a±05.92 44.99c±10.66 43.70b±08.45 (4-6) 

NS 22.84c±11.06 69.54a±10.66 47.54a±08.45 (7-9) 

NS 36.38c±04.18 63.45a±07.54 47.45a±05.98 (≥10) 

NS 38.52b±07.25 49.67a±13.05 48.05a±10.35 (1-3) 4 

NS 00000000000 00000000000 00000000000 (4-6) 

NS 00000000000 00000000000 00000000000 (7-9) 

NS 39.29a±04.18 47.97b±07.54 40.96b±05.98 (≥10) 

NS 36.25a±10.25 50.58c±18.45 50.21b±14.64 (1-3) 5 

NS 17.56b±10.25 73.55a±18.46 68.09a±14.64 (4-6) 

NS 25.78b±10.25 61.48b±18.46 55.70b±14.64 (7-9) 

NS 20.69c±10.25 70.41a±18.46 66.21a±14.64 (≥10) 

NS 19.38a±05.92 75.01b±10.66 46.22b±08.45 (1-3) (1-2) Nefidia 

NS 14.81b±04.18 79.30b±07.54 60.64a±05.98 (4-6) 

NS 7.71c±05.920 89.46a±10.66 58.24b±08.45 (7-9) 

NS 21.31a±10.25 66.82c±18.46 63.68a±14.64 (≥10) 

NS 16.82b±04.58 78.00a±08.26 47.83a±06.55 (1-3) 3 

NS 26.22a±05.92 64.84c±10.66 49.52a±08.45 (4-6) 

NS 6.01c±05.120 93.15a±09.23 36.37b±07.32 (7-9) 

NS 00000000000 00000000000 00000000000 (≥10) 

NS 6.99b±05.920 92.16a±16.71 48.93b±08.45 (1-3) 4 

NS 09.82a±10.25 87.26b±18.46 52.43a±14.64 (4-6) 

NS 10.17a±03.87 88.62b±06.98 45.64b±05.53 (7-9) 

NS 00000000000 00000000000 00000000000 (≥10) 

NS 00000000000 00000000000 00000000000 (1-3) 5 

NS 04.35b±10.25 94.75a±18.46 55.34b±14.64 (4-6) 

NS 19.25a±10.25 73.04b±18.46 70.35a±14.64 (7-9) 

NS 00000000000 00000000000 00000000000 (≥10) 

NS 16.73a±01.23 74.25a±02.22 49.25a±01.76 Overall mean±SE 

SCFAs: Short Chain Fatty Acids from (C4:0 to C12:0) 

MCFAs: Medium Chain Fatty Acids from (C13:0 to C16:1) 

LCFAs: Long Chain Fatty Acids from (C17:0 to C22:6n3) 
a-dThe values in the same row with different superscript are  not significantly different (P˂0.05).  

NS = not significant.  
 

4. CONCLUSION 

 

The fatty composition of Arabi camels’ milk 

from Sudan confirmed the nutritional and 

health interest of this product. Camel’s milk 

seems to be very different from other 

mammalian milk consumed by humans in types 

of fatty acids composition and in its lower 
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content of long chain fatty acids (LCFAs). In 

spite of the large number of samples studied, a 

more significant number of camel milk samples 

would be necessary to understand better the 

variability in fat composition but the high 

number of the variable factors (management 

system, breed, parity, and stage of lactation) in 

the present study. 
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