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Abstract — The fatty acid composition and cholesterol content of 22 camel’s milk samples from dif-
ferent regions of Kazakhstan were determined, in different seasons and with different camel species
(Bactrian, dromedary and hybrids). Camel milk fat differed from mammalian fats by its high con-
tent of the long-chain fatty acids C14:0, C16:0, C18:0 and C18:1. Great differences in fatty acid
composition occurred between regions. Short-chain fatty acids (C8:0 and C10:0) were in higher
proportion in spring and long-chain fatty acids (C17:0 and C17:1) in autumn. Dromedary milk had
a higher proportion of C17:0iso and C18:1 than Bactrian milk. The ratio of unsaturated/saturated
acid was more favorable in camel’s milk compared with that of cows or other mammalians. All of
these parameters gave a nutritional advantage to camel’s milk, although it had a higher content of
cholesterol (37.1 mg-100 g~') than cow’s milk. Multivariate analysis allowed the identification of
four types of fatty acid profiles with a clear opposition between the samples rich in short-chain fatty
acids and the samples rich in long-chain fatty acids. These results confirmed that environmental and
farming conditions allowed modulation of the lipid composition of camel’s milk.
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Résumé — Composition des lipides du lait de chamelle (Camelus bactrianus, Camelus drome-
darius et hybrides) au Kazakhstan. La composition en acides gras et la teneur en cholestérol
ont été déterminées dans 22 échantillons de lait de chamelle du Kazakhstan, provenant de diffé-
rentes régions, a différentes saisons et de différentes especes (chameau de Bactriane, dromadaire et
hybrides). La matiere grasse du lait de chamelle comprend comme acides majeurs C14:0, C16:0,
C18:0 et C18:1. Les acides gras a chaines courtes (C8:0, C10:0) sont en proportion plus élevée au
printemps et ceux a chaines longues (C17:0, C17:1) en automne. Le lait de dromadaire a surtout
une plus forte proportion en C17:0iso et C18:1 que le lait de Bactriane. Le rapport acides insatu-
rés/acides saturés est en faveur du lait de chamelle comparé au lait de vache. Cette composition
donne un avantage nutritionnel au lait de chamelle, mais sa teneur en cholestérol (37,1 mg-100 g™!)
est plus élevée que dans le lait de vache. L’analyse multivariée a permis d’identifier quatre types
de profils d’acides gras avec une claire opposition entre des laits riches en acides a courtes chalnes
et des laits riches en acides a longues chaines. Ces résultats confirment que I’environnement et les

conditions d’élevage permettent de moduler la composition des lipides du lait de chamelle.

lait de chamelle / lipides / acides gras / cholestérol / Kazakhstan

1. INTRODUCTION

In Kazakhstan, the genus Camelus in-
cludes two species cohabiting in the same
areas and even on the same farms: the one-
humped camel (Camelus dromedarius) and
the Bactrian two-humped camel (Camelus
bactrianus), and their hybrids [16]. This
particular fact allows the comparison of
milk composition of those animals reared
in similar environment. Elsewhere, raw
camel’s milk and a fermented product
(named shubat) have always been an im-
portant food for Kazakh peoples. Shubat is
especially renowned and is used for some
medicinal purposes [9, 18]. Milk fatty acid
composition is one of the aspects linked
to the discussion on the health effects of
camel’s milk and milk products [27]. How-
ever, the fatty acid composition of camel’s
milk is not well documented [10], espe-
cially in Bactrian camels [28]. This study
carried out a precise analysis of lipids
by gas chromatography/mass spectrometry
and cholesterol contents for 22 milk sam-
ples from 4 different sites.

2. MATERIALS AND METHODS

2.1. Sampling procedure

Twenty-two camel’s milk samples were
used for the present study. They originated

from four regions of Kazakhstan (Almaty,
Atyrau, Aralsk and Shymkent) and the
milk was collected in four different sea-
sons. The samples came from 7 Bactrian
camels, 10 dromedaries, 3 hybrids and
2 from mixed milk. This sampling proce-
dure aimed to maximize the observed vari-
ability. The samples were collected after
milking, stored at 4 °C until they reached
the laboratory, then frozen and stored at
—18 °C until their analysis.

2.2. Laboratory analysis
2.2.1. Total milk lipid extraction

The extraction of total lipids in the
camel’s milk was based on the Rose-
Gottlieb method [8] with modification by
IDF 172:1995. As the method has never
formerly been described for camel’s milk,
samples of cow’s milk UHT Lactel® at
3.4% fats and half-skimmed UHT Lactel®
at 1.5% fats were used as references to test
the analysis protocol.

Milk samples were heated up to 40 °C in
tubes then put for 10 min in an ultrasonic
bath. Ten mL of the sample were mixed in
a flask by magnetic agitation with 2 mL
ammonia and 10 mL ethanol for 10 min,
then this solution was mixed in a separat-
ing funnel with 1 mL of 30% ammonia
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and 10 mL 95% (v/v) ethanol. Then 20 mL
ethylic ether were added and mixed for
1 min. Twenty mL hexane were added and
shaken. After separating into two phases,
the water phase was retained and the or-
ganic phase was decanted into another sep-
arating funnel. The extraction was repeated
twice with 20 mL hexane on the water
phase. The organic phase was filtrated on
hydrophobic cotton soaked in hexane and
covered with anhydrous sodium sulfate.

The filtrate was transferred to a round-
bottomed flask which had been dried for
30 min in an oven at 100 °C then kept for
30 min in a dessiccator. Hexane was re-
moved in a rotary vacuum evaporator at
50 °C, and then the flask was kept for
30 min at 100 °C, and for 45 min in a dess-
iccator before weighing.

The extracted lipids were stored in hex-
ane at 4 °C until analysis.

2.2.2. Fatty acid analyses

Fatty acids were determined after
methylation by gas chromatography and
were confirmed by mass spectrometry for
each milk sample.

A Varian 3400 gas chromatograph
(Ajax, Canada) was equipped with a non-
polar DB-Wax capillary column (molten
silica) of 60 m length, 0.32 mm diameter
and 0.25 wm film thickness. All other con-
ditions were those described by Collomb
and Biihler [7]. An Agilent 6890 Series GC
System (Massy, France) was used for mass
spectrometry with soft gcms 59. Some sat-
urated fatty acids are well known for their
risk regarding coronary heart disease. The
risk due to fatty acid composition can be
evaluated with the index of atherogenic-
ity. The index of atherogenicity (IA) was
calculated as reported by Ulbricht and
Southgate [27], namely:

aSQ+bSﬂ+ CS&
dP +eM + fM’

where: S;; = C12:0, S;4 = C14:0 and Sy4
= C16:0; P = sum of w6 and w3 PUFA; M
= oleic acid and M’ = sum of other MUFA.
a—f are empirical constants: b = 4 and a, c,
d, e and f are equal to 1.

Iso fatty acids were not included in the
calculation.

So, the final calculation of the IA was:
(C12:0 + (4*C14:0) + C16:0) / (C10:1 +
Cl4:1 + C16:1 + C17:1 + C18:1 + C18:2
+ C18:3).

2.2.3. Cholesterol analysis

The determination of cholesterol was
achieved by using the enzymatic kit of
R-Biopharm (Saint-Didier au Mont d’Or,
France) (Ref.: 10 139050 035) on 10 milk
samples.

2.2.4. Statistical analysis

As the objective is to have an idea of
the variability of fatty acid composition
with at least one sample in each cell re-
gion/species/season, ANOVA was not ap-
plicable to test the interactions. Only the
variations due to each factor separately
were tested (species, region or season).
Fatty acid profiles were achieved with mul-
tivariate analysis using Winstat© software
(CIRAD, Montpellier, France). In order to
take into account each fatty acid with the
same weight, the values were divided into
3 modalities with a balanced number of
samples in each modality: 1 for the lower
values (modality 1), 2 for the mean values
(modality m) and 3 for the higher values
(modality h). Finally, the obtained qualita-
tive data table was analyzed with multiple
correspondence factorial analysis (MCFA)
followed by a cluster analysis to identify
the types of samples according to their
fatty acid composition.
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Table 1. Fatty acid composition of camel milk fat in Kazakhstan.

# Acids Mean and SD # Acids Mean and SD
1 C4:0 0.37 £ 0.41 14 C16:0iso 0.28 £0.18
2 C6:0 0.38 £ 0.28 15 C16:0 31.34 +£4.19
3 C8:0 0.40 + 0.32 16 C16:1 6.93 + 1.54
4 C10:0 0.35 £ 0.40 17 C16:0dm 0.40 +£0.24
5 C10:1 0.85+1.15 18 C17:0iso 0.63 +0.30
6 C12:0 1.01 +0.46 19 C17:0 0.68 +0.22
7 C13:0 0.07 £ 0.21 20 C17:1 0.35+0.17
8 C14:0iso 0.16 £ 0.14 21 C18:0 16.33 £ 4.61
9 C14:0 12.83 +4.11 22 C18:1 21.40 +£5.40
10 Cl14:1 0.73 + 0.35 23 C18:2 1.37 £ 0.48
11 C14:0dm 0.38 +£0.27 24 C18:3 0.60 + 0.56
12 C15:0iso 0.79 + 0.20 25 C20:0 0.02 +0.07
13 C15:0 1.30 +0.34 26 C20:1 0.01 £0.04

Note: dm = 13-dimethyltetradecanoic.

3. RESULTS
3.1. Lipid composition

The average lipid concentration in our
samples was 6.40 (£2.69)%, with a wide
range from 3.52 to 14.06%. The compo-
sition of the main fatty acids (expressed
in % mass) in camel’s milk was C14:0,
12.8%; C16:0, 31.3%; C18:0, 16.3%;
and C18:1, 21.4% (Tab. I). On average,
the short-chain fatty acids (SCFA) were
1.16 (£ 0.93)%. The proportion was 18.49
(£ 5.60)% for medium chains (MCFA) and
80.36 (£ 6.33)% for long chains (LCFA).

Fatty acid (FA) composition showed
that many of them varied highly signifi-
cantly (P < 0.01), by regions especially:
C6:0, C14:0dm, C16:1, C17:0, C18:0 and
C18:3 (Tab. II). Other fatty acids var-
ied significantly at P < 0.05 (C12:0,
Cl14:1, C16:0, C16:0iso, C16:0dm, C17:1
and C18:1). The caproic acid (C6:0) per-
centage in the Almaty region (0.21%)
was threefold less than in the Shymkent
region (0.59%); 13-dimethyltetradecanoic
acid (C14:0dm) was 5 times higher in Al-
maty (0.65%) than in Shymkent (0.14%),
and palmitoleic (C16:1) acid was higher

in the Shymkent region (7.70%) and lower
in the Aralsk region (5.50%). Linolenic
acid (C18:3) was 4 times lower in the Al-
maty region (0.18%) than in the Shymkent
and Aralsk regions (0.95%). On average,
the milk samples from the Aralsk region
were significantly poorer in short-chain
fatty acids (Tab. II).

The fatty acid composition varied by
season, and the main variation involved es-
pecially (P < 0.01) C8:0, C10:0, C10:1,
C17:0, C17:1 and C20:0 (Tab. III). At
P < 0.05, C4:0 and C12:0 were sig-
nificantly higher in the spring season
(Tab. III). Caprylic (C8:0), capric (C10:0)
and 2-decylenoic acids were present in
higher concentration in the spring season.
Palmitic acid (C16) was lower in winter.
Arachidic acid (C20:0) content was higher
in winter than in all other seasons (Tab. III).
The seasonal effect was not significant on
the global composition.

Fatty acid composition by species
showed that C14:0, C17:0iso and C18:1
varied significantly at P < 0.01 (Tab. IV).
Four other FA varied significantly at P <
0.05 (C8:0, C12:0, C14:1 and C20:1).
The myristic acid (C14:0) concentration
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Table II. Fatty acid composition of camel milk fat from 4 regions of Kazakhstan (IA: index of
atherogenicity; SCFA: short-chain fatty acids; MCFA: medium-chain fatty acids; LCFA: long-chain
fatty acids).

Acids Almaty (n =6)  Atyrau (n = 6) Aralsk (n = 2) Shymkent (n = 8) P value
C4:0 0.37 £ 0.37 0.36 +0.14 0.09 +0.01 0.46 + 0.60 ns
C6:0 0.21 £0.16* 0.34 £ 0.16* 0.15 £ 0.01° 0.59 +0.34% 0.01
C8:0 0.23 £0.23 0.36 £ 0.21 0.17 £ 0.01 0.62 + 0.37 ns
C10:0 0.33 £0.52 0.23 +£0.13 0.11 £0.02 0.50 + 0.47 ns
C10:1 1.01 £ 1.60 0.65 +0.27 0.27 £ 0.02 1.03 + 1.38 ns
C12:0 0.76 = 0.22% 1.02 £0.18* 0.60 + 0.08° 1.31 £ 0.62% 0.02
C13:0 0.05 £ 0.07 0.03 £ 0.04 0.01 £0.01 0.14 £ 0.36 ns
C14:0iso 0.24 £0.12 0.15+0.11 0.10 £ 0.07 0.13+0.18 ns
C14:0 11.05 + 3.53 12.19 +2.93 10.60 + 0.85 15.20 + 4.98 ns
Cl4:1 0.70 £ 0.38* 0.57 £ 0.10* 0.41 +0.10° 0.96 +0.38% 0.03
C14:0dm 0.65 +£0.31* 0.41 +0.08* 0.49 + 0.04% 0.14 + 0.08° < 0.001
C15:0iso 0.84 £ 0.27 0.90 + 0.08 0.71 £0.05 0.70 + 0.21 ns
C15:0 1.31 £0.21 1.50 £ 0.42 1.20 £ 0.00 1.16 £ 0.35 ns
C16:0iso 0.44 +0.22° 0.28 £ 0.10* 0.26 + 0.02* 0.16 £0.11* 0.03
C16:0 30.61 £5.11* 27.93 + 3.05° 31.78 £ 1.34% 34.35 £ 2.50* 0.02
Cl1e6:1 7.65+2.11* 5.67 + 0.66° 5.50 + 0.26° 7.70 £0.73% < 0.001
C16:0dm 0.54 +£0.322 0.45 +£0.16* 0.56 + 0.04* 0.22 +0.12° 0.02
C17:0iso 0.91 +£0.22 0.64 +0.29 0.61 +£0.08 0.43 £0.25 ns
C17:0 0.70 £ 0.15* 0.83 £0.19* 0.78 £ 0.08* 0.54 + 0.24° 0.01
C17:1 0.45 +0.09* 0.37 £0.212 0.42 £ 0.04* 0.25 +0.16° 0.03
C18:0 15.13 + 4.95% 18.76 + 3.25% 22.30 + 0.77° 13.91 + 3.94% 0.003
C18:1 23.91 £ 591 24.57 + 4.55° 20.34 + 1.28* 17.42 + 3.87* 0.03
C18:2 1.65 + 0.67 1.38 £ 0.27 1.58 +£0.08 1.11 £0.42 ns
C18:3 0.18 +£0.13° 0.41 +£0.25% 0.96 + 0.24% 0.96 £0.71* 0.01
C20:0 0.08 £0.12 0.01 +0.02 0.00 0.00 ns
C20:1 0.02 +0.04 0.00 0.00 0.02 +£0.05 ns
1A 2.52 £ 0.60 2.59 + 0.88 2.01+0.34 3.11 +1.08 ns
SCFA 0.82 + 0.68* 1.06 + 0.38* 0.41 +0.02° 1.68 + 1.14% 0.03
MCFA 16.94 + 4.00 17.65 + 3.15 14.50 £ 0.73 21.27 £6.97 ns
LCFA 82.26 + 4.40 81.28 = 3.11 85.09 = 0.75 77.05 +7.94 ns

Means in a row with common superscripts do not differ.

(C12:0 + 4 x C14:0 + C16:0)
(C10:1 + C14:1 + C16:1 + C17:1 + C18:1 + C18:2 + C18:3)

1A =

SCFA = X C4:0 to C8:0.
MCFA = X C10:0 to C15:0.
LCFA =X C16:0 to C20:1.

was lower in dromedary milk sam- No significant variation was observed
ples than in mixed samples, contrary to  when the total of short-chain fatty acids /
iso-heptadecanoic (C17:0iso) and oleic medium-chain fatty acids / long-chain fatty
(C18:1) acids (Tab. I'V). acids was considered (Tab. IV).
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Table III. Fatty acid composition of camel milk fat harvested in 4 different seasons (IA: index of
atherogenicity; SCFA: short-chain fatty acids; MCFA: medium-chain fatty acids; LCFA: long-chain

fatty acids).
Acids Winter (n =3) Spring(n=8) Summer (n =8) Autumn (n=3) P value
C4:0 0.28 +0.24* 0.58 + 0.64° 0.26 + 0.09* 0.25 +0.09* 0.04
C6:0 0.14 £ 0.07 0.50 £ 0.32 0.40 £ 0.29 0.24 £0.12 ns
C8:0 0.10 + 0.07° 0.60 + 0.34* 0.40 £ 0.312 0.21 £0.07* < 0.001
C10:0 0.11 £0.07* 0.61 +0.56° 0.26 +0.18* 0.12 +£0.04% 0.001
C10:1 0.38 +£0.29* 1.54 + 1.75° 0.54 +£0.222 0.33 £0.11* 0.01
C12:0 0.72 + 0.30* 1.24 +0.61° 0.97 £ 0.37* 0.84 £0.18* 0.03
C13:0 0.03 £0.02 0.16 £ 0.35 0.02 +£0.03 0.03 £ 0.04 ns
C14:0iso 0.16 £ 0.03 0.18 £0.20 0.14 £0.11 0.18 £0.11 ns
C14:0 10.27 +2.28 14.24 + 4.63 12.49 + 3.97 12.57 + 4.87 ns
Cl4:1 0.47 £0.16 0.86 £ 0.45 0.68 £0.12 0.77 £ 0.56 ns
C14:0dm 0.46 +£0.14 0.36 +0.19 0.40 + 0.40 0.34 £0.17 ns
C15:0iso 0.76 £ 0.14* 0.67 £0.19* 0.88 +0.21° 0.92 +0.15° 0.02
C15:0 1.30 £ 0.22 1.18 £ 0.31 1.28 £0.27 1.65 +0.56 ns
C16:0iso 0.28 £0.15 0.29 £0.18 0.26 £ 0.22 0.27 £ 0.09 ns
C16:0 26.20 + 0.68° 30.69 + 3.14% 33.55 £ 3.72% 32.36 + 6.23% 0.04
C16:1 5.69 +0.36 6.63 + 1.61 7.26 +0.99 8.17 £2.64 ns
C16:0dm 0.45+£0.21 0.37 £0.17 0.44 £0.33 0.33 £0.18 ns
C17:0iso 0.80 +0.20 0.51 £0.21 0.63 +0.39 0.82 +0.30 ns
C17:0 0.68 + 0.05* 0.62 +£0.21* 0.66 + 0.24% 0.91 + 0.25° 0.003
C17:1 0.32 +£0.09* 0.31 £0.16* 0.32 £0.16* 0.56 + 0.17° 0.004
C18:0 19.02 +2.27 16.03 + 6.26 16.17 + 3.13 14.87 + 5.66 ns
C18:1 29.33 +1.38 19.72 + 4.73 20.16 + 4.69 21.28 +6.04 ns
C18:2 1.74 £0.70 1.42 +£0.50 1.23 £0.38 1.27 £0.55 ns
C18:3 0.09 £ 0.09 0.70 £ 0.48 0.62 + 0.66 0.75 £ 0.68 ns
C20:0 0.15 +0.14° 0.00? 0.01 +0.022 0.00? 0.001
C20:1 0.04 +0.05 0.02 +£0.05 0.00 0.00 ns
1A 2.56 £ 0.68 2.65 £ 1.07 2.85 £ 0.96 2.61 £0.16 ns
SCFA 0.52 +£0.29 1.67 £ 1.16 1.06 + 0.62 0.70 £ 0.11 ns
MCFA 14.66 +2.76 21.03 £ 6.21 17.64 + 4.46 17.76 + 4.06 ns
LCFA 84.81 + 3.06 7731 +7.17 81.29 +4.89 81.53 +4.63 ns

Means in a row with common superscripts do not differ.

The index of atherogenicity varied from
1.53 to 4.42 with an average of 2.71
(+0.95), but no significant variation was
observed between regions (Tab. II), sea-
sons (Tab. III) or species (Tab. IV).

3.2. Multivariate analysis

The multiple correspondence factorial
analyses allowed the identification of a
main factorial plan representing 35% of
the total variance. To facilitate the inter-

pretation of the factorial plan, only the
main fatty acids (C14:0, C16:0, C18:0 and
C18:1) were represented (Figs. 1 and 2).

By regarding the main fatty acids, the
first factor (F1) corresponded to a gradi-
ent of medium-chain fatty acids (Fig. 1)
from the right side of the plan (modalities
“low”) to the left side (modalities “high”)
as shown in Figure la (C14:0 and C16:0).
This gradient was reversed in the long-
chain fatty acids (C18:0 and C18:1) as the
modalities “high” are on the right side of
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Table IV. Fatty acid composition of camel milk fat by species of Kazakhstan (IA: index of athero-
genicity; SCFA: short-chain fatty acids; MCFA: medium-chain fatty acids; LCFA: long-chain fatty

acids).

Acids Bactrian (n = 7) Dromedary (n = 10) Hybrids (n = 3) Mix (n =2) P value
C4:0 0.54 £0.63 0.34 +£0.29 0.20 = 0.20 0.25 +0.09 ns
Ce6:0 0.46 +0.39 0.29 £0.16 0.35+£0.34 0.60 = 0.30 ns
C8:0 0.53 +0.41° 0.27 +£0.19* 0.41 + 0.44% 0.65 +0.17° 0.02
C10:0 0.46 £ 0.51 0.27 £ 0.39 0.30 £ 0.34 0.38 £ 0.01 ns
C10:1 1.15 + 1.44 0.81 + 1.22 0.54 + 0.60 0.51 +0.04 ns
C12:0 1.24 +0.58° 0.80 = 0.20* 1.00 + 0.69* 1.33 +£0.35° 0.03
C13:0 0.17 £ 0.38 0.03 + 0.06 0.01 +0.01 0.03 + 0.04 ns
C14:0iso 0.20 +£0.19 0.17 £0.17 0.06 + 0.02 0.09 +0.13 ns
C14:0 15.43 + 4.09* 10.10 + 1.32° 12.95 +5.71% 17.19 + 3.68% 0.001
C14:1 0.80 + 0.42% 0.57 +0.15° 0.86 + 0.52% 1.11 + 0.40* 0.04
C14:0dm 0.32 £0.17 0.50 £0.33 0.28 +£0.21 0.20 £0.13 ns
C15:0iso 0.77 £ 0.21 0.88 + 0.20 0.60 +0.13 0.72 + 0.00 ns
C15:0 1.41 +£0.50 1.24 +£0.18 1.07 £ 0.16 1.54 +0.38 ns
C16:0iso 0.22 £0.14 0.34 £ 0.21 0.21 £ 0.05 0.24 +£0.19 ns
C16:0 32.05 + 3.83 29.74 + 4.62 32.56 + 2.66 35.07 + 3.64 ns
Cl16:1 7.01 £2.01 6.60 + 1.31 6.74 £ 1.01 8.65 +£0.73 ns
C16:0dm 0.38 +0.20 0.44 +0.30 0.34 +0.21 0.34 +0.01 ns
C17:0iso 0.55 £ 0.27% 0.82 + 0.24° 0.49 +0.21* 0.23 +£0.32¢ 0.003
C17:0 0.65 +0.32 0.76 £ 0.17 0.61 £0.12 0.58 £0.15 ns
C17:1 0.33 £0.25 0.38 £0.13 0.33 £0.17 0.30 + 0.01 ns
C18:0 14.75 £ 5.55 17.82 £ 3.70 17.69 + 5.35 12.33 £ 1.92 ns
C18:1 18.78 + 4.68* 24.66 + 4.63° 20.64 + 5.38° 15.45 + 1.49% 0.002
C18:2 1.19 £ 0.45 1.61 £ 0.51 1.10 £ 0.41 1.26 + 0.27 ns
C18:3 0.60 + 0.41 0.51 £0.71 0.67 +0.36 0.88 +0.72 ns
C20:0 0.01 +0.02 0.05 +0.09 0.00 0.00 ns
C20:1 0.00? 0.01 +£0.03* 0.00* 0.07 + 0.10° 0.05
1A 2.30+0.71 2.75 £ 091 2.85+1.12 3.72 +£0.22 ns
SCFA 1.52 £ 1.25 0.89 £ 0.55 0.95 +£0.79 1.50 £ 0.39 ns
MCFA 21.95 +£5.70 15.38 +2.42 17.67 + 6.32 23.09 + 3.60 ns
LCFA 76.51 £ 6.76 83.73 £2.80 81.37£7.10 75.40 = 3.20 ns

Means in a row with common superscripts do not differ.

the main factor and modalities “low” on the
left side (Fig. 1b).

The ascending hierarchical classifica-
tion applied to the transformed data table
allowed 4 classes to be well distributed all
along the first factor (Fig. 2).

The description of these four classes
(Tab. V) confirmed the observed gradi-
ents. From the left side to the right side
of the main factor, the milk samples were
richer in long-chain fatty acids: for exam-
ple, the percentage of C18:0 was 12.3 in

class 1, 13.05in class 2, 18.3 in class 4 and
20.9 in class 3. Conversely, the medium-
chain fatty acids were in higher proportion
in class 1: for example, the percentage of
C14 was 17.4 in class 1, 14.9 in class 2,
10.1 in class 4 and 9.5 in class 3.

So, the class 1 included milk sam-
ples rich in short- and medium-chain fatty
acids but poor in long-chain fatty acids.
Those samples were from Bactrian camels
from the Shymkent region and collected in
spring and summer. The class 2 (richer in



G. Konuspayeva et al.

334

‘0:91D PUB O:%1D JO ([) MmO pue

(wr) ueow ‘(y) yS1y senifepow ay} jo suruonisod oy Surmoys sisA[eue [e110308] oouapuodsariod sidnnw woly Sunnsar ued [e110308] UIR]A *B] I3

0T

T @o0D
0o e

nra

w
¥

13010

qr0zd

WL

WD

R
Eam_tpt‘
.

o*
.
A d
*

TOSIETD

TOSHT

ik o

wpaTd

1512

B3 o
1781

L tatel
TOSITD

v W2 [V
o O A

) -T0

TS

*
YOSILT
YRR

HUpat

OsIOTD

wan

wing

URUR
NOSIETD

LD

7 @000



335

Lipid composition of camel milk

(w) ueaw ‘() ySry seniepow oy} jo Suruonisod oy Surmoys sisA[eue [e11030e] 9ouapuodsariod oidnnuw

071

T @I00D

0

0

‘1:81D PUB (:81D JO ([) MmO pue
wolj Sunnsar ued [eLI0ow} UIRIA *q 3INJL

LNt}

|LN]

el B

4l 0zo

WL

WS

uEer

e 810

TosIETD

I781)

TSI PRy

R )

paTd

T0sI91D

.
|B.O|
|©.D|
Do
rio [T
#1n€ 0

éHP- us® -T0"

-10
0T

YOS
Ltsn)]

HWRBID

INDSIOT)

w1

URuR
NOsISTD

LD

-10
-T0
-€0
-0
50
-9°0
-L°0
-80
-60
-0'T
1T
7 @00




336 G. Konuspayeva et al.

-1.0 -0.5

0.0 03— 10

COORD 1

Figure 2. Representation of the four classes resulting from classification analysis on the main fac-
torial plan showing the distribution of the four groups of samples all along the main factor.

Table V. Percentage of fatty acids (short-chain
C4:0 to C8:0, medium-chain C10:0 to C16:0,
and long-chain C17:0 to C20:0) in the different
classes issued from the classification analysis.

Class number
1 2 4 3
C4:0-C8:0 2.15 1.28 0.81 0.37
C10:0-C16:0 66.82 60.36 53.65 49.19
C17:0-C20:0 31.03 38.49 45.52 50.48

Fatty acid groups

C10:1, Cl4iso and C15:0) was character-
istic of dromedaries living in the Atyrau
region in spring. The class 4 (richer in
Cl5iso, C17:0 and C17:1) was linked
to the dromedaries from the Aralsk and
Almaty regions in winter milk only. Fi-
nally, class 3, the richest milk in long-chain
fatty acids, came from dromedaries and hy-
brids from all over Kazakhstan (except the
Aralsk region), especially in summer milk.

3.3. Cholesterol content

In the camel’s milk samples from
Kazakhstan, the cholesterol concentration

was 37.15 (£7.73) mg-100 g~! of milk,
with min and max values of 25.61 to
50.42 mg-100 g~!, respectively.

4. DISCUSSION

Three variation factors were taken into
account (region, season and species) de-
spite the role of feeding and physiological
stage on the FA composition [6,20,21]. In
Kazakhstan, the calving season was con-
centrated within two months (February—
March). So the season factor reflected the
physiological status of the camels. Else-
where, all the animals were in extensive
systems with only natural pasture (steppe)
as food, with no supplement except hay
from natural grassland during winter. So,
the quality of the food was mainly linked
to the season and region factors. The most
contrasted seasons for the short-chain FA
composition (C8:0 and C10:0) were the
winter (forages with low nutritive value
and females at the end of lactation) and
spring (green forages and animals at the
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beginning of their lactation). In autumn,
when the forages had a low nutritive value
and the animals were at the medium stage
of lactation, the milk appeared richer in
long-chain FA (C17:0 and C17:1). The
observed FA compositions in the present
study did not have the same trend as in
cow’s milk [26], where the short-chain FA
were in higher proportion in winter milk
and long-chain FA in summer milk. The
regions also reflected the nutritional status
of the animals. For example, the pastures
of the Shymkent region (in the south of
the country), with Haloxylon sp., Tamarix
sp. and Artemisia sp. dominating the pas-
tures, had milk samples richer in short-
chain FA, even though this content re-
mained very different from that of cow’s
milk (8.99%) [23].

On the contrary, in the Aralsk and
Atyrau regions located in the north of the
country, where the genera Stipa, Fetuca
and Avena were dominant in the pasture,
the milk appeared rather richer in some
long-chain FA. Generally, cow’s milk is
richer in long-chain FA, with a diet includ-
ing more natural grassland compared with
a diet with silage or mixed ration [20,24],
but no references were available for the
natural pasture in Central Asia. Few dif-
ferences occurred between the species but
dromedaries had milk richer in some long-
chain FA. The species effect could be
linked to the region effect: indeed, Bactrian
camels were usually more common in the
Atyrau and Aralsk areas, and dromedaries
around Shymkent and Almaty. However, in
our sampling design, the balance between
species within the region was respected
(Tab. I).

The total lipid content in camel’s milk
from Kazakhstan appeared higher (av-
erage of 6.40%) than in the literature
data [10]. The observed values in the
present samples confirmed our previous
observations on 31 camel samples ana-
lyzed in Kazakhstan [22]. In another study
of our team [17], 176 Kazakh camel’s

milk samples showed high content of
lipid matter. The values observed for Bac-
trian camels (6.67 + 2.93%), dromedaries
(594 + 2.26%) and hybrids (6.09 =+
1.81%) were higher than those reported by
Farah [10].

Fatty acids were determined after
methylation by gas chromatography, as in
most of the literature references [11]. In
our case, the fatty acid identification was
confirmed by mass spectrometry for each
milk sample.

The fatty acid composition of camel
milk fat from Kazakhstan was compara-
ble with results in the literature, in particu-
lar the content of unsaturated fatty acids,
which was higher than in cow’s milk,
and the content of short-chain fatty acids,
which was lower than in cow’s milk [1,
3, 11, 16]. The camel’s milk was poor in
short-chain fatty acids (C4:0 = 0.37%)
when compared with cow’s milk, which
contains more than 3.0% of butyric acid [2,
23, 25]. This confers upon camel’s milk
some interesting nutritional properties; in
particular, if we refer to some papers clas-
sifying short-chain fatty acids as promot-
ers of atherosclerosis. The sum of short-
chain fatty acids C4:0 to C8:0 was only
1.15% in camel’s milk, and 8.99% in the
milk of cows fed with a nutritionally bal-
anced diet [23]. The medium-chain fatty
acids (C4 to C14) were 16.38% in camel’s
milk and 21.44% in cow’s milk. The long-
chain fatty acids C15 to C20:1 were much
higher (82.43%) in camel’s milk than in
cow’s milk (66.1%) [23]. The ratio satu-
rated/unsaturated fatty acids was similar in
the two species: 67.7 for camel’s milk and
69.9 for cow’s milk, but in favor of camel’s
milk in terms of unsaturated fatty acid
content. Content of C18:3 was 10 times
more in camel’s milk (0.6) than in cow’s
milk (0.07).

In most of the literature data [1, 4,
12, 13, 16, 21, 29], the fatty acid compo-
sition was given without taking into ac-
count the variability due to environmental
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or physiological conditions. Yet, a high
variability was observed between the ani-
mals, even if the variation factors such as
genetic (dromedary, Bactrian and hybrids),
season or region seem to have a low effect
in the context of the present study, espe-
cially because of the low number of sam-
ples for each variation factor. Especially,
types of milk were identified according
to their fatty acid profiles. It was remark-
able that there was a clear opposition be-
tween milk rich in long-chain fatty acids
and milk rich in short- and medium-chain
fatty acids.

Milk fatty acid composition is of par-
ticular importance for human consumers,
both from nutritional and health points of
view. Milk products furnish 15 to 25% of
the fat matter consumed by humans, and
25 to 35% of the saturated fats [5].

The IA is highly associated with the on-
set of coronary heart diseases that are prin-
cipally due to obstruction of coronary ves-
sels by atherosclerosis [28]. This index was
proposed to take into account better the ef-
fects of different foods and diets on hu-
man health. High values of such an index
reflect the risk of cardiovascular disease
resulting from lipid intake. For milk, but-
ter and cheese, the IA values are higher
than 2.0, while for meat IA values range
from 0.7 to 1.0 [28]. The index of athero-
genicity was between 3.3 and 3.5 in cow’s
milk with standard feeding [5]. In the case
of camel’s milk, this index was generally
lower: 2.7 on average in our samples. So,
on average, camel’s milk appeared health-
ier for milk consumers and gave an advan-
tage to camel’s milk for nutritional aspects.

It is of particular importance in
Kazakhstan where the milk annual con-
sumption per inhabitant is high (more than
250 kg/habitant/year).

The ratio unsaturated fatty acids/
saturated fatty acids is a good indicator
of the nutritional quality of milk. This
ratio was 0.45 for Bactrian and 0.43 for
dromedary milk in our study, compared

with 0.30 for cow’s and 0.32 for goat’s
milk [4]. A higher content of medium-
chain fatty acids is usually considered as
beneficial for human health as they are
more easily absorbed and metabolized
than long-chain fatty acids.

Cholesterol content in camel’s milk
appeared higher than in cow’s milk,
(12-17 mg-100 g~") [25] or ovine milk
(28.8 mg:100 g™ [15].

In their comparative study, Gorban and
Izzeldin [14] confirmed that camel’s milk
had a higher content of total cholesterol
(31.3 mg-100 g!) compared with cow’s
milk (25.6 mg-100 g~'). The free choles-
terol content in milk from lactating camels
was 21.3 mg-100g™" vs. 7.2 in lactating
cow’s milk. So, the nutritional advantage
of camel’s milk due to fatty acid composi-
tion could be reduced by the higher content
of cholesterol. This higher value could be
due to the total fat content of camel’s milk
(6.4% in average) which is nearly twice
that in cow’s milk (3.4% on average).

5. CONCLUSION

The fatty acid composition of camel’s
milk from Kazakhstan confirmed the nu-
tritional and health interest of this product
in spite of a higher content of cholesterol
compared with cow’s milk [19]. 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. In spite of the large number of sam-
ples studied, a more significant number of
milk samples would be necessary to under-
stand better the variability in lipid compo-
sition. Indeed, it was possible to identify
some types of milk according to their fatty
acid profiles, but the high number of vari-
able factors (species, season and region) in
our study compared with the limited num-
ber of samples did not allow the confirma-
tion of a statistical link with any factor.
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