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Abstract — In Kazakhstan, the cohabitation of Bactrian camels, dromedaries and their hybrids is a
common feature even within farms. The physico-chemical composition of 147 milk samples from
57 Bactrians, 70 dromedaries and 20 hybrids was determined. The samples came from 4 different
regions and were collected at 4 different seasons within a year. Compared with dromedary, Bac-
trian camel milk had significantly higher fat (6.67 vs. 5.94%), vitamin C (177 vs. 152 mg-L™"),
calcium (1.30 vs. 1.16 g-L ") and phosphorus (1.07 vs. 0.91 g-L™"). The iodine index value was
significantly higher in dromedary (16.69) than in Bactrian milk (14.99). To distinguish Bactrian
milk from dromedary milk, a discriminant analysis was carried out after discarding seasonal and
regional variability. The discriminant parameters were phosphorus (linear discriminant coefficient
= -1.00), pH (-0.408), vitamin C (-0.377) and fat content (-0.226), in higher concentrations in
Bactrian than in dromedary milk. The iodine index (0.287) was higher in dromedary milk. After
quadratic discriminant analysis, milk composition can predict species, with 75.4% well-classed.
The milk composition of the hybrids was intermediary but with a low discriminant power.
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Résumé — Parametres discriminant le lait de chameau de Bactriane (Camelus bactrianus) du
lait de dromadaire (Camelus dromedarius). Au Kazakhstan, la cohabitation du chameau de Bac-
triane, du dromadaire et de leurs hybrides est un fait courant au sein méme des fermes. La com-
position physico-chimique de 147 échantillons de lait provenant de 57 chameaux de Bactriane,
70 dromadaires et 20 hybrides a été déterminée. Les échantillons ont été prélevés dans 4 fermes
provenant de 4 régions différentes aux 4 saisons au cours d’une année. Comparé a celui de dro-
madaire, le lait de chamelle de Bactriane apparait plus riche en matiere grasse (6,67 vs. 5,94 %),
vitamine C (177 vs. 152 mg-L™"), calcium (1,30 vs. 1,16 g-L "), et phosphore (1,07 vs. 0,91 g-L™").
L’indice d’iode est significativement plus élevé dans le lait de dromadaire (16,69) que dans le lait
de chamelle de Bactriane (14,99). Afin de distinguer les deux types de lait, une analyse discrimi-
nante a été mise en ceuvre apres avoir éliminé les effets 1iés a la variabilité saisonniere et régionale.
Les parametres discriminants sont le phosphore (coefficient linéaire discriminant = —1,00), le pH
(-0,408), la vitamine C (-0,377) et la matiere grasse (—0,226), en concentrations plus élevées dans
le lait de Bactriane que dans celui de dromadaire. L’indice d’iode (0,287) était plus élevé dans le
lait de dromadaire. Apres une analyse discriminante quadratique, on peut prédire d’apres la compo-
sition du lait, ’origine spécifique avec un pourcentage de bien classés de 75,4 %. La composition
chimique du lait des hybrides s’est avérée intermédiaire mais avec un faible pouvoir discriminant.

lait de dromadaire / hybride / Bactriane / analyse discriminante

1. INTRODUCTION farm [22]. It was thus possible to study
species difference in milk composition
and to determine the milk components
differentiating one species from the other
by discriminant analysis. The aim of this
paper was to identify the physico-chemical
milk parameters that discriminated these
two close species by eliminating other
known variation factors such as regional
or seasonal variability. In addition, the
hybrids’ milk was compared. The results
may contribute to establishing specific
milk standards.

The camel population in Kazakhstan
includes the double-humped camel
(Camelus bactrianus), the one-humped
camel (Camelus dromedarius) and a wide
range of hybrids at different levels of
hybridization [29]. There is relatively little
data on camel milk composition [12, 25]
compared with other dairy species. In a
recent meta-analysis [19], the international
bibliographical database  consultation
revealed only 82 references between
1905 [5] and 2006 [11]. In most cases,
very few milk samples were analyzed,
and the origin of the sampled animals
was not systematically described. The
differences between breeds, stage of

2. MATERIALS AND METHODS

2.1. Sampling procedure

lactation, season and type of diet were
rarely mentioned. And in general, the
sampling and analytical procedures were
roughly described. The available compar-
isons between Bactrian and dromedary
milk samples issue from reviews in the
literature. To our knowledge, no field
comparison taking into account common
breeding and farming conditions has been
published. In Kazakhstan, both species
often cohabit in the same environmental
conditions or sometimes in the same

To obtain maximum variability, the
camel milk was sampled in 4 different re-
gions at extreme points of Kazakhstan:
Almaty, Atyrau, Aralsk and Shymkent (the
maximum distance between the various
points was over 3500 km) and during the
4 seasons of the year. In total, 147 sam-
ples from different animals were used to
determine the raw camel milk gross com-
position (Tab. I). The samples were ran-
domly collected among Bactrian (n =
57), dromedary (n = 70) and hybrid
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Table I. Raw camel milk sampling design by species X season X region.
Region
Almaty Atyraou Aralsk Chymkent Total

Winter 4 7 2 0 13

Bactrian Spring 5 5 5 3 18
Summer 4 7 1 2 14

Fall 4 6 1 1 12

Total Bactrian 17 25 9 6 57

Winter 5 2 2 2 11

Dromedary Spring 14 2 2 4 22
Summer 20 1 1 6 28

Fall 2 1 0 6 9
Total dromedary 41 6 5 18 70
Winter 0 0 0 2 2
Hybrid Spring 0 1 4 10
Summer 0 0 2 5 7

Fall 0 0 0 1 1
Total hybrid 0 1 6 13 20

Total 58 32 20 37 147

(n = 20) lactating she-camels at the milk-
ing time in one private farm per region.
In Kazakhstan, the calving season is short
and occurs within less than two months.
Bactrian camel milk samples originated
from different Kazakh types, depending on
their geographical location: Uralobokeliki,
Kyzylorda and Ontustik-Kazakhstan [20,
29]. Milk samples from dromedary camels
came from the Turkmen Arvana breed [7,
28]. Hybrid samples involved F1 or F2
crossbred animals. The F1 crossbred Bac-
trian male and dromedary female is called
Iner (M) or Iner-maya (F). The F1 cross-
bred dromedary male and Bactrian fe-
male is called Nar (M) and Nar-maya
(F). The F2 crossbred Iner x Bactrian is
called Kospak and the F2 crossbred Nar x
dromedary, Kurt. In all cases, milk was ob-
tained by manual milking and kept frozen
at —20 °C until analysis, except for vita-
min C, determined on fresh milk.

2.2. Laboratory analysis

The physico-chemical parameters in-
volved in differentiating the two species’
milk were classical components: total pro-
tein (TP), fat matter (FM), iodine index (I,
that expressed the unsaturated part of fat
matter), lactose (La), calcium (Ca), phos-
phorus (P), iron (Fe) and vitamin C (VitC).
Some physical parameters were included:
Dornic acidity (Do), pH, density (De), and
finally, skimmed dry matter (SDM).

Nitrogen (N) was determined by the
Kjeldahl method (Ref: ISO5983) and the
conversion N X 6.38 was used to quantify
the total protein. The density, skimmed dry
matter and fat matter were quantified us-
ing mid-infrared spectrophotometry equip-
ment (Lactan-4). The iodine index was
measured by the Margoshes method [3].
The iodine index expressed the mass of
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diiodine (I) in a gram fixed by addition on
100 g of lipids.

The lactose was determined by
Bertrand’s method (reference NF V 04-
213, 1971) and by using an enzymatic
kit (kit UV-method, Enzymatic BioAnal-
ysis/Food Analysis, Cat. No 10 176 303
035, Boehringer Mannheim). Minerals
(Ca, P and Fe) were determined with
aplasma emission spectrometer ICP
Varian-Vista after dry way mineralization
and discarding silica with fluorhydric acid.
Vitamin C was quantified by the colorimet-
ric method using 2.6 di-chlorindophenol
(2.6-DIPh) [8]. Dornic acidity was deter-
mined by Dornic sodium hydroxide after
mixing milk samples with phenolphtalein
solution. A classical pH-meter was used
for determination of pH.

2.3. Statistical procedure

Discriminant analysis was the retained
method to determine the parameters ex-
plaining the differences in the physico-
chemical composition of dromedary and
Bactrian camel milk. Because of the sig-
nificant number of parameters describing
the chemical composition of milk sam-
ples, their various geographical and sea-
sonal origins, and a secondary aim con-
cerning the comparison with hybrids, the
statistical procedure followed 3 steps.

Step 1

The physico-chemical parameters (TP,
FM, 1II, La, Ca, P, Fe, VitC, Do, pH, De
and SDM), candidates for discrimination
by the factor “species”, were selected af-
ter the results of the adjustment of each pa-
rameter by a simple linear model according
to the factors “species”, “region” and “sea-
son” and the interactions of order one. To
assume assumptions of multivariate nor-
mality distribution and homoscedasticity,
parameters with skewed distribution were
log-transformed. In order to include total
protein in the model (which is an important

part of milk composition), the retained sig-
nificant level was 0.15. When two parame-
ters were correlated (Pearson correlation),
only one was retained for further analysis.
For example, as Ca and P were correlated,
only P was retained. So, only independent
variables were finally retained in the dis-
criminant model.

Step 2

The main constraint was that the milk
samples were collected in very contrasted
seasons and regions, inducing an inde-
pendent variability to species. So, the de-
scription by species was conditioned to
these two factors. To discard these effects,
a data table including 127 milk samples
from Bactrian camels and dromedaries de-
scribed by a set of parameters linked to
species effects was prepared. The elimina-
tion of regional and seasonal effects was
achieved with a similar method described
in detail by Doledec and Chessel [9]. The
procedure is summarized below.

Let X be the matrix of p biochemical pa-
rameters describing n samples of milk. x{kl
was the i" (i = 1,...,n) observation of the
™ (j = 1,..., p) parameter for the k™ re-
gion and the ™ season.

X was preliminarily normalized. Then a
new matrix called Z was obtained with the
general term given by:

— 5
Zjy = xz}kl—,x M

Ox

with ¥/ and o, respectively, the mean and
the standard deviation of parameter j.

As the additive effects of the region and
the season were not taken into account, the
general term of the biochemical parame-
ters table analyzed by discriminant analy-
sis was written as:

b =/ _ =]
4G5 4u "% Ty )

with Zi the mean of parameter j in the re-

gion k and Z{ the mean of parameter j in
the season /.
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Table II. Coeflicients of linear discriminant
(LD1) between Bactrian and dromedary camel
milk issued from simple discriminant analysis.

Parameters LDI1

Phosphorus —-1.00076
pH —0.40802
Vitamin C —0.37738
Todine index 0.28723
Fat matter -0.22694
Total protein —0.00089

Step 3

As the within-species covariance ma-
trices were not equal, a quadratic dis-
criminant analysis was performed [30].
A discriminant function was obtained.
This function was a combination of
the physico-chemical parameters calcu-
lated so as to catch the maximum of pro-
portion of between-species variance. The
discriminant function was represented by
the linear form:

F = w(l)Zl + w(z)Zz + ...+ w(,,)Zp 3)

with 2/ the j® transformed physico-
chemical parameter and w;, the jM dis-
criminant coefficient (or canonical weight).

The function discriminated by plotting
the distribution [26] of individual (milk
sample) scores according to each group
could be visualized (Fig. 1). In addi-
tion, the discriminant function coeflicients
(Tab. II) help to evaluate each variable’s
contribution.

The classification function was vali-
dated by the estimation of the well-classed
rate obtained by cross-validation. The pre-
dicted group for each sample’s milk was
achieved with the estimation of posterior
probabilities.

The method of leave-one-out cross-
validation was used: one sample was dis-
carded as the validation data and the re-
maining observations as the training data.
This was repeated such that each observa-
tion in the sample was used once as the val-
idation data.

Statistical analyses were achieved with
the MASS package [30] used with the R
statistical software [4].

3. RESULTS

3.1. Mean composition of camel milk
according to species

The Bactrian milk had significantly
higher fat, vitamin C, calcium and phos-
phorus contents than the dromedary milk
(Tab. IIT). Dromedary milk had less Dornic
acidity than other species. Hybrid camel
milk had a significantly higher iodine in-
dex and density than other species. No
significant differences were reported for
skimmed dry matter, lactose or iron. The
differences in total protein content were not
significant at the 0.05 P level.

3.2. Selection of independent
variables for discriminating
analysis

Six non-correlated parameters were se-
lected as convenient variables to discrim-
inate the species: total proteins, fat, io-
dine index, vitamin C, pH and phospho-
rus (Fig. 2). Dornic acidity was highly
correlated to pH, and density to the fat
and total protein. They were therefore dis-
carded from the subsequent model. Cal-
cium and phosphorus were significantly
correlated (P < 0.001). Calcium was there-
fore also discarded from the subsequent
model because the P value for phosphorus
was much higher.

3.3. Predictive discriminant analysis
Bactrian-dromedary

The most discriminant parameter was
the phosphorus concentration according
to the coefficient of linear discriminants
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Figure 1. Distribution of the discriminant scores of Bactrian (group bactri) and dromedary milk
samples (group drom) around the discriminant limit (black line).

Table III. Mean + standard error of principal components in raw camel milk in Kazakhstan accord-
ing to the species (n = 147) and probability level from ANOVA. Only significant levels at P < 0.15
for species effects are reported in bold.

Parameters Bactrian Dromedary Hybrid P value
FM (%) 6.67 £2.93 5.94 +£2.26 6.09 + 1.81 0.04
SDM (%) 10.64 +3.11 10.87 £3.19 11.01 +£2.66 0.24
De (CA) 33.02£6.77 34.66 +5.85 37.04 £ 8.54 <0.001
pH 6.55 +0.40 6.46 +0.51 6.36 +0.56 0.05
Do (‘D) 27.47 £ 12.48 24.04 +13.92 27.27 + 1147 <0.001
La (%) 2.77 +£0.96 3.12+0.92 3.04 +£0.60 0.45
Vit C (mg-L-1) 177 =109 15291 133 £133 <0.001
)i 14.99 + 6.94 16.62 +9.40 22.29 +£8.53 0.02
TP (%) 523+1.17 476+ 1.13 5.15+1.59 0.11
Ca (g-L-1) 1.303 + 0.287 1.163 £ 0.273 1.257 £ 0.268 0.003
P (gL-1) 1.075 £0.177 0.915 +0.190 1.067 £ 0.273 <0.001

Fe (mg-L-1) 2.11+1.63 1.93 +1.06 2.01+0.78 0.55
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Figure 2. Normalized scale for the physico-chemical parameters (VitC, TP, pH, P, II and FM) of
Bactrian (o) and dromedary (+) milk samples participating in the discriminant function.

(LD1) reported in Table II. Phosphorus
was followed by a group of parame-
ters including pH, vitamin C, iodine in-
dex and fat. Total protein was not very
discriminant. The Bactrian milk samples
had higher phosphorus contents regardless
of the season or region. The other main
discriminant parameters in Bactrian milk
were, successively, pH, vitamin C, fat and
total protein. The iodine index was only
higher in dromedary milk (Tab. III).

After cross-validation (leave-one-out
cross-validation), the percentage of well-
classed samples was 75.4%. As the Bac-
trian population seemed more heteroge-
neous than the dromedary’s, the prediction
was less powerful for Bactrian (73.6%)
than for dromedary (78.5%) (Fig. 1).

3.4. Discriminant analysis including
hybrids

The same non-correlated parameters
were selected as variables to discriminate

the 3 species: total proteins, fat matter, io-
dine index, vitamin C, pH and phospho-
rus. The homogeneity of variance in the
hybrid population as well as the low sim-
ilarity of co-variance allowed us to achieve
a descriptive discriminant analysis only. In
some cases, the hybrids’ values were be-
tween those of Bactrian and dromedary
(FM, pH), close to those of dromedary
(vitC) or of Bactrian (P) or out (I and TP)
(Fig. 3). The hybrid group was multimodal.
Half of the hybrids’ samples were closely
related to the dromedary and 40% to the
Bactrian.

4. DISCUSSION

The discriminant analysis allowed us to
take into account all the parameters simul-
taneously. The correlated parameters being
discarded and the region and season ef-
fects being deleted, the between-species
discrimination could be considered con-
venient. The physiological status was not
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Figure 3. Normalized scale for the physico-chemical parameters (VitC, TP, pH, P, II and FM) of
Bactrian (0), dromedary (+) and hybrid (A) milk samples participating in the discriminant function.

retained as an important variation factor
because the calving period occurred within
less than two months (February-March).
So, the season factor included the phys-
iological status of the sampled animals.
The farm was not taken into account in
the model because the feeding practices
and the ecology of the pasture were linked
to the region. We assumed that the region
factor included the farm variability. Else-
where, the two species were not present
in all the farms and the number of milk
samples per farm was sometimes low for
a given season.

4.1. Camel milk composition

On average, Bactrian milk was consid-
ered to have a higher fat content [18, 29].
References from central Asia where Bac-
trian camels live (Kazakhstan, Mongolia,
China and Russia) reported high milk fat
contents in these camels’ milk compared
with those found in the dromedaries’, re-
gardless of their origin (Africa or South-
Asia). Two references mentioned a com-

parison between Bactrian and dromedary
species: 5.5 vs. 4.15 g-L.™! in China [31],
5.45 vs. 447 gL' in Mongolia [17].
In our results, milk fat values appeared
very high compared with the calcu-
lated mean from the literature, both for
camelids from Central Asia (mainly Bac-
trian but probably not exclusively: 4.94)
and dromedary camel (3.82). However, in
spite of the higher fat content in Bac-
trian milk, this parameter contributed only
a small part to the discrimination between
the two species.

The difference in protein contents be-
tween the two species did not ap-
pear remarkable. For example, Zhao [31]
reported 3.87 gL' for Bactrian and
3.45 g.L7! for dromedary and Indra and
Erdenebaatar [16] 4.43 and 3.53 g~L‘1, re-
spectively. On average, the protein content
calculated in 82 references [21] was 3.23 in
dromedary and 4.02 g-L~! in Central Asia
and was lower than our findings. The dis-
criminating power of this parameter was
very low.
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No difference in lactose was reported in
the two comparative references mentioned
above: 4.34 and 4.76 gL' (Bactrian),
and 4.55 and 4.95 gL' (dromedary) in
Zhao [31] and Indra and Erdenebaatar [16],
respectively. According to the literature,
the lactose mean content was 4.40 in
dromedary and 4.73 g-L7! in references
from Central Asia. These values were
higher than our observations. In any case,
the lactose content did not allow us to
distinguish Bactrian milk from dromedary
milk.

On average, mineral matter was
in higher quantity in dromedary milk
(0.99 gL7!) than in references from
Central Asia (0.79 g-L™!) but few data are
available on specific minerals.

Phosphorus (and correlatively calcium)
was the main discriminant parameter. If
the calcium content in our milk samples
was close to the literature’s data [2, 6, 14]
with values between 1.15 and 1.57 g-L7!,
the phosphorus content in camel milk from
Kazakhstan appeared in higher concentra-
tion than those of the literature: between
0.63 g'L7! [27] and 1.04 g-L~' [14]. The
higher phosphorus concentration in Bac-
trian milk compared with dromedary milk
could be linked to its higher fat content,
especially in phospholipids. Unfortunately,
the quantity of phospholipids was not de-
termined in our study. The mineral and
organic phosphate linked to caseins could
also play a role in explaining the differ-
ence, but further analysis is necessary to
determine this aspect.

Milk iron content did not discriminate
the two camel species. Part of iron is linked
to lactoferrin. In a previous publication,
no significant difference between species
was reported for the lactoferrin content in
the milk [16]. The observed iron values
in our samples (around 2 mg-L™") were
slightly lower (3.0 to 3.4 mg-L™!) than
those reported by several authors [1,6,27].
In some references, very high iron concen-
trations were reported: 280 mg-L=' [10].

The lack of standardized methods could
explain such differences. Unfortunately, in
most of the cases, the analytical method
was not clearly described.

The high level of vitamin C in camel
milk is well known [13]. It plays a ma-
jor part in camel milk’s medicinal rep-
utation [19]. According to Farah [12],
the reported range was 25-60 mg-L~!,
which was lower than our results in
both species. Ascorbic acid concentra-
tion differed significantly between Su-
danese camel breeds [23]. Ascorbic acid is
highly unstable (especially with tempera-
ture change). In our study, vitamin C was
determined in fresh milk, contrarily to the
other authors [13, 23] who had analyzed
frozen milk. So, the observed differences
in milk vitamin C concentration could be
partly explained by the analytical condi-
tions, and probably also by the methods
used.

The iodine index was the only discrim-
inant parameter in higher concentration in
the dromedary camel. This index was re-
lated to the fat composition, notably to
the quantity of unsaturated links in fatty
acids. In a previous publication based on
the same sampling material, it was re-
ported that the proportion of polyunsatu-
rated fatty acids was in higher percentage
in dromedary milk [24].

The acidity of camel milk was also a
discriminant parameter. The storage and
transport conditions of the milk samples
were identical for the two species, notably
because their cohabitation in the same ar-
eas was common. So, the difference in
acidity could most probably be attributed
to the intrinsic property of the milk. Partly,
this difference could be attributed to the
vitamin C (ascorbic acid) [11], in higher
concentration in Bactrian milk.

Zootechnical aspect

On average, milk production is higher in
dromedary than in Bactrian camel [15], es-
pecially in the Arvana breed, well-known
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for its high dairy potential [7]. So,
the lower concentrations of components
in dromedary milk could be attributed
to a “dilution effect”. However, the
milk composition in the dromedary from
Kazakhstan appeared more closely related
to that of Bactrian milk than to that of other
dromedaries in the world. There are proba-
bly specific environmental conditions (no-
tably feeding) explaining the particular
richness of camel milk in this country.

Bactrian and dromedary camels are ge-
netically closely related, but also different
species [20]. The observed differences in
their milk composition were generally at-
tributed to environmental conditions: Bac-
trian camels, being more adapted to very
cold winters, have fattier milk. However,
as the two species sampled in the present
study were living under the same condi-
tions, the observed differences could not
be attributed to environmental conditions
only. In fact, their milk composition was
slightly different regardless of the origin
of their region (which reflected the feeding
variability) or of the seasonal effect (which
reflected the physiological stage).

The positioning of the “hybrid” group
and its low well-classed percentage could
be linked to the high heterogeneousness of
this group. In our study, the hybridizing
level was not known. The hybrids included
F1 (Iner or Nar) as well as F2 (Kospak
or Kurt) and F3 animals. The crossbreed-
ing of F1 animals being achieved with pure
breeds (dromedary or Bactrian), it was not
surprising to find a high proportion of F2
hybrids closely related to one or the other
species.

5. CONCLUSION

In similar environments and farm-
ing conditions, Bactrian and dromedary
camels’ milk had a slight difference in their
gross composition. The most discriminat-
ing parameters concerned chemical (main

minerals, vitamin C, fat matter and io-
dine index) and physical (acidity) aspects.
These results confirm that the establish-
ment of standards for camel milk must take
into account the different species.
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