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Abstract: The present study was carried out to nvestigate the effects of production system, breed, parity and
stage of lactation on milk composition of dromedary camel. Samples of camel milk were collected from 191
healthy she-camels from four different indigenous breeds (Majahiem, Maghatier, Shoal and Soffer). Milk
samples from each quarter were collected during the afternoon milking and California Mastitis Test (CMT) was
used as an indirect measure of the health status of the udder quarter. The highest significant concentrations
of protein, lactose and Solid None Fat (SNF) were recorded for the semmomadic system and Soffer breed.
Moreover, the mean fat, protein, lactose and SNF values were significantly the highest during the first stage
of lactation. Protein, lactose and SNF values were gradually decreased by the subsequent parity. Settled system
and Shoal breed had the sigmficant ligh content of fat compared to their counterparts. However, nsignificant
differences in fat percentage during parity were observed. Fat content was significantly high at the first stage
of lactation in comparison with the second and third ones. Seminomadic system and in Maghatier breed
significantly increased the Ca™ and K values compared to their counterparts. The Na:K ratio was also affected
by production system. The results indicated that variations in camel milk composition were mainly attributed
to factors such as production system, breed, parity and stage of lactation. Therefore, those factors should be

taken into account when nutritional and technological aspects of camel milk need to be evaluated.
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INTRODUCTION

Dromedary camels (Camelus drmedaruis) can survive
and produce considerable amount of milk dunng recurrent
and prolonged hot and dry environment (Bekele ef al,
2011). Thus, camel milk is considered one of the most
valuable food sources for nomadic people in arid and
semi-arid areas and has been consumed for centuries due
to 1its nutriional values and medicinal properties
(Kenzhebulat et al., 2000, Mal et al., 2006; Lorenzen ef al .,
2011). It 18 considered to have anti-cancer (Magjeed,
2005}, hypo-allergic (Shabo et al., 2005) and anti-diabetic
(Agrawal ef al., 2003, 2011) properties. The lugh content
of unsaturated fatty acids of the camel milk may enhances
its overall nutritional quality (Kerray et al, 2005
Konuspayeva ef al., 2008; Ayadi et al., 2009).

Studies on the yield and composition of camel milk
were varied i many countries (Khaskheli et al., 2005).
Camel milk composition was found to be less stable than

other species such as bovine. Previous findings pointed
out that the variation in camel milk composition could be
attnbuted to many factors such as analytical measurement
procedures, geographical locations, feeding conditions,
type of samples and breeds m addition to other factors
including milking frequency, stage of lactation and
parity (Igbel et al., 2001; Ayadi et al., 2009; Al-Haj and
Al- Kanhal, 2010, Hammadi et af., 2010, Aljumaah ef af .,
2011). However, geographical origin and seasonal
variations were found to be the most effective factors on
camel milk constituents (Khaskheli er af., 2005).
Konuspayeva ef al. (2009) reported lugh varnability in
camel milk components and chemical composition during
different lactation stages. The mean values of camel milk
composition (%) reported over the past 30 years were:
3.5+0.1; 3.1+0.5; 4.4+0.7; 0.7940.07 and 11.9+1 .5 for fat,
protein, lactose, ash and total solids, respectively
(Al-Haj and Al-Kanhal, 2010). Generally, daily milk yield
of camel was ranged between 3.5-25.0 L (Khaskheli ef af.,
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2005). The recent camel population in Saudi Arabia
showed approximately 800,000 head of different
mdigenous breeds. Indigenous camels mn Saudi Arabia
can be classified mto different ecotypes or breeds
including: Majahiem, Maghatier, Shoal, Soffer and
others (Almutairi, 2009). Three major production systems:
nomadic, semi-grazing and settled systems are practiced
in the kingdom (Saoud ef al., 1988, Gaili et af., 2000). Total
milk production of camels in the Kingdom of Saudi Arabia
ranges between 2,500-4,900 1. year™ (Gaili e al., 2000,
Aljumaah et al., 2011).

The composition of camel’s milk had been studied
under different conditions (Sawaya ef al, 1984
Abu-Lehia, 1987; El-Amin and Wilcox, 1992; Mehaia et a.,
1995). However, there 1s limited information about the
factors affecting milk composition of camels 1n Saudi
Arabia. Therefore, the aim of this study was to investigate
the effects of production system, breed, parity and stage
of lactation on the camel milk composition m Saudi
Arabia.

MATERIALS AND METHODS

Samples collection: Camel milk samples were collected
from different areas in Riyadh province, Saudi Arabia
during Tuly 2007 to May 2008. A total of 764 quarter milk
samples were collected from 191 healthy she-camels of
four mdigenous breeds, Majahiem, Maghatier, Shoal and
Soffer. Numbers of camels sampled from each breed were
69, 49, 39 and 34, respectively. The mean of milk
production for the different breeds in the studied herds
ranged between 4-15 kg day~'. Milk samples (100 mL)
were collected from each animal during the afternoon
milking m sterilized bottles after removing the first drops.
Signs of mastitis and physical injury of udders were
examined and the milk samples were observed for grossly
visible abnormalities. California Mastitis Test (CMT) was
used as an indirect measure of the udder health status.
Samples were immediately cooled to 4°C, transported to
the laboratory and kept frozen at -20°C until the
subsequent analysis. Information about parity, stage of
lactation, breed, production systems, milking method,
suckling system and udder status of the sampled
she-camels were recorded.

Production systems were divided into three types;
nomadic, seminomadic and settled systems. In nomadic
system, the ammals spend all time i pasture (around
100 km of Riyadh region) while suckling of calves was
open (4-6 time day ™). In the seminomadic system, animals
graze the natural pasture only during spring (suckling of
calves was open) and were housed in pens during the rest
of the year. In semmomadic system, ammals were hand
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milked twice a day (morning and afternoon). Daily ration
consists of a mixture of Alfalfa and barley hay
supplemented by wheat bran. In nomadic and
seminomadic systems animals have restricted access to
water. In settled system, the entire herd was kept in barns
or farm premises, all the year. Feeding and milking
procedure of camels were similar to seminomadic system.
Ad libitum access to clean water was ensure by use of
water tanks. According to parity, the collected samples
were divided into four categories; first, second, third and
fourth or more. Stage of lactation was also divided into
three stages; first (from birth to 3 months) second (from 3-
6 months) and third (from 6 months to the end of milking
season) stage.

Chemical composition: Major fat, protein, lactose and
Solid-Non-Fat (SNF) percentages were analyzed using a
Lacto Star milk scamner (Funke-Gerber, Labortechnik
GmbH, Berlin, Germany). Milk minerals (Ca™, Na" and K™
were determined using atomic absorption spectrometry
(Analyst spectrophotometer 300, Perkin-Elmer TInc,
Shelton, CT, TISA). The pH values were determined using
pH meter (Microprocessor pH Meter, pH 211, Portugal).

Statistical analyses: Only samples with no evidence of
subclinical mastitis were included in this trail (n = 402).
Data were analyzed using the General Linear Model
(GLM) procedure m SAS Version 82 i 2002
Differences among means were detected using Duncan's
multiple range test when significant differences existed
(Steel et al., 1997).

RESULTS AND DISCUSSION

A total of 402 samples with no evidence of subclinical
mastitis were included in this trail

Milk composition: The mean values of camel milk
constituents that influenced by production system and
breed are shown in Table 1. Camels reared n nomadic,
seminomadic and settled systems represented 26, 61 and
13% of the total animals sampled, respectively. Results
revealed that camel milk composition was sigrmificantly
affected by production system (p<0.05). The highest
percentage of protein (3.60), lactose (5.25) and SNF (9.61)
were recorded for the semi nomadic system. Tn contrast,
these components were the lowest under the nomadic
system. The fat content was higher m the settled system
than nomadic and seminomadic production systems (3.16
vs. 2.94 and 2.86%, respectively). These decreases in
values of camel fat components of the nomadic and
seminomadic systems might be due to msufficient nutrient
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Table 1: MeanstStandard Deviation (8D) of camel milk components (%6) as
influenced by production systems and breeds

Percentage

Quarter
Factors No. Fat Protein Lactose SNF
Production system
Nomadic 42 2.9440.94® 3.11£0.36° 4.594£0.66° 8.30+0.94°
Seminomadic 305  2.86+0.64* 3.60+0.38 5.25+0.58° 9.61+1.03*
Settled 55 3.16+1.12¢ 3.41+0.28 4.93+047 9.11x0.7¢
Breed
Majahiem 152 2.84+0.84% 3.48+047° 5071028 9.30+1.24°
Maghatier 125 2.79+0.63" 3472027 507044  9.29+0.63
Shoal 61  3.26+0.81* 3.25£0.29 5.124042° 9394077
Soffer 64 2.96+0.71° 3.70+0.51* 5.44+0.78 9.89+1.37

**Means with different letters in the same column are significantly different
atp=0.05

Table 2: Means+Standard Deviation (SD) of camel milk components (%)
as influenced by parity and stage of lactation

Percentage
Factors Quarter No. Fat Protein Lactose SNF
Parity
1 89 2.98+0.74  3.64+0.45 5.30+0.71°  9.73+1.3(¢
2 82 2.98+0.61  3.50+0.34% 5.08+0.50 9.34+0.8%
3 131 2.87+0.90  3.53+0.42° S5.17+0.70% 9.42+1.1%
=4 100 2.83+0.73  3.4320.20° 499044 016078
Stage of lactation”
1 95 3.25+0.78  3.78+0.53* 5.50+0.78 10.09+1.14°
2 182 2.78+0.54%  3.52+0.30F 5.14+0.48  9.41+0.8%F
3 125 2.83+0.95° 3334029 4.86+0.50¢ 8.89+0.77

*“*Means with different letters in the same column are significantly different
at p<0.05; "Stage of lactation; 1) from the birth to 3 months; 2)
from 3-6 months; 3) from 6 months to the end of lactation season

supplements and limitation of animals’ health care in
comparison with those m the settled system. These
results partly agreed with those previously reported in
Bedouin camels under semi nomadic system (Guliye et al.,
2000). On the other hand, the obtained results disagree
with previous results reported by Haddadin et al. (2008)
where the milk composition m camels was found to be
independent of grazing system. Konuspayeva et al. (2009)
and Al-Haj eand Al-Kanhal (2010) reported that camel milk
composition was nfluenced by regional differences
including feeding conditions.

Significant differences among the four studied breeds
(p<0.01) m the chemical milk composition were observed.
This result agree with those of other researchers
(Alshaikh and Salah, 1994; Gaili et al, 2000,
Khaskheli et al, 2005, Konuspayeva et al., 2009,
Ereife; et al, 2011) who reported that camel milk
compoenents were significantly affected by the breed of
lactating camels. The Soffer camels had the highest
contents of protein, lactose and SNF (3.70, 5.44 and
9.89%, respectively). The fat percentage of Shoal camel
milk recorded the lughest value (3.26%). In the contrary,
Mohamed illustrated that fat content of Majahiem camel
milk was recorded the highest value among all breeds.
However, msigmficant differences in milk constituents
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were found between Majahiem and Maghatier breeds.
These results are consistent with those of Gaili et al.
(2000) who found similarities between camel milk
components of Majalnem and Maghatier but reported
differences in these components between these two camel
breeds and Aork camel breed. Table 2 shows the effect of
parity and stage of lactation on camel milk constituents.
Results showed sigmficant differences (p<<0.05) n protem,
lactose and SNF contents in different parities. Where first
lactation was distinguished with high mean values of
protein, lactose and SNF percentages (3.64, 5.30 and
9.73%, respectively). Meanwhile, the mean values of milk
constituents were gradually decreased by the subsequent
parity but there were no significant differences among
camel milk constituents during the second and the third
lactation. Starting from the fourth lactation, milk
constituents were significantly decreased. No significant
difference in fat content with parity but there was a slight
decrease n fat percentage from 2.98-2.83% from first to
fourth or more lactation. In contrast, Zeleke (2007)
mentioned that the effect of parity on fat content of camel
milk was significant. The milk in third parity had the
highest fat content (5.32%). The highest level of lactose
was observed in the first parity (5.3%). This result 1s
concordant with those of Zeleke (2007) who reported that
the highest lactose content was recorded in the first
lactation. This observation probably explains the common
understanding among camel milk producers that camel
milk is sweeter during first lactation than other
subsequent lactations. Camel milk composition is affected
significantly (p<0.05) by the stage of lactation. Fat,
protein, lactose and SNF contents were higher during the
first stage of lactation than second and third ones. The
obtained results followed the same trend reported by
Alshaikh and Salah (1994), Haddadin et af. (2008) and
Zeleke (2007) who found that values of fat, protein and
total solids were highest during the first & months of
lactation. Camel milk constituents were gradually
decreased during the second and third stage of lactation.
Fat, protein, lactose and SNF contents were significantly
decreased during the third stage of lactation. This
decrease may be due to the increase in the milk water
content during the last stage of lactation. These results
confirm those of Gaili ez al. (2000) and Zeleke (2007) who
demonstrated that total solids of camel milk decreased
from 11.7% in the first stage of lactation to 10.1% by the
end of lactation and that fat content of camel milk was
gradually decreased with the progress of the stage of
lactation.

Minerals content: The pH value and mineral content are
shown in Table 3 and 4. Generally, Calcium (Ca™) content
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Table 3: Means+Standard Deviation (SD) of camel milk minerals (mg/100 g) and pH as affected by production systems and breeds

Factors Quarter No. Ca*t Na* K* pH
Production system

Normadic 42 84.14+14.00¢ 33.22+11.58 77.35£2839 6.3240.22
Seminomadic 305 101.03421.32: 35.32410.03° 94.49+28 420 6.40£0.14*
Settled 35 03.27+24.80F 43.86+26.10¢ 91.12+33.48° 6.3240.12
Breed

Majahiem 152 90.54+17.15 38.89+15.93 01.21+27.29 6.37+0.19
Maghatier 125 105.34426.35 36.10£15.11® 99.30+32.03% 6.41+£0.12¢
Shoal 61 93.83422,.54% 33.15+09.80" TR.09+21.28° 6.40+0.12
Sofer 64 98.12418.02° 34.04£10.77 89.284+32.22° 6.37+0.15°

*Means with different letters in the same column are significantly different at p<0.05

Table 4: Means+Standard Deviation (SD) of camel milk minerals
(mg/100 g) and pH as affected by parity and stage of lactation

Quarter
Factors  No. Ca™ Na* Kt pH
Parity
1 80 932741585 347941442 8580+£2038° 6.42+0.13*
2 82 97972541 34.61£1527 84.60£25.25 6.42+0.14*
3 131 97.02422.66 32.35:12.81 82482846 6.3940.18°
<4 100 99.43+21.94 3896+13.25 101.55433.78 6.32+0.18°
Stage of lactation”
1 95  04.58:2.700F 31.92£17.0%° 77.72£31.53 6424017
2 182 103.32+24.25* 32.27+12.10F 988542819 6.39+0.14*
3 125  91.80+17.8% 3817413.48 98.85427.9(P 637+0.15°

*“*Means with different letters in the same column are significantly different
at p=0.05; "Stage of lactation; 1) from the birth to 3 months, 2)
from 3-6 months, 3) from 6 months to the end of parity

ranged from 84.14-105.34 mg/100 g with an average of
947442061 mg/100 g. Sodium (Na') content ranged
from 31.92-4386 mg/l00 g with an average of
37.89414.35 mg/100 g while potassium (K content
ranged from 77.35-101.55 mg/100 g with an average of
89.45+28.21 mg/100 g. The pH values ranged from
6.32-6.42 with an average value of 6.37+0.15. High
variability was observed m the published data regarding
the mineral content of camel milk (Sawaya et al., 1984,
Dukwal et al., 2007, Haddadin et al., 2008; Ayadi ef al.,
2009). These variations could be attributed to breed
differences, mtervals between milking; feeding, analytical
procedures and water intake (Haddadin et al., 2008,
Mehaia et al., 1995). In this study, the value of Ca™
content was m agreement with that reported by
Sawaya ef al. (1984) and Ayadi er al. (2009) but was
higher than that reported by El-Amin and Wilcox (1992).
Na“ content was close to those of El-Amin and Wilcox
(1992) while K content was similar to that recorded
by El-Amin and Wilcox (1992) and Sawaya et al. (1984)
but lower than that reported by Ayadi et al. (2009). Milk
pH values in this study followed the same trend reported
by Sawaya et al. (1984) and Hammadi et al. (2010).
Table 3 shows the effects of production systems and
breed on the contents of Ca™, Na', K" and pH of camel
milk. Significant differences (p<0.01) among the contents
of milk minerals as well as pH values by different
production system were found. The highest pH value
(6.40) was recorded in the semi nomadic system and the

lowest (6.32) in the settled system. Average Ca™ and K~
values were highest (101.03 and 9449 mg/100 g,
respectively) in the semi nomadic system whereas the
average of Na" was significantly higher (p<0.01) in the
settled system than other production systems. Generally,
the values of camel milk mimerals were lowest m the
nomadic system compared to the other systems and this
could be attributed to insufficient nutrients supplements
and limitation of ammmals’ health care mn this system
compared with other management systems.

The present results revealed that Na:K ratio was not
affected by breeds, stage of lactation or parity. However,
significant effect on Na:K ratio (p<0.03) was observed
according to the production system. The calculated Na:K
ratioswere 1:2.3,1:2.5and 1:2.1 fornomadic, seminomadic
and settled system, respectively. The milking management
(numbers of suckling or milking per day) applied in these
different production systems m the present research
apparently affected the major mineral content in camels
milk. Vamations in mineral concentration in milk and
increments m Na:K ratio has been described i dairy goats
(Boutinaud et af., 2003) and dairy cows (Stelwagen ef al.,
1994; Delamaire and Guinard-Flament, 2006) when milked
once per day. Extended milking intervals may negatively
affect milk composition and cheese yield as a result of
increasing protease activity in milk (Bastian and Brown,
1996). Alterations in the Na:K ratio have been shown to
interfere with a number of intracellular processes.
Increased Na:K ratio reduced mammary protein synthesis
in dairy goats (Stelwagen et al., 1999). In dairy camels,
this regulatory mechanism seems not to operate
(Ayadi et al, 2009). Instead, this difference might be
related to the adaptation of the camels to the dessert
conditions. Further research 1s needed to explore in depth
the consequence of this difference. Significant differences
(p<0.01) in mineral content of camel milk were detected
among the four breeds. Ca' and K* contents recorded
the highest values (10534 and 9930 mg/100 g,
respectively) in Maghatier. The Ca™ content was close to
that reported by. The K' content was less than that found
in Maghatier milk. The highest value of Na" content was
38.89mg/100 g m Majahiem milk and the lowest value was
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(33.15 mg/100 g) in Shoal milk. These results are very
close to those reported by El-Amin and Wilcox (1992) who
found that Na" content in Majahiem milk 43.10 mg/100 g.
The pH value was significantly higher (p<0.01) in
Maghatier and Shoal camel milk than in Majahiem and
Soffer milk giving, respective values of 6.41, 6.40, 6.37 and
6.37. Sawaya et al (1984) stated that pH wvalues of
Meayahiemn, Maghatier and Hamra camel milk were 6.49, 6.65
and 6.65, respectively. These values were higher than
those found i the present study while pH of Majahiem
milk was comparable in the two studies.

Table 4 shows the effect of parity and stage of
lactation on the major mineral contents and pH of camel
milk. The results showed that Ca*™ and Na" contents were
not affected by parity and ranged from 93.27-99.43 and
34.79-38.96 mg/100 g, respectively. These results disagree
with those of who reported that Na* content was greatly
affected by parity.

Potassium content was lower mn the thurd lactation
than the fourth and more subsequent lactations. The pH
was also significantly (p<0.05) affected by parity with pH
values of 6.42 during the first lactation decreasing to 6.32
during the fourth lactation or more. Moreover, camel milk
minerals content and pH were sigmficantly affected
(p=0.01) by the stage of lactation with the highest content
of Ca™ (103.32 mg/100 g) being recorded during the
second stage of lactation and the lowest value
(91.80 mg/100 g) during the last stage of lactation. The Na'
and K* contents were relatively low in the first stage
(31.92 and 77.72 mg/100 g, respectively) and increased
during subsequent stages. The pH of camel milk was also
significantly affected by the stage of lactation with value
decreasing with the progress of lactation stage hence, the
highest pH value was 6.42 in the first stage and reached
6.37 in the third stage. Tt seems that changes in mineral
content and pH values of camel milk depended on
productions systems, breed variations, parity and stage
of lactation. This agrees with Farah (1996) who pomted
out that minerals composition of camel’s milk was affected
by factors such as stage of lactation and udder health
status. However, few data are available on mimneral
composition of camels’ milk (Dell’Orto et al., 2000).

CONCLUSION

The present study emphasizes that the variations in
camel milk composition could be attributed to such factors
as production systems, breed differences, parity and
stage of lactation. The highest contents of protein,
lactose and SNF were recorded for the seminomadic
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system and Soffer breed at first stage of lactation and
decreased by parity. The highest content of fat % was
recorded in settled system and Shoal breed. The highest
values of Ca' and K were recorded in the seminomadic
system and mn Maghatier. Therefore, factors that cause
variation n milk composition should be taken mto
account when nutritional and technological aspects of
dromedary camel milk are evaluated.
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