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ABSTRACT

The present study was carried out to investigate some of the physical and
principal chemical components of milk from the camel (Camelus dromedarius). A
wide variation was observed in the components of raw camel milk. The average
contents of physical parameters were 6.70 for pH, 0.19 % acidity, 1.029 specific
gravity. The chemical components were 11.30 % total solids, 4.40 % fat, 8.12 %
solids not fat, 2.91 % protein, 3.18 % lactose and 0.90 % ash.

The highest level of glutamic acid was detected in camel milk, while it had a
lower ratio of lysine than that of cow milk. There were noticeably higher levels
of proline, aspartic, therionine, valine and leucine, respectively, while a lower values
of cystine and methionine in camel milk.

Gas liquid chromatography analysis of camel milk fat indicated that the short
chain-fatty acids (Cs-C12) were present in very low percentages, while the
concentration of long chain-fatty acids were high such as saturated fatty acids (Cia4,
Ci16 and Cis) and polyunsaturated fatty acids (mainly Cis:1). Also, the fatty acids in
camel milk showed a higher degree of unsaturation, with especially relative high
guantities of the essential fatty acids like linolenic (C1s:3) and linoleic (Cis:2) acids.
Keywords: Camel, milk, physico-chemical composition, total amino acids, fatty acids.

INTRODUCTION

The camel is among the animals mentioned in the Quran as a
miracle of God (Deurasech, 2005). It is common practice to let camels to eat
certain plants in order to use the milk for medicinal purpose (Yagil, 1986).

The camelidae originated in North America where the earliest fossil
remains of camelidae have been found. The genus camelus migrated from
North America in the late Tertiary across the existing land bridge to Asia and
Africa. The term dromedary is derived from the Greek 'Dromados' which
means runner or 'droma’- running and in the strict sense is used for riding
camels. The name 'Bactrian' for the two-humped camel refers to the area
(Baktria) in North Afghanistan where this type of camel is thought to have
originated (Simpson, 1945; Zeuner, 1963).

There are different species of camels belonging to the genus camelus,
the one-humped dromedary camel (Camelus dromedarius) and the two-
humped bactrian camel (Camelus bactrianus) (Sawaya et al., 1984).

According to FAO statistics (Global Livestock Production and Health
Atlas - GLIPHA, 2006) the world population of camels is about 20 million
animals, mainly in arid zones, of which 15 million camels live in Africa and 5
million in Asia (GLIPHA, 2006). In 2001, the total camel population was 19
million of which 17 million were dromedaries (C. dromedarius) and 2 million
were Bactrian camels (C. bactrianus). In most countries, the camel
population is increasing after a period of decreasing number due to the
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introduction of modern transport facilities. Dromedaries are mainly used for
milk production, whereas the bactrians are mainly used for working and wool
production (Farah, 2004).

In many arid regions of Africa camels play a central role in supplying
the desert dwellers with milk of high nutritional quality and meat under
extremely hostile conditions of temperature, drought and lack of pasture. Milk
yields per day range from 3.5 kg per animal under desert conditions up 18 kg
in irrigated areas. With progressing urbanization camel's milk is
commercialized and emerges on the informal markets of the growing suburbs
(Yagil and Etzion, 1980; Farah, 1996 and 2004).

Camel milk is normally drunk fresh, consumed when slightly sour or
strongly soured, is usually an acquired taste or used to produce yoghurt or
cheese particularly in countries where large camel populations are found.

The fact that it is mainly consumed in its raw state (boiling of the milk is
not common as it is known to remove its “goodness”), the high ambient
temperature and the lack of refrigeration facilities in many arid areas are the
main reasons for hygienic problems (Radwan et al., 1992; Semereab and
Molla 2001). It has also a number of medicinal uses, the inherent ability to
provide milk in times of drought, can be utilized to provide much needed
food for children who would otherwise succumb to malnutrition and even food
aid which is not suitable for them. Bedouin of the Sinai Peninsula were
treated their diabetes by drinking camel's milk, there were even cases of
juvenile diabetes being stabilized on camel’s milk when insulin treatment had
failed. Another side effect of camel’s milk known to the Bedouin to relive his
chronic fatigue, improve sexual prowess and liver cirrhosis (Yagil et al.,
1994). Beg et al., (1986) found that one of the camel’s milk proteins is similar
to insulin. Also, raw camel milk had effect in type 1 diabetic patients (Agrawal
et al., 2005).

In several parts of the world, there are many folklore stories told by
camel herders describing the use of camel's milk for medicinal purposes or
as a health food, especially for dropsy, jaundice and conditions affecting the
lungs and spleen (Yagil, 1982; Knoess et al., 1986).

Camel’s milk has unique biological values as well as antibacterial and
antiviral properties due to its higher content of immunity factors (El-Agamy et
al.,, 1992; El-Agamy, 2000), which conform to previous data that camel’s
milk destroys Mycobacterium tuberculosis (Donchenko et al.,, 1975; llse,
2004). Furthermore, camel’s milk also had a beneficial action on chronic liver
patients in Asia (Sharmanov et al., 1978). It is estimated that worldwide
there are 145 million malnourished children and from 4 to 5 million deaths
due to diarrhoea each year (UNICEF, 1992), therefore it is used as a
supplement to mother’s milk or a an alternative to formula in order to provide
a nutritious fresh milk in areas prone to diarrhoea due to bad hygienic
conditions. Also, It can be considered a strong viral inhibitor to human
rotavirus, which represents the main diarrhea-causing agent in infants (El-
Agamy and Nawar, 2004).

Although the composition of camel milk has been studied in
various parts of the world (Ohri and Joshi, 1961; (El-Bahey, 1962; Rao
et al, 1970; Knoess, 1977; Yagil and Etzion 1980; El-Agamy, (1983);
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Sawaya et al., 1984; Abu-Lehia, 1987; Hassan et al., 1987; Yagil, 1987,
Mehaia and Al-Kanhal 1989; Bayoumi, 1990; Hafiz and Hamzawi, 1991; El-
Amin and Wilcox 1992; Farag and Kebary 1992; Al-Kanhal, 1993; Farah,
1993; Merin et al., 2001). However, available information on camel milk is
limited in Egypt, especially amino acids and fatty acids composition.
Therefore, the present investigation was undertaken to study some physical,
principal chemical composition, amino acids and fatty acids analysis of camel
milk.

MATERIALS AND METHODS

Twenty individual samples of milk were collected from a herd of
lactating dairy camels (Camelus dromedarius) at random in Berkash Village
Market, Giza governorate, during the period January and February 2008.
Five individual samples of cow’s milk were obtained from private farm in
West Omrania, Giza. Milk samples were collected in cleaned sample bottles
and brought to the laboratory of Dairy Department, National research Centre
for analysis and stored at -20°C until analysis.

Some physical parameters were measured as follows: pH by a digital
pH meter (HANNA Instruments, pH 211, Microprocessor) and specific gravity
at 20 °C gravimetrically using a hydrometer. Chemical composition of milk
samples were analysed for titratable acidity, total solids (TS), total protein
(TP), fat and ash contents according the methods of Ling, (1963). While
lactose content was determined colorimetrically using the phenol-sulphoric
acid method according to Barentt and Abd El-Tawab, (1957). The average of
duplicate replicates was taken for each sample.

The analysis of amino acids was performed by analytical High
Performance Liquid Chromatography (HPLC) method according to Millipore
co-operative (1987). The apparatus used is Waters 600E Multisolvent
Delivery System, Pico Tag analysis column, Waters 484 Detector and
Workstation with Millennium Chromatography Manager software. The
analysis was carried out using a gradient of Pico-Tag solvent A and B at 40
°C and flow rate 1 ml/min. The separated PTC-amino acids were detected at
254 nm wavelength. Before injecting the sample, the instrument was
calibrated by two injections of the standards.

Analyses of fatty acids composition:

The analyses of fatty acids was carried out by defatting milk samples
were defatted by centrifugation at 4000 rpm for 30 min. Methyl esters of fatty
acids were prepared using the method of IVOOC, (1991), where about 0.1 g
of fat was dissolved in 2 ml hexan and then 0.4 ml KOH in anhydrous
methanol was added, mixture was treans-esterfied with cold phenol solution
of potassium hydroxide. After 3 min, 3 ml water was added, the organic layer,
separated by centrifugation, was dried by anhydrous sodium sulfate, and
concentrated with N2 stream to around 0.5 ml for GLC analysis of fatty acid
methylesters.

Fatty acid methylesters were directly injected into Agilent 6890 series
gas liquid chromatography (GLC) apparatus, provide with a DB-23 capillary
column (60 m x 0.32 mm x 0.25 um). Carrier gas was Nz with flow rate 3
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ml/min, splitting ratio of 1:50, Hz flow rate 40 ml/min and flow rate 450 ml/min.
The injector temperature was 230°C and that of FID detector was 250°C.
The temperature setting was as follows: 150-170°C at 10°C/ min, then 170-
192°C at 5°C/min (holding 5 min and then 192-220°C during 10 min (holding
3 min).

The peaks (fatty acids) were identified by comparison of retention
time obtained with known standards and were expressed as percentage of
total fatty acids. The proportions of the individual acids were calculated from
the ratio of their peak area to the total area of all the observed acids.

RESULTS AND DISCUSSION

Changes in the physico-chemical parameters and composition (pH,
acidity, specific gravity, total solids, total protein, fat, lactose and ash) of
camel and cow milks with comparison to different previous data of camel and
cow milks are shown in Table (1).

Camel milk has a very white opaque colour, a faintly sweetish odor and
a sweet but sharp taste, but sometimes can also be salty. It is thinner than
cow or buffalo milk. Similar data were in accordance with that of Ohri and
Joshi (1961); Abdurahman, (1996). Also, (Farah, 1996) decided that these
changes in taste were caused by the type of fodder and availability of
drinking water.

The pH values of fresh camel milk ranged from 6.55 to 6.87 with an
average value of 6.70, which is relatively similar to that reported value 6.77
by Khaskheli et al., (2005), and value 6.6 by (El-Bahay, 1962; Field et
al., 1997), also, slightly higher when compared to our cow milk (6.6), and
values (6.5-6.7) by FAO (1982). While higher than those reported by Sawaya
et al.,, (1984); Hassan et al., (1987); Ahmed, (1990); Farag and Kebary
(1992) (6.49, 6.41, 6.53 and 6.39 respectively), and with those of Gnan and
Sheriha, 1986), who reported that the values between 6.2 and 6.8.

However, the acidity of milk mainly reflects temperature of milk after
collection, husbandry technigues and marketing practices. The acidity in
terms of lactic acid content varied between 0.15 to 0.22 % with an average of
0.19%. These results are higher than those reported by Hassan et al.,
(1987); Ahmed, (1990); EI-Amin and Wilcox, (1992); Farag and Kebary
(1992) (0.16, 0.13, 0.15 and 0.17% respectively). But Rodriguez et al., (1985)
reported 0.14 and 0.I5 for Jerseys and Holsteins. Both these values are
lower than those of cows' milk (El-Bahay, 1962; Rao et al., 1970; Sawaya et
al., 1984). It is worth mentioning that the acidity of camel milk is still of
particular importance in determining the freshness and keeping quality of
camel milk. Ohri & Joshi (1961) found that the acidity of camel milk 2
h after milking was low (0.03 %) and increased to 0.14 % in 6 h. They
also reported that camel milk soured in 8 h when kept at 30°C
compared with cow’s milk, which soured within 3 h at the same
temperature. Differences in hygiene of the actual milking and in the total
microbial count and its activity in milk could account for the differences
in the increase in acidity.
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Specific gravity (density) is dependent on temperature at the time of
measurement and composition of material, especially fat content. Table (1)
revealed the average of specific gravity of camel milk is 1.029. This finding is
in agreement with those reported by Hassan et al., (1987); Ahmed (1990).
While it is relatively lower than those reported by Farag & Kebary (1992);
Khaskheli et al., (2005), also, it is lower than cow milk in our study (1.037),
which is corresponding with Birgitte et al., (2004), who mentioned that the
mean value of specific gravity for cow was 1.038.

The total solids content of camel milk varied between 8.96 to 12.10 %
with an average of 11.30 %. These results were higher than those of El-
Bahay, (1962); Hassan et al., (1987) (10.94 and 10.12% respectively), but
lower than those by El-Agamy, (1983); Farag and Kebary (1992); Zhang et
al., (2005); Kamal et al., (2007); Haddadin et al., (2008) (13.10, 12.36,
14.31, 15.06 and 12.3 % respectively), also, lower when compared to our
cow milk (11.91%). FAO, (1982) and Ahmed, (1990) reported similar
fluctuations (84 to 93 g/100g) in the moisture content of camel milk which is
inversely proportional to TS content. One of the reasons they reported was
hot summer, during which the camel secretes highly diluted milk with low fat.
This could be the natural phenomena by which the camel young ones are
supplied with sufficient nutritional value and water for a superb adaptation in
a desert environment. Secondly, water content of fodder would also affect
water content of milk. It has been clearly demonstrated that experiments
which restricted drinking-water caused an increase in water content and a
subsequent decrease in total solids (Yagil and Etzion 1980; Yagil, 1986).
Seasonal climatic variations, water and feed availability had a similar effect
(Knoess et al., 1986).

Relative similar data of fat contents were recorded by El-Agamy,
(1983); Haddadin et al., (2008) and is lower than that of El-Bahay, (1962);
Hassan et al., (1987); Farag and Kebary (1992); Zhang et al., (2005); Kamal
et al., (2007), also is lower when compared to our cow milk (3.6%) and that
of many cattle breeds (Atherton and Newlander 1977). This difference could
reflect species differences and feeding conditions. Generally, estimates of fat
percentages of camel milk vary with season (Knoess et al., 1986), stage of
lactation (EI-Amin, 1979) and pregnancy (Rodriguez et al., (1985). The
results of fat contents were similar to those of reported by (FAO, 1982)
according to which, the hydration status of the animal as well as the type of
forage eaten would also affect the fat content of the milk.

Content of the mean calculated solids not fat (SNF) of camel milk (8.12
%) was appreciably approximately near to cow milk (8.31 %) in our study.
These data were higher than those reported by El-Agamy, (1983); Farag and
Kebary (1992); Zhang et al., (2005); Kamal et al., (2007). Also, lower than
applied to El-Bahay, (1962); Hassan et al., (1987).

The total protein content of camel milk was between 2.13 and 3.20 with
an average of 2.91 %. It could be stressed that protein content of the feed as
well as water intake had directly affected the protein quality of milk (FAO,
1982). Relative similar data of protein were observed by Sawaya et al.,
(1984); Hassan et al., (1987); Haddadin et al., (2008), but lower than those
by El-Bahay, (1962); Mukasa-Mugerwa, (1981); El-Agamy, (1983); Farag
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and Kebary (1992); Zhang et al., (2005); Kamal et al., (2007). Also, slightly
lower comparing to our cow milk (3.35 %).

Average of lactose percentage in our study (4.40%) was similar to that
reported by Knoess, (1977); Farag and Kebary (1992) and higher than that of
El-Bahay, (1962); Hassan et al., (1987); Haddadin et al., (2008), but was
lower than those of Mukasa-Mugerwa, (1981); EI-Agamy, (1983); Sawaya et
al., (1984); Kamal et al., (2007). This wide variation could be attributed to the
variable chemical composition of the individual milk (Aou-Lehia, 1990). Also,
this change in lactose concentration would account for the milk being
described sometimes as sweet and other times as bitter (Farah, 1996).

Table (1): Physico-chemical parameters and composition of camel's
milk compared with cow's milk.

Present Study * Previous studies
Camel milk

Parameter Camel | Cow El- El- Hassan | Farag & | Zhang | Kamal
milk milk |Bahay |Agamy | et al., Kebary | etal.,, | etal.,
(1962) | (1983) | (1987) (1992) | (2005) | (2007)

pH 6.70 | 6.60 | 6.60 - 6.41 6.39 - -

Acidity (%) 0.19 | 0.17 - - 0.16 0.17 - -

Specific gravity |1.029 |1.037 |1.030 - 1.028 1.034 - -
Total solids % |11.30 [11.91 |10.12 |13.10 | 10.94 12.36 | 14.31 | 15.06
Fat (%) 3.18 | 3.60 | 3.80 | 2.90 3.50 3.90 5.65 | 3.78
SNF (%) 8.12 | 831 | 6.32 |10.20 | 7.44 8.46 8.66 |11.28
[Total protein % | 2.91 | 3.35 | 3.50 | 3.70 2.49 3.10 3.55 | 3.30
Lactose (%) 440 | 440 | 3.90 | 5.80 3.87 4.47 4.24 | 5.85
Ash (%) 0.90 | 0.70 | 0.80 | 0.70 0.81 0.80 0.87 | 0.70

*: The average of duplicate was taken for each sample.

Ash content of camel milk was observed to vary in between 0.75 to
0.97% and average of 0.90%. These results were higher than those reported
by different workers i.e. in between 0.70 to 0.83% (El-Bahay, 1962; Knoess,
1982; El-Agamy, 1983; Hassan et al., (1987); Ahmed, 1990; EI-Amin and
Wilcox, 1992; Farag and Kebary 1992); Kamal et al., (2007); Haddadin et
al., (2008), also, higher when compared to our cow milk (0.7%). The
variations in ash of the various studies reflect many genetic and
environmental factors. ElI-Amin, (1979) suggesting that depending on yields.
Finally the ash content is given with 0.7 to 1.2% (Gnan and Sheriha 1986;
Merin et al., 1998) which can be compared with the ash content in milk of
cows, goats and sheep (Farah, 2004).

The composition of camel milk can be partly attributed to the inherited
capabilities of the animals, but the stage of lactation, age, and the number of
calving also play a role. Of special significance to the quality of the produced
milk are the feed as well as water quantity and quality (FAO/WHO/OIE 1992).

In general the data showed a wide variation in the physico-chemical
properties of camel milk. The results obtained were in agreement with
studies of Ahmed, (1990); Larpson, (1990). Also, the composition of camel
milk varies in different parts of the world with arrange of 3.5 to 4.5% protein,
3.4 t0 5.6% lactose, 3.07 to 5.50% fat, 0.7 to 0.95% ash and 12.1 to 15% TS

2986


file:///I:/owner/Application%20Data/Microsoft/Amino%20acids/author.php
file:///I:/owner/Application%20Data/Microsoft/Amino%20acids/author.php
file:///I:/owner/Application%20Data/Microsoft/Amino%20acids/author.php
file:///I:/owner/Application%20Data/Microsoft/Amino%20acids/author.php

J. Agric. Sci. Mansoura Univ., 34 (4), April, 2009

(Gnan and Sheriha 1986). This wide variation in the constituents of milk may
be attributed to factors such as breed, age, the number of calving, nutrition,
management, the stage of lactation and the sampling technique used (Abu-
Lehia, 1987; Alshaikh and Salah 1994). In addition, the feed and water
quality and quantity available to the animals also play an important role
(FAO, 1982).

Total amino acids composition of camel milk proteins compared with
that of cow milk are presented in Table (2). Overall, the amino acid
composition of camel milk proteins appears to be generally similar to that of
cow milk proteins.

The highest level of glutamic acid (13.29 @/100g protein) was
detected in camel milk, similar trend was noticed to that of cow milk and this
result is in line with Taha and Kielwein (1990). While camel milk had a lower
ratio of lysine than that of cow milk, similar data was applied with results
obtained by Ahmed, (1990).

In addition, there were noticeably higher levels of proline, aspartic,
therionine, valine and leucine, while a lower values of cystine and
methionine which may be due to the effect of heat treatments of camel milk
samples , namely, 11.1, 8.24, 7.84, 7.57 and 7.27 g/100g protein,
respectively. While the results show that the cystine and methionine
are present at low level (0.53 and 2.09 g/100g protein) in camel milk,
respectively, that the same trend of cow milk. This ratio is almost lower in
camel milk than in cow milk. This trend is in agreement with that reported by
(Sawya et al., 1984; Mehaia and Al-Kahnal 1989). Also, high level of arginine
(5.22 g/100g protein) was found in camel milk comparing to cow milk (3.7
and 3.3 g/100g protein) which described by both Renner, (1991); Guo et al.,
(2006), respectively. This observing is comparable with published data
(Sawya et al., 1984; Mehaia and Al-Kahnal 1989; El-Agamy and Nawar
2000). The ratios of essential to non-essential amino acids are quite close to
both type milks (EI-Agamy and Nawar 2000).

Differences in the amino acid contents of different animal milks were
attributed to be accompanied by differences in total protein contents. All
reported data reveal that camel milk proteins have the satisfactory quality
balance of essential amino acids equaling or exceeding the FAO/WHO/UNU
requirements (1985) for each amino acid, therefore, it has the adequate
nutritive values for human diets.
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Table (2): Total amino acid concentrations of camel’s milk compared
with cow's milk.

Camel Cow
Amino acid Sawya . Renner, Guo
(9/100 g protein) F’Srtisderlt etal., meh(ils%gg (1991) et al.,
Y"1 (1084) |2 (2006)
Essential
Arginine 5.22 3.9 3.8 3.7 3.3
Histidine 2.05 2.5 2.7 2.8 3.0
Iso Leucine 5.28 5.4 5.0 6.4 4.2
Leucine 7.27 10.4 9.5 10.4 8.7
Lysine 5.32 7.0 7.1 8.3 8.1
Methionine 2.09 2.5 3.6 2.7 1.8
Phenylalanine 3.57 4.6 5.6 5.2 4.8
Theronine 7.84 5.2 4.3 5.1 4.5
[Tryptophan - 1.2 - 1.4 15
\Valine 7.57 6.1 6.9 6.8 4.8
Non-essential
Alaninel 6.36 2.8 2.7 35 3.0
Aspartic 8.24 7.6 6.4 7.9 7.8
Cystine 0.53 1.0 0.6 0.7 0.6
Glycingl 5.05 1.7 1.3 2.1 1.8
Glutamic| 13.29 23.9 19.5 21.8 23.2
Prolinel 11.1 11.1 11.1 10.0 9.6
Sering| 6.99 5.8 4.2 5.6 4.8
[Tyrosine 3.63 4.5 4.0 5.3 45
Essential amino acids 46.21 48.80 48.50 52.80 44.70
Non-essential amino acids 55.19 58.40 49.80 56.90 55.30
Essential / non- essential 0.84 0.84 0.97 0.93 0.81
Cystine / methionin 0.25 0.40 0.17 0.26 0.33

*. The average of three individual samples.

Milk fat is one of the most palatable food components known to man.
In the form of milk and various dairy products, and as an ingredient in
cookery, it is widely consumed by all age groups.

Permanent attention of both dairy industry and nutritionists has been
paid to milk fat composition. Fatty acids are the most important components
of lipids, thus research dealing with milk fat has been focused mainly on fatty
acids content and composition.

Changes in the fatty acid composition of camel’s milk fat in comparison
with different previous data of camel and cow milk’s fat, also data on the
groups of the fatty acids, namely saturated (SAFAs), monounsaturated
(MUFAS), polyunsaturated (PUFAS) and all unsaturated (USFAS) are given in
Table (3).

There were some variations in the fatty acid content of camel milk, the
level of short-chain fatty acids (C4-Ci12) were present in very small amounts
and the predominant saturated fatty acids were Ci4, C16 and Cis. Also, it has
higher proportions of unsaturated fatty acids compared with cow milk, which
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may be the main reason for the waxy texture of camel milk fat, this result
identically with those mentioned by Hagrass et al., (1987). There was a
considerable level of polyunsaturated fatty acids (mainly Cis1 is the most
abundant) in camel’s milk fat.

Short chain fatty acids (Cs-Cs) of camel milk have been reported to be
in the range 0.23 to 0.99 with an average 1.60 %, which were considerably
lower than that of bovine milk (Abu-Lehia, 1989; Farah et al., 1989; Farag
and Kebary 1992; Farah, 1993; Attia et al., 2000; Gorban and Izzeldin 2001;
Alhadrami, 2003; Zhang et al., 2005). Also, even-numbered saturated fatty
acids (C12-Cis) in camel milk accounted for 47.27 % of total fatty acids with
Cis, C1s and Cis as the major components (26.18, 10.79 and 10.30 %
respectively). These results are similar to those of dromedary camel milk
reported in the literature (Sawaya et al., 1984; Abu-Lehia, 1989; Gorban and
Izzeldin 2001; Zhang et al., 2005; Haddadin et al., 2008; Kamal and Salama
2008). On the other hand, polyunsaturated fatty acids (Cis:1-Cis:3) in camel
milk accounted for 34.54 % of total fatty acids, mainly Cis1 (25.75 %). As
compared with bovine milk fat, it was found that the oleic acid (Cis1), the
most abundant unsaturated fatty acids, is present at a higher amount in
camel milk fat (Farah et al., 1989; Farag and Kebary 1992; Attia et al.,2000;
Gorban and Izzeldin 2001) but lower amount than that of Abu-Lehia (1989)
for cow (29%), or that the proportion is practically the same in dromedary and
bovine milk fat (Hagrass et al., 1987; Abu-Lehia 1989; Zhang et al., 2005;
Kamal and Salama 2008) .

According to Gnan and Sheriha (1986) camel's milk fat contained
relatively high levels of polyunsaturated acids, which are essential for
human nutrition especially linolenic (Cis:3) and linoleic (Cis:2) acids.

In addition, SAFAs accounted for 57.56 % of the total, this proportion is
the same, 57.718% in dromedary milk fat (Farag and Kebary 1992), and was
in higher than those of Gorban and lzzeldin (1999) (52 %), but lower
than reported by Czech et al., (2005) decided the fat of cows (Czech Pied
and Holstein) were 60.78 and 63.62 % of total acids respectively. Mean
MUFAs contents (33.66 %) and total levels of all the unsaturated acids
(MUFAs and PUFAs) were (33.66 and 8.79%) elevated in the camel milk fat.

Thus, these differences can be partially explained by different several
factors that affect on the fatty acid composition of camel milk include breed,
feeding, composition of dietary fat, dietary protein, seasonality and region,
and stage of lactation (Palmquist et al., 1993; Gorban and Izzeldin 2001).
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Table (3): Fatty acids composition of camel’s milk fat compared with

cow's milk.
Camel milk fat [ Cow milk fat
Fatty acid Present | T0ass | Farag & Attia | Abu- | Attia | Zhang et al,,
(%) Sm%dmy* eta, | Kebary |etal., |Lehia, | etal.,, |(2005), two
(1987) | (1992) |(2000) |(1989) | (2000) breeds

Saturated:
C 4.0 Butyric 0.80 | 1.26 | 0.440 | 0.60 |3.50 | 2.60 | 141, 1.44
C 6.0 Caproic 0.52 |1.24 | 0.623 | 0.22 |2.40 | 1.65 | 1.27, 1.50
C 8.0 Caprylic 0.29 197 | 0.031 |0.21 [1.40 | 1.12 | 1.02, 1.26
C 10:0 Capric 0.72 | 3.21 | 0.081 |0.25 |2.10 | 2.75 | 2.69, 3.30
C 12:0 Lauric 192 [ 3.86 | 0.535 |1.19 [3.10 | 3.89 | 3.54, 4.00
C 14:0 Myristic 10.30 [13.30 | 11.948 [13.11 [10.40 | 13.05 [12.81,12.55
C 16:0 Palmitic 26.18 [40.88 | 30.453 [31.45 [26.60 | 38.59 | 33.19, 32.99
C 15:0 Peutadecanoic - - 2.664 | 0.10 1.50
C 17:0 Margaric 1.01 - 1.247 - 1.62 - -
C 18:0 Stearic 10.79 | 5.54 | 8.523 [16.12[7.86 | 8.65 [ 2.61, 4.45
C 20:0 Arachidic 5.03 - - 0.49 | 0.11 | 0.49 [0.25, 0.22
Monounsaturated:
C 14:1 Myristoleic - 0.62 | 1.129 | 0.70 1.7
C 15:1 - - 0.205 - -
C 16:1 Palmitoleic 721 [ 143 | 9.100 [11.62|1.70 | 2.30 | 2.04, 2.20
C 17:1 Margaroleic 0.70 - 1.116 - - - -
C 18:1 Oleic 25.75[26.08 | 16.447 [20.70 |29.00 | 20.52 |23.60, 25.54
Polyunsaturated:
C 18:2 Linoleic 403 {049 | 1.035 |1.19 |3.20| 192 [3.92, 364
C 18:3 Linolenic 4.76 - 1.690 |1.33 |1.10| 1.34 |0.78, 0.72
SAFAs ! 57.56 |71.38 - 57.718| - - 60.78, 63.62
MUFAs 2 33.66 [28.13 - - - - 27.64, 25.76
PUFAs? 8.79 - - - - - 6.76, 6.35
USFAs? 42.45 [28.63 | 29.074 |29.074| - - 34.31, 32.11
US/SA > 0.74 - - 0.56 - - -

1 *: The average of three individual samples.

2: Saturated fatty acids, 3: Monounsaturated fatty acids, 4: Polyunsaturated fatty acids,
5: Total unsaturated fatty acids, 6: US/SA: Unsaturated /Saturated

Conclusions:

Camel milk was shown to be poor in fat and rich in lactose, which is
more similar to human milk than to other mammalian milk. It is normally
drunk fresh or sour case, heavy and sweet.

A wide variation was observed in the physico-chemical characteristics
of camel milk. This is mainly due to several factors such as the different
regions, the analyzed samples of individuals or bulk, the analytical procedure
used, lactation period, animal breeding and feeding regimen.

In spite of the economic and ecological advantages the virtues of the
camel are almost unknown outside the communities where it is used and
until now it has received less attention than other domestic animals.

The result could contribute to the overall knowledge of camel as food
source, but much still needs to be learned if efficient improvement
programmers are to be initiated. For example, if camels are reared under
same environment as buffalo, there is no doubt it will produce milk of high
quality.

2990



J. Agric. Sci. Mansoura Univ., 34 (4), April, 2009

REFERENCES

Abdurahman, O.A.S. (1996). Studies on mastitis in the camel-cytological,
bacteriological and diagnostic aspects. Diss. Med. Vet.,, Uppsala,
Sweden.

Abu-Lehia, 1.H. (1987). Composition of camel milk. Milchwissenschaft, 42:
368-371.

Abu-Lehia, 1.H. (1989). Physical and chemical characteristics of camel milk
fat and its fractions. Food Chem. 34: 261-271.

Abu-Lehia, I.H. (1990). The viable content of lactose and chloride in camel
milk. Egypt. J. Dairy Sci. 18, 2: 303-314.

Agrawal, R.P.; Beniwal, R.; Sharma, S.; Kochar, D.K.; Tuteja, F.C.; Ghorui,
S.K. and Sahani, M.S. (2005). Effect of raw camel milk in type 1
diabetic patients: 1 year randomised study. J. Camel Pract. Res. 12:
27-31.

Ahmed, M.M. (1990). The analysis and quality of camel milk. Index of the
thesis accepted for higher degrees by the Universities of Great Britain
and Ireland and the councils for National Academic Awards. 38: 1356.

Alhadrami, G.A. (2003). Camel. In: Encyclopedia of Dairy Sci. H. Roginski,
J.W. Fuquay, and P.F. Fox, ed. Academic Press, London, UK, pp 616-
622.

Al-Kanhal, H.A. (1993). Goat and camel milk composition and freezing point.
Egypt. J. Dairy Sci. 21: 233-244.

Alshaikh, M.A. and Salah, M.S. (1994). Effect of milking interval on secretion
rate and composition of camel milk in late lactation. J. Dairy Res. 61:
451-456.

Atherton, H.V. and Newlander, J.A. (1977). Chemistry and Testing of Dairy
Products. 41 ed. AVI Publ. Co. Inc., Westpott, CT.

Attia, H.; Kherouatou, N.; Fakhfakh, N.; Khorchani, T. and Trigui, N. (2000).
Dromedary milk fat: biochemical, microscopic and
theological characteristics. J. Food Lipids 7: 95-112.

Barnett, A.J. and Abd El-Tawab, G. (1957). Rapid method for determination of
lactose in milk and cheese. J. Sci. Food Agric 8 (7): 437-441.

Bayoumi, S. (1990). Studies on the composition and rennet coagulation of
camel milk. Kieler Milchwirtschaftliche Forschungsberichte 42: 3-8.

Beg, O.U.; Von Bahr-Lindstrom; H. Zaidid, Z.H. and Jornvall, H. (1986).
Characterisation of a camel's milk protein rich in proline identifies a
new Beta-casein fragment. Regul. Peptides 15: 55-62.

Birgitte, D.M.; Morten, D.R.; Mette, O.N.; Lars, W. And Lotte, B.L. (2004).
Physical properties of mammary secretions in relation to chemical
changes during transition from colostrums to milk. J. Dairy Res. 71:
263-272.

Deuraseh, N. (2005). The urine of camels. Treatment of diseases in Al-Tibb
Al-Nabawi. Int. Med. J. 4, No.1.

Donchenko, A.S.; Fatkeeva, E.A.; Kibasov, M. and Zernova, Z.A. (1975).
Destruction of tubercle bacilli in camel's milk and shubat. Veterinariya
2:24-26

2991



El-Loly, M.M. et al.

El-Agamy, E.l. (1983). Studies on camels’ milk. M. Sc. Thesis. Alexandria
University, Alexandria, Egypt.

El-Agamy, E.I. (2000). Effect of heat treatment on camel milk proteins with
respect to antimicrobial factors: A comparison with cows’ and buffalo
milk proteins. Food Chem. 68: 227-232.

El-Agamy, E.l. (2006). Camel Milk. In: Handbook of Milk of Non Bovine
Mammals. Young W. Park and George F.W. Haenlein, ed. Blackwell
Publishing Professional 2121 State Avenue, Ames, lowa 50014, USA,
pp 297-344.

El-Agamy, E.I. and Nawar, M.A. (2000). Nutritive and immunological values
of camel milk: A comparative study with milk of other species. In: Proc.
2" International Camelid Conference: Agroeconomics of Camelid
Farming, Almaty, Kazakhstan, 8-12 September.

El-Agamy, E.l. and Nawar, M.A. (2004). The 9t Egyptian Conf. for Dairy Sci.
& Tech. "Milk and dairy products for a healthy future", Dokki, 9-11
October (2004), Cairo, Egypt.

El-Agamy, E.l.; Ruppaner, R.; Ismail, A.; Champagne, C.P. and Assaf, R.
(1992). Antibacterial and antiviral activity of camel’s milk protective
proteins. J. Dairy Res. 59: 169-175.

El-Amin, F.M. (1979). The dromedary camel milk of Sudan. In Proc.
Workshop on Camels. Int. Found. Sci., Stockholm.

El-Amin, F.M. and Wilcox, C.J. (1992). Milk composition of Majaheim
camels. J. Dairy Sci., 75: 3155-3157.

El-Bahay, G.M. (1962). Normal contents of Egyptian camel milk. Vet. Med.
J. 8:7-17.

FAO, (1982). FAO Animal Production and Health Papers. Camels and Camel
Milk. Food Agriculture Organization of the United Nations, Rome, Italy.

FAO/WHO/OIE (1992). Animal Health Yearbook. FAO Animal Production
and Health Series No. 32, Food & Agriculture Organization, Rome,
Italy.

FAO/WHO/UNU (1985). Energy and protein requirements. WHO Technical
Report Series Nr. 724, WHO, Geneva.

Farag, S.I. and Kebary, K.M.K. (1992). Chemical composition and physical
properties of camel’s milk and milk fat. In Proc. 5" Egyptian Conf. of
Dairy Science and Technology, Egypt, pp. 57-67.

Farah, Z. (1993). Composition and characteristics of camel milk. J. Dairy
Res. 60: 603-626.

Farah, Z. (1996). Camel Milk: Properties and Products. SKAT, Swiss Centre
for Development Cooperation in Technology and Management, St.
Gallen, Switzerland.

Farah, Z. (2004). An introduction to the camel. In: Farah, Z. & Fischer, A.
(eds): Milk and meat from the camel-Handbook on products and
processing. vdf Hochschulverlag, Zurich, Switzerland, pp. 15-28.

Farah, Z.; Streiff, T. and Bachmann, M.R. (1989). Manufacture and
characterization of camel milk butter. Milchwissenschaft 44: 412-414.

Field, C.R.; Kinoti, M. and Bush, M. (1997). Camel milk for schools and its
preservation during vacations. J. Camel Res. 4: 247-255.

2992



J. Agric. Sci. Mansoura Univ., 34 (4), April, 2009

Fox, P.F. and Mcsweeny, P.L.H. (1998). Dairy Chemistry and
Biochemistry. Kluwer Academic/Plenum Publishers, New York,
USA Gaili, E.S.E., M.M. Al-Eknah, and M.H. Sadek. 2000.
Comparative milking performance of three types of Saudi camels
(Camelus dromedarius). J. Camel Pract. Res. 7: 73-76.

GLIPHA (Global Livestock Production and Health Atlas) (2006). Global
livestock production and health atlas of the FAO.

(http://www.fao.org/ag/aga/gliphal/index.jsp).

Gnan, S.O. and Sheriha, A.M. (1986). Composition of Libyan camel’s milk.
Aust. J. Dairy Technol. 41: 33-35.

Gorban, A.M.S. and lzzeldin, O.M. (1999). Study on cholesteryl ester fatty
acids in camel and cow milk lipid. Int. J. Food Sci. Technol. 34, 3: 229-
234.

Gorban, A.M.S. and lzzeldin, O.M. (2001). Fatty acids and lipids of camel
milk and colostrum. Int. J. Food Sci. Nutr. 52 (3): 283-287.

Haddadin, M.S.Y.; Gammoh, S.I. and Robinson, R.K. (2008). Seasonal
variations in the chemical composition of camel milk in Jordan. J. Dairy
Res. 75: 8-12.

Hafiz, E.H. and Hamzawi, L.F. (1991). Comparative study of some
compositional, physical and technological properties of Egyptian cow,
goat and camel milk. Annals of Agricultural Science Moshtohor., 29, 2:
835-845.

Hagrass, A.E.; Hassan, A.A.; Soryal, K.A.; Mervat, A.S. and EI-Shabrawy,
S.A. (1987). Chemical composition of fat and butter of camel’'s milk.
Egypt. J. Food Sci. 15: 15-25.

Hassan, A.A.; Hagrass, A.E.; Soryal, K.A. and El-Shabrawy, S.A. (1987).
Physicochemical properties of camel milk during lactation period in
Egypt. Egypt J. Food Sci. 15: 1-14.

Hurley, W.L. (1999). Milk composition. Department of Animal Science,
University of lllionis, Urbana-Champaign.

llse Kohler-Rollefson, (2004). The camel in Rajasthan: Agricultural diversity
under threat. Saving the Camel and Peoples’ Livelihoods Building a
Multi stockholder Platform for the Conservation of the Camel in
Rajasthan, International conference, 23-25 November, 2004, Sadri,
Rajasthan, India. pp. 6-18.

IVOOC, (1991). International virgin olive oil council, quality improvement and
council Jan Bravo, 10-28006, Madrid, p. 50.

Kamal, A.M. and Salama, O.A. (2008). Lipid fractions and fatty acid
composition of colostrum, transitional and mature she-camel milk
during the first month of lactation. Asian J. Clinical Nutr., 1: 23-30.

Kamal, A.M.; Salama, O.A. and El-Saied, K.M. (2007). Changes in amino
acids profile of camel milk protein during the early lactation. Int. J.
Dairy Sci. 2 (3): 226-234.

Khaskheli, M; Arain, M.A.; Chaudhry, S.; Soomro, A.H. and Qureshi, T.A.
(2005). Physico-chemical quality of camel milk. J. Agri. Soc. Sci., 1, 2:
164-166.

Knoess, K.H. (1977). The camel as a meat and milk animal. World Anim.
Rev., 22: 39-44.

2993


file:///I:/owner/Application%20Data/Microsoft/Amino%20acids/author.php
file:///I:/owner/Application%20Data/Microsoft/Amino%20acids/author.php
file:///I:/owner/Application%20Data/Microsoft/Amino%20acids/author.php

El-Loly, M.M. et al.

Knoess, K.H.; Makhudum, A.J.; Rafiq, M. and Hafeez, M. (1986). Milk
production potential of the dromedary, with special reference to the
province of Punjab, Pakistan. World Anim. Rev., 57: 1I-21.

Knoess, K.H. (1982). Milk production of the dromedary. Pakistan Vet. J., 2:
91-98.

Lapsson, R.M. (1990). Cheese Making Properties of Camel Milk. Food
Laboratory News 22: 22-25.

Ling, E.R. (1963). A Text Book of Dairy Chemistry vol. 1l, 3 rd ed., Chapman
and Hall, Ltd., London.

Millipore co-operative (1987). Liquid chromatographic analysis of amino
acids in foods using a modification of the PICO-TAG method.

Mehaia, M.A. and Al-Kahnal, M.A. (1989). Studies on camel and goat milk
proteins: Nitrogen distribution and amino acid composition. Nutr.
Reports Int. 39 (2): 351-357.

Merin, U., Bernstein, S., Van Creveld, C., Yagil, R. and Gollop, N. (2001).
Camel (Camelus dromedarius) colostrums and milk composition during
the lactation. Milchwissenschaft 56 (2): 70-74.

Merin, U.; Rosen, B.; Bernstein, S.; Yagil, R. and Gollop, N. (1998). Effects
of husbandry practices on the composition of Israeli camel
milk. Milchwissenschaft 53: 680-682.

Mukasa-Mugerwa, E. (1981). The camel (Camelus dromedarius). A
Bibliographical Review, Int. Livest. Ctr. Africa Monogr. No. 5, Int.
Livest. Ctr. Africa, Addis Ababa, Ethiopia.

Ohri, S.P. and Joshi, B.K. (1961). Composition of camel milk. Indian Vet. J.,
38: 514-517.

Palmquist, D.L.; Beaulieu, A.D. and Barbano, D.M. (1993). Feed and animal
factors influencing milk fat composition. J. Dairy Sci. 76:1753-1771.

Pesek, M.; Spicka, J. and Samkov, E. (2005). Comparison of fatty acid
composition in milk fat of Czech Pied cattle and Holstein cattle Czech
J. Anim. Sci. 50, 3: 122-128.

Pesek, M.; Spicka, J. and Samkov, E. (2005). Comparison of fatty acid
composition in milk fat of Czech Pied cattle and Holstein cattle Czech
J. Anim. Sci. 50, 3: 122-128.

Radwan, A.l.; Bekairi, S.I. and Prasad, P.V.S. (1992). Serological and
bacteriological study of brucellosis in camels in central Saudi
Arabia. Rev. Sci. Tech. Off. Int. Epiz. 11: 837-844.

Rao, M.B., Gupta, R.C. and Dastur, N.N. (1970). Camels’ milk and milk
products. Indian J. Dairy Sci., 23: 71-78.

Renner, E. (1991). Dictionary of milk and dairying. Volkswirtschaftl. Verlag,
Munchen, p.12.

Rodriguez, L.A.; Mekonnen, G.; Wilcox, C.J.; Martin, F.G. and Krienke, W.A.
(1985). Effects of relative humidify, maximum and minimum
temperature, pregnancy, and stage of lactation on milk composition
and yield. J. Dairy Sci. 68, 4: 973-978.

Sawaya, W.N.; Khalil, J.K.; Al-Shalhat, A.F. and Al-Mohammad, H. (1984).
Chemical composition and nutritional quality of camel milk. J. Food
Sci., 49, 3: 744-747.

2994



J. Agric. Sci. Mansoura Univ., 34 (4), April, 2009

Semereab, T. and Molla, B. (2001). Bacteriological quality of raw milk of
camel (Camelus dromedarius) in Afar region (Ethiopia). J. Camel
Pract. Res. 8: 51-54.

Sharmanov, T.S.; Kadyrova, R.K.; Shlygina, O.E. and Zhakslykova R.D.
(1978). Changes in the indicators of radioactive isotope studies of the
liver of patients with chronic hepatitis during treatment with whole
camel’s milk and mare’s milk. Voprsy Pitaniya 1: 9-17.

Simpson, G.G. (1945). The principles of Classification and a Classification of
Mammals. New York: American Museum of Natural History (Bulletin
85, 1-350).

Taha N.M. and Kielwein, G. (1990). Pattern of peptide-bound and free amino
acids in camel, buffalo and ass milk. Milchwissenschaft 45:22-25.

UNICEF (1992). The state of third World’s Children.

Yagil, R. (1987). Camel milk - a review. Intr. J. Anim. Sci. 2: 81-99.

Yagil, R. (1982). Camels and camel milk. In: Animal Production and Health
Paper n° 26. Publication FAO (Food and Agriculture Organization).
Rome.

Yagil, R. (1986). The camel: self-sufficiency in animal protein in drought
stricken areas. World Animal Rev. 57: 2-10.

Yagil, R. and Etzion, Z. (1980). Effect of drought condition on the quality of
camel milk. J. Dairy Res. 47:159-166.

Yagil, R.; Zagorski, O.; van Creveld, C. and Saran, A. (1994). Science and
camel's milk production. Chameux et dromedaries, animeaux
laitiers. Ed. Saint Marin, G. Expansion Scientifique Francais, Paris, 75-

89.
Zeuner, F.E. (1963). A History of Domesticated Animals. London:
Hutchinson.

Zhang, H.; Yao, J.; Zhao, D.; Liu, H.; Li, J. and Guo, M. (2005). Changes in
chemical composition of Alxa bactrian camel milk during lactation. J.
Dairy Sci. 88: 3402-3410.

2995



El-Loly, M.M. et al.

Jlaad) cll Ay gaall g dsilaass g 3l el g30)
&uﬂ\wfuujd‘gléjwmisuiﬂ\wa
BALAN - Bl - Cigall Laglll S yal) - LAY acd

€U B 835 sall sl g )3l Ga LB (DY) ) ol e aan o
o) ad ) Gl Qe Al Gl sall (aes Al 50 a8 285 5 o) - i ) (e Ay jall Al el
D8 i (e Alasll al A0 Ay Ll 3 LS ¢ i gl A i ¢ e sil) 50 ¢ s el
S ¢ SN sl ¢ AU Al sl sad) ¢ caadl ¢ A aal sald) Je call Al el Sl
¢ Al alan¥) il Sa A 3 at Laiy ¢ e sl SUS 8 syl ¢y Ll gine I3 S5 ¢ 3 5iSU)
Jeall ol e (3 daall Gl

ey ¢ a1 el o8 il e Tanas OB Jlanll () 3 3001 el sl s sime (f i) il 5
gLk Gl o a8 LaS ¢ JLENI 0l (3 gl s (S (5 5l A g 5] G lld (g uSal) e
DA o A aie 0 S

Cun « HPLC 43,k alasiuly Juaall ol (8 2080 4l Galaa) (5 sine Al )l dpaailly
At (i) 5 ¢ Ladlislall Gasla (e Lasina gLy el Janll (g il g o il & gl
Gl ¢ i g yaal) ¢ L) € 0l (e Aa pe ot e 4l gia) ISy EY) 0 (8 dde Gl
sl ¢ Ol e J8 ds e (s sing Cua @l e aSal) e e ¢ i il e G sl ¢

el 4dld ¢ GLC 4y 5k aladiuly Jleall ol a0 8 4l (alaa¥l (s sine Al 5l dnilly Ll
sl Galaa) A il Lai QLY Gl (8 4ie (Cy-Ciz) Aludl 3 jpmd (alea ) dus (alisily
Aardia yoall Lol (aleaYl s (Cra, Cis, Cig) dasiiall dsindl) alaal) & Lo st Gaii o ALul)
(Cusi1) s 3lll (S Sua

2996



