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Vitamin C and riboflavin content in dromedary camels milk and in milk heated
at 63, 80, 90 and 100°C for 30 min, 73°C for 15 s and 90°C for 10 min were
studied. Results showed that the levels of vitamin C and riboflavin in raw camels
milk were 24-9 + 2-75 and 0-56 + 0-11 mg/kg and in cows milk were 14-3 + 1-12
and 1-84 + 0-16 mg/kg, respectively. Heating of camel milk at 63, 80, 90 and
100°C for 30 min results in a loss of vitamin C content of about 27, 41, 53 and
67%, respectively. The corresponding figures for cows milk were 18, 26, 36 and
48%. However, the heat treatments caused a negligible amount of destruction
(0-7%) of the riboflavin content in camels and cows milk.

INTRODUCTION

There are about 19 million camels in the world. Most
of them are found in African and Asian countries
(Chapman, 1991). The vast majority are dromedaries
(Camelus dromedarius; the one-humped camel) and are
found particularly in desert (arid) areas, whereas bact-
rians (Camelus bactrianus; the two-humped camel) are
more prevalent in the cooler areas. The population of
camels in Saudi Arabia is estimated to be 600000 and
they are all dromedaries (Chapman, 1991). Camels in
Saudi Arabia play a major 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 (Yagil & Etzion, 1980).
Moreover, camels milk has been suggested to have a
relatively high content of vitamin C (Rao et al., 1970;
Knoess, 1977).

Most camels milk produced in Saudi Arabia was
traditionally consumed fresh, as raw milk, or when
soured, Recently, however camels milk is gaining more
popularity, and several commercial farms are being estab-
lished to supply fresh pasteurised milk to consumers.

Although the composition of camels milk has been
studied in various parts of the world (Ohri & Joshi,
1961; El-Bahay, 1962; Rao et al., 1970; Knoess, 1977;
Yagil & Etzion, 1980; Sohail, 1983; Yagil, 1987) includ-
ing Saudi Arabia (Sawaya et al., 1984a; Abu-Lehia,
1987; Mehaia & Al-Kanhal, 1989; Elamin & Wilcox,
1992) there is limited information on the vitamin
content of camels milk especially that of the Majaheem
breed of Saudi Arabia. Moreover, no data are available
in the literature on the effect of heat treatments on
vitamin content (e.g. vitamin C and riboflavin) of
camels milk.
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The present investigation was undertaken to study
the vitamin C and riboflavin content, as well as the
effect of different heat treatments on the content of
the two vitamins, in Majaheem camels milk of Saudi
Arabia. The information complements existing data
and provides background information about the
nutritional quality of heat-treated camels milk.

MATERIALS AND METHODS
Milk samples

Twelve milk samples of dromedary Majaheem camels
were collected from 12 healthy female camels from
private farms near Buriedah City in the central region
of Saudi Arabia. Samples collected were immediately
pooled, refrigerated and transferred to the laboratory.
For comparison, bulk cows milk of the Friesian breed,
obtained form the University Farm, was used.

Heat treatments

Each batch of milk was divided into 250-ml portions.
One portions was kept as a control (raw milk) and the
rest was individually heated at 63, 80, 90 and 100°C for
30 min, 73°C for 15 s and 90°C for 10 min in 500 m]
round bottomed flasks equipped with a condenser and
thermometer. After heating, the flasks were cooled to
room temperature and analysed. The experiments were
repeated four times and the mean and standard devia-
tions were calculated. In order to protect the vitamins
from light, milk samples were collected in plastic
containers and the flasks, used during heat treatments,
were wrapped with aluminium foil.
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Table 1. Chemical composition of camel and cow milks

(mean *+ SD)

Components Camel Cow
Total solids (%) 11-69 + 025 1223 £0-31
Protein (N X 6-38) (%) 2-80 £ 012 331 £0-09
Fat (%) 3-50 £ 030 340+ 020
Lactose (%) 460+ 0-11 4-85 1 0-10
Ash (%) 0-79 £ 0-01 0-72 £ 0-01
Titratable acidity (%) 0-14 £ 0-01 0-16 £ 0-01
pH 6:61 + 0-02 6-60 + 0-01

Chemical analysis

Proximate analysis (total solids, fat, protein and ash),
pH and titratable acidity were determined according to
procedures outlined in AOAC (1980). Lactose was
determined by difference. Standard methods of the
AOAC (1980) were used to determined the vitamin C
and riboflavin content of the milk.

RESULTS AND DISCUSSION
Yitamin C and riboflavin in camels milk

The chemical composition of dromedary Majaheem
camels and Friesian cows milk, used in this study, is
shown in Table 1. Table 2 lists the vitamin C content
of Majaheem camels and cows milks. Vitamin C
content of various milks, as taken from the literature,
are also given in Table 2. The level of vitamin C in
Majaheem camels milk was close to that reported by
Sawaya et al. (1984a), Kon (1972), Knoess (1977) and
Khanna (1986), but was relatively lower than that
reported by Rao er «l. (1970), Hartman and Dryden
(1978) and Sohail (1983). Moreover, vitamin C content
of dromedary camels milk was about two times higher
than that of cows, goats or ewes milk but was almost
half of that in human milk. The amount of vitamin C
in camels milk is of relevance to the human diet in
areas where green vegetables and fruits are hard to find
(Sawaya et al., 1984a).

Table 2. Vitamin C content (mg/kg) in milk or camel, cow,
goat, ewe and human

Reference Camel Cow Goat Ewe Human
This work 249 14-3
Rao et al. (1970) 57-98
Kon (1972) 23-98
Knoess (1977) 238
Sohail (1983) 582
Khanna (1986) 250
Yagil (1987) 23-100
Sawaya + (1984q) 237
Hartman & Dryden (1978) 640  2:4-20-5 150 430
Posati & Orr (1976) 147 129 50-0
Knoess (1976) 145 197 143
Saad (1980) 138
Deeth & Tamine (1981) 1-0-20-0
Sawaya et al. (1984b) 90

Sawaya et al. (1985) 60

Table 3. Riboflavin content (mg/kg) in milk of camel, cow,
goat, ewe and human

Reference Camel Cow  Goat Ewe Human
This work 0-56 1-84
Knoess (1977) 0-80
Sawaya et al. (19844) 042
Khanna (1986) 0-30
Posati & Orr (1976) 1-61 1-38 355 0-36
Hartman & Dryden (1978) 1-74 1-48  3.82 0-36
Saad (1980) 2-48
Deeth & Tamine (1981) 1-5-2-0
Sawaya et al. (1984b) 1-2-1-7
Sawaya et al. (1985) 2-38

Riboflavin contents of Majaheem camels and cows
milks, as well as those of various milks reported in the
literature are given in Table 3. Our results are com-
parable to those reported by Sawaya et al. (1984a), but
substantially lower than those reported by Knoess
(1977) and higher than those reported by Khanna
(1986). However, riboflavin content of dromedary
camels milk was relatively higher than that reported for
human milk, and was substantially lower than that
reported for cows, goats or ewes milk.

According to the Recommended Dietary Council/
National Academy of Science (Anonymous, 1980) 1 kg
of Majaheem camels milk furnishes approximately 42%
of vitamin C and 32% of riboflavin.

Effect of heat treatments

Heat treatments can decrease the nutritive value of
milk through loss of vitamins and loss of protein value.
It is well known that vitamin C is quite thermolabile
and it is rapidly destroyed when milk is heated. The
effects of various treatments on the content and the
loss of vitamin C are given in Table 4. Pasteurisation of
camels milk by the low-temperature long-time method
(LTLT) caused loss at 27% of vitamin C, whereas
the loss by the high-temperature short-time method
(HTST) was only 15%. This is due to formation
of sulthydryl compounds; as these are reducing
substances, there was a lowered oxidation-reduction
potentional and apparently a protection of vitamin
C against oxidation (Hartman & Dryman, 1978).
However, by increasing the temperature from 63 to
100°C for 30 min the loss of vitamin C was increased

Table 4. Effect of heat treatments on the content and loss of
vitamin C in camel and cow milks

Heat treatment Camel Cow
mg/kg % loss mgkg % loss
Raw milk 249+£275 0 143+112 0
63°C/30 min (LTLT) 182 £2:15 27 11-7+1-51 18
73°C/15 s (HTST) 212+161 15 129+171 10
80°C/30 min 1461162 41 106105 26
90°C/10 min 13-8+120 45 104121 27
90°C/30 min 11-7£220 53 9-1£160 36
100°C/30 min 831169 67 75£121 48
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Table 5. Effect of heat treatments on the content and loss of
riboflavin in camel and cow milks

Heat treatment Camel Cow
mgkg %loss mgkg % loss
Raw milk 056011 O 184+016 O
63°C/30 min (LTLT) 0-54 £ 0-02 4 1-84+0-14 0
73°C/15s (HTST) 0541012 4 1-82£0-17 1
80°C/30 min 0-53+£008 5 1-80£ 008 2
90°C/10 min 052+012 7 1-78£0-10 3
90°C/30 min 0-52+008 7 177+ 0-11 4
100°C/30 min 0:52+012 7 1754009 5

from 27 to 67%. Generally, vitamin C in camels milk
showed a higher heat sensitivity than cows milk. This
may be because the sensitivity of whey proteins to heat
denaturation in camels milk is considerably lower than
in cows milk (Farah, 1986), resulting a less
formation of sulfhydryl compounds. However, this
remains to be confirmed.

In the absence of light, the riboflavin in milk is quite
stable to heat (Hartman & Dryden, 1978). The effects of
various heat treatments on riboflavin contents of camels
and cows milk are listed in Table 5. The losses of ribo-
flavin due to various heat treatments of camels and cows
milk were 4-7 and 0-5%, respectively. Holmes and Jones
(1945) reported no effect of the HTST pasteurisation
method on riboflavin content of cows milk, whereas,
Saad (1980) found that pasteurisation of cows milk
caused a 12% loss of riboflavin content. Reports of large
losses of riboflavin due to heating, which have occasion-
ally been made, are undoubtedly complicated by the
effect of light (Hartman & Dryden, 1978).

CONCLUSIONS

From the foregoing results it could be concluded that
dromedary camels milk contains more vitamin C (24-9
+ 2-75 mg/kg) and less riboflavin (0-56 + 0-11 mg/kg)
than cows milk. Heating camels milk at 63, 80, 90 and
100°C for 30 min resulted in losses of vitamin C and
riboflavin of about 27 and 4, 41 and 5, 53 and 7 and 67
and 7%, respectively. Pasteurisation of camels milk by
the LTLT method results in a decrease in vitamin C of
about 27%, whereas destruction by the HTST method
was much less (15%). However, vitamin C in camels
milk was more heat-sensitive than in cows milk,
whereas heat-treatments of camels and cows milk
caused negligible destruction of riboflavin.
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