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ABSTRACT

The present investigation was conducted to determine mineral profile of fermented camel milk gariss,
which procured from ten different locations from Khartoum state, samples collected from the locations of
Khartoum significantly (P< 0.05) higher than that collected from Khartoum north and Omdurman in all
minerals investigated in this work except that of Calcium. The minerals content of the farms and markets
(retailers) investigated in this work were significantly (P< 0.05) different from each other except the mean of
calcium significantly (P< 0.05) not different between farms and markets; farms were higher only in potassium
(i.e. potassium content is 236.56 and 221.91 mg/l for farms and Markets, respectively), and lower in Sodium,
Magnesium and Phosphorus.
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Introduction:

Milk mineral salts are mainly chloride, phosphates and citrates of Sodium, Calcium and Magnesium. The
minerals content of camel milk expressed in ash ranges from 0.6% to 0.8%, they influence its rates of
coagulation and other functional properties, the data available in literature indicated that camel milk is rich in
chloride and phosphorus, and low in Calcium (Farah and Fischer, 2004).

 Mehaia et al., (1995) studied on milk of three ecotypes of Saudi camels and indicated that the levels of
Ca, Mg, P, Na and K of Majaheim, Wadah and Hamra camel milks were 120, 109 and 119, 13.0, 12.4, and
11.6; 88-6, 83.5 and 90.1; 65.0, 73.4 and 64.6, and 135, 172 and 124 mg/l00 g, respectively.

Dell'Orto et al (2000) reported that the mineral content of camel milk Ca 0.94 g/L and Mg 37.18mg/l.
The mineral contents of camel milk studied by Saitmuratova et al (2001) revealed that Na  was 0.0055

mg/g, while in camel milk from Kazakhstan, the mean values were 1.232 g/l for calcium and  1.003 g/l for
phosphorus with a significant effect of season and species for Ca and P, The calcium and phosphorus content
in camel milk covered the daily requirements for adult when the consumption reached 650 ml per day of camel
milk for calcium and 800 ml per day for phosphorus(Konuspayeva et al., 2008).

The mineral content of Pakistani camel milk has been reported by Yagoob and Nawaz (2007) they found
that Calcium was 138 mg/100g and  phosphorus 0.5 mg/100g.

Mehaia (1996) studied the mineral content of camel milk concentrated by ultra filtration indicated that
minerals are smaller than the membrane pores and partially associated with proteins and fat demonstrate
increased proportions in the retentate with increase degree of concentration i.e. volume concentration ratio.
Few data are available on mineral composition of camels' milk (Bengoumi, 1994). Farah (1996) has reported
that although salt composition of milk is influenced by factors such as health status of the udder and stage of
lactation, the major salt constituents of camels' milk seem to be similar to those in cows' milk. According to
the literature available in chemical composition of fermented camel milk in Sudan and others places in the
world the studies  not concerned on mineral profiles of fermented camel milk it concerned only in the effect
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of fermentation  on ash content, but only available data in minerals contains was  in Kazakhstan, according
to the high polluting conditions of some parts of the environment, camel milk and shubat could contain
pollutants rather than chemical constituents (pesticides, heavy metals, radio nuclides).The differences in results
from different methods points to the necessity for centralization and standardization of methods used for
analyses. In summary, all these facts point to the necessity on providing more detailed studies in this field with
taking in account more potential risk elements and factors(Meldebekova et al., 2008).

Saitmuratova et al (2001) compared the minerals content of camel milk and shubat they found that Na
0.0055 and 0.0048 mg/g for camel milk and shubat, respectively, so the objectives of the present investigation
were to study some minerals profile of fermented camel milk gariss collected from different locations of
Khartoum state, Sudan. 

Materials and Methods:

Ten samples were collected from different locations of Khartoum state i.e. three samples from Khartoum,
five from Khartoum north and two from Omdurman.

These samples were collected directly from plot containers in the farms or retailers and kept with ice back
transferred to the laboratory pending the analysis, minerals Sodium Na, potassium K, Calcium Ca, Magnesium
Mg and Phosphorus P were determined.

Minerals of the samples were extracted according to Pearson’s method (1981), each sample was burnt in
a muffle furnace at 550C, and then placed in a sand bath for10 minutes after addition of 10 ml of 5N HCl,
then the solution was carefully filtered in a 100 ml volumetric flask and finally distilled water was added to
make up to mark, the extracts were stores in bottles for further analysis.

Potassium and Sodium contents:

The Potassium and Sodium contents of each extracted sample were determined according to AOAC (1984)
using flame photometer (PFP7 Jenway). One milliliter of the extract was taken and diluted in a 50 ml conical
flask with distilled water; the standard solutions of the KCl and NaCl were prepared by dissolving 2.54 and
3.33 g of KCl and NaCl, respectively. Ten ml of this solution were taken and diluted with 1000 ml distilled
water to give a 10 ppm concentration. The flame photometer was adjusted to zero using distilled water as a
blank and to 100 using standard solution.

Calculations of the alkaline metals were affected by:
K or Na (%) = F.R× D.F×100/106×S×10

Where:
F.R = flame photometer Reading, D.F = Dilution Factor, S = Sample weight, then the results converted

to mg/l.

Calcium and Magnesium Determination:

They determined by titration methods according to the method of Champman and Pratt (1961).

Phosphorus Determination:

Analysis of phosphorus was carried out according to the method of Champman and Pratt (1961). Two
milliliter of extract was pippetted into a 50 ml volumetric flask. Ten milliliters of ammonium vanadate reagent
[22.5g of (NH4)6 MO7 O24.4H2O in 400ml distilled water +1.25 g ammonium vanadate in 300ml boiling water
+ 250 ml conc.HNO3, then diluted to 1liter ] were added. The contents of the flask were mixed and diluted
to volume. The density of the color was read after 30 minute at 470 nm using Spectrophotometer Jenway 6305
vis/uv.

Phosphorus was calculated according to the following equation:
Meq/liter P = 5.5772× (absorbance) 2 + (45.68× absorbance) - 0.429.
Where the figure was found according to standard cure made in laboratory of Food Science and

Technology Department, Then the results converted to mg/l.

Statistical Analysis:

Each sample was analyzed in triplicate and the figures were then averaged, SPSS 16.00 (Statistical
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Packages for Social Sciences) was used to analyze all data using ANOVA test and Duncan multiple range test
(DMRT) for mean separation.

Results and Discussion

Table 1: Mineral contents of fermented camel milk gariss collected from different locations of Khartoum state:
SAMPLE Na mg /L K mg /L Ca mg /L Mg mg /L P mg /L
1KHGB (347.76)b±20.75 (70.59)d ±0.45 (130)a ±14.14 (252)c ±16.97 (229.40)b ±3.93
2KHCM (124.89)f ±4.38 (24.18)g ±0.225 (70)cd ±14.14 (192)de ±16.97 (156.55)d±14.19
3KHMS (202.40)d ±11.29 (31.59)f ±0.39 (50)de ±14.14 (186)de ±8.49 (182.59)c ±5.25
4KHSG (288.88)c ±33.16 (244.92)b ±0.00 (130)a ±14.14 (168)e ±16.97 (136.71)e ±3.88
5KHGC (452.41)a ±13.82 (324.87)a ±1.58 (70)cd ±14.14 (420)a ±16.97 (357.43)a ±3.90
6KHFT (337.41)b ±20.20 (130.65)c ±1.58 (40)e ±00.00 (306)b ±25.46 (228.16)b ±2.24
7KHKH2 (452.41)a ±13.89 (377.52)a ±3.90 (60)de± 00.00 (324)b ±00.00 (293.26)a ±1.61
8KHCRC (152.49)e ±9.30 (592.41)a ±1.58 (90)bc ±14.14 (210)d ±25.46 (128.65)e±10.32
9KHTF (359.95)b ±3.86 (43.29)e ±0.60 (100)b ±00.00 (426)a ±8.49 (443.92)a ±0.89
10KHAC (215.05)d ±4.95 (74.88)d ±0.225 (70)cd ±14.14 (168)e ±00.00 (182.59)c ±5.25
- Each value is an average of three experimental samples analyzed in triplicate.
- Values are means ± (standard deviation).
- Means not sharing a common superscript letter in a column are significantly different at P< 0.05 as assessed by Duncan’s multiple-Range
test.

Table 2: Minerals contents of the three towns of Khartoum state:
Sample Na mg /l K mg /l Ca mg /l Mg mg /l P mg /l
Khartoum (429.58)a±57.09 (279.96)a±113.36 (56.67)b±15.05 (350.0)a±56.5 (295.57)a±57.01
Khartoum north (256.13)b±79.7 (197.99)ab±219.9 (88.00)ab±30.11 (231.6)b±104.31 (220.43)ab±118.14
Omdurman (245.83)b±130.41 (47.58)b±25.49 (100.00)a±36.51 (222)b±37.3 (199.54)b±37.18
Total mean 306.1±116.9 192.5±183.68 81.00±31.44 265.2±97.32 (238.79)±96.78
- Each value is an average of three experimental samples analyzed in triplicate.
- Values are means ± (standard deviation).
- Means not sharing a common superscript letter in a column are significantly different at P< 0.05 as assessed by Duncan’s multiple-Range
test.

Table 3: Minerals profile according to the source of gariss in Khartoum state:
Sample sources Na mg /l K mg /l Ca mg /l Mg mg /l P mg /l
Farms (208.51)b±121.40 (236.58)a±266.09 (92.98)a±90 (249.60)b±103.28 (235.15)b±134.14
Retailers (markets) (346.7)a±107.94 (221.91)b±141.33 (70)a±35.36 (262.67)a±145.10 (239.63)a±87.65
- Each value is an average of three experimental samples analyzed in triplicate.
- Values are means ± (standard deviation).
- Means not sharing a common superscript letter in a column are significantly different at P< 0.05 as assessed by T- test.

Sodium (Na):

The total mean of sodium content 306.1mg/l for the three towns of Khartoum state, Khartoum samples
mean (429.58 mg/l) was significantly (P< 0.05)   higher than Khartoum north (256.13 mg/l) and Omdurman
(245.83mg/l), Khartoum north and Omdurman means of Na contents were significantly (P< 0.05 ) not different.
Samples 5KHGC and 7KHKH2 have the same value (452.41 mg/l) of sodium content and significantly (P<
0.05) highest than all others samples of gariss investigated in this study, while the value of (124.89 mg/l) for
the sample 2KHCM was significantly (P< 0.05) lower than all samples studied in this work, the value reported
in this study higher than (0.48mg/100g) reported by (Saitmuratova et al., 2001) for fermented camel milk
shubat from China.

Mehaia et al., (1995) reported that Sodium content of Majaheim, Wadah and Hamra (Saudi ecotypes
camel) was 65, 73.4 and 64.6mg/100g, respectively.

Potassium (K):

The total mean of potassium content 192.5mg/ml for the three towns of Khartoum state, Khartoum
potassium content (279.96 mg/l) was significantly (P< 0.05) higher than (197.99mg/l) for Khartoum north and
that (47.58 mg/l) for Omdurman samples. The mean value of potassium (24.18 mg/l) for the sample 2KHCM
was significantly (P< 0.05) lowest amongst all samples investigated in this work, while the value of (592.41
mg/l) for the sample 8KHTF was the highest one amongst all samples investigated in this study. Mehaia et
al., (1995) studied Sodium content of Majaheim, Wadah and Hamra (Saudi ecotypes camel) they found that
it was 135, 172 and 124mg/100g, respectively. The values of our results were lower than these values if
converted to the same unit of measurement. 



50Res. J. Agric. & Biol. Sci., 7(1): 47-51, 2011

Calcium (Ca):

The mean value of the three towns of Khartoum state was (81mg/l); Omdurman has higher value of
calcium content (100mg/l), followed by Khartoum north (88 mg/l), while the calcium content for gariss samples
procured from Khartoum was the lowest value (56.67 mg/l), the result of the present investigation was lower
than 138 mg/l calcium content for Pakistani camel milk explored by Yagoob and Nawaz (2007)and a very low
if compared with the value of 1.232 g/l for camel milk studied in Kazakhstan by Konuspayeva et al.,( 2008),
and also lower than the value of 940 mg/l for camel milk studied by Dell'Orto et al (2000) .Calcium content
of  fermented camel milk gariss according to this investigation covered the daily requirements for adult when
the consumption reached 9870.37 ml per day, this value higher than the value 650 ml per day stated by
Konuspayeva et al.,( 2008).

Samples 1KHGB and 4KHSG have the same value (130 mg/l) of Calcium content and significantly (P<
0.05) highest than all others samples of gariss investigated in this work, while the value of (40 mg/l) for the
sample 6KHFT was significantly (P< 0.05) lower than all others samples studied in this work.

Magnesium (Mg):

The mean total of magnesium content of the three towns of Khartoum state was (265.2 mg/l), Khartoum
samples mean was significantly (P< 0.05) the highest one (350 mg/l), followed by (231.6 mg/l) of Khartoum
north and that (222 mg/l) of Omdurman was the lowest one. The values (420 and 426 mg/l) for the samples
5KHGC and 9KHTF were significantly (P< 0.05) not different and they were higher than all others samples
investigated in this work, while samples 4KHSG and 10KHAC have the same value of (168 mg/l) this value
is significantly (P< 0.05) lower than all others samples investigated in this work. Dell'Orto et al (2000) stated
that Magnesium content of camel milk mean value is 37.18mg/l our result is very high when compared with
this value. The content of Mg of Dromedary camel milk was close to bovine milk (Sawaya et al., 1984).
Phosphorus content (P):

The three towns of Khartoum state total mean of phosphorus was (238.79 mg/l), Khartoum samples mean
was significantly (P< 0.05) the highest one (295.57 mg/l), followed by (220.43 mg/l) of Khartoum north and
that (199.54 mg/l) of Omdurman was the lowest one.

The mean value of Phosphorus (128.65 mg/l) for the sample 8KHCRC was significantly (P< 0.05) lowest
amongst all samples investigated in this result, while the value of (443.92 mg/l) for the sample 10KHAC was
the highest one amongst all samples investigated in this study.  Milk gariss according this investigation covered
the daily requirements for adult when the consumption reached 3360.27 ml per day, while Konuspayeva et al.,
(2008) stated a value of 800 ml/l for camel milk to cover the daily requirements of phosphorus.

The minerals content of the farms and markets (retailers) investigated in this work were significantly (P<
0.05) different from each other as assessed by t-test table (3) except the mean of calcium significantly (P<
0.05) not different between farms and markets table (3); farms were higher only in potassium (i.e. potassium
content is 236.56 and 221.91 mg/l for farms and Markets, respectively), and lower in Sodium, Magnesium and
Phosphorus; those values of Sodium 208.51and 346.7, Magnesium 249.60 and 262.67and Phosphorus 235.15
and 239.63mg/l for farms and markets (retailers), respectively.  

In the study of Gorban and Izzeldin (1997) they have reported that the levels of sodium, potassium and
phosphorus were higher in milk of Arabian camels than in milk of cows. Other authors observed that the
contents of magnesium, iron, copper, manganese were greater in camels' than in cows' milk (Sawaya, 1984;
Abu-Lehia, 1987), while Abdel-Rahim (1987) observed that calcium, phosphorus, magnesium, zinc and iron
concentrations of goats' milk are significantly higher than those in camels' milk. Elamin and Wilcox (1992)
have found very low concentrations of calcium, potassium, sodium and magnesium in milk of Arabian camels
compared to estimates of Sawaya et al., (1984), but the reasons for these discrepancies are not explained.

The production of camel milk is gradually increasing due to an increased interest by consumers in recent
years. Camel milk was found to be different in some aspects from milk of other animal species, such as bovine
milk. Variations observed in camel milk composition were attributed to several factors, such as different
analytical procedures, geographical locations, seasonal variations, feeding conditions and breed of camel.
Various dairy products were reported to be produced successfully from camel milk with some modifications
to their production procedure. Some difficulties were reported in producing cheese. Fresh and fermented camel
milk were reported to provide particular health benefits to the consumer depending on the bioactive substances
in milk (Al haj and Al Kanhal, 2010).
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