




















































































As indicated in Table 2, pH values of fresh camel milk was between 6.52 and 6.99 with an average 

value of 6.84 ± 0.022. These results are in agreement wit h results reported by (Khaskheli , Arain, 

2005) 6.57 and 6.97 with an average value of 6.77 ± 0.07. These results were relatively simil ar to 

that of reported values (6.5-6.7) of (FAO, 1982), whi le higher than those of repol1ed by (Ahmed, 

1990) and (Sawaya et al., 1984) that was 6.53 and 6.49 respectively. The gradual increment of pH 

from earl y lactation to late lactation may be due to the reduction of colostrums from early lactation 

to late lactation period. 

The acidity in telms of lactic acid content (Table 2) varied between 0.2 to 0.61 with an average of 

0.424 ± 0.027. These results were not in line with those reported by (Ahmed, 1990) and Wilcox, 

(1992) (i. e. 0.13 and 0.15%, respectively). These results showed that the acidity of camel milk is 

--t-eo �h�i �g �h �~ �I�n� addition �t�h �~ �d�e�-�v�i�a�t�-�i�o�n� from- the-pre.viousJesulLcoulcLb.e-.r.el.ated wi th the age of milk 

unti l analysis. FAO, (1982) reported that when the mi lk is left to stand for 2-6 h. the lactic acid 

content rapidly increases from 0.03% after standing 2 h to 0.14% after 6 h. So the analysis of this 

result was conducted around 24 hours after mi lking and this might be the reason for its increment 

of acidity. As reported by AbdAlmageed et. ai., (2005) the mean value of acidity content in liquid 

goat and cow mil k 0.18% and 0.18% respectively were not signi ficantly different �( �P �~� 0.05) from 

camel mil k 0.24% which is higher (P <:: 0.05) than both of them. The value reported of camel mi lk 

in this study (0.42) was higher than the previous reports of all milk acidity. Ibrahim, (1973) and 

Bulletin, (1983) found cow milk acidity 0.19 % and 0.18 % respectively. However, the acidity 

content in camel mi lk was still sli ghtly higher than those obtained. 
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5.2 Chemical quality of dromedary camel milk 

The dromedary camel mi lk samples were subjected to the detelmination of the amount of total 

protein, fat , lactose and moisture content. In addition the total so lid (TS), so lid not fat (SNF) and 

total ash were also analyzed as presented in Table 3. Results presented in (Table 3) showed a wide 

variation in the total solids content of camel milk. The values varied between 9.2 to 16.4 g per 100 

g with an average of 12.0±0.339 g per 100 g in three lactation stages. The values are relati vely 

higher than values report by (Khaskheli and Arain, 2005) 7.76 to 12.13 g per 100 g with an 

average of 9.74±0.49 g per 100 g and 9.45±0.24 for (Late lactation), 10.81±0. 19 g per 100 gm 

(Mid lactation) and 11.66±0.1 5 g per 100 gm (Early lactation) va lues reported by (Zeleke, 2007). 

Almled, (1990) and FAO, ( 1982) also reported similar fluctuations (84 to 93 g per 100 g) in the 

moisture content of camel milk which is inversely propoliional to TS content. 

Tn thi s result also the moisture content was highly fluctuated from 83.6 to 91.8 g per 100 gm in all 

lactations. One of the reasons they reported was hot summer, during which the cow camel secretes 

highly di luted 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. The 

average moisture content and TS content of camel milk was 87.46 ± 0.306, 12. 54 ± 0.306 ( I SI _3'd 

month), 86.49 ± 0.496, 13.51 ± 0.496 (4th _6th Month), 90.14 + 0.227, 9.97 + 0. 156 g per 100 gm 

(7th _ 9th month) respectively from this study as shown in Table 3. Accord ing to Khaskheli and 

Arain, (2005) report total solid of cow milk was 13.31 % and the lowest for camel mi lk was 11.47 

%. If we compare the results of thi s study, the TS of cow milk was slightly higher than camel milk 

TS. But in line with the prev ious reports of lower value that is 11 .47 percent. 
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Table 3. Chemical quality of dromedary camel mi Ik 

Components Lactation Stage N Minimum Maximum Mean ±SD 

(g l1el' 100 g) (Month) 

Total Solid 1st _ 3'd 10 11.1 13.9 12.54 ± 0.967 

4th _ 6th 10 10.7 16.4 13.5 1 ± 1.5695 

7th _9 th 10 9.2 10.8 9.97 ± 0.492 

Solid Not Fat I st _ 3'd 10 6.9 9.7 8.46 ± 1.0 167 

4th _ 6th 10 7.2 11.9 9.66 ± 1.333 

7th _9 th 10 5.2 7.3 6.29 ± 0.676 

Fat I st _ 3'd 10 3.0 4.5 4.08 ± 0.432 

4th _ 6th 10 3.2 4.5 3.85 ± 0.5 13 

7th _9th 10 3.0 4.2 3.68 ± 0.388 

Protein I st _ 3'd 10 1.4 2.09 1.62 1± 0.2 195 

4 th _ 6th 10 2.0 3.05 2.47 ± 0.375 

7'h _9th 10 2. 17 3.44 2.58 ± 0.356 

Lactose 1st _ 3'd 10 4.57 7.61 6.22 ± 1.023 

4th _ 6th 10 4.53 8.05 6.53 ± 1.1686 

7th _9th 
10 2.17 4.06 3.20 ± 0.78 

Ash Ist_ 3,d 10 0.55 0.68 0.62 ± 0.0489 

4th _ 6th 10 0.50 0.80 0.66 ± 0.082 

7th _ 9th 10 0.42 0.70 0.50 ± 0.083 

M.C Ist _ 3'd 10 86. 1 88.9 87.46 ± 0.967 

4th _ 6th 10 83.6 89.3 86.49 ± 1.5695 

7th _ 9th 10 89.2 91.8 90. 13 + 0.717 
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As indicated in Table 3, the so lid not fat (SNF) content of camel milk was higher 7.2 to 11 .9 g per 

100 gm with an average of9.66 ±0.42 Ig per 100 gm in the mid lactation period, th is may due to 

the direct relationship with an increment of protein, lactose and ash va lues in the mid lactation 

stage than the early and late lactation stage. Different sources show that the values of camel milk 

SNF content was ranged from 6.6 to 9.7 g per 100 gm. The minimal va lue (6.29 ± 0.2137 g per 

100 gm) was observed in the late lactation period. 

Fat content of camel milk in the three lactation stage is ranged between 3.0 to 4.5 g per 100 g and 

with an average va lue of 3.87±0.084 g per 100 g. But the mean value of fa t content was decreasing 

moving from earl y lactation to late lactation (4.08±0.137, 3.85 ±0.162, 3.68 ±0.123 g per 100 gm) 

respecti vely. This could be directl ylindirectly related to the total solids content and moisture 

content of camel milk with inegular pattern across lactation to it as observed in (Table 3). In 

addition as reporte O~r982)-;thefi ydratlOn status on ne ammal as well annetyp-e of~---

forage eaten wou ld also affect the fat content of the milk. 

The result shows the total protein content of camel milk was in the range of 1.4 and 3.44 % with an 

average percentage of 2.22±0.098. The results also indicate that the amount of protein from the 

earl y stage of lactation 1.62 1 ±...0.069, to late lactation was increas ing and the highest value was 

recorded in late lactation, 2.S8± 0. 11 3. Khaskheli and Arain, (2005) reported that the total camel 

mi lk protein was ranged from 1.8 to 3.2 % with average value of 2. 54±0. 19. This report is similar 

with the cunent work. The increment along the lactation stage could be related to the protein 

content of the feed as we ll as the water intake as reported by (F AO, 1982). 
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The lactose content of camel milk was higher in the early (6.22± 0.324 g per 100 g) and mid stage 

of lactation (6 .S3± 0.369 g per 100 g) (Table 3). The minimum value was observed in late lactation 

(3.20 ±-0.247 g per 100 g) with an average of the tlu-ee lactation stage S.32±0.330 g per 100 g. 

Thi s is not agreed with camel milk lactose values reported by (Khaskheli and Arain , 200S), varied 

between 2.91 to 4.12 g per 100 g with an average of 3.6S±0.16 g per 100 g. This wide variation 

could be due to the fact that camel usual ly grazed on halophillic plants for example Atriplex, 

Acacia etc. (FAO, 1982). Khaskheli and Arain, (200S) reported that goat milk had the highest 

lactose content. Statistica ll y goat and camel milk had similar (P 2': O.OS) lactose contents. On the 

other hand cow and camel milk had simi lar (P 2': O.OS) lactose contents; however goat mi lk had 

higher (P :s O.OS) lactose than cow mi lk (Khaskheli and Arain, 200S). Aug and AL-j iborry, (2002) 

and Iglesia et al., (1994) reported higher lactose content in goat and camel milk i.e. 4.6S% and 

__ .:14".6,,7-<% resQectively. But our findin in this stud were slightly simi lar to report of (Khaskheli and 

Arain, 200S) and higher to that of (EL-Hag et al., 2003) and (Knoess, 1976) who cited 3.6% and 

3.4% for the milk from goat and camel species respectively. 

Ash content of camel milk was observed to vary in between 0.50 ±0.026 g per 100 g at the late 

lactation to 0.66± 0.23 g per 100 g at mid lactation and average value of 0.59±0.0 18 g per 100 g. 

These results were lower than those reported by (Khaskheli and Arain, 2005), between 0.8S to 1.0 

g per 100 g and average 0.94±0.02 g per 100 g and (Knoess, 1982; Ahmed, 1990; Elamin & 

Wilcox, 1992), in between 0.75 to 0.83 g per 100 g. Ash content of thi s study was lowest than 

those reported by (Nabag, 2004) who found it to be 0.83%. Results showed that the ash value of 

this study was lower than the previously mentioned results . 
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5.3 Microbial analysis of dromedary camel milk 

Result obtained from this study shows that the mean value of co lifonTI count (CC) and 

Entrobacteriacea was less than the standards seated for cow milk (Marshall , 1992). But the values 

of total plate count (TPC) obtained from this study (S.3 log cfu/ml) were higher than values 

reported previously that was 5 log cfulml (EI-Ziney, 2007). Even though the results indicate that 

the total plate count was beyond the standard, it was in line with a report of (Yi lma et aI. , 2006) 

that was (S.3 log cfu/ml). Yeast and mold count of this study shows higher value than the previous 

report of raw milk. In the mid lactation stage almost all the values of microb ial count were less 

than the other two lactation stages Table 4 shows the detail result . This is may be due to more 

aseptic sampling in the mid lactation stage. The mean, maximum and minimum results of 

dromedary camel milk microbial load were indicated in Table 4. 
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Table 4. Microbial quality of camel milk using descriptive analysis 

Parameter Lactation stage N Minimum Maximum Mean:±: SD 

AMBC (cfu/ml) 1st - 3'd Month 9 7.4 9.5 8.46 ± 0.904 

4th _ 6th Month 10 7.5 8.0 7.73±0. 142 

7'h _ 9th Month 10 8.0 9.4 8.69 :±: 0.536 

CC (cfu/ml) 1 st _ 3'd Month 9 0 5.3 2 .3 :±: 2.480 

4th _ 6th Month 10 0 3.9 2.3 ± 1.166 

7th _ 9th Month 10 3 4.9 3.69 :±: 0.61 7 

Enter. (cfu/ml) 1 st - 3'd Month 9 2.7 5.3 3.76 :±: 0.735 

4th _ 6th Month 10 0 5.2 1.87 ± 1.928 

7'h _ 9th Month 10 4.5 3.6 ± 0.999 

YandM (cfu/ml) 1 st - 3'd Month 9 5 7.4 6.19 ± 0.996 

4th _ 6th Month 10 0 7.4 5.67 ± 2.143 

7th _ 9th Month 10 5.9 7.0 6.39 ± 0.475 

Aerobic mesophilic bacterial count (AMBC) were 8.3 log cfu/ml which was in line with reports of 

(Zelalem et al., 2007) that was 8.3 log cfu/ml. The maximum limit of AMBC, which is commonly 

employed to indicate the sanitary quality of food, for raw milk intended for processing was 105 

cfu/ml and for that intended for direct human consumption is 5x 1 04 cfu/ml (Bodman and Rice, 

1996). 
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The mean of AMBC in collected samples was 8.3 log cfu/ml with a maximum of 9.5 log cfu/ml as 

indicated in Table 4. It was detected in 29 samples. These results were higher than the values 

reported by (EI-Ziney, AI-Turki , 2007) mean value of 5 log cfu/ml with maximum of 7.15 log 

cfu/ml. The observed result also was much higher than results reported by (Mohizea, 1994) mean 

value of 5.4 log cfu/ml and (Semereab and Molla, 2001) 5.6 log cfu/ml in average. It is worth to 

mention that there are no microbiological standards concerning camel mi Ik . Therefore, the 

microbiological limit value for cow milk was used to assess the quality of camel milk. In this study 

all of the results are beyond the accepted limit (5.3-5.6 log cfu/ml) of American public Health 

Association (APHA). This could be due to high contamination of bacteri a from unwashed udder 

during milking and from the environment. 

Colifoll11s were totally found in 25 samples, especially in the earl y lactation, on ly in 5 samples of 

milk were detected with a minimum average value of 0, maximum 5.3 log cfu/ml (Tabl e 4) and a 

mean count of 2.8 log cfu/ml in the three lactation stages. The va lues somehow similar with resu lts 

of maximum value 4.2 log cfu/ml reported by (EI-Ziney and AI-Turki, 2007). Results of thi s study 

show that the maximum was detected in the first stage of lactation and the minimum value was 

observed in the mid lactation stage. This maximum value found in the early lactation stage could 

be an indication of high udder and hand contamination during milking. 

Enterobacteriaceae were detected in 25 samples. As indicated in Table 4, the mean count was 3. 1 

log cfu/ ml , with a maximum value of 5.3 log cfu/ml for all lactation. These results are slightl y in 

line with results reported by (EI-Ziney and AI-Turki, 2007) mean value of 2. 7 log cfu/ml , with a 

max imum of 6.82 log cfu/ml. Results of this Shldy shows lower value than reported by (Zelalem et 

aI., 2007) that was 5.2 log cfu/ml. 
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Yeast and Molds were only detected in 28 samples with a mean and max imum value of6.1 and 7.4 

log cful ml respecti vely as shown in Table 4. The values are at most similar in all the three 

lactation stages. The yeast and moulds content in Moroccan camel's mi lk was fo und to be low with 

an average down to 4.6 log cfulml (Benkerroum, Boughdadi , Bermani, Hidane, 2003). The current 

resul t is also much greater than vaIues reported by (EI-Ziney and Al-Turki, 2007), which was mean 

and max imum va lue of 1.9 and 5.65 log cfulml. The higher value may be due to high value of 

acid ity in milk suppresses the bacteria and favored for yeast and mold growth . 
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5.4 Mineral analysis of dromedary camel milk 

The mineral s like Ca, P, Fe and Zn content of camel milk was analyzed uSing a composite 

sampling technique. One representative samples were prepared from each lactation (10 individual 

camel milk samples) and analyzed in duplicate. Results of maj or minerals found in camel milk 

were presented in Figure 2 below. 

The concentration of Fe and Zn was higher than values repOlted by (Shamsia, 2009) which was 

1.02,0.92 higher than 0.21 and 0.1 9 mgl l00 g, respectively. Ca and P va lue of this study (Figure 

2) was significantly lower than values found by (Shamsia, 2009) which was 109 and 76 mgl l00 g, 

respectively. The reason for higher reduction in P and Ca value could be due to their feed ing status 

of the camel. 
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Figure 2. Mean values of camel milk mineral concentration in three lactation stages 
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6. CONCLUSIONS 

In view of the observed results of the physicochemical properties of the camel milk, it could be 

concluded that She-camel produces nutritious milk for human consumption. The study shows the 

camel milk can substitute human and cow milk in its basic composition such as protein, fat and 

lactose. It has also high acidity and this makes the milk easi ly longer shelf life. Lactation stage and 

water availability strongly affects the composition of camel milk especially total solid and fat 

contents are directly affected. 

The present study result obtained for dromedary camel milk closely resembles with existing 

literature value of She-camel composition except higher in pH and acidity and lower in lactose 

value. This result could contribute to the overall knowledge of camel as food source, but much still 

- ' n"'e"'eds- w oe- analyzed specially-conceming- its--pi1ysicochemicai- compositioH affected by- lactation 

stage, state of dehydration, feeding, season, pm1ition, bread and milking frequency. The outcome of 

the present results suggests that the examined raw caInel milk samples were produced and handled 

under poor hygienic conditions with high health risk to the conSUmers. The result shows that even 

though the sampling is aseptic using steri lized equipment and protected transportation unti l analysis 

the total plate count, coliform count and yeast and mold counts are a bet higher. The source of 

contamination could be from unwashed udder and hand during milking. Further studies is needed to 

know whether camel milk can have a potential antimicrobial activity for suppressing 

microorganisms to extend the shelflife, its therapeutic property for different diseases and pathogenic 

bacteria. 
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7. RECOMMENDATIONS 

Based on these findings, it is strongly recommended that large-scale research studies regarding the 

quality of raw camel milk, milking protocols and sanitizing programs should be conducted. Such 

studies will help to understand the behavioral risk factors associated with raw milk production, 

consumption and that national standard protocols will be developed to address issues comlected to 

consumption of raw camel milk. The physicochemical characteristics and especially the behavior 

of pathogens and spoi lage microorganisms must be studied to explore the point of contamination 

and how these organisms are able to survive and contaminate raw camel milk under severel y arid 

conditions. Additional samples need to be analyzed before any genera l conclusion regarding the 

chemical composition and microbial safety correlations across the three lactation stages. 

• It is critical to develop protocols and implement compressive policy for camel milk and meat 

marketing to sustain the life of camel herds or pastorals. 

• Governments, NGOs and other concemed bodies should focus on the camel mi Ik marketing 

development and thereby use pastoralists and the whole population especially for children who are 

allergic to their mother's milk. 

• Introduce technologies for the processing of camel milk. 

• Examine the possibility of credit provision for improved dairy production, processing 

and marketing. 
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Appendix 

Table 5. ANOYA tab le for physicochemical and microbial analysis of raw camel mi lk 

Mean 
df Square F Siq. 

Protein (%) Between 
Groups 2 2.761 26.234 0 
Within Groups 27 0.105 
Total 29 

Fal (%) Between 
Groups 2 0.403 2.016 0.153 
Within Groups 27 0.2 
Total 29 

Tolal solid (%) Between 
Groups 2 33.462 27.567 0 
Wilhin Groups 27 1.214 
Total 29 

SNF (%) Between 
Groups 2 29.176 26.797 0 
Within Groups 27 1.089 
~tal ____ 29 --

Total ash (%) Between 
Groups 1 0.008 1.838 0.192 
Within Groups 18 0.005 
Total 19 
Between 

Total ash (%) Groups 2 0.068143 12.71946 0.000128 

W it hin 

Groups 27 0.005357 

Total 29 

Between 

Lactose (%) Groups 2 33.77886 33.53623 4.8E-08 

W ithin 

Groups 27 1.007235 

Tot al 29 
pH Between 

Groups 2 0.159 42.839 0 
Within Groups 27 0.004 
Total 29 

M.e (%) Between 
Groups 2 35.532 27.244 0 
Within Groups 27 1.304 
Total 2 
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AMBC Between 
Groups 

2 2.491 6.955 0.004 
Within Groups 26 0.358 
Total 28 

Coliforms Between 
Groups 2 6.329 2.536 0.099 
Within Groups 26 2.496 
Total 28 

Enterobacteriacae Between 
Groups 2 10.715 5.957 0.007 
Within Groups 26 1.799 
Total 28 

Yeast and Mold Between 
Groups 2 1.374 0.697 0.507 
Within Groups 26 1.972 
Total 28 
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