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INTRODUCTION 

 

Lactic acid bacteria (LAB) are considered the most important group of bacteria used in the food industry; it’s contained 

number of bacterial genera such as Enterococcus Lactococcus, lactobacillus, leuconostoc, pediococcus and streptococcus. From 

the point of safety view, most of LAB used in food industry are generally regarded as safe (GRAS)  

LAB have many advantages, such as probiotics, the ability to rival bacteria causing the disease (Likotrafiti and Rhoades, 

2016), as well as the production of antimicrobial agents such as acetic acid, ethanol, hydrogen peroxide and 2-(2-1 mino-1-

hydroxyethoxy) ethyl 2-methylpropanoate, which inhibit the growth of many food spoilage and pathogenic bacteria (Lin and Pan, 

2017). In addition, they can be used as food preservatives by producing bacteriocins (Silva et al., 2018). They also had the ability 

to develop flavor in different foods (Chen et al., 2017). Besides acting as exopolysaccharides and several enzymes (Salazar et al., 

2016). LAB used as starter cultures to ferment many foods and beverages.  

From the above it is clear that fermented foods have a positive effect on human health. Therefore, fermented milk using 

one or more strains has a major role in supplying the human body with many essential biological components such as vitamins, 

enzymes, exopolysaccharides, bacteriocins and bioactive peptides (Patel et al., 2013).  

The camel milk consumption used according to traditional methods in the form of raw or fermented, in the arid and semi-

arid regions in the Africa and Asian countries (Abera et al., 2016). Many researchers indicated the importance of the chemical 

composition of camel milk. The camel milk fat contains high polyunsaturated fatty acids. It also contains bioactive peptides have 

a beneficial effect on immunomodulatory activities, antioxidative activities (Parrella et al. 2012; Solieri et al. 2015) In addition, 

camel milk was free from β-lactoglobulin which cause milk allergies (Mertin et al., 2001). Abushelaibi et al (2017) explained that 

camel milk an excellent source of LAB and can be isolated with high probiotic potential Shihata and Sah (2000) has indicated that 

probiotics (Lb. acidophilus and Bifidobacteria sp) grow slowly in milk compared with yogurt bacteria (Lactobacillus delebrukii 

subsp. bulgaricus and Streptococcns thermophilus) due to its low ability to proteolytic activity. This is illustrated with what was 

said by Jumah et al. (2001) that some problems occur in camel milk during the fermentation, such that the viscosity of the product 
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The objectives of this study were to evaluate the physicochemical properties of camels’ milk stirred yoghurt produced from 
probiotic bacterial strains isolated from camels' milk. After isolation and identification of the lactic acid bacterial strains (LAB) 
and evaluation of their probiotic properties, they were examined, for some growth and technological properties.   The selected 
isolates were Lb. plantarum, Lb. fermentum, Bifi. animalis, Lb. acidophilus, and Lb. rhamnosus. These strains were used as starter 
culture in the manufacture of liquid fermented camels' milk like-stirred yoghurt. The traditional yoghurt starter was used as 
control. The results show that all selected isolates had the ability to produce exopolysaccharide (EPS), diacetyl and proteolytic 
activity. Their ability to produce biomass and acidity varied between the strains. The results revealed that there were significantly 
affected chemical composition, microbiological count, pH, viscosity and water holding capacity (%) of nonfat fermented camel 
milk drink during storage except ash (%). It was found that Lb. acidophilus, Lb. plantarum and Lb. rhamnosus were the closest to 
the stirred yogurt in terms of appearance, viscosity and flavor on Bifi. animalis and Lb. fermentum. This study reveals that the LAB 
isolates from camel milk has a high ability to apply as probiotics, with high production of EPS, survived at low pH, and inhibit 
some food pathogens, from which it can make them promising candidates to produce functional food with potential health 
benefits 
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does not change during gelation. Because LAB have the ability to produce EPS which improve the rheological properties of the 

fermented product. Therefore, this study sought to determine the physico-chemical properties of camels’ milk stirred yoghurt 

made using some lactic acid bacteria isolated from raw camel's milk. 

 

MATERIAL AND METHODS 

 

Sampling  

Milk samples were collected from camels from North West Coast Zone and south of Egypt. The samples were 

immediately cooled and transported to the laboratory and analyzed upon arrival. The chemical composition of raw camel’s milk is 

shown in table 1. 

 

Table 1: Chemical composition of raw camel’s milk 

Camel’s milk 

sample source 

Milk constituents 

pH Fat % Protein % lactose% salt % SNF 

North 6.6 3.3 4.7 7.0 1.0 12.19 

south 6.7 3.0 4.5 5.5 .98 11.98 

 

Isolation and identification of strains  

Isolation and identification of Lactic Acid Bacterial strains from camel's milk has been produced in the previous work 

(Mohammed et al., 2018). Table 2 shows the strains selected for this study in terms of isolation, pre-identification and 

identification. 

 

Growth and technological attitude 

Biomass production 

Strains were sub-cultured on MRS broth; 100 mL of the medium was inoculated with 10% of the active culture. Bacterial 

growth was monitored by measuring the optical density at 600 nm (OD600) during 6 h. The difference between the initial OD and 

the OD at which cells were collected (∆OD) was taken as an indicator of growth. At the early stationary phase, 30 mL of culture 

was harvested by centrifugation at 5000 x g for 30 min at 4 °C. The dry weight was determined after drying the pellet at 105 °C 

for 3 h. The remaining 70 mL was used to study the separation of biomass by centrifugation and measurement the OD600 of 

supernatant (Fguiri et al. 2016). 

 

Table 2: Some characters of the lactic acid bacterial isolates*. 

Strain 

No. 

Gram 

stain 

Catalase Growth CO2 production Pre-identification identification 

10°C 45°C   

14CM + - - + - G.A 
Bifdobacterium 

animalis 

17CM + - - + + G.C Lb.fermentum 

25CM + - + + - GB Lb. rhamnosus 

31CM + - - + - G.B Lb. acidophilus 

40CM + - + - - G.B Lb. plantarum 

*(Mohammed et al., 2018) 

 

Exopolysaccharide production 

The cultures were streaked on modified MRS medium and incubated at the optimum growth temperature for 24 h then 

tested for slime formation using the inoculated loop method (Knoshaug et al. 2000). Formed colonies were dragged up using a 

metal loop, and the strains were considered positive slimy producers if the length of slime was above 1.5 mm. Bacterial culture 

was mixed with India ink and spread out in a thin film on a slide. After air drying bacteria appear as lighter bodies in the midst of 

a blue-black background because ink and dye particles cannot penetrate either the bacterial cell or its capsule (Ayad et al. 2004). 

 

Evaluation of proteolytic activity 

To evaluate proteolytic activity, LAB isolates were plated on milk agar. The milk agar was prepared by adding 1% skim 

milk powder to Plate Count Agar (de Almeida Júnior et al., 2015). The plates were incubated at 7 °C/10 days and 37 °C/48 h. The 

transparent halo-forming colonies were considered positive for proteolytic activity. 

 

Diacetyl production 

Diacetyl production was determined according to de Almeida Júnior et al. (2015) with modification the growth of the 

strains in the skimmed camel milk. The pellet was suspended in peptone water and inoculated (1% (w/v)) in 10 mL skimmed 
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camel milk and incubated at 30 °C for 24 h. Then, 1 mL of culture was added to 0.5 mL of α-naphthol solution (1% (w/v)) and 

KOH (16% (w/v)) followed by incubation at 37 °C for 10 min. The production of diacetyl was indicated by a formation of a red 

ring in the tubes. The tests were conducted in duplicate. 

 

Acidification activity 

Acidification activity was measured according to Ayad et al. (2004) by the change in pH (∆pH) during time. Fifty 

milliliters of reconstituted skim milk was inoculated with 2% of culture at early stationary growth phase and incubated at 

appropriate incubation temperature. The pH was followed at 0, 2, 4, and 6 h using a pH meter. The acidification rate was 

calculated as ∆pH; ∆pH=pH at time - pH zero time. The cultures were considered as fast, medium or slow acidifying when a ∆pH of 

0.4U was achieved after 3, 3–5 and >5 h, respectively 

 

Production of fermented camels’ milk like stirred yoghurt. 

The preparation and fermentation of camels’ milk was performed according to the method of Ayyash et al. (2017). Skim 

camels’ milk was pasteurized at 95°C for 30 min followed by cooling at 4 °C. Then, inoculated with 2% from each of isolated 

strain (~9.0 log10 cfu/mL) and compared to commercial freeze-dried DVS yoghurt starter of CH-1 (containing of Lactobacillus 

delbrueckii ssp. bulgaricus and Streptococcus thermophilus) as  which produced by Chr. Hansen Laboratory Copenhagen, 

Denmark. Inoculated camels’ milk was incubated at 37°C for 24 h. Fermented camels’ milk was stored at 4°C.  

Chemical, physicochemical analysis and bacterial enumeration 

Skim fermented camels' milk was analyzed for total solids, moisture content, total nitrogen, lactose and ash contents; as 

well as pH values. Water holding capacity measured as described Abdelmoneim et al. (2016). The apparent viscosity of samples 

was measured at 22 °C using a Brook field digital viscometer (Brookfield Engineering Laboratory Inc., Stoughton, MA, USA) 

Model DV- II with a helipath stand mounted with a spindle SC-4, as formerly described by Barakat and Hassan (2017). All 

apparent viscosity measurements were recorded as mPa.s. Bacterial enumeration of LAB isolates were counted using M17 agar 

and incubated aerobically at 37 °C for 48 h. Changes in pH, the viability of bacteria, viscosity and water holding capacity of 

fermented camels’ milk were determined at every week during the storage period. The chemical composition was determined in 

fresh day only. 

 

Sensory evaluation 

Sensory evaluation of the product was carried for flavour and texture by trained panelists consisting (Ayad et al. 2004). 

Sensory evaluation of the milk cultures was carried for flavour and texture by a trained panelists consisting of at least 10 judges.  

Statistical Analysis 

 Data of the experimental was analyzed by the General Linear Model (GLM) procedure of SAS (2004) 

 

RESULTS AND DISCUSSION 

Growth and technological aptitude 

Preferably in the selection of starter in the industry to have the ability to reach the largest biomass in the fermentation 

time. The division of biomass according to Ayad et al. (2004) into three groups: the best when biomass was ≥1.30 mg/L, fair when 

the biomass ranged from 0.6 to 1.29 mg/L and poor performers when the biomass was <0.6 mg/L. Lb. rhamnosus 25CM and Lb. 

plantarum 40CM strains were characterized by high growth rate followed by Bifdobacterium animalis 14CM and Lb. acidophilus 

31CM strains that were medium-growth rate while Lb. fermentum 17CM was low in growth rate, affecting biomass. The 

production of low amounts of biomass may be due to its ability to produce of exopolysaccharides that reduce the separation of 

bacterial cells from the culture medium and this was evident in the Lb. fermentum 17CM strain. This result is consistent with 

Fguiri et al. (2016). These strains have been used to study their effect in the production of camels’ milk stirred yoghurt. The 

maximum growth rate (µmax) of strains was estimated during their growth in MRS broth. The maximum specific growth rate at 6 

h (µmax) varied between 0.154 and 0.665 h
-1

 (Table 3). 

 

Table 3: Growth characteristics, ESP, proteolytic activity and diacetyl production of the starter 

 strains ∆ OD600 
Biomass 

(g/L) 

OD600 

supernatant 

µmax 

(h
-1

) 
ESP 

proteolytic 

activity 
Diacetyl 

Lb. plantarum 40CM 1.566 0.984 0.015 0.655 ++ ++ ++ 

Lb. fermentum 17CM 0.519 0.968 0.053 0.154 +++ ++ ++ 

Bifi. animalis 14CM 0.757 0.975 0.039 0.270 +++ ++ ++ 

Lb. acidophilus 31CM 0.867 0.979 0.029 0.310 ++ ++ ++ 

Lb. rhamnosus 25CM 1.668 0.991 0.006 0.665 ++ ++ ++ 

The microscopic results of EPS production showed that all strains produced EPS but its production capacity was uneven 

(Table 3). Where the production of EPS in both Lb. fermentum 17CM and Bifi. animalis 14CM was more than Lb. plantarum 

40CM, Lb. acidophilus 31CM and Lb. rhamnosus 25CM. This may be due to culture and fermentation conditions of acidity, 

temperature and media compounds (de Almeida Júnior et al. 2015). These strains can be of interest because some of them capable 

of producing slime (EPS) which can be used in the production of fermented milk. Due to EPS ability to bind to casein micelles 
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and reduce the syneresis, it improves the fermented milk product by increasing the viscosity (Vuyst et al. 2003). Angmo et al 

(2016( and Ayyash et al. (2018) have indicated the ability of lactic acid bacteria isolated from camel's milk to produce EPS 

All strains showed medium production of diacetyl. It contributes greatly to the flavor, which is an important advantage in 

the dairy manufacture (Rincon-Delgadillo et al., 2012). 

Proteolytic activity is an indicator of the presence of bioactive compounds with high health benefits in the fermented 

product (Hailu et al., 2016). Table (3) shows proteolytic activity tests. All strains showed a positive result of proteolytic activity. 

This result in agreement with de Almeida Júnior et al. (2015) which stated that proteolytic LAB contributes in the development of 

flavor in fermented milk products.  

Acidification activity 

One of the conditions for selecting starter culture for lactic fermentation was its ability to produce acidity. It was 

observed that the pH development were fast (∆pH ≥0.3 U) for the strains studied within 6 h, and indicating their ability to have 

antimicrobial activity. Because the first step in the dairy manufacture is the ability to rapid decline in pH so as to prevent 

unwanted microflora and rapid coagulation. This result agree with Ayad et al. (2004). The results indicated that Lb. fermentum 

17CM and Lb. acidophilus 31CM had higher acidification activity. While, Lb. plantraum, Bifi. animalis 14CM and Lb. rhamnosus 

25CM showed a slow acidification rate (Fig. 1). 

 
Fig. 1. Acid production of some LAB strains tested in this study 

 

Production of fermented camels’ milk like stirred yoghurt. 

In the beginning, the LAB isolates were used in the preparation of fermented milk from skim camel milk and compared 

with traditional starter yogurt. It was found that with the use of LAB isolates in the manufacture of fermented camel milk stirred 

yoghurt, the time of coagulation was reduced to 6 hours in fermented camel milk stirred yoghurt samples compared to the 

traditional starter yogurt sample (16 hours). This has been due to the adaptation of these isolates with the nature of the milk 

source. The chemical composition, microbiological count, pH, and the water holding capacity as well as the viscosity of the 

product were illustrated in Table .4 and 5. Fermented camel milk products attributes were all similar. 

Table 4: Chemical composition of different prepared camels’ milk stirred yoghurt 

 strains TS% Protein% Ash% pH 

Lb. plantarum 40CM 13.21
d
 4.51

e 
0.910 5.74

a
 

Lb. fermentum 17CM 12.23
f 

5.01
b 

0.900 5.54
b 

Bifi. animalis 14CM 12.36
e 

4.81
c 

0.900 5.53
b
 

Lb. acidophilus 31CM 13.66
c 

4.61
d 

0.900 5.56
b
 

Lb. rhamnosus 25CM 14.59
b 

5.21
a 

0.880 5.51
b 

Traditional starter  15.65
a 

4.51
e 

0.880 4.68
c 

±SE  0.05 0.03 0.010 0.05 
a-f

 Means in same column at each parameter with different lowercase letters differed significantly (p < 0.05). 

All mean of treatments obtained significant (P≤0.05) differences in total solid, total protein and pH, except ash was not 

significant (P>0.05). There was an increase in the TS of the fermented camel milk samples, Lb. rhamnosus 25CM, Lb. plantarum 

40CM and Lb. acidophilus 31CM, followed by Bifi. animalis 14CM and Lb. fermentum 17CM, respectively. This increase 

improved the taste refinement, viscosity and reduced the whey separation. These results were in agreement with those of Salih et 

al. (2013), who showed that there was an improvement in the viscosity of the yoghurt and reduced the whey separation with the 

addition of skim milk powder to yoghurt. 

Data presented in table (5) shows that there was increasing in the bacterial count in all treatments of the fermented camel 

milk during 7
th

 day of storage period. This increase can be explained by the sufficient change in the environmental conditions 
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which happen during storage and allow the growth and multiplication of microorganism. After that, the bacterial count in all 

treatments gradually decreased until 21
th
 of storage due to the lysis of cells during the storage period. It was between 9.51 and 

6.24 log10 cfu/mL during the storage period.  

 

Table 5 shows the bacterial, pH, viscosity, and water retention results during the storage period. 

Parameter  
Lb. 

plantarum 
Lb. fermentum 

Bifi. 

animalis 

Lb. 

acidophilus 

Lb. 

rhamnosus 

Traditional 

starter 
±SE 

 storage 40CM 17CM 14CM 31CM 25CM   

Bacterial count  log10 cfu/mL      

 

fresh 9.48
a 

9.14
a
 9.20

a
 9.35

a
 9.51

a
 7.15

b 
0.130 

7 9.54
ab 

9.19
b 

9.22
ab 

9.46
ab

 9.63
a 

7.22
c 

0.129 

14 8.67
ab 

9.00
a 

9.09
a 

8.44
b 

8.79
ab 

7.02
c 

0.125 

21 8.34
b 

8.98
a 

9.06
a 

8.17
b
 8.52

b
 6.24

c 
0.130 

pH         

 

fresh 5.74
a 

5.57
b 

5.53
b
 5.55

b
 5.51

b
 4.68

c 
0.023 

7 5.71
a 

5.56
b 

5.52
bc

 5.51
bc

 5.45
c 

4.59
d 

0.025 

14 5.69
a 

5.56
b 

5.51
b 

5.50
b 

5.41
c 

4.53
d 

0.018 

21 5.67
a 

5.55
b 

5.51
b 

5.49
b
 5.38

c 
4.42

d 
0.019 

viscosity         

 

fresh 15.18
c 

5.06
e 

5.05
e 

10.13
d 

17.12
b 

20.15
a 

0.122 

7 16.58
c 

5.63
e
 5.33

e
 12.46

d 
19.59

b 
22.90

a 
0.101 

14 16.73
c 

5.83
e 

5.52
e 

13.56
d
 20.51

b 
23.79

a 
0.120 

21 16.99
c 

6.00
e 

5.76
f 

14.92
d 

21.30
b 

24.80
a 

0.060 

WHC         

 

fresh 28.73
c 

25.73
f 

27.21
e 

28.21
d 

29.07
b 

31.92
a 

0.055 

7 27.98
c 

25.00
e 

26.81
d 

27.92
c 

28.86
b 

31.00
a 

0.204 

14 27.32
c 

24.32
e
 25.77

d 
27.08

c 
28.09

b 
30.35

a 
0.204 

21 26.73
e 

23.73
d 

25.21
c 

26.82
bc 

27.50
b 

29.87
a 

0.195 
a-f

 Means in same column at each parameter with different lowercase letters differed significantly (p < 0.05). 

 

Significant differences observed within samples during storage days (P<0.05). In general, bacterial count decreased by < 

1.0 logs after 21 days of storage at 4°C. The best fermented camel milk content has been observed with Lb. rhamnosus 25CM and 

then Lb. plantarum 40CM followed Lb. acidophilus 31CM the highest bacterial populations from Bifi. animalis 14CM and Lb. 

fermentum 17CM followed by the traditional product. The present results agree with findings by Moslehishad et al. (2013) and 

Ayyash et al. (2017) who reported that the bacterial viability maintained at >8.0 and >8.5 log10 cfu/mL in camel milks fermented 

by Lb. rhamnosus PTCC 1637 and Lb. acidophilus DSM9126, respectively. 

There was a gradual decrease in pH in all treatments during the storage period. This decrease was due to the high level of 

acidity as a result of initial inoculum (~9.0 log10 cfu/mL). In addition to being the result of fermentation of lactose into lactic acid 

(Haj et al., 2007 and Fguiri et al., 2016). In general, the decrease in pH was significant (P <0.05) in all treatments fermented camel 

milk during the storage period. Similar findings were found Fguiri et al. (2016) and Ayyash et al. (2017). 

Apparent viscosity results of fermented camel milk samples were given in Table 5. Apparent viscosity changes were 

significantly differences between all treatments fermented camel milk during storage (P<0.05). Viscosity values increased with all 

treatments fermented camel milk during storage. The traditional fermented camel milk stirred was obtained at the highest levels of 

viscosity followed fermented camel milk content Lb. rhamnosus 25CM, Lb. plantarum 40CM and Lb. acidophilus 31CM, 

respectively. It may be due to the production of EPS (Boosjin et al., 2016), which act both as texturizers and stabilizers as a 

consequence it was decrease syneresis and improve product stability (Duboc and Mollet , 2001). This resulted was obtained 

Boosjin et al., (2016), who found The fermented milk texture was not viscous to the required degree when using mesophilic starter 

culture producing EPS. The present results nearest with findings by Boosjin et al., (2016) in viscosities product Lb. acidophilus 

stirred yoghurt camel milk. Al-Dhaheri et al. (2017) also found that the use of the Lb. plantarum KX881772 and KX881779 

isolated from camel milk have improved cheese properties such as chemical composition, properties, viscous, and sensory 

characteristics Due to its ability to produce EPS. 

Whey separation occurs due to rearrange casein particles in a network of protein as a result of decrease the pH and 

temperature used in the manufacturing (Lucey, 2001). Results of water holding capacity (WHC) for all fermented camel milk 

samples are shown in Table 5. Significant differences were found (P ≤ 0.05) in the WHC (%) values between stirred yoghurt 

samples made from camel milk. In general, there was a decrease in WHC in all fermented camel milk samples during the storage 

period. Also, the mean value of WHC of traditional fermented camel milk- stirred yoghurt was found to be statistically higher than 

that of all fermented camel milk samples. This may be due to the high TS (Pang et al., 2015) and EPS in fermented camel milk 

samples. Thus has been affected by viscosity (Vuyst et al. 2003). 



6 
Citation: Marwa H. El-Gendy.2018. Influence of probiotic bacteria isolated from camels' milk on the physicochemical properties of camels’ milk stirred yoghurt 

Res. J. Anim. & Vet. Sci.10 (3): pages: 1-7. DOI: 10.22587/rjavs.2018.10.3.1. 

 

 

Research Journal of Animal and Veterinary Sciences 

ISSN: 1819-5458 

Since food quality is largely dependent on consumer acceptance, sensory evaluation was conducted as a way to evaluate 

the characteristics of the natural product and to determine the degree of acceptance in terms of taste, flavor, texture and overall 

appearance (Sidel and Stone, 1993). The results showed that the strains of Lb. plantarum 40CM, Lb. acidophilus 31CM and Lb. 

rhamnosus 25CM gave a clear fermented camels’ milk flavor, similar to the yogurt drink like, in terms of flavor and sour. While 

strains Lb. fermentum 17CM and Bifi. animalis 14 CM were not the flavor or sour clear 

 

CONCLUSION 

In this study, bio-mass, EPS, flavor compounds, proteolytic activity and acidify activity of some strains were evaluated 

with LAB, which were classified as probiotics bacteria. Then, these strains evaluated when used as starter culture in the 

manufacture of fermented camels' milk like-stirred yogurt of camels' milk compared to the stirred yogurt of camels' milk produced 

from the traditional starter culture. Significantly affected microbiological count, pH, viscosity and water holding capacity (%) of 

fermented stirred camel milk nonfat yoghurts samples during storage. 

It was found that use of Lb. acidophilus, Lb. plantarum and Lb. rhamnosus were give the closest characters to the stirred 

yogurt in terms of appearance, viscosity and flavor on Bifi. animalis and Lb. fermentum. Hence, it can be applied as a single starter 

culture in the fermented milk product industry because of its functional characteristics and high health benefits.  

Also, this LAB isolates from camel milk has a high ability to apply probiotics, with high production of EPS, survival at 

low pH, and in laboratory inhibition of pathogens, which it was make them promising candidates to produce functional food with 

potential health benefits. The study concluded that LAB isolated from camel's milk. Can be used a starter (single) in the 

production of stirred fermented milk but prefers to be association with another starter culture. 
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