
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

142,000 180M

TOP 1%154

5,800



1

Chapter

Microbiological Quality and 
Biochemical Characteristics of 
Lactic Acid Bacteria from Camel 
Milk as Affected by the Production 
System and Stage of Lactation
Imen Fguiri, Manel Ziadi, Amel Sboui, Naziha Ayeb, 

Moufida Atigui, Samira Arroum, Mohamed Hammadi  

and Touhami Khorchani

Abstract

The aim of this work is to study the effect of lactation stage and camel farming sys-
tem on microbiological, physicochemical parameters, and identification of lactic acid 
bacteria (LAB) of camel milk. Samples were collected from four camels in semi-inten-
sive system and four camels in intensive system. Microbiological and physicochemical 
parameters were analyzed. Furthermore, to study the effect of lactation stage, samples 
were collected from three camels and followed during a period of 10 months of lacta-
tion from parturition. LAB were isolated from this sample and identified by biochemi-
cal methods. The difference between the physico-chemical characteristic basis of camel 
farming system are not statistically different except fat. The microbiological analysis 
showed a significant difference in total mesophilic bacteria, yeast, and molds and total 
coliform between intensive, semi-intensive, and extensive system. The difference 
between physicochemical and microbiological characteristics basis of lactation stage 
are statistically significant. In the intensive system, they were identified the same genre 
of bacteria: Lactococcus lactis, but in semi intensive system, we found different species 
of LAB. Eight of LAB identified as different Lactococcus or Lactobacillus was isolated in 
colostrums. The diversity of LAB was affected by lactation stage and farming system.

Keywords: camel milk, production system, lactation stage, lactic acid bacteria,  
milk proteins

1. Introduction

The dromedary camel (Camelus dromedarius) is the most important animal in the 
arid areas in the world. It is a multipurpose animal, used for its supply of milk, meat, 
hides, and transport [1].
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Camel milk has a sweet and sharp taste normally, but at times it can taste salty and 
other times it tastes watery. The quality of milk is affected by the age of the animal, 
the stage of lactation, the quality and quantity of feed, as well as the amount of water 
available [2].

In Tunisia, camel breeding is conventionally extensive; a method perfectly suited 
to the biology of the specie and it is concentrated in the southern areas [3]. In addition 
to the extensive system; a new breeding method was developed in several places in 
the world that could be described as intensive system. This system is based on a set of 
techniques and ways to optimize production capacity of the animal [4].

Furthermore, there is the semi-intensive also called integrated system which was 
created due to the decrease in pasture and feed [5].

Camel milk contains inevitably microflora, the nature and significance are deter-
mined by the health status of the animal, milking conditions, temperature, etc. Even 
under rigorous collection conditions, the number of microflora does not exceed 5 103 
cells/ml [6] and this can be due to the inhibition of pathogens bacteria properties in 
camel milk [7].

Indeed, Al-Mohizea et al. [8] concluded that the hygienic quality of camel milk is 
satisfactory based on counts of four groups of microorganisms (total aerobic flora, 
psychrotrophic, coliform, and sporulating bacteria).

The dominant and beneficial microflora in camel milk represented by lactic 
acid bacteria (LAB) is a potential source of biological materials to be used in dairy 
technology [9]. LAB strain characterized by their ability to transform lactose and to 
improve the digestibility of fermented dairy products [10] as well as to preserve [11]. 
They were also employed for improvement of the taste, texture, and viscosity in the 
manufacture of dairy products [12]. The ability of LAB to produce probiotics [13] and 
stimulation of the immune system [14] render this group of microorganisms’ essential 
importance dairy industry which gives added values for dairy product.

The effect of lactation stage and farming system on the physicochemical composi-
tion of milk has been the subject of some works [15, 16]. However the microbiological 
quality is not well studied.

The dominant and beneficial microflora in camel milk are mainly LAB. This group 
of bacteria is considered to be a potential source of biological agents for use in dairy 
technology [9]. This study aimed to determine the impacts of lactation stage, produc-
tion system on physicochemical characteristics and microbiological quality especially 
the concentration of LAB in camel milk.

2. Material and methods

2.1 Source of sampling

2.1.1 Effect of breeding system

Eight camels (C. dromedarius) Maghrebi breed belonging to the herd of the Arid 
Lands Institute (Medenine) were studied: four camels in semi-intensive system 
(Medenine) and four camels in intensive system (Chenchou station, Gabès). Camels 
were followed during the sixth and ninth months of lactation. In addition to these two 
types samples were collected from four camels reared in extensive system on El Ouara 
(Ben Ghilouf, Tataouine) and brought to the laboratory of Livestock and Wildlife for 

physicochemical and microbiological analyses (Table 1).



3

Microbiological Quality and Biochemical Characteristics of Lactic Acid Bacteria from Camel…
DOI: http://dx.doi.org/10.5772/intechopen.101298

2.1.2 Effect of lactation stage

Three Maghrebi camels belonging to the herd of the Arid Lands Institute 
(Medenine) were monitored for a period of 12 months from parturition. The stage of 
lactation was subdivided in four periods:

i. First period was colostrums phase: Samples were collected daily in the first week.

ii. Second period (early lactation): Samples were collected weekly between second 
weeks and second month.

iii. Third period (mid-lactation): Samples were collected between once a month from 
the third to eighth month.

iv. Fourth period (end of lactation): Samples were collected once a month during the 
rest of lactation.

All the physicochemical and microbiological analysis was performed in the 
Laboratory of Livestock and Wildlife.

2.2 Physicochemical analyses

pH and acidity of milk were measured immediately after arrival at the laboratory. 
The viscosity (in cP) was determined by a Brookfield type viscometer (model DV-E, 
MA, USA). Dry matter, ash, and total nitrogen contents were determined by dry com-
bustion in a furnace (550°C) that was purged with O2 gas according to International 
standard methods [17]. The fat content was measured by an acid-butyrometric 
method using a “neusol solution.”

2.3 Microbiological analysis

Total aerobic mesophilic flora was carried out on plate count agar (PCA; 
Scharlau Chemie S.A.), incubated at 37°C for 72 h. Yeast and molds on Sabouraud 
Chloramphenicol (Pronadisa) and incubated at 25°C for 3–5 days. Total coliforms were 
grown in violet red bile agar (AppliChem) in double layer. LAB were plated on De Man-
Rogosa-Sharpe (MRS) agar (Scharlau Chemie S.A.) and incubated at 30°C for 48 h.

Rearing method Feeding

Intensive system 5 kg hay alfalfa

5 kg of oat hay

2 kg concentrate No. 7 (cow milk)

6 kg green alfalfa

Semi-intensive system 6 hours of grazing

Daily supplementation of mixture (2.7 kg) of: barley (31%), olive 

pomace (54%), and wheat bran (15%)

Extensive system Halophytic plants

Table 1. 
Different types of feeding depending on farming system.
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2.4 Isolation and identification of LAB

LAB was isolated on MRS agar (Pronadisa) and incubated at 30°C for 24–48 h 
in order to apply the conventional tests for identification. All isolates were initially 
examined for Gram staining and catalase reaction. Only Gram-positive and catalase-
negative isolates were considered. The biochemical identification was carried out 
using API systems. API 50 CH was used in conjunction with API 50 CHL medium for 
the identification of Lactobacillus and related genera strips according to the manufac-
turer’s instructions (Biomerieux, Marcy-l’Etoile, France) [18].

2.5 Statistical analysis

SAS software (version 9) was used for statistical analysis of data. Production sys-
tem and lactation stage were analyzed by ANOVA using general linear model (GLM) 
for determination their effect for physicochemical and microbiological characteris-
tics. The means values were compared using SNK test.

3. Results and discussion

3.1 Effect of production system

3.1.1 The physicochemical characteristics

The values of pH for the three production systems (i.e., intensive, semi-intensive, and 
extensive) averaged 6.40, which is relatively similar to the average pH value (6.43 ± 0.07) 
reported by [19] for Maghrebi Libyan camels kept different systems (intensive and 
extensive and slightly higher than that reported by [20] for raw milk (pH = 6.0). The 
minimum value of pH was observed in extensive system, and this is might be related to 
the high content of LAB in milk collected from camels under the same system (Table 2). 
The production system had no effect (P > 0.05) on DM and ash contents of milk. Dry 

Parameter Production system Significance

Intensive Semi-intensive Extensive

pH 6.46 ± 0.16a 6.46 ± 0.17a 6.29 ± 0.088a NS

Acidity (°D) 16.75 ± 1.83a 16.12 ± 2.41a 17.50 ± 2.08a NS

Viscosity (cP) 3.65 ± 0.54a 3.85 ± 0.87a 4.62 ± 1.06a NS

Fat (g/L) 21.37 ± 6.90b 26.00 ± 8.78a,b 34.75 ± 10.68a *

Dry matter (g/L) 117.20 ± 10.28a 118.70 ± 7.75a 116.30 ± 8.27a NS

Ash (g/L) 9.56 ± 1.80a 9.79 ± 1.65a 9.44 ± 1.80a NS

Protein (g/L) 31.59 ± 2.48c 35.86 ± 4.21b 43.65 ± 4.00a **

a,b,cMeans in the same line with the same letter are not statistically different (P > 0.05).
NS, non-significant.*P < 0.05.
**P < 0.01.

Table 2. 
Effect of breeding system on physicochemical parameters of camel milk.
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matter values were similar to those reported by [19] for milk representing intensive and 
extensive production systems (117.2 vs. 116.3 g/L), while the ash content was slightly 
higher (9.56 vs. 9.44 g/L). The extensive system presented a highest value of fat and 
protein contents. However, raising camels under intensive or extensive systems had no 
effect of fat content but milk from the extensive system had lower protein content (24.5 

vs. 31.9 g/L) [19].

3.1.2 The microbiological characteristics

Significant differences were observed in the microbial load among the different 
production systems. The highest bacterial load was marked in extensive system, 
which can be due to the environment, processing condition and a transportation 
time from milking to analysis (Table 3). This result is similar for cow milk [21] who 
reported that the milk quality is affected by production system of livestock. The 
presence of LAB in camel milk was predictable because milk provides optimal natural 
environment for the growth of this group of bacteria whatever the source of milk is 

(sheep, goat, and cattle).

3.2 Effect of lactation stage

3.2.1 The physicochemical characteristics

It was observed that the pH value of camel milk was significantly affected during 
lactation (Table 4). Colostrum presented a low pH, due to high proteins contents 
[22]. Post-partum changes in gross chemical composition of camel milk showed an 
increase in fat. In late phase of lactation, the fat was significantly higher than in the 
early phase of lactation. The variation in protein content during the period of lacta-

tion was similar with result reported by [23].

3.2.2 The microbiological characteristics

The TPC fluctuated during lactation stages: increased in the early lactation 
stage followed by decrease in the mid-lactation before increasing again at the end, 
the values of TPC ranged between 2.64 and 2.30 log10 CFU/ml (Table 5). The 
yeast and molds content in Moroccan camel’s milk was found to be higher with an 

Production system Significance

Intensive Semi-intensive Extensive**

TAPC (log10 CFU/ml) 2.96 ± 1.24b 4.13 ± 0.98b 5.47 ± 0.64a **

Yeast/mold (log10 CFU/ml) 1.36 ± 1.25b 0.45 ± 0.64b 6.36 ± 2.44a **

Total coliform (log10 CFU/ml) 2.17 ± 1.68b 2.53 ± 1.53b 5.38 ± 0.26a **

LAB (log10 CFU/ml) 0.13 ± 0.08a 1.13 ± 0.20a 1.43 ± 0.87a NS

a,bMeans within the same line with different letter are statistically different (P < 0.05).
NS, non-significant.**P < 0.01.

Table 3. 
Effect of production system on microbiological parameters.
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average count of 4.6 log10 CFU/ml [12]. LAB counts ranged between 1.62 and 2.79 
log10 CFU/ml and the difference between lactation stages being significant with a 
maximum in colostrum stage. LAB was the predominant microflora in camel milk 
since it has been proved that they are capable of producing inhibitory substances 
other than organic acids (lactate and acetate) that are antagonistic toward other 

microorganisms [13].

3.3 Isolation and identification of LAB

Regarding the carbohydrates fermentations the strains were divided in two 
groups (Table 6). The first ones dominated by regular rods (SCC1,8, SCC1,7, SCC1,15, 
and SCC1,2) were tentatively identified as Lactobacillus plantarum, Lactobacillus 
pentosus, and Lactobacillus brevis. The second group was coccoid in shape (SLCch14, 
SLCch6, SCC1,13, SCC1,33, and SCC1,6). They were tentatively identified as Lactococcus 
lactis and Pediococcus pentosaceus. Earlier studies have been reported the presence of 
the L. plantarum and L. brevis in Sudanese fermented camel milk [24]. Sun  
et al. [25] isolated the L. plantarum and L. lactis from traditional fermented milk in 

Mongolia.

Parameters Lactation stage Significance

First week Early lactation Mid-lactation End last lactation

pH 6.35 ± 0.18b,c 6.45 ± 0.13a,b 6.52 ± 0.13b 6.64 ± 0.11a **

Viscosity (cP) 6.61 ± 2.55a 5.82 ± 3.12a,b 3.37 ± 0.45c 4.17 ± 0.53b,c **

Fat content 

(g/L)

11.72 ± 9.78c 20.30 ± 5.19b 21.40 ± 4.77b 28.44 ± 8.67a **

Dry matter 

(g/L)

127.70 ± 12.38a 113.35 ± 8.16b 106.09 ± 5.24c 105.68 ± 4.01c **

Ash (g/L) 10.74 ± 2.42a 7.95 ± 1.50b 7.07 ± 1.23b 6.96 ± 0.89c **

Acidity (°D) 24.78 ± 5.63a 17.39 ± 4.04b 15.40 ± 3.08b 16.33 ± 2.64b **

Proteins (g/L) 43.07 ± 2.11a 33.85 ± 2.26b 27.93 ± 0.87d 31.34 ± 1.61c **

a,b,c,dMeans within a line with different letter are statistically different (P < 0.05).

Table 4. 
Effect of lactation stage on physicochemical characteristics.

Parameters First week Early lactation Mid-lactation Late lactation Significance

TAPC (log 

UFC/ml)

2.64 ± 0.80a 2.30 ± 1.05a 2.48 ± 0.99a 2.41 ± 0.76a NS

Yeast and 

molds (log 

UFC/ml)

2.14 ± 0.99a 2.17 ± 0.30a 1.65 ± 0.82a,b 1.28 ± 1.24b NS

LAB (log UFC/

ml)

2. 79 ± 0. 53a,b 2.00 ± 1.05b,c 1.62 ± 1.23c 2.48 ± 0. 66a **

a,b,cMeans within a line with different letter are statistically different (P < 0.05).
NS, non-significant.**P < 0.01.

Table 5. 
Effect of lactation stage on microbiological characteristics.
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Strains SLCch6 SCC1,7 SLCch14 SCC1,13 SCC1,33 SCC1,15 SCC1,24 SCC1,6 SCC1,8 SCC1,2

Glycerol + − W W + W − W W +

l-Sorbose − − − − W − − − − −

d-Sorbitol − − − − − + − + − −

Amygdaline − + + W W + − + − −

Esculine + + W W + + W W + W

d-Melezitose − − − − − − − + − W

Amidon − W + W + − W − W W

Identification L. lactisssp 

lactis1

Lb 

plantarum

L. lactis ssp 

lactis1

L. lactis ssp 

lactis1

L. lactis ssp 

lactis1

Lb 

pentosus

L. lactis ssp 

lactis1

Pediococcus 

pentosaceus

Lb 

plantarum

Lb 

brevis

+, positive; W, weakly positive; −, negative after 48 h of incubation at 37°C; SLCch, Strain Milk Camel Chenchou; SCC, Strain colostrum camel.

Table 6. 
Fermentation profiles of LAB isolated for camel milk.
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4. Conclusion

The present study showed variations of physicochemical and microbiological 
characteristics in camel milk was affected by production systems and stages of lacta-
tion. Physicochemical characteristics of camel milk samples obtained from different 
production system revealed highly significant variations between these systems in the 
content of fat and protein. Additionally, stages of lactation showed variations in the 
physicochemical and microbiological characteristics of camel milk. LAB were also 
affected by production system and lactation stage.

Acknowledgements

Authors are grateful to central laboratory technicians in Arid Lands Institute for her 
collaboration in biochemical analysis.

Conflict of interest

The authors declare that there is no conflict of interests regarding the publication 
of this paper.

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Microbiological Quality and Biochemical Characteristics of Lactic Acid Bacteria from Camel…
DOI: http://dx.doi.org/10.5772/intechopen.101298

9

References

[1] Souilem O, Barhoumi K. Physiological 
particularities of dromedary (Camelus 
dromedarius) and experimental 
implications. Scandinavian Journal of 
Laboratory Animal Science. 2009;36:19-29

[2] Abdel Rahman IE, Dirar HA,  
Osman A. Microbiological and 
biochemical changes and sensory 
evaluation of camel milk fermented 
by selected bacterial starter cultures. 
African Journal of Food Science. 
2009;3:398-405

[3] Moslah M, Megdiche F. L’élevage 
camelin en Tunisie. Cahiers Options 
Méditerranéennes Série A. 1989;2:33-36

[4] Faye B, Grech S, Khorchani T. Le 
dromadaire, entre, feralisation et 
intensification. Anthropozoologica. 
2004;39(2):7-14

[5] Diallo BC. L’élevage du dromadaire en 
Mauritanie. Options Méditerranéennes—
Série. Séminaires—n°2. Dans: Actes du 
colloque de Rabat-Maroc; 1989. pp. 29-32 
[Accessed: 25-27 Octobre 1988]

[6] Larpent JP, Copin MP, Germonville A, 
Jacquet M, Thetas JL. Microbiologie du 
lait et des produits laitiers. In: Larpent LP, 
editor. « Microbiologie alimentaire ». 
Tec. Doc. 1ère ed. Paris: Lavoisier; 1997

[7] Barbour K, Nabbut NH, Frerichs WN, 
Al Nakhli HM. Inhibition of pathogenic 
bacteria by camel’s milk: Relation to whey 
lysozyme and stage of lactation. Journal 
of Food Protection. 1984;47:838-840

[8] Al-Mohizea IS, Mashhadi AS, 
Fawwal A, Al-Shalhat A. Microbiological 
and shelf life assessment of chilled 
eviscerated whole chicken broilers in 
Saudi Arabia. British Poultry Science. 
1994;35:519-526

[9] Khedid K, Faid M, Mokhtari A,  
Soulaymani A, Zinedine A. 
Characterization of lactic acid bacteria 
isolated from the one humped camel milk 
produced in Morocco. Microbiological 
Research. 2009;164:81-91

[10] Weinberg Z, Shatz O, Chen Y, 
Yosef E, Nikbahat M, Ben-Ghedalia D, 
et al. Effect of lactic acid bacteria 
inoculants on in vitro digestibility of 
wheat and corn silages. Journal of Dairy 
Science. 2007;90:4754-4762

[11] Abdelbasset M, Djamila K. 
Antimicrobial activity of autochthonous 
lactic acid bacteria isolated from 
Algerian traditional fermented milk 
“Raïb”. African Journal of Biotechnology. 
2008;7(16):2908-2914

[12] Soukoulis C, Panagiotidis P, 
Koureli R, Tzia C. Industrial yogurt 
manufacture: Monitoring of 
fermentation process and improvement 
of final product quality. Journal of Dairy 
Science. 2007;90:2641-2654

[13] Temmerman R, Pot B, Huys G, 
Swings J. Identification and antibiotic 
susceptibility of bacterial isolates from 
probiotic products. International Journal 
of Food Microbiology. 2002;81:1-10

[14] Kalliomäki M, Salminen S,  
Arvilommi H, Kero P, Koskinen P,  
Isolauri E. Probiotics in primary 
prevention of atopic disease: A 
randomised placebo-controlled trial. The 
Lancet. 2001;357:1076-1079

[15] El-Hatmi H, Khorchani T, Attia H. 
Characterization and composition of 
camel’s (Camelus dromedarius) colostrum 
and milk. Microbiology. 2006;18:13-17

[16] Shuiep ES, El Zubeir IEM, El 
Owni OAO, Musa HH. Influence of 



Milk Protein - New Research Approaches

10

season and management on composition 
of raw camel (Camelus dromedarius) 
milk in Khartoum state, Sudan. Tropical 
and Subtropical Agroecosystems. 
2008;8:101-106

[17] AFNOR. Contrôle de la qualité des 
produits alimentaires: lait et produits 
laitiers: analyses physicochimiques. Paris 
La Défense; 1993. 581 p

[18] Ghanbari M, Rezaei M, 
Jami M. Isolation and characterization 
of Lactobacillus species from intestinal 
contents of beluga (Husohuso) and 
Persian sturgeon (Acipenserpersicus). 
Iranian Journal of Veterinary Research. 
2009;10:152-157

[19] Alwan OA, Igwegbe AO, 
Ahmad AA. Effects of rearing conditions 
on the proximate composition of 
Libyan Maghrebi camels’ (Camelus 
dromedarius) milk. International Journal 
of Engineering and Applied Sciences. 
2014;4(8):1-6

[20] Ghouri M, Afshan N, Javed S,  
Aziz F, Sadat A, Chohan A, et al. 
Physiochemical evaluation and 
liability of dromedary camel’s milk in 
combating various pathogens. African 
Journal of Microbiology Research. 
2016;10(41):1739-1745

[21] Sraïri MT, Hasni Alaoui I,  
Hamama A, Faye B. Relations entre 
pratiques d’élevage et qualité globale du 
lait de vache en étables suburbaines au 
Maroc. Revue de Médecine Vétérinaire. 
2005;156(3):155-162

[22] Benkerroum N, Boughdadi A, 
Bennani N. Microbiological quality 
assessment of Moroccan camel’s milk 
and identification of predominating 
lactic acid bacteria. World Journal 
of Microbiology and Biotechnology. 
2003;19:645-648

[23] Aljumaah RS, Almutairi FF, Ismail E, 
Alshaikh MA, Sami A, Ayad M. Effect 
of production system, breed, parity, and 
stage of lactation on milk composition 
of dromedary camels in Saudi Arabia. 
Journal of Animal and Veterinary 
Advances. 2012;11(1):141-147

[24] Ashmaig A, Hasan A, El Gaali E. 
Identification of lactic acid bacteria 
isolated from traditional Sudanese 
fermented camel’s milk (Gariss). African 
Journal of Microbiology Research. 
2009;3:451-457

[25] Sun ZH, Liu WJ, Zhang JC, Yu J, 
Gao W, Jiri M, et al. Identification and 
characterization of the dominant lactic 
acid bacteria isolated from traditional 
fermented milk in Mongolia. Folia 
Microbiologica. 2010;55:270-276


