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Abstract

The objective of this study is to investigate the antibacterial activity of lactic acid bacteria
isolated from camel milk. The physicochemical analysis of camel milk collected from the Djelfa region
in central Algeria provided the following findings: the pH value was measured at 6.29, density at 1.028,
acidity level at 16, dry matter content at 8.2637, fat content at 0.94, solids-not-fat (SNF) content at 6.98,
protein content at 2.57, total solids at 17.4, lactose content at 3.84, conductivity at 8.58, added water
content at 18.26, and a freezing point ranging from -0.4 to -0.525.

For the characterization of lactic acid bacteria microflora present in the collected camel milk,
selective media (MRS and M17) were used in the isolation. Microscopic identification revealed the
presence of Lactobacillus and Streptococcus isolates, which aligns with previous research indicating the
presence of these bacteria in camel milk.

Camel milk is recognized for its high concentration of antibacterial molecules such as
lysozymes, bacteriocins, lactoferrin, and more. To demonstrate this unique quality of camel milk, the
lactic acid bacteria strains were evaluated for their antagonistic activity against four pathogenic bacteria:
Escherichia coli (ATCC 259222), Pseudomonas aeruginosa (ATCC 9027), Bacillus cereus (ATCC
14579), and Staphylococcus aureus (ATCC 43300) using the disc diffusion method. The lactic acid
bacteria strains exhibited significant inhibition zones against all tested pathogenic strains, with diameters
ranging from 7 to 16 mm. Notably, a Lactobacillus strain demonstrated the largest inhibition diameter.

Keywords: Camel milk - physicochemical analysis — isolation - lactic acid bacteria
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Introduction

INTRODUCTION

Camel has been mentioned in Quran in different places and described as a miracle of
almighty God. Also, prophet Muhammad (PBUH) recommended camel in his speech (hadith).
As scientific research continues to explore the potential medicinal and health benefits of camel
milk, it is important to conduct systematic reviews that take into account recent discoveries Due
to a lack of up-to-date knowledge regarding these benefits, this study aims to collect and
thematically review current information on the pharmaceutical benefits of camel milk, drawing
from both religious texts such as the Holy Quran and sayings of Prophet Muhammed (PBUH)
as well as modern scientific perspectives on the medicinal benefits of camel milk. According
to statistics provided by the FAO, the global population of camels was 19 million, with the
majority of camels residing in Africa (15 million) and the rest in Asia (4 million). Additionally,
the data suggests that roughly 17 million of these camels were classified as one-humped
dromedary camels, while the remaining 2 million were two-humped camels.

The camel is a highly versatile animal that can be utilized for a variety of purposes and

has a high production rate. In today’s world where deserts are expanding, global warming is
increasing, and food and water scarcity are becoming more prevalent, camels can adapt to these
challenges (Abdurahman, 2004).
Moreover, under such circumstances, camel milk can be an excellent source of nutrition.
Along with being a nutritious food, camel milk has been used for medicinal purposes in various
cultures due to its therapeutic properties, primarily attributed to its high content of vitamin C.
(Yagil, 2017).

Camel milk has been shown to have potential medicinal properties and has been used in
the treatment of various diseases, including but not limited to malaria, jaundice, gastrointestinal
disorders, and strong cough (pneumonia), according to research studies (Yadav, 2015) and
tuberculosis. (llse and Hanwant, 2004).

Extensive research has confirmed the presence of numerous essential nutritional and
pharmaceutical components in camel milk, such as insulin, which can regulate B-cell functions
and act as an anti-hypoglycaemic agent. (Shabo and Yagil, 2005).

Camel milk is an excellent source where lactic acid bacteria (LAB) can be isolated with high
probiotic potential. Camel milk contains a greater amount of natural antimicrobial compounds

the bovine milk (Elagamy et al., 1996).
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The beneficial microflora found in camel milk, specifically lactic acid bacteria have the
potential to be a valuable source of biological materials for use in dairy technology (Khedid et
al., 2009).

lactic acid bacteria is currently the subject of extensive international research due to
their role in the fermentation of many foods, as well as their ability to produce various
antimicrobial compounds that promote probiotic properties (Temmerman et al., 2003),
including antitumoral activity (De Vuyst and Degeest, 1999), (Dstlie et al., 2003) reduction
of serum cholesterol (Desmazeaud, 1995; Jackson et al., 2002) alleviation of lactose
intolerance (De Vrese et al., 2001) stimulation of the immune system (Isolauri et al., 2000)
and stabilization of gut microflora (Gibson et al., 1997).

Certain LAB strains that produce Exopolysaccharide (ESP) are commonly used in the
production of fermented milk for improving its texture and viscosity (Curk et al., 1996), (Ruas
et al., 2010). While dairy products were traditionally preserved through spontaneous
fermentation, modern large-scale production techniques typically use starter systems with
defined strains to ensure uniformity, safety, and quality of the final product (Ross et al., 2002).

The objective of this study is to investigate the antibacterial activity of lactic acid

bacteria isolated from camel milk.
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Camel milk refers to the milk produced by female camels. It is a nutritious beverage
that has been consumed for centuries in regions where camels are prevalent, such as in parts of
Africa, the Middle East, and Asia. Camel milk has gained attention for its potential health
benefits and is considered an alternative to cow's milk for individuals who are lactose intolerant

or have allergies to cow's milk.
Here are some key characteristics and aspects of camel milk:

L1 Nutritional Composition

Camel milk is rich in various nutrients, including proteins, fats, carbohydrates, vitamins
(such as vitamin C and B vitamins), minerals (such as calcium, iron, and potassium), and
antibodies. It is lower in lactose compared to cow's milk, making it potentially easier to digest

for lactose-intolerant individuals (Farah, 1993).

1.2 Flavor and Texture

Camel milk has a distinct flavor that is often described as slightly salty and sweet. Its
texture is generally thinner compared to cow's milk, and it may have a slightly yellowish

color.

L3 Therapeutic Potential

Research suggests that camel milk may have potential therapeutic properties. It has been
investigated for its antimicrobial, anti-inflammatory, and immune-boosting effects. Some
studies have shown positive outcomes in managing conditions such as diabetes, autoimmune
disorders, and gastrointestinal issues. However, further research is needed to fully understand

and validate these potential benefits. (Salminen et al., 2004).

14 Availability and Consumption

In regions where camels are prevalent, camel milk is consumed both traditionally and
commercially. It can be consumed fresh or processed into various products like cheese, yogurt,
and ice cream. In other parts of the world, camel milk is gaining popularity as a specialty or

niche product, available in certain markets or through online sources. (Breulmann et al., 2007).
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L5

Chemical composition

Camel milk typically has a salty taste, opague white color, and normal odor. Its chemical

composition showed in Table 1. The milk is composed of 90% water and 10% total solids.

Camel milk is known for its high levels of iron and calcium, as well as other components such

as insulin, whey acidic protein, peptidoglycan recognition protein, B-lactoglobulin, casein

micelles, whey, and Omega-7. In comparison to cow milk, camel milk has higher

concentrations of these substances. Researchers have reported that peptidoglycan recognition

protein may have anti-cancer properties and could help control metastasis in breast cancer
patients. (Mal et al., 2006).

Table 1. Chemical composition of camel milk (Mal et al., 2006).

L.6

Parameters (quantity) Camel milk
Water (%0) 90
Total solid (%) 10
Fat (%) 2
Insulin (pu/ml) 40.5
Pantothenic acid (Mg/ml) 0.9
B-lacto-globulin (Mg/ml) 0
Whey acidic protein (Mg/ml) 157
Peptidoglycan recognition 107
protein (Mg/ml)

B-Lacto albumin (Mg/ml) 3500
Kappa casein (%) 5
Casein micelle (um) 320
Whey protein (%) 1
Omega-6 (%) 35
Omega-7 (%) 11.6

Mineral profile

Table 2 shows the mineral content of camel milk during two stages of lactation, revealing

a noticeable increase in mineral quantity during the later stages. Camel milk is known for its

moderate amounts of iron and calcium, as well as its high acidity due to vitamin C, which lowers

the pH and promotes nutrient absorption in the intestine (Soliman, 2005). Additionally, camel

6
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milk contains zinc, an essential mineral that helps maintain and improve the immune system.
Notably, camel milk contains higher levels of trace minerals compared to other mammals, as

reported by several studies (Singh et al., 2006; Mirmirani et al., 2017).

Table 2. Mineral profile of camel milk in different stages (Singh et al., 2006).

Mineral Early lactation Late lactation

Ca 94.06+0.75mg 97.32+0.51

P 41.68+0.55mg% 47.17+0.52mg%
Mg 11.82+0.22mg% 13.58+0.31mg%
Na 29.70+£0.53 mEq/L 35.49+0.89mEq/L
K 50.74+0.51mEq/L 71.86+1.43mEq/L
Fe 1.00£0.12mg/dI -

Zn 2.00£0.02mg/dI -

Cu 0.44+0.04mg/dl -

1.7 Camel milk benefits

Due to its low fat and cholesterol content and rich supply of vitamins, minerals, and
insulin, camel milk has been identified as a potential treatment for diabetes (Khalesi et al.,
2017). Several studies have reviewed the potential benefits of camel milk in managing diabetes.

We can produce from camel milk many dairy products showed in (Fig 1).
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Figure 1. Dairy product from camel milk.

v Production of cheese from camel milk is difficult due to the poor coagulability of the

milk (Breulmann et al., 2007).

v Camel milk yogurt Producing camel milk yogurt with a texture and consistency similar

to that of bovine milk yogurt is challenging, as camel milk does not coagulate easily.

As a result, the curd formed is often less firm, fragile, and heterogeneous, consisting of

dispersed flakes, as reported by (Attia et al., 2001).

v Camel milk powder: Currently, spray drying technology has been used to produce camel

milk powder in countries such as Saudi Arabia, UAE, India, and Pakistan (EI-Agamy,

2017; Kamal-Eldin et al., 2022). Camel milk ice cream: Ice cream and frozen desserts

are popular and widely consumed dairy products, especially in countries with hot
climates such as the Middle East (Muthukumaran et al., 2022).
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L8 Lactic acid bacteria effect against pathogenic bacteria

The ability of LAB to exhibit antibacterial activity against pathogenic bacteria stems from
a multitude of factors. This antimicrobial effect arises from the combined influence of diverse

biological elements derived from their metabolic activities.

v' Lactic acid bacteria (LAB) lower the pH of the culture medium by producing organic
acids. Homofermentative LAB mainly produce lactic acid, while heterofermentative LAB
produce lactic acid along with other substances like acetic acid. This acid production inhibits
the growth of pathogenic bacteria. LAB's remarkable tolerance to low pH levels, both inside
and outside the cells, contributes to this inhibition. Lactobacillus, being well-adapted to acidic
pH conditions, exhibits particularly strong antibacterial activity (Cotter and Hill, 2003;
Salminen et al., 2004; Dworkin et al., 2006).

v One important factor that has been recognized for a long time as a major contributor
to the antimicrobial activity of LAB, especially lactobacilli, is hydrogen peroxide (H205).
However, its effectiveness is diminished in this case due to the anaerobic incubation of the
lactic bacteria (Mami et al., 2008).

v Lactic acid bacteria (LAB) possess the capability to produce peptides or proteins
called bacteriocins. These bioactive compounds demonstrate antimicrobial properties that are
usually specific to closely related bacterial species, without causing harm to the producing
strain. Bacteriocins exhibit significant diversity in terms of their molecular weight, biochemical
characteristics, and mode of action. While their range of activity can vary from narrow to broad,
they primarily target Gram-positive bacteria (Bayoub et al., 2006; Salminen et al., 2004).

Camel milk stands out for its remarkable antimicrobial activity when compared to cow's
milk. This exceptional quality can be attributed to the presence of specific components such as
lactoferrin, immunoglobulin, lysozyme, lactoperoxidase, and vitamin C (Saboui et al., 2009;
Konuspayeva et al., 2004).

It is important to note that the antibacterial activity of LAB can vary depending on the strain,
environmental conditions, and interactions with other microorganisms. Additionally, the
antibacterial activity of LAB is typically targeted towards specific bacteria and may not be

effective against all pathogens.

Research on the potential antibacterial activity of lactic acid bacteria (LAB) has been
extensively conducted, exploring various strains and their effectiveness against different

pathogens. Here are some key findings from studies investigating LAB's antibacterial activity:
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Lactobacillus spp.: Lactobacillus species, such as Lactobacillus acidophilus,
Lactobacillus casei, and Lactobacillus plantarum, have been shown to possess
antibacterial properties against a range of pathogens. These include Escherichia coli,
Salmonella spp., Staphylococcus aureus, and Helicobacter pylori. The antibacterial
activity of Lactobacillus species is attributed to the production of organic acids,
hydrogen peroxide, and bacteriocins.

Bifidobacterium spp.: Bifidobacterium species, particularly Bifidobacterium bifidum
and Bifidobacterium breve, have demonstrated antibacterial activity against several
pathogens, including Clostridium difficile, Enterococcus faecalis, and Shigella flexneri.
Bifidobacterium spp. exert their antibacterial effects through the production of organic
acids, as well as competing for adhesion sites and nutrients.

Streptococcus salivarius: Streptococcus salivarius, commonly found in the oral cavity
and gastrointestinal tract, has been shown to inhibit the growth of Streptococcus mutans,
a major contributor to dental caries. This antibacterial activity is attributed to the
production of bacteriocins and hydrogen peroxide.

Pediococcus spp.: Pediococcus species, such as Pediococcus acidilactici and
Pediococcus pentosaceus, have exhibited antibacterial effects against various
pathogens, including Listeria monocytogenes, Bacillus cereus, and Enterococcus
faecium. Pediococcus spp. produce bacteriocins, organic acids, and hydrogen peroxide,
contributing to their antibacterial activity.

Weissella spp.: Weissella species, including Weissella cibaria and Weissella confusa,
have shown antibacterial properties against pathogens like Staphylococcus aureus,
Salmonella enterica, and Vibrio cholerae. Weissella spp. produce organic acids,

bacteriocins, and antimicrobial peptides, contributing to their antibacterial activity.

L9 Challenges
Despite its potential benefits, there are some challenges associated with camel milk. One

major challenge its limited availability, as camel populations are concentrated in specific

regions. Additionally, the high cost and logistical difficulties of milk extraction and

transportation contribute to its limited accessibility in many areas.

In recent years, camel milk has attracted attention and interest from researchers,

consumers, and the food industry due to its unique nutritional profile and potential health

benefits. However, it is important to note that individual responses to camel milk can vary, and

10
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more scientific studies are needed to fully understand its effects and establish evidence-based

recommendations (Saad et al., 2013).
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Chapter 11 materials and methods

I1.1 Objective of the work

The aim of our study is to achieve the following objectives:
1. Physicochemical analyse of camel milk.
2. Isolate and identification of lactic acid bacteria from camel milk.
3. Evaluate the antibacterial activity of the isolated strains against pathogenic bacteria.

11.2 Duration and place of the work

Our experimental study was conducted at the microbiological laboratory of Ibn
Khaldoun University, specifically at the Faculty of Natural and Life Sciences and the laboratory
of animal Hygienic and pathology in Tiaret. The study was carried out from 06/02/2023 to

20/03/2023.
11.3 Materials and Product
The materials and products used in our work are shown in the following table

Table 3. Equipment and products used in different microbiological analyses.

Glassware Name of equipment  Products Culture media Other
-Beakers -Autoclave -NaOH -M17 agar -Cooler
(400ml,600ml) -Shaker magnetics Solution -Mrs agar -Forceps
-Petri dish stirrer -Hcl -M17 broth -Magnetic bar
-Sterile Pasteur -Incubator -H20,  -Muller Hinton  -Platinum loop
Pipette Spectrophotometer -Distilled agar -Micropipette
-Graduated -Cuvette water tips
pipette -Balance -Peptone -Filter paper
-Sterile flasks -Refrigerator water -Sterile knife
(250ml) -Oven Buffered -Mortar and
-Test tube -Bunsen Burner pestle
-Watch glass -Lacto scan
-Tubes -pH meter
-Water bath -Thermo-

Lactodensimeter

14
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11.4 Sample collection

On February 9th, 2023 at 8:00 am, milk was collected from the Mosran region (Djalfa,
Hassi Bah bah). it’s shown in this (Fig 2).
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Figure 2. Area zone collection.

The milk was transported in a cooler and stored under favourable temperature conditions in a
glass bottle. (Fig 3).

Figure 3. Material transport of milk.

15



Chapter 11 materials and methods

The temperature and pH of the milk were measured immediately using a thermometer and pH

paper. The weather conditions at the time of collection were 2°C (Fig 4).

Figure 4. pH paper.

11.5 Biological material
In the current study, Pathogenic bacteria were used as indicator microorganisms

to assess the inhibition of lactic acid bacteria. These pathogenic strains were chosen for their
ability to serve as indicators of bacterial contamination and potential risks.

By studying the interactions between pathogenic and lactic acid bacteria, researchers
hope to better understand how these microorganisms affect food safety and develop strategies
to prevent contamination and infection.

The bacterial that we used were ATCC reference stains: Escherichia coli (ATCC
259222), Pseudomonas aeroginosa (ATCC 9027), Bacillus cereus (ATCC 14579) and
Staphylococcus aureus (ATCC 43300), from the laboratory of Microbiology, Faculty of Natural
and Life Sciences, Tiaret University.

11.5.1 Probiotic
Lactobacillus Rhamnosus GG is a probiotic that forms part of the normal human intestinal
microflora, genetically modified with a capsule that protects it from the acidity of unfavourable

conditions (product marketed in France).
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11.6 Experimental protocol

Our work steps are showed in the following figure

Camel milk

e AN

Physicochemical analysis Isolation of LAB

_Z N P N

Manual Automatic by lactoscan MRS M17
Fat
H .
P Identification
- Solide non fat L
Acidity Catalase
Protein Gram stain
Dry matter
Oxvdase
Condictivity
TSI
Added watter -+ Antibacterial
Mobility test
Activity
Frezing point
ONPG
Salt Citrate permease

Lactose

Figure 5. Protocol of work
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11.7 Physicochemical characteristics

We have several physicochemical characteristics that we can studied on camel milk
such as:

11.7.1 pH Measurement

The pH (hydrogen potential) of the samples was measured using a pH meter (INOLAB,
pH 720, Germany). Prior to taking measurements, the pH meter was calibrated by adjusting the

pH reading based on a solution of known pH (standard pH solution) (Fig 6).

The pH measurement was conducted following the principle of measuring the pH at a
temperature of 20°C. An electrode was immersed in a beaker containing 100 ml of milk, and
the pH value was directly read from the device. The procedure for pH measurement was carried

out in accordance with the method described by (Sboui et al., 2009).

Figure 6. pH meter

11.7.2 Density

The density of the substance was measured as a physical parameter using a density
meter in accordance with the (AOAC, 2000) method. Density is a measure of the mass
contained in a given volume of a substance and is commonly expressed in units of grams per

milliliter (g/ml) or kilograms per liter (kg/L).

11.7.3 Dornic acidity
Dornic acidity is a measure of the acidity or acid content in milk. It is determined by
titrating the milk sample with a standard sodium hydroxide (NaOH) solution using

phenolphthalein as an indicator.
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To measure the dornic acidity of milk:

1. Prepare a standard solution of sodium hydroxide (NaOH) with a known concentration. This

solution will be used to neutralize the acidic components in the camel milk.

>
>

Weigh a predetermined amount of camel milk into a beaker.

Add a few drops of phenolphthalein indicator to the milk. The indicator will exhibit a
pink color in the presence of acid.

Gradually add the standard NaOH solution to the milk while continuously stirring.
Monitor the color change of the indicator. The pink color will disappear once all the
acid in the milk has been neutralized.

Record the volume of the NaOH solution used to neutralize the milk.

Repeat the titration process three times and calculate the average volume of NaOH
solution required to neutralize the milk (AOAC, 2000).

11.7.4 Dry matter

Dry matter determination involves the following steps:

>

Obtain a clean and dry container, such as a beaker or evaporating dish. Weigh the
container and record its weight.

Pour a measured quantity of the liquid sample into the container and record the
combined weight of the container and liquid.

Apply gentle heat to the container and liquid using a hot plate or similar heat source.
Stir the mixture occasionally until all the liquid evaporates, leaving behind only solid
matter.

Allow the container to cool down to room temperature. Weigh the container and its
contents again to determine the weight of the dry solid matter.

By subtracting the initial weight of the container from the final weight with the dry solid

matter, you can determine the weight of the dry matter in the sample. This method is commonly

used to assess the proportion of solids present in a liquid sample (AOAC, 2000).

11.7.5 Parameters physical chemical by lacto scan
The LactoScan is an automated instrument used for the analysis of various physical and

chemical parameters in milk and dairy products. It offers a quick and reliable method for

assessing the composition and quality of milk. Some of the parameters that can be analysed

using the LactoScan include (Fig 7).
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» Fat Content: The LactoScan measures the fat content in milk through the principles of
infrared spectroscopy. It provides accurate and precise measurements of the fat
percentage.

> Protein Content: The instrument also determines the protein content in milk using
infrared technology. It enables the assessment of the protein concentration in the sample.

» Lactose Content: Lactose, the milk sugar, can be quantified using the LactoScan. It
provides information about the lactose content, which is essential for individuals with
lactose intolerance.

» Total Solids: The LactoScan calculates the total solids in milk by measuring the
combination of all solid components, including fat, protein, lactose, and minerals.

» Freezing Point: The freezing point of milk can be determined by the LactoScan. It is a
useful parameter for assessing the dilution or adulteration of milk with water.

» pH Value: The LactoScan can measure the pH value of milk, which provides
information about its acidity or alkalinity.

» Conductivity: The instrument also analyzes the conductivity of milk, which is
influenced by factors such as temperature, mineral content, and presence of
contaminants.

The LactoScan offers automated and efficient analyses for these physical and chemical

parameters, providing valuable insights into the composition and quality of milk. Its accurate

and reliable results make it a valuable tool in dairy industry and research settings.

Figure 7. Automatic analyzer lactoscan
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11.8 Bacteriology characteristics

11.8.1 Isolation of lactic acid bacteria

The isolation and purification of lactic acid bacteria (LAB) involved a decimal dilution
series using 1ml of milk, either directly or after incubation at 30 °C and 37 °C until coagulation.
The milk samples were mixed with 9 ml of sterile physiological water solution (0.85% w/v) to
obtain an initial dilution 1, which was then subjected to further dilution up to 10 (Khedid et
al., 2009). Next 100ul of each dilution was spread onto MRS and M17 solid medium plates,
and incubated anaerobically in desiccator jars at either 30°C or 37°C for 48 to 72 hours. After
incubation, individual colonies were selected and transferred to tubes containing 5ml of sterile
MRS broth for purification. Homogeneous isolates were obtained through repeated
subculturing on appropriate agar media. Microscopic examination was conducted to confirm
the purity of the isolated bacteria (Thapa et al., 2006).

Here is a general protocol for using MRS and M17 media to culture lactic acid bacteria from

camel milk :

> Label the bottom of each agar plate with the sample information and the type of medium
used.

» Using a sterile loop or swab, aseptically streak the milk sample into the surface of the
MRS and M17 agar plates. You can also spot inoculate the agar plates by placing a small
drop of milk onto the surface of the agar and spreading it out with the sterile loop or
swab.

» Incubate the plates upside down at 37 °C for 48-72 hours, or until visible colonies have
formed.

» After incubation, examine the plates for colony morphology, counting the colonies if
necessary, and identifying the lactic acid bacteria based on their morphology, growth

characteristics, and biochemical tests.

11.9 Biochemical analyses
11.9.1 Catalase Test

The catalase test is used to detect the presence of the catalase enzyme in bacteria. A
small portion of a suspicious colony is diluted in oxygenated water on a sterile slide. If the
enzyme is present, bubbles of gas (oxygen) will be released, indicating its activity. This test is

commonly used in microbiology to identify and characterize bacteria. The reaction can be
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represented as: 2H,O; + Catalase — 2H20 + Oz. The rapid formation of bubbles confirms a
positive result (Delarras, 2007); ( Karen, 2010).

11.9.2 Oxidase Test

The oxidase test is conducted to determine the presence of the oxidase enzyme in
bacteria. A disc is placed in a hemolysis tube and moistened with distilled water. A portion of
the bacterial colony under investigation is spread onto the disc. After approximately 10 minutes,
a dark purple coloration will appear, which eventually turns black, indicating a positive oxidase
test (Delarras, 2007).

11.9.3 TSI Test

The TSI (Triple Sugar Iron) test is used to detect the fermentation of lactose, glucose,
and sucrose by bacteria. The bacterial culture is inoculated by a deep puncture in the bottom of
a tube and a central streak on the slant. The tube is then incubated at 37°C for 24 hours. The
test is performed alongside the mobility test. If the bacterium being studied is capable of
mannitol fermentation (Mannitol+), the sugar fermentation will cause the medium to turn
yellow due to acidification (Leveau, 1980).

11.9.4 Mobility Test

The motility test assesses the ability of bacteria to move. The reduction product of D-
mannose, mannitol, is used to test both mannitol fermentation and bacterial mobility. The
strains being studied are inoculated into the medium by central puncture and incubated at
30°C£1°C for 18 to 24 hours. A yellow color change in the medium indicates mannitol
fermentation, while a cloudy appearance due to diffusion in the agar indicates bacterial

mobility. The test results are interpreted accordingly (Guiraud, 1998).
11.9.5 ONPG Test

The ONPG (O-Nitrophenyl B-D-galactopyranoside) test is performed to detect the
presence of the beta-galactosidase enzyme in a bacterial culture. A bacterial culture is
inoculated into a tube of sterile ONPG broth, which contains the ONPG substrate. The tube is
then incubated at 37°C for several hours (Mille, 1972).

11.9.6 Citrate Permease Test

The citrate utilization test determines whether a bacterium can utilize citrate as a carbon

source. A selected colony is used to inoculate the surface of a medium with tight streaks on one
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half of the plate, leaving the other half as a control. The plate is then incubated at 37°C for 24
hours. A positive result is indicated by a blue color change of the indicator, as the medium
becomes alkaline due to citrate utilization. A negative result shows no growth and results in a

green coloration of the medium (Guiraud, 2003).

11.10 Gram Staining

Gram staining is a technique used to differentiate bacteria into two groups: Gram-positive
and Gram-negative. The steps involved in Gram staining are as follows: a heat-fixed smear of
the bacterial culture is prepared on a clean glass slide, which is then flooded with crystal violet
stain for 1 minute. The slide is rinsed with water and flooded with iodine solution for 1 minute.

Excess iodine is rinsed off. (Forbes et al., 2007).
11.11 Antibacterial activity

The antibacterial activity of an extract was assessed using the agar diffusion method, as
described by (Celiktas et al., 2007; Sacchetti et al., 2005)

The antimicrobial properties of lactic acid bacteria were tested against pathogenic
bacteria such as Escherichia coli (ATCC 259222), Pseudomonas aeroginosa (ATCC 9027),
Bacillus cereus (ATCC 14579), and Staphylococcus aureus (ATCC 43300) Briefly, cells were
resuspended in saline (1-2x10® cells/mL for bacteria (0.5 Mc Farland) and spread on the petri
dishes of Mueller-Hinton Agar (MH) (Bouziane et al., 2007).

To obtain the supernatant, Lactobacillus spp Streptococcus ssp were removed from two
Petri dishes and transferred to tubes containing M17 broth medium, also probiotic waq
transfered to M17 broth after the tubes weres incubated at 37°C dring 18 h. The mixture was
then centrifuged at 3000 rpm for 10 minutes to separate the supernatant and pellet. The empty
tubes were filled with the supernatant. Sterile discs with a diameter of 6 mm were impregnated
with with 0.5 mL of the supernatant and deposed in to Muller Hinton agar medium, and the
probiotic served as a positive control. The antibacterial activity was determined by measuring
the diameter of the clear zone (no bacterial growth) around the disc in millimeters (Bouziane
et al., 2007).
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Resulats and Discussion

I11.1 Physic-chemical result

The physic-chemical composition of camel milk analysed is summarised in the table below.

Table 4. Results of physicochemical characteristics by manual work

Parameter Result Standard

Ph 6.29 (6,6_6,8)(FA0,2006)

Density (g\ml) 1.028 1,028 et 1,034 a 20°C
normes FIL-AFNOR

Acidity (°D) 16 L’idéal 15-17 (afnor)

Dry matter 8.2637% 8-13% (afnor)

Table 5. Results of physicochemical characteristics by lactose

Parameters Result Standard Interpreting
Fat 0.94 0.1- 45%=+0.10% In the standard
Solide-non-fat 6.98 3-15+0.15% In the standard
Protein 2.57 2-7£0.15% In the standard
Conductivity 8.58 3-14(mS/cm) In the standard
+0.05%(mS/cm)
Total solids 17.4 0-50% In the standard
Frezing point -0.425 -0.4a0.7°C Minimum of
standard
Salt 0.57 0.4-1.5% %0.05% In the standard
Lactose 3.84 0.01-6%0.2% In the standard
Added water 18.26 0-70+3 In the standard

I11.1.1 Physico-chemical characteristics

1M.1.1.1 pH

The pH of our study is mentioned as 6.29, and it is compared with the pH result of the

standard which is between (6.6 and 6.8). showed in figure

Based on the comparison, it appears that the pH of the camel milk in our study is slightly lower

than the specified standard range of 6.6 to 6.8. A lower pH value indicates a higher level of

acidity in the milk compared to the standard. There can be several factors contributing to this
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variation, including differences in diet, environmental conditions, or the analytical methods
used for pH measurement.

In our study, the measured pH value for camel milk is 6.29, while the reference pH value
is 6.65 (Debbouz et al., 2014). This comparison suggests that the camel milk in our sample is
slightly more acidic than the reference value. The pH and acidity of milk are influenced by
factors such as the content of casein, mineral salts and ions, hygienic conditions during milking,
total microbial flora and its metabolic activity, and milk handling practices. These factors can

contribute to variations in the pH levels observed in different samples of camel milk (Fig 8)

Figure 8. pH result

111.1.1.2 Density

Upon comparing the values, it is evident that the specific density of our camel milk
sample is 1.028, which aligns with the lower limit of the specified normal density range (1.028
to 1.034). This indicates that our sample falls at the lower end of the standard range.

In contrast, the density result of 1.032 reported by (Debbouz et al., 2014), is higher than the
specific density of our camel milk sample, suggesting a slight difference between the two
measurements.

On the other hand, the density result of 1.026 reported by (Siboukeur, 2007) is lower
than the specific density of our camel milk sample, indicating a more pronounced difference

between the two values.

27



Chapter Il1: Results and Discussion

It is important to note that several factors can influence the density of milk, including the fat
content, temperature, solid content, and other variables (Saboui et al., 2009). These factors can
contribute to variations in density measurements observed between different samples of camel
milk (Fig 9)

Figure 9. Density result

111.1.1.3 Acidity
The titratable acidity of camel milk is less acidic; in our result, the dornick acidity is 16
D°, compared to the norm of (AFNOR), so our result is in the normal range recommended for

consumption.

Our result of 16 °D is significantly lower than the sample with an acidity of (Siboukeur,
2007) acidity=41.9°D. So there is a significant difference between the two measurements, with
higher acidity in the 41.9°D sample.

In our experiment, the result is very close to the sample with an acidity of (Debbouz et
al., 2014). The two measurements are quite similar with almost identical dornic acidity. This
indicates consistency between the two samples in terms of titratable acidity (Fig 10).

The pH and acidity of milk are influenced by various factors, including the levels of
casein, mineral salts, and ions present in the milk. Additionally, hygienic conditions during
milking, the overall microbial flora, and its metabolic activity, as well as the proper handling
of the milk, can also impact the pH and acidity levels (Saboui et al., 2009).

28



Chapter Il1: Results and Discussion

Figure 10. Equivalent point (acidity)
111.1.1.4 Dry matter

The dry matter content of our camel milk sample, which is 85.15041 g/L, falls within
the recommended range set by the standard (afnor). This confirms that our sample complies
with the standard requirements for dry matter content.

The dry matter content of our camel milk sample, which is 85.15041 g/L, exhibits a
notable contrast to the samples of (Saboui, 2009) 120.056 g/L and (Ould Moustapha and
Ould Hamadi, 2016), 119.438 g/L. These results indicate a higher concentration of dry matter
in those samples.

The total dry matter content of milk also varies depending on the lactation stage
(Bengoumi et al., 1994). It decreases during the month following calving and then increases
due to the rise in fat and protein levels. (FAO, 1995).

111.1.1.5 Lactoscan interpreting
According to the standards our results are therefore within the range of standards, so
thesample is consumable as shown in (Fig 11).

29



Chapter Il1: Results and Discussion

Figure 4. Result of lactoscan
111.2 Isolation of lactic acid bacteria

First of all, camel milk inoculation is performed in two culture media (MRS, M17). The
MRS medium is used for the growth of Lactobacillus, Pediococcus, and Leuconostoc. The M17
medium is used to facilitate the growth of Lactococcus, Enterococcus, and Streptococcus.
(Dworkin et al., 2006).

Following the seeding of the milk and its subsequent dilution (102,10 in the
designated isolation medium, the Petri dishes are incubated at a temperature of 37°C for 24
hours to facilitate the growth of LAB (lactic acid bacteria). This incubation process occurs in
an anaerobic environment to reduce the formation of H.O; (hydrogen peroxide).

The outcome of our study did not yield the isolation of lactic bacteria in the MRS
medium from the analyzed milk sample. This could be attributed to its exceptionally strong
resistance to bacterial multiplication in the initial stages of its presence. (Kamoun, 1995).

The catalase test is performed on the bacterial colonies present in the M17 plate. The
catalase test results in two isolated bacterial colonies showed a positive reaction. The remaining
colonies are preserved for further identification tests.
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111.2.1 Macroscopic characteristics

To determine the macroscopic characteristics of the observed colonies, we performed a

description of their size, shape, color, contour, and appearance, and conducted the catalase test.

As showen in (Fig 12)

Figure 12. Lactic acid bacteria isolated result

111.2.2 Microscopic characteristics

After Gram staining, all isolates are examined under an optical microscope. The shape,

Gram type, and cellular arrangement have been described.
The classification of bacteria is primarily determined by their shape and their affinity for dyes,

as well as their arrangement (monotrichous, diplococci, chains). As shown in (Fig 13).

31



Chapter I11: Results and Discussion

- A- -B-

Figure 13. Microscopic observation result
—A- Bacteria coccus shape/ -B- Bacteria bacillus shape
111.3 Biochemical characteristics interpreting
111.3.1 Oxidase test

In the oxidase test, there is no color change, indicating that these isolates were negative

for oxidase test (showing oxidase activity). In the case of two bacterial strains.

111.3.2 TSI test

In this test, both of the bacterial strain exhibits a positive outcome, characterized by a
brown color change. The TSI test is commonly used to differentiate enteric bacteria based on

their ability to ferment sugars, produce gas, and produce acid.
111.3.3 Mobility test

The outcome of this test has shown a negative result in the mobility test which indicate
that, these bacterial strains are considered non-motile bacteria. They lack structures like flagella
or cilia that enable movement. Instead, they rely on other means of dissemination, such as being

carried by external factors like air, surfaces, or other organisms.
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111.3.4 ONPG test
In this particular test, the appearance of a yellow color change in the disc indicates a
positive result for the strain, indicating the degradation of lactose. However, for the second

bacterial strain, the result is negative, suggesting that lactose degradation did not occur.
111.3.5 Citrate permease

The findings of this study reveal that both bacterial strains demonstrate a negative result,
a negative reaction in the citrate permease test suggests that these bacteria do not possess the
necessary enzyme or transport system to utilize citrate. They rely on other carbon sources for

growth and energy, results are shown in the following table 6 and figures 14.

Table 6. Biochemical identification of the isolates

Parameter Lactobacillus spp Streptococcus spp
Catalase - -
Oxidase - -
TSI o 0
Motility - -
ONPG + -
Citrate permease - +
Gram stain + +
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Figure 5. Biochemical tests results

111.4 Antibacterial activity

In this study, the disc diffusion method on agar was chosen as the preferred method to
assess the antibacterial activity. This method was selected due to its simplicity and its ability to
provide a comprehensive evaluation of the antibacterial effects of LAB (Polak-Berecka et al.,
2009).

The LAB strains that were isolated in this study were tested against both a probiotic
containing 10 billion CFU (colony-forming units) and several pathogenic bacterial strains. The
pathogenic strains included Escherichia coli (ATCC 259222), Pseudomonas aeruginosa
(ATCC 9027), Bacillus cereus (ATCC 14579), and Staphylococcus aureus (ATCC 43300).
These bacteria are commonly found in milk as contaminants, contributing to its deterioration
and posing potential health risks to consumers. They can originate from various sources, such
as the environment, fecal contamination, or infected udders, leading to their presence in milk
(Robinson, 2002).

The results obtained from the study are presented in the accompanying table 7 and figures 15,

16, 17, which provide a comprehensive overview of the findings.
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Figure 7. Lactobacillus ssp against for pathogenic bacteria
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Table 7. Results and inhibition zone diameter (mm)

Strains Lactobacillus spp Streptococcus spp Probiotic
Bacteria

E. coli +sensible (12 mm)  + sensible (09mm)  + sensible (12mm)
P. aeruginosa + sensible (11mm)  -Resistable (00mm) + sensible (7mm)
B. cereus + sensible (12mm)  -Resistable (00mm)  + sensible (8mm)
S. aureus + sensible (16mm)  + sensible (10mm)  + sensible (14mm)

Interpreting

In this study, the disc diffusion method on agar was chosen as the preferred method to
assess the antibacterial activity. This method was selected due to its simplicity and its ability to
provide a comprehensive evaluation of the antibacterial effects of LAB (Polak-Berecka et al.,
2009).

The LAB strains that were isolated in this study was tested against both a probiotic
containing 10 billion CFU (colony-forming units) and several pathogenic bacterial strains. The
pathogenic strains included Escherichia coli (ATCC 259222), Pseudomonas aeruginosa
(ATCC 9027), Bacillus cereus (ATCC 14579), and Staphylococcus aureus (ATCC 43300).
These bacteria are commonly found in milk as contaminants, contributing to its deterioration
and posing potential health risks to consumers. They can originate from various sources, such
as the environment, fecal contamination, or infected udders, leading to their presence in milk
(Robinson, 2002).

The results obtained from the study are presented in the accompanying table and figures,
which provide a comprehensive overview of the findings.

Based on the findings, all the bacterial colonies isolated from Petri dish 1 exhibited
sensitivity to the tested pathogenic bacteria, including Escherichia coli, Pseudomonas
aeruginosa, Bacillus cereus, and Staphylococcus aureus. This suggests that the isolated
bacterial strains may possess antibacterial properties or mechanisms that inhibit the growth of
these pathogens. These results are consistent with a previous study conducted by (Rahmeh et
al., 2019), which supports the validity of the observations.

However, an interesting and unexpected observation was made in Petri dish 2. The
colonies in this dish displayed resistance against Bacillus cereus and Pseudomonas aeruginosa,

which contradicts the findings reported by (Rahmeh et al., 2019). This discrepancy may
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indicate the presence of unique bacterial strains or variations in the tested conditions that led to
different outcomes.

The use of probiotics allowed for the investigation of potential antibacterial activity
against the pathogenic strains. By testing the effects of probiotics on the growth of these
pathogens, researchers can determine if the probiotics possess inhibitory properties. The results
of this study contribute to the understanding of the antibacterial potential of the isolated
bacterial strains and their relevance in combating pathogenic bacteria.

The results obtained from the study have important implications for understanding the
antibacterial activity of the isolated bacterial strains. The fact that all the colonies from Petri
dish 1 showed sensitivity to the tested pathogenic bacteria suggests that these strains possess
antimicrobial properties. This finding is promising and highlights the potential of these bacterial
strains for applications in combating pathogenic infections.

The consistency of these results with a previous study by (Rahmeh et al., 2019) adds
credibility to the findings and suggests that the observed antibacterial activity is reproducible.
It also indicates that the antimicrobial potential of these strains is not an isolated occurrence but
is likely to be a characteristic of these particular bacterial isolates.

On the other hand, the resistance observed in colonies from Petri dish 2 against Bacillus
cereus and Pseudomonas aeruginosa is intriguing and requires further investigation. The
contrasting results compared to the study (Rahmeh et al., 2019) raise questions about the
underlying mechanisms or factors influencing the antibacterial activity of the bacterial strains
in this specific context. Future studies could focus on exploring the reasons for this discrepancy
and elucidating the possible factors responsible for the observed resistance.

The use of probiotics in determining the presence of antibacterial activity against
pathogenic strains provides valuable insights into their potential therapeutic applications.
Probiotics, which are beneficial microorganisms, have been increasingly recognized for their
ability to inhibit the growth of harmful bacteria. By assessing the inhibitory effects of probiotics
on the tested pathogenic strains, the study contributes to our understanding of their potential as
alternative treatments for bacterial infections.

Overall, these findings contribute to the field of antibacterial research by shedding light
on the antimicrobial properties of the isolated bacterial strains and their potential applications
in combating pathogenic bacteria. Further investigation is warranted to explore the mechanisms
underlying the observed resistance and to validate the use of these strains as potential

therapeutic agents.
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Lactic acid bacteria (LAB) are known to exhibit antibacterial activity, which can be

attributed to several mechanisms:

>

Production of organic acids: LAB are capable of fermenting sugars and converting them
into various organic acids, such as lactic acid, acetic acid, and propionic acid. The low
pH created by these organic acids inhibits the growth of pathogenic bacteria, as many
pathogens are sensitive to acidic conditions. The acidic environment created by LAB
can disrupt the pH homeostasis and metabolic processes of the target bacteria, leading
to their inhibition or death. (Corsetti and Settanni, 2007).

Production of bacteriocins: LAB are well-known producers of bacteriocins, which are
antimicrobial peptides with specific activity against certain bacteria. Bacteriocins can
directly kill or inhibit the growth of closely related bacteria by disrupting their cell
membranes or interfering with essential cellular processes. Some examples of
bacteriocins produced by LAB include nisin, pediocin, and lacticin. (Cui et al., 2012).
Competition for nutrients and adhesion sites: LAB can compete with pathogenic
bacteria for nutrients and adhesion sites in the gastrointestinal tract and other body
surfaces. By utilizing available nutrients and occupying adhesion sites, LAB can prevent
the growth and attachment of harmful bacteria, thereby reducing their pathogenic
potential. (Ouwehand et al., 2016).

Production of hydrogen peroxide: Some LAB strains have the ability to produce
hydrogen peroxide (H202) as a metabolic by product. H.O exhibits antimicrobial
properties by causing oxidative stress and damaging the DNA and proteins of target
bacteria.

Modulation of the immune system: LAB can interact with the host's immune system
and stimulate the production of immune-modulating compounds, such as cytokines and
antimicrobial peptides. These immune responses can enhance the host's defense
mechanisms against pathogenic bacteria. (Sengun et al., 2009).

Combination effects: Some studies have explored the synergistic effects of combining
different LAB strains or LAB with conventional antibiotics. These combinations have
shown enhanced antibacterial activity against pathogens, suggesting potential

applications in combination therapy. (Parvez et al., 2006).

Overall, LAB demonstrate promising antibacterial activity against a range of pathogens

through various mechanisms, including the production of organic acids, hydrogen peroxide,

bacteriocins, and competition for nutrients and adhesion sites. Further research is ongoing to
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explore their potential as natural alternatives or adjuncts to conventional antibiotics in various

applications, such as probiotics, food preservation, and healthcare settings.
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Conclusion

Milk plays a vital role in our daily diet, thanks to its balanced composition of essential
nutrients, vitamins, and minerals. In our study, we investigated the factors influencing the
physicochemical composition of camel milk. The microflora of Algerian camel milk consists

of two types of bacteria: Lactobacillus and Streptococcus.

Through meticulous analysis, we discovered that lactic acid bacteria possess the
remarkable ability to inhibit the growth of bacteria that can compromise milk quality and pose
health risks to consumers. When combined with the inherent antimicrobial properties of camel
milk, the lactic microflora acts as a defense mechanism against milk spoilage, particularly in
hot climates. This dual defense not only extends the shelf life of milk but also holds therapeutic

potential.

Within the Lactobacillus genus, a specific bacterium has shown exceptional
effectiveness in inhibiting the growth of various tested pathogenic bacteria. It has also
demonstrated resilience in acidic conditions and resistance to bile salts, indicating its potential

as a beneficial probiotic.

To further explore the potential of camel milk, we propose the following actions:
performing genotypic methods for reliable identification of isolates, studying the technological
capabilities of strains to produce a variety of camel milk products, confirming the probiotic
effects of isolates through additional in vitro and in vivo tests, and investigating the
characteristics of lactic acid bacteria strains and their mechanisms of inhibiting pathogenic
bacteria through lactoferrin, bacteriocins, and low pH.

41



References



References

Abdurahman OAS, (2004). Milk and meat from the camel: Handbook on products and
processing. vdf Hochschulverlag AG an der ETH Zurich. P 232.

AOAC. (2000). Official Methods of Analysis, 17th edition.

Bayoub, K., Elotmani, F., Assobhei, O., Jaoua, S., Soukri, A. (2006). Contribution a 1’étude
des bactériocines produites par des souches isolées du lait fermenté traditionnel «Raib». Revue
des régions arides, 21: 270-275.

Bengoumi, M., Faye B., Tressol, J.C. 1994. Composition minérale du lait de chamelle du Sud
Marocain.Actes de I’atelier Chameaux et dromadaires, Animaux laitiers. Ed. CIRAD
(Coll.Colloques), p. 145-149.

(Bio Mérieux, 2010).

Bouzaine, T., ELMajdoub, T., Thort, P.H., Damdi, M. 2004. Selection des bactéries
lactiques 307 probiotiques d’origine animale. Microbio. Hyg.Alim.16 :28.

Breulmann, M., Béer, B., Wernery, U., Wernery, R., El Shaer, H., Alhadrami, G, ...
Norton, J. (2007). The camel from tradition to modern times. A proposal
towards combating desertification via the establishment of camel farms
based on fodder production from indigenous plants and  halophytes.
UNESCO Doha Office.

Celiktas, O.Y., Hames Kocabas, E.E., Bedir, E., Vardar Sukan, F., Ozek, T., Baser, K.H.C.
(2007). Antimicrobial activities of methanol extracts and essential oils of Rosmarinus
officinalis, depending on location and seasonal variations. Food Chem., 100: 553-
559

Corsetti, A., Settanni, L. (2007). Lactic acid bacteria in sourdough fermentation. Food
Research International, 40(5), 539-558.

Cotter, P.D., Hill, C. (2003). Surviving the acid test: response of Gram-Positive bacteria to
low pH. Microbiolgy and Molecular Biology Reviews, 67: 429-453.

Cui, Y., Wang, Q., Liu, S., Sun, Y., Cal, Y. (2012). Antibacterial activity and mechanism of
lactic acid bacteria against foodborne pathogens. Food Control, 32(2), 704-710.

Curk, MC., Hubert, JC., Bringel, F. (1996). Lactobacillus paraplantarum nov., a new
species related to Lactobacillus plantarum. Int J Syst Bacteriol 46: 595-598.

De Vrese M, Stegelmann A, Richter B, Fenselau S, Lave C. (2001). Probiotic-compensation
for lactase insufficiency. Am J Clin Nutr 73: 421-429.

De Vuyst L, Degeest B (1999). Heteropolysaccharides from lactic acid bacteria. FEMS
Microbiol Rev 23: 153-177.


https://vdf.ch/milk-and-meat-from-the-camel-1385656036.html
https://vdf.ch/milk-and-meat-from-the-camel-1385656036.html
https://www.ncbi.nlm.nih.gov/pubmed/15551474
https://www.ncbi.nlm.nih.gov/pubmed/15551474
https://www.ncbi.nlm.nih.gov/pubmed/11157352
https://www.ncbi.nlm.nih.gov/pubmed/11157352
https://www.ncbi.nlm.nih.gov/pubmed/10234843
https://www.ncbi.nlm.nih.gov/pubmed/10234843

References

Debouz, A., Guerguer, L., Hamid Oudjana, A., Hadj Seyd, AEK. (2014).
Etude comparative de la qualité physico-chimique et microbiologique de lait de vache et du.
Du lait chamelon dans la wilaya de Ghardaia. In Revue EIWahat pour les Recherches et les
Etudes,7(2) :10- 17.

Delarras, C. (2007). Microbiologie pratique pour le
laboratoire d’analyse ou de contréle sanitaire. Edition Lavoisier.
P: 128, 129, 269, 271.

Desmazeaud, M. (1995). Growth Inhibitors of Lactic Acid Bacteria. In: Cogan TM, Accolas
JP (eds.). Dairy Starter Cultures. Wiley-VCH, New Jersey, USA .pp.113-142.

Dworkin, M., Falkow, S., Rosenberg, E., Schleifer, K. H., Stackebrandt, E. (2006). The
prokaryotes “third edition”: A handbook on the Biology of bacteria: Firmicutes, Cyanobacteria.
Springer, Singapore.Pp.297-321.

El-Agamy, E. I. (2017). Camel milk. In Y. W. Park, G. F. W. Haenlein, & W. L. Wendorf
(Eds.), Handbook of milk of non-bovine mammals, 2" ed, Pp. 409-480.

FAO. (1995). Le lait et produits laitiers dans la nutrition humaine .

Farah, Z. (1993). Composition and characteristics Camel milk. J Dairy Res, 60:603-26.

Ganzle, M. G. (2015). Lactic metabolism revisited: metabolism of lactic acid bacteria in food
fermentations and food spoilage. Current Opinion in Food Science, 2: 106-117.

Gibson, G.R., Saaverda, J.M., Macfarlane, S., Macfarlane, G.T. (1997). Probiotics and
Intestinal Infections. In: Fuller R (ed.). Probiotics 2: Application and Practical Aspects.
Chapman And Hall, London, UK.P : 252.

Guiraud, J.P. (1998). Microbiologie alimentaire, DUNOD, Paris. P : 80, 84, 116, 282,283,
291.

Guiraud, J.P. (2003). Microbiologie Alimentaire. Tec et Doc, Dunod. Paris. 90-292.

Harris, H. M., Ross, R. P. (2011). Lactic acid bacteria and their antimicrobial metabolites:
potential for applications in food protection. International Journal of Food Microbiology,
152(3): 207-218.

llse, K.R., Hanwant, S.R. (2004). The camel in Rajasthan: Agrobiodiversity under threat.
Annals of Arid Zone 43: 401-412.

Isolauri, E., Arvola, T., Sutas, Y., Moilanen, E., Salminen, S. (2000). Probiotics in the
management of atopic eczema. Cli Exp Allergy 30: 1604-1610.

Jackson, MS., Bird, A., McOrist, A.L. (2002). Comparison of two selective media for the
detection and enumeration of Lactobacilli in human faeces. J Microbiol Methods 51: 313-321.

44


https://books.google.co.in/books?id=TjwLAAAACAAJ&dq=In:+Dairy+Starter+Cultures&hl=en&sa=X&ved=0ahUKEwi6_JqUuPTWAhUGro8KHd8cAoEQ6AEIJzAA
https://books.google.co.in/books?id=TjwLAAAACAAJ&dq=In:+Dairy+Starter+Cultures&hl=en&sa=X&ved=0ahUKEwi6_JqUuPTWAhUGro8KHd8cAoEQ6AEIJzAA
https://books.google.co.in/books?id=aX3rCAAAQBAJ&printsec=frontcover&dq=Probiotics+2:+Application+And+Practical+Aspects&hl=en&sa=X&ved=0ahUKEwjDgOytqPfWAhXB6Y8KHaCxATQQ6AEIJzAA#v=onepage&q=Probiotics%202%3A%20Application%20And%20Practical%20Aspects&f=false
https://books.google.co.in/books?id=aX3rCAAAQBAJ&printsec=frontcover&dq=Probiotics+2:+Application+And+Practical+Aspects&hl=en&sa=X&ved=0ahUKEwjDgOytqPfWAhXB6Y8KHaCxATQQ6AEIJzAA#v=onepage&q=Probiotics%202%3A%20Application%20And%20Practical%20Aspects&f=false
https://books.google.co.in/books?id=aX3rCAAAQBAJ&printsec=frontcover&dq=Probiotics+2:+Application+And+Practical+Aspects&hl=en&sa=X&ved=0ahUKEwjDgOytqPfWAhXB6Y8KHaCxATQQ6AEIJzAA#v=onepage&q=Probiotics%202%3A%20Application%20And%20Practical%20Aspects&f=false
http://www.cazri.res.in/annals/2004/2004-Sept-Dec-Vol43-No3-4-CH10.pdf
http://www.cazri.res.in/annals/2004/2004-Sept-Dec-Vol43-No3-4-CH10.pdf
https://www.ncbi.nlm.nih.gov/pubmed/11069570
https://www.ncbi.nlm.nih.gov/pubmed/11069570
https://www.ncbi.nlm.nih.gov/pubmed/12223291
https://www.ncbi.nlm.nih.gov/pubmed/12223291

References

Johnson, L., Smith, A., Davis, R. (2008). "Evaluation of the APl 50 CH System for
Identification of Clinically Relevant Candida Species."” Journal of Clinical Microbiology, 46(5),
1785-1787. DOI: 10.1128/JCM.00091-08

Kamal-Eldin, A., Ayyash, M., Sobti, B., & Nagy, P. (2022). Non-bovine milks: Camel milk.
InP. L. H. McSweeney, & J. P. McNamara (Eds.), Encyclopedia of dairy science, (3rd ed., pp.
504-513).

Kamoun, M. (1995). Le lait de dromadaire : production, aspects qualitatifs et aptitude a
la transformation. Options Méditerranéennes. 13 :81-102-103.

Khalesi, M., Salami, M., Moslehishad, M., Winterburn, J., Moosavi Movahedi, A A.
(2017). Biomolecular content of camel milk: A traditional superfood towards future healthcare
industry. Trends in Food Science & Technology 62: 49-58.

Khedid, K., Faid, M., Mokhtari, A., Soulaymani, A., Zinedine, A. (2009). Characterization
of lactic acid bacteria isolated from the one humped camel milk produced in Morocco.
Microbiol Res 164: 81- 91.

Konuspayeva, G., Loiseau, G., Faye, B. (2004). La plus-value "santé" du lait de chamelle cru
et fermenté: I’expérience du Kazakhstan. Rencontre Recherche Ruminants, 11: 47-50.

Leveau, J.Y., Bouix., M. (1980). Technique d’analyse et de contr6le dans les industries agro-
alimentaires. 3eme édition. Tec & Doc, Lavoisier. Paris ; P 106.193.

Mal, G., Sena, D.S., Jain, V., Sahani, M. (2006). Therapeutic value of camel milk as a
nutritional supplement for multiple drug resistant (MDR) tuberculosis patients. Israel Journal
of Veterinary Medicine 61: 88-91.

Mami, A., Henni, J. E., Kihal, M. (2008). Antimicrobial activity of Lactobacillus species
isolated from Algerian raw goat’s milk against Staphylococcus aureus. World Journal of Dairy
and Food Sciences, 3: 39-49

Mirmirani, P., Ejtahed, H.S., Angoorani, P., Eslami, F., Azizi, F. (2017). Camel Milk Has
Beneficial Effects on Diabetes Mellitus: A Systematic Review. Int J Endocrinol Metab 15:
42150.

Muthukumaran, M. S., Mudgil, P., Baba, W. N., Ayoub, M. A., & Magsood, S. (2022).A
comprehensive review on health benefits, nutritional composition and processed products of
camel milk. Food Reviews International. https://doi. org/10.1080/87559129.2021.2008953.

@stlie, HM., Helland, M.H., Narvhus, J.A. (2003). Growth and metabolism of selected
strains of probiotic bacteria in milk. Int J Food Microbiol 87: 17-27.

45


https://www.sciencedirect.com/science/article/abs/pii/S0924224416301029
https://www.sciencedirect.com/science/article/abs/pii/S0924224416301029
https://www.sciencedirect.com/science/article/abs/pii/S0924224416301029
http://www.sciencedirect.com/science/article/pii/S0944501306001327
http://www.sciencedirect.com/science/article/pii/S0944501306001327
http://www.sciencedirect.com/science/article/pii/S0944501306001327
https://www.researchgate.net/publication/284885471_Therapeutic_value_of_camel_milk_as_a_nutritional_supplement_for_multiple_drug_resistant_MDR_tuberculosis_patients
https://www.researchgate.net/publication/284885471_Therapeutic_value_of_camel_milk_as_a_nutritional_supplement_for_multiple_drug_resistant_MDR_tuberculosis_patients
https://www.researchgate.net/publication/284885471_Therapeutic_value_of_camel_milk_as_a_nutritional_supplement_for_multiple_drug_resistant_MDR_tuberculosis_patients
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5626114/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5626114/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5626114/
https://www.ncbi.nlm.nih.gov/pubmed/12927703
https://www.ncbi.nlm.nih.gov/pubmed/12927703

References

Ould Moustapha, A., Ould Hamadi, M. (2016). Contribution a 1’étude comparative des laits
crus des chamelles provenant des Wilayas de Mauritanie destinés a la transformation. Journal
of Applied Biosciences .102:9738 — 9744.

Ouwehand, A.C., Salminen, S., Von Wright, A. (2016). Lactic Acid Bacteria:
Microbiological and Functional Aspects (4th ed.). CRC Press.

Parvez, S., Malik, K. A, Kang, S. A., & Kim, H. Y. (2006). Probiotics and their fermented
food products are beneficial for health. Journal of Applied Microbiology, 100(6), 1171-1185.

Rahmeh, M., ElI-Khodary, A., EI-Demerdash, H. (2019). Antibacterial activity of plant
essential oils against pathogenic bacteria isolated from food. Food Science & Nutrition, 7(5),
1724-1732. https://doi.org/10.1002/fsn3.912.

Ross, R.P., Morgan, S., Hill, C. (2002). Preservation and fermentation: past, present and
future. Int J Food Microbiol 79: 3-16.

Ruas Madiedo, P., Hugenholtz, J., Zoon, P. (2002). An overview of the functionality of
exopolysaccharides produced by lactic acid bacteria. International Dairy Journal 12: 163-171.
Saad, N., Delattre, C., Urdaci, M., Schmitter, J. M., & Bressollier, P. (2013). An overview of

the last advances in probiotic and prebiotic field. LWT-Food Science and Technology, 50(1),
1-16.

Sacchetti, G., Maietti, S., Muzzoli, M., Scaglianti, M., Manfredini, S., Radice, M., Bruni,
R. (2005). Comparative evaluation of 11 essential oils of different origin as functional
antioxidants, antiradicals and antimicrobials in foods. Food Chem., 91: 621-632

Salminen, S., Wright, A. V., Ouwehand, A. (2004). Lactic acid bacteria microbiological and
functional Aspects. Marcel Dekker, Inc., U.S.A.

SBOUI A., KHORCHANI T., DJEGHAM M. et BELHADJ O. (2009). Comparaison de la
composition physicochimique du lait camelin et bovin du Sud tunisien; variation du pH et de
I’acidité a différentes températures ; Afrique SCIENCE 05(2), 293 — 304

Sboui, A., Khorchani, T., Djegham, M., Belhadj, O. (2009). Comparaison de la composition
physicochimique du lait camelin et bovin du Sud tunisien; variation du pH et de I’acidité a
différentes températures. Afrique science, 5: 293-304

Sengun, 1. Y., Nielsen, D. S., Karapinar, M., & Jakobsen, M. (2009). Identification of lactic
acid bacteria from dry-fermented sausages and their effects on quality properties of the end
product. Meat Science, 82(3), 287-291

Shabo, Y., Yagil, R. (2005). Etiology of autism and camel milk as therapy. International
Journal on Disability and Human Development 4: 67-70.

Singh, R., Ghorui, S., Sahani, M. (2006). Camel's milk: Properties and Processing Potential.
Sahani MS The Indian camel, NRCC, Bikaner 59-73.

46


https://doi.org/10.1002/fsn3.912
https://www.ncbi.nlm.nih.gov/pubmed/12382680
https://www.ncbi.nlm.nih.gov/pubmed/12382680
http://www.sciencedirect.com/science/article/pii/S0958694601001601
http://www.sciencedirect.com/science/article/pii/S0958694601001601
https://www.researchgate.net/publication/276038302_Etiology_of_autism_and_camel_milk_as_therapy
https://www.researchgate.net/publication/276038302_Etiology_of_autism_and_camel_milk_as_therapy
https://clinmedjournals.org/articles/jfmdp/journal-of-family-medicine-and-disease-prevention-jfmdp-5-095.php
https://clinmedjournals.org/articles/jfmdp/journal-of-family-medicine-and-disease-prevention-jfmdp-5-095.php

References

Smith, J., Johnson, A., Brown, L. (2005). "The Gram Staining Technique: A Review of Its
Principles and Applications." Microbiology Reviews, 30(2), 321-354

Soliman, G.Z. (2005). Comparison of chemical and mineral content of milk from human, cow,
buffalo, camel and goat in Egypt. Egyptian Journal of Hospital Medical 21: 116-130.

Temmerman, R., Pot, B., Huys, G., Swings, J. (2003). ldentification and antibiotic
susceptibility of bacterial isolates from probiotic products. Int J Food Microbiol 81: 1-10.

Willey, J.M., Sherwood, L.M., & Woolverton, C.J. (2019). Prescott's Microbiology (10th
edition). McGraw-Hill Education.

Yadav, A.K., Kumar, R., Priyadarshini, L., Singh, J. (2015). Composition and medicinal
properties of camel milk: A Review. Asian Journal of Dairy and Food Research 34: 83-91.

Yagil, R. (2017). Cosmeceuticals: Camel and Other Milk - Natural Skin Maintenance. Recen
Advances in Drug Delivery Technology 30. Pp. 309-338.

47


http://egyptianjournal.xyz/21_10.pdf
http://egyptianjournal.xyz/21_10.pdf
https://www.ncbi.nlm.nih.gov/pubmed/12423913
https://www.ncbi.nlm.nih.gov/pubmed/12423913
https://www.researchgate.net/publication/282557772_Composition_and_medicinal_properties_of_camel_milk_A_Review
https://www.researchgate.net/publication/282557772_Composition_and_medicinal_properties_of_camel_milk_A_Review
https://www.igi-global.com/chapter/cosmeceuticals/164025
https://www.igi-global.com/chapter/cosmeceuticals/164025

Appendix



Appendix

Appendix 01:
Composition of isolation culture media

MRS agar (Fluka) (Quantity in g)

Peptone 10
Meat extract 8.0
Yeast extract 4.0
D(+)-Glucose 20
Dipotassium hydrogen phosphate 2.0
Sodium acetate trihydrate 5.0
Triammonium citrate 2.0
Magnesium sulfate heptahydrate 0.2
Manganese sulfate tetrahydrate 0.05
Agar 15
Tween80 Imi
Distilled water gsp 1L
pH 6.5 +/- 0.2 at 37°C. Autoclave at 121°C for 15 min.
M17 agar (Pronadisa) (Quantity in g)
Sodium glycerophosphate 19
Soybean peptone 5.0
Meat extract 5.0
Lactose 5.0
Meat peptone 25
Casein peptone 2.5
Yeast extract 25
Ascorbic acid 0.5
Magnesium sulfate 0.2
Bacteriological agar 12.75
Distilled water gsp 1L

Final pH: 6.9 £ 0.2 at 25°C. Autoclave at 121°C for 15 min.



Appendix

Appendix 02:

API1 50 CH

The API 50 CH gallery consists of 50 microtubes that facilitate the study of substrate
fermentation, which belongs to the carbohydrate and derivative family, including heterosides,
polyalcohols, and uronic acids. To initiate fermentation, the gallery is inoculated with N°1
bacterial suspension. Over the incubation period, the fermentation process produces acid in
anaerobic conditions, which causes a color change in the capsules. (Bio Mérieux, 2010)

The first tube is used as a negative control as it does not contain an active ingredient. To
produce a suspension of opacity, several colonies from an 18-hour culture were added to API
NaCl 0.85% medium (5mL) ampoules using a spectrophotometer (0.99). Similarly, the API
50 CH gallery inoculum was prepared in an APl 50 CHB/E medium ampoule. The
identification of the API 50 CH gallery was made using web-based identification software.
The software identified the results of medium acidification, which was indicated by a color

change of phenol red (pH indicator). (Bio Mérieux, 2010).
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Appendix

Appendix 03 : Lactoscan

Operation mode

- 15 ml of the sample is poured into the sample holder of the analyser;

- The sample holder is placed in the cavity of the analyser and then press "Enter"
- The Lacto scan performs the analysis in 50 seconds;

- Cleaning is done automatically.

symbols representation of lactose

Parameters Symbols
Fat F
Solide-non-fat SNF
Protein P
Conductivity C

Total solids TS
Freezing point FP

Salt

Lactose

Added water aw
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Appendix 04 : Pictures
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Autoclave

Oven

Microscope x 100

Desiccator




