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Impact of lactic acid bacteria on the coagulation of camel milk
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abstract

If the low aptitude for enzymatic coagulation of camel milk has been the subject of numerous
studies, this is far from being the case for its acid coagulation, where only a few studies have
been devoted to it. The objective of this study is to evaluate the acid coagulation of camel

milk.

Monitoring of pH, Dornic acidity and a count of lactic acid bacteria on MRS and M17 media
was carried out. We determined the clotting time of camel milk treated with organic acids
(citric, acetic and lactic acid produced by Streprococcus salivarius subsp. thermophilus, and
Lactobacillus delbrueckii subsp. bulgaricus isolated from camel milk) in comparison with of

cow's milk, and we also calculated the activity (UP) and clotting power (F) of these acids.

Monitoring of the evolution of pH and Dornic acidity showed a slow acidification of camel
milk compared to cow's milk, the enumeration of lactic flora showed a lower rate in camel
milk than that of cow. The clotting activity of organic acids (citric, acetic and lactic acid)
recorded during this study is (18.76 s, 15.01 s and 15.79 s respectively), was greater than that
of enzymatic coagulants used by several researchers to coagulate camel milk, the clotting time
of camel milk by organic acids is comparable (non-significant difference p>0.05) to those of

cow's milk and Berridge's standard solution.

This study showed that the acid coagulation of camel milk is inhibited by the growth rate of
lactic acid bacteria, and the addition of organic acids to camel milk could give promising

results to the food industries, particularly cheese manufacturing.
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Introduction

Camel milk has a physicochemical composition relatively similar to that of cow's milk, this
milk is nevertheless distinguished by a high content of vitamin C and niacin and by the
presence of a powerful protective system, linked to relatively high levels of Lysozyme,
Lactoperoxidase (LP/SCN/H202 system), Lactoferrin and bacteriocins (Kanuspayeuva et
al.,2004; Siboukeur, 2007, Chethouna, 2021, Boudjenah, 2012). Despite its richness, the
transformation of this milk into derived products remains difficult, because of its slow

coagulation.

Numerous scientific researches (Ramet,1992; Siboukeur, 2007; Ho et al., 2022.) relate the
slow coagulation of camel milk to its reduced x-casein ( 3.3% compared to 13% in cow's
milk) , to resolve this research problem concerns the addition of coagulating enzymes of
animal origin (calf or camel abomasum) (siboukeur 2007; boudjenah 2012), plant and
microbial enzyme (Rhizomucor miehei) and plant extract (Cynara cardunculus L.) (El alia et
al., 2023). These studies gives promising results and suggest the possibility of producing

cheese from camel milk.

The isoelectric pH of camel casein is 4.3 compared to 4.6 for bovine casein, which requires a
higher quantity of lactic acid (H+), the lactic acids produced by lactic acid bacteria can
neutralize the electronegative charge of k-caseins. Our hypothesis is that the reduced Kappa
(k) casein content is not the only cause of the delay in coagulation, but also the lactic acid

bacteria content.

The objective of this study is to evaluate the acid coagulation of camel milk by enumerating
the lactic acid bacteria in camel milk in compared to cow's milk and conducting coagulation

tests with the addition of certain organic acid.
Material and method
Milk sampling

*Camel and cow’s milk samples were collected, from herds of dromedaries (Camelus
dromedarius) of the Sahrawi population and from Guelmoise cattle in mid-lactation living in
semi-extensive farming in the region of Touggourt south-eastern Algeria. Sampling was done

monthly from September to May. Milk samples were stored in a cooler containing an ice pack
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and immediately transported to the laboratory for analysis. all analysis were carried out in

triplicate.

*The milk powder used was of the "law-heat" type, known for its ability to make cheese, and
used as a standard substrate to compensate for a possible variation in coagulating ability of the
milk.

In this study, cow’s milk and low-heat milk powder were used as controls.

Physico-chemical analyzes

In order to have an idea of the lactic acid level in collected milk, Dornic acidity and pH

measurements are carried out.
pH measurement

pH was measured at a temperature of (+ 20°C). The value was read directly on the pH meter

after immersing its electrode in the sample.
Determination of Dornic Acidity

According to the Dornic method, titration was carried out using an N/9 sodium hydroxide
solution (NaOH) (0.111 mol/l) and phenolphthalein -2% alcoholic solution- as an indicator
(NF V04-305, 1985). 1°D corresponds to 0.1 g of lactic acid per liter of milk.

Microbiological analysis
Lactic acid bacteria count
The culture media used were:

e MI7medium used for the enumeration of lactic acid bacteria (mesophilic lactococci),
with incubation at 37°C for 48 hours (guiraud, 2012);
e M.R.S (Man Rogosa and Sharp) medium is used for the enumeration of Lactobacillus,

with incubation at 37 °C for 48hours (Larpent et al., 1997); (NF: 15787. 2009) .

The inoculations were carried out in petri dishes. Counts were performed using a colony
counter. Countable petri plates contained between 30 and 300 colonies per plate (Guiraud

2012). For this purpose, serial dilutions of milk sample were performed (107!, 102, 1073, 10%).
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Coagulant

The coagulants used in this study were

organic acids (citric acid, acetic acid and lactic acid produced by lactic acid bacteria isolated

from camel milk).

The lactic acid bacteria isolated from camel milk were:

e Streprococcus salivarius subsp. thermophilus,

e Lactobacillus delbrueckii subsp. Bulgaricus

Lactic acid production

During this study, we purified the lactic acid produced by St. thermophilus and Lb.
delbrueckii according to European patent EP 1 094 054 A1, as follows:

1. Fermentation: MRS broth was inoculated with lactic ferments (St. thermophilus and
Lb. delbrueckii) at a rate of 10%. The pH was adjusted to 5.5-6.5 during fermentation
by adding ammonium hydroxide.

2. Filtration: Microfiltration was performed using a TECHSEP membrane with a
porosity of 0.1 um to eliminate cells.

3. Clarification: The clarified medium was concentrated in a vacuum evaporator at
50°C until its ammonium lactate concentration reached 40%. The concentrated
aqueous solution was then acidified to a pH of approximately 2.0 by the addition of
pure sulfuric acid.

4. Chromatography: This concentrated and acidified solution underwent
chromatographic separation on a strong cation exchange resin composed of sulfonic

acid polystyrene crosslinked with 7% divinylbenzene..

Clotting activity

Coagulant activity was measured according to the method of Berridge (1945), modified by
Collin et al. (1977). It was carried out on a standard substrate prepared by dissolving "low-
heat" type milk powder at 10% (W/V) in a CaCl: solution (0.01 M) and adjusting the pH to
6.5 using a 0.1 N NaOH solution.
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The technique consisted of adding 1 mL of citric, acetic, or lactic acid to 10 mL of substrate,
then recording the coagulation time at 30°C. A unit of coagulant activity (U.A.C.) was
calculated using Berridge's formula (1945):

10 x V

UAC. = ———
Tex Q)

U.A.C. = Unit of coagulant activity;

V = volume of standard substrate used;

Q = volume of coagulant extract;

Tc = coagulation or flocculation time. (sec)

The clotting activity was also expressed as "SOXHLET clotting force" (F), using the

following formula:

_UAC.
0.0045

Clotting time

According to Ramet (1993), the optimal coagulation temperature for camel milk ranges from
40-42°C. Thus coagulation or flocculation time of camel milk was measured directly at 42°C
and compared with cow's milk and standard substrate at the same temperature (positive

control).

The coagulation time measured during this study was defined as the time between the addition
of acid to milk and the appearance of flakes or curds on the inner wall of the test tube after

inversion.
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Result and discussion

Physico-chemical analysis

Evolution of pH and Dornic Acidity of Camel and Cow Milk Stored at 30°C

During storage, the camel milk sample acidified more slowly than the cow milk sample
(Figure 1 and 2). On Day 4 (D0+3), the camel milk sample had pH values higher than the
isoelectric pH of camel caseins (pH = 4.3). The recorded Dornic acidity values confirmed this
relatively slow trend, which did not exceed 40°D on Day 4. This slow acidification of camel
milk during fermentation has been widely documented (Farah et al., 1990; Ramet, 1992,

1994; Kamoun, 1995; Abou-Tarbousch et al., 1998; Siboukeur, 2007).

Camel milk has a high buffering capacity, which slows down the drop in pH. It also contains
an antimicrobial system that inhibits microbial proliferation more effectively than the milk of
other domestic species. This system is likely responsible for the renowned fortifying and
therapeutic properties of camel milk, widely acknowledged by nomadic populations (Yagil,
1982; Ramet, 1987). Notably, camel milk contains high levels of lysozyme (Barbour et al.,
1984) and vitamin C (Siboukeur, 2007; Boudjenah, 2012; Chethouna, 2022).

On the other hand, Berhe et al. (2018) suggested that the limited growth rate of lactic ferments
in camel milk is due to the rate of proteolysis rather than its antimicrobial system. This

particular behavior also explains the difficulties in transforming camel milk into cheese.
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Figure 01: evolution of pH of camel and bovine milk during storage at 30°C
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Figure 02: évolution of dornic acidity of camel and bovine milk during storage at
30°C

Enumeration of lactic acid bacteria

The slow acidification of camel milk compared to cow's milk, as previously observed, could
be linked to the growth rate of lactic acid bacteria (LAB) in the two types of milk. Therefore,
we enumerated LAB in samples of camel and bovine milk over @ nine-month period (Table
1). The LAB count in camel milk was consistently lower than in cow's milk, regardless of the
sampling month. Statistical analysis revealed a significant difference (p < 0.05) between the

two samples.

We also observed an increase in LAB counts for both types of milk from April to November,
followed by a decrease from December to March. This trend can be explained by temperature
variations, as our study was conducted in an arid and semi-arid climate, where temperatures
increase from April to mid-November. It is noteworthy that LAB are mesophilic bacteria

(optimal growth temperature: 20—40°C).
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Table 01: Comparison of lactic acid bacteria levels in camel and cow's milk over 9

months

Month

September

October

November

December

Janury

February

March

April

May

Lactic acid

bacteria

Lactococcus
Lactobacillus
Lactococcus
Lactobacillus
Lactococcus
Lactobacillus
Lactococcus
Lactobacillus
Lactococcus
Lactobacillus
Lactococcus
Lactobacillus
Lactococcus
Lactobacillus
Lactococcus
Lactobacillus
Lactococcus

Lactobacillus

Camel’s milk

Mean

1.73x104
1.77x10*
1.75x10*
2.75%10*
2.41x10*
2.95x10*
4.28x10°
5.49x10°
9.02x10?
8.09x10?
9.05%10?
9.26x10?
1.79x103
1.6x10°

5.61x10°
6.29x10°
1.81x104
3.75x10*

Standard
deviation

1.49x103
9.72x10?
1.02x103
2.01x10°
2.85x10°
3.62x10°
7x10
2.86%x10?
5.1x10
7.4x10
5.5x10
7.2x10
6.62x10?
2.6x10?
6.17x10?
8.6x10
1.13x103
7.51x103

Cow’s milk
Mean Standard
deviation

2.85x10°5  4.02x10*
5.07x105  1.39x10°
2.7x10° 1.23x10*
2.53x105  2.30x10*
3.66x10°  3.26x10*
3.39x105  2.98x10*
5.1x104 9.58x10?2
4.94x10*  9.04x102
2.59x10°  3.1x10

1.49x10°  2.02x10?
5.09x103  2.32x103
2.89x10°  1.45x10°
2.33x10*  7.62x10°
2.08x10*  7.22x103
6.87x10*  3.44x103
5.64x10*  3.74x10°
5.96x105  3.32x10*
5.66x105  3.31x10°

P value<0.05, the difference is significant
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Figure 03: Box plots representing the difference in lactic acid bacteria
content in cow and camel milk

Clotting time of camel milk treated with organic acids

Based on the results of statistical analyses (using XLSTAT software, version 2022, Kruskal-
Wallis test), we can conclude that the flocculation or coagulation time of camel milk treated
with organic acids (citric, acetic, and lactic acid) does not show a significant difference (p >

0.05). The recorded coagulation times were 5.33 s, 6.33 s, and 5.33 s, respectively (Table 02).

Additionally, we compared the coagulation time of camel milk with that of cow’s milk and
Berridge’s standard solution, as illustrated by the boxplot (Figure 04). The results also
indicate that the difference is not statistically significant (p > 0.05). Thus, it can be concluded
that the coagulation time of camel milk treated with organic acids is comparable to that of

cow’s milk and Berridge’s standard solution.
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Table 02: coagulation time of camel milk treated with organic acids in comparison with

cow milk and Berridge solution

Camel’s milk Cow’s milk Standard berridge
solution
Mean | Standard | Mean | Standard | Mean | Standard | P
deviation deviation deviation value
citric | 5.33 0.57 5.33 0.57 5.33 0.57
Clotting | acid
time on | acetic | 6.33 1.52 6.66 1.52 6.66 0.57
(s) acid 0.721
lactic | 5.33 0.57 6.33 0.57 6.33 0.57
acid
Box plots
7.5
p=0,339
LS v p=0,339 p=1,000
6,5 1
6
55
Camel'smilk Cow's milk Solution of
5 berridge
Figure 04 : boxplot shows the difference in clotting times of the three types of milk
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Figure 05: Activity and clotting power of organic acids tested on standard Berridge
solution

Conclusion

The coagulation of camel milk, whether enzymatic or acidic, is known to be slow. While
enzymatic coagulation can be improved through the addition of coagulating enzymes, acid
coagulation remains less understood, despite its importance in certain industries that require a

combination of both coagulation methods.

This study demonstrated that camel milk coagulates more efficiently when organic acids are
added, particularly lactic acid produced by lactic acid bacteria isolated from camel milk. Our
findings suggest that the delay in the acid coagulation of camel milk is primarily due to its

low lactic acid bacteria content.

As a perspective, we recommend further investigation into the factors limiting the growth and
development of lactic acid bacteria in camel milk, as addressing these limitations could

enhance its coagulation properties and improve its industrial applications.
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