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Abstract

Camel milk is unique because it is not easily processed into different dairy
products that are common for cow milk. It lacks S-lactoglobulin and has low
k-casein that hinders processing of camel milk into different dairy products.
Hence it needs different processing methods and technologies. To this effect
attempts were made to manufacture dairy products such as feta cheese, soft
brined cheese, and fermented milk from camel milk that had been produced
at laboratory level. Camel milk powder has also been manufactures and mar-
keted in Middle East and beyond. Currently there are remarkable progresses
in camel dairy technologies that paved the way for production of different
camel dairy products at small, medium and large scale. A number of experi-
ments were conducted on camel milk processing technologies from preserva-
tion of camel milk using lactoperoxidase system activation using hydrogen
peroxide (H,O,) and thiocyanate as well as by H,O, producing lactic acid
bacteria (LAB) to metagenomic characterization of LAB isolated from spon-
taneously fermented camel milk. Therefore, this review paper is going to
present current status of camel dairy technologies in Ethiopia.
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1. Introduction

Camel (Camelus dromedaries), the most climate resilient livestock, plays a sig-
nificant role in the livelihood of pastoral and agro-pastoral communities in
Ethiopia. Camel produces milk consistently despite frequent and severe drought
and climate change. Camel milk is produced throughout the year and there is

plenty of camel milk production during wet season, and this milk is mainly used
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for home consumption and the rest milk spoiled due to lack of access to market
especially where there is no infrastructure for milk transportation and market-
ing.

With regard to processing of camel milk, it is similar to cow milk in terms of
gross composition but differs in terms of its protein composition as it lacks
P-lactoglobulin (f-Lg), has small amount of x-casein (x-CN) and larger amount
of f-casein (S-CN) in its casein micelles. The colloidal structure of camel milk is
also different from that of cow milk with larger casein micelles and smaller fat
globules. Therefore, it has been concluded that camel milk processing needs dif-
ferent processing methods and technologies than the conventional methods em-
ployed for cow milk processing.

Even though camel milk is difficult to process it into different dairy products,
it has some unique chemical composition that makes it suitable for human nu-
trition, manufacturing of infant food and for functional foods. It is also reported
that camel milk and milk products have health benefits such as antimicrobial ef-
fect, antidiabetogenic effects, inhibition of angiotensin converting enzyme and
have antioxidant properties. Therefore, the objective of this review paper is to
assess current technological advances in the area of camel dairy technology and

future prospective to produce camel dairy products.

2. Preservation of Raw Camel Milk

Milk needs to be preserved from microbial multiplication and spoilage by cool-
ing it within two hours after milking and using other preservation methods such
as lactoperoxidase system where there is no electric power supply. Lactoperox-
idase system (LPS) was tested for camel milk preservation [1] using hydrogen
peroxide and thiocyanate, and found that chemical activation of LPS extended
the shelf life of camel milk up to 12 hrs at 30°C. Moreover, LPS activation exhi-
bited a bacteriostatic effect against coliform count (CC) and total bacterial count
(TBC) and significantly (P < 0.05) decreased the rate of growth of S. aureus and
E. coli counts.

However, the use of chemicals such as LPS is not recommended due to food
safety concern, and to avoid the use of chemical preservation of milk using LPS,
six H,O, producing strains of lactic acid bacteria (LAB) isolated from camel milk
collected from Errer Valley, Eastern Ethiopia were evaluated for H,O, excretion
[2]. Theses LABs were Lactococcus lactis 22333, Weissella confusa 22308, W.
confuse 22282, W. confusa 22296, S. infatarius 22279, S. lutetiensis 22319.The
quantification of H,O, by titration method showed W. confusa 22282 to produce
significantly the highest amount (302.10 + 20.55 mg/L) of H,0O, in MRS broth.
W. confusa 22282 was selected as best strain to activate the natural antimicrobial
system in camel milk. The activation of LPs by W. confiisa 22282 significantly
reduced (P < 0.05) the rate of lactic acid development and microbial growth
(TBC and CC) in raw camel milk at ambient temperature (18°C - 24°C) and E.

coli up to 18 hours of storage (Figure 1 and Figure 2). Therefore, production of

DOI: 10.4236/0jas.2020.103022

363 Open Journal of Animal Sciences


https://doi.org/10.4236/ojas.2020.103022

A.Yirda et al.

Acidification Curves
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Figure 1. Acidification curves for H.O: producing LAB strains in pasteurized camel milk
(21°C-23°C) [2].
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Figure 2. Acidification curves for W. confusa 22282 and H:O: activated LPS and
non-activated raw camel milk at room temperature [2].

H,O0, by W. confuse 22282 can activate the LPs and extend the storage stability
of raw camel milk up to 18 hours at ambient temperature [2].

Provision of cooling facilities and utilization of renewable energy technologies
such as solar energy for milk cooling and processing were identified as possible
intervention strategies to enhance milk marketing from pastoral and agro-pastoral
areas. Solar cooling system can be used to cool camel milk in rural settings
where grid electric supply is unavailable, and the use of LPS and H,O, producing
LAB are not feasible. Hence, use of solar energy cooling system and cold chain
could solve the limitation of camel milk marketing and spoilage. It can be used
by organizing camel milk producers into camel dairy groups and/or cooperatives

to establish market chain thereby to promote camel milk marketing. Solar milk
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cooling is effectively used in Kenya. The use of solar energy can reduce milk
spoilage and thereby improve dairy farm productivity and income. Milk cooling
and cold-chain storage can significantly decrease bacteria count and improves
quality of milk supplied to market. These improvements found to play a signifi-
cant role in the livelihoods of around one million smallholder dairy farming
families in Kenya.

In Ethiopia access to electric power is around 57%, and the number of house-
holds that are connected through the national electric power grid system are
about 2.8 million [3]. But only 26.5% of the rural population have access to elec-
tricity and the majority of the population particularly in pastoral and agro-pastoral
areas did not have access to electricity. According to the World Bank, Ethiopia
ranked the second in the Sub-Saharan African countries having the highest
energy generation capacity from hydropower, solar, wind, and geothermal ener-
gy resources. Solar energy is considered as the best option to reach the rural
community in remote settings, particularly where there are high camel milk
production potentials.

Moreover, mobile milk processing plant could be adopted for camel milk
producing pastoral and agro-pastoral areas of the country. Mobile milk
processing plants could be used where there is huge camel milk production but
lack access to market due to distance from target market and lack of appropriate
infrastructure. Mobile plant could produce different dairy products that are shelf
stable and enable the producers to supply milk products to wider market desti-
nations. It can be flexible to move from place to place depending on the mobility
of camel herds. This plant can be integrated with solar energy milk cooling and

processing facilities.

3. Heat Treatment and Whey Proteins Composition

The effect of heat treatment on whey protein composition was evaluated [4] and
found that non-protein nitrogen of camel milk was not affected by heat treat-
ment unlike that of cow milk. In cow milk non protein nitrogen content in-
creased as heat treatment intensity increased. This could be attributed to the
presence of degraded protein products as a result of heat treatments [5] [6] [7].
In camel and cow milk, the proportion of whey protein nitrogen significantly (P
< 0.05) decreased at 90°C/5 min heat treatments and consequently, the total
whey protein denaturation increased [4] (Table 1). The proportion of total whey
protein denaturation significantly increased from 2.8% to 34% due to increased
heat temperature from 72°C to 87°C/26 sec [8]. The proportion of whey protein
denatured in camel milk found to be lower than that of cow milk which could be
attributed to the relatively higher heat resistance of camel whey protein [7] [9].

4. Effects of Heat Treatment on Individual Whey Proteins

Identification of individual protein was also conducted using SDS-PAGE based
on molecular weight and reported absence of f-Lg in camel milk (lane 8 - 13,
Figure 3) [4]. Similarly, other authors [7] [10] [11] [12] [13] [14] reported that
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Table 1. Effect of heat treatment on total whey proteins of camel milk [4].

Heat treatments level (Mean + SD)
mg/100g P value
Raw milk  65°C/30min 72°C/30sec 75°C/5min 85°C/5min 90°C/5min

NCN 110.75 + 1.76* 108 +1.41* 105.2 + 1.13* 98.8 + 1.97° 87.25 + 3.88° 74.00 + 2.82¢  ***
NPN  29.75 % 0.70° 30.6 + 0.77% 31.6 + 2.26*°°32.6 + 1.34°* 33.25 + 0.35" 33,90 + 0.14* ns
WPN  81.00 + 1.41* 77.5 + 2.12% 73.70 + 0.98" 66.50 + 3.53¢ 54.00 + 4.24¢ 40.10 + 2.68° ***

WPD% 0 430 +0.98°¢ 9.00 +2.82¢ 18.0 + 0.2.82° 33.37 + 4.06" 50.50 + 2.51* ***

Mean value with same superscripts letter in the same row were not significantly different at (P < 0.05);
NCN = Non caseinnitrogen, NPN = Non protein nitrogen, WPN = whey protein nitrogen, WPD% = whey
protein denaturation %, and ns = non-significant.
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Figure 3. SDS-PAGE of whey proteins treated at various temperatures for camel and cow
milk. Lane 2 to 7 for cow milk and Lane 8 to 13 for camel milk samples of Raw (reference
sample), heated at 65°C/30 min, 72°C/30sec, 75°C/5min, 85°C/5min and 90°C/5min, re-
spectively. Lane 1 and 14 are protein standards [4].

camel milk is deficient in S-Lg. However, in cow milk S-Lg is the dominant
whey protein [11] [14] [15] and denatures at temperatures above 75°C.

Increase in heat treatment level did not affect the level of camel milk a-La
(Figure 3). But cow milk a-La band intensity was significantly reduced with in-
creasing heat treatment and totally vanished at temperature of 85°C/5min and
90°C/5min. This is attributed to absence of 5-Lg in camel milk. In cow milk A-Lg
is known for its interaction with a-La and enhances the interaction of a-La with
casein micelles because a-La can form disulphide bonds but lacks the free thiol
group of S-Lg, which commences and develops the interaction [16] [17].

The affiliation between denatured whey protein and casein micelles in camel
milk needs to be examined in detail. Denatured a-La and camel serum albumin
(CSA) have the tendency to stick on hot surfaces of milk processing equipment
either alone or along with x-CN [18]. In camel milk, CSA might interact with

K-CN instead of a-La owing to the non-denaturation of a-La with increasing

DOI: 10.4236/0jas.2020.103022 366 Open Journal of Animal Sciences


https://doi.org/10.4236/ojas.2020.103022

A.Yirda et al.

temperature. For raw milk adjusted to 40°C, a short gelation time and high gel
strength was obtained, and temperature of 65°C/30min and 72°C/30s heat
treatment can be applied without affecting the rennetability of camel milk. But a
more intensive heat treatment resulted in very low gel strength and there was no
coagulation within 60 min [4]. Further research was recommended to elucidate
the intricate interaction between camel milk proteins at different heat applica-

tions.

5. Manufacturing of Cheese from Camel Milk

Cheese is found to be a good method of preservation of perishable milk into
more shelf stable dairy products. Nutritionally, it is well commendable for sup-
plying the required nutrients to our body. The taste is also acceptable and en-
dured in the community. But manufacturing of cheese from camel milk has been
slowed down as a result of peculiar nature of camel milk; it lacks S-Lg, has low
x-CN, and has high percentage of S-CN. To overcome this obstacle a number of
attempts were made whereby some of the attempts were successful and others
were failed to produce acceptable cheese from camel milk [19].

In this regard, experiments were conducted to examine the impact of camel
chymosin concentrations at 40, 70, and 100 IMCU/L on camel milk gelation
properties and the effect of curd scalding at 55°C on the behaviour of soft
un-ripened camel milk cheese [20]. The result of this experiment showed that
the shortest gelation time was obtained for 100 IMCU/L and 70 IMCU/L camel
chymosin concentration and maximum gel firmness was obtained for 40
IMCU/L camel chymosin concentration. The same authors concluded that use
of 70 IMCU/L chymosin concentration and curd scalding can be used for soft
unripened camel milk cheese manufacturing. Other researchers [21] investigated
the effect of temperature, pH, concentration of camel chymosin and addition of
CaCl, on k-CN hydrolysis and kinetics of camel milk coagulation. They found
higher x-CN hydrolysis at 40°C, 55 to 85 IMCU/L chymosin concentration and
at pH of 6.0. Moreover, for gelation of camel milk to be initiated more than 95%
K-CN need to be hydrolysed and maximum hydrolysis of camel milk k-CN can
be achieved with increasing gelation temperature and camel chymosin concen-
tration, and lower pH. Therefore, camel milk casein gelation time can shorten by
increasing gelation temperature and by addition of CaCl, at a rate of 0.02% w/ w
[21].

6. Cheese Making and Compositional Changes

Production of cheese is a means of preserving valuable milk constituent [22]
through a dehydration of coagulated milk using milk clotting enzymes [23] [24]
and this process is reported to be difficult and tedious for camel milk [25] [26].
However, the advent of coagulant known as camel chymosin that has high speci-
ficity to x-CN cleavage paved the way for success stories in camel milk cheese

production. One of the success stories was manufacturing of soft brined cheese
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with camel chymosin and composition of this cheese exhibited differences in the
first 20 days of ripening [27]. Salt in moisture (S/M) was increased with increase
of NaCl % (w/w) and salting time (Table 2). There was degradation of some
milk proteins and cheese made with 85 IMCU/L chymosin concentration showed
a higher casein degradation. Degradation of S-CN in brined camel cheese was
observed in later stage of ripening period while aS1-CN was not degraded and
remained intact [27].

Degradation of casein is a common phenomenon due to residual coagulant,
enzyme from starter culture, nonstarter culture and milk enzymes like plasmin
[23] [28]. The degraded soluble components of caseins diffuse to the brine dur-
ing ripening [29] [30] [31]. The amount of total nitrogen in brined camel milk
cheese was found to decrease during ripening period. Similarly, soluble nitrogen
fraction decreased at ripening of soft brined cheese made from milk of other
species as a result of migration of soluble components to brine [31] [32] [33].
Therefore, length of ripening period of cheese determines the biochemical
changes in cheese [34] [35].

7. Effect of Starter Cultures on Physicochemical Properties
of Soft White Cheese

The effect of starter cultures on the physicochemical properties, texture, and
consumer preferences of soft white cheese (SWC) made from camel milk was
investigated [36] (Table 3). The experiment employed five starter cultures; one
thermophilic (STI-12), two blended (RST-743 and XPL-2), and two mesophilic
(R-707 and CHN-22) cultures. Camel milk inoculated using STI-12 and RST-743
cultures resulted in faster acidification than XPL-2, R-707, and CHN-22 cultures.
Camel milk soft white cheese (SWC) made using STI-12 and CHN-22 cultures
gave lower pH (4.54) and titratable acidity (0.59), respectively, whereas R-707
culture resulted in high cheese yield (13.44 g/100g). Considering curd firmness,
cheese yield, compositional quality, and textures, STI-12, RST-743, and R-707

cultures were found to be better for the manufacture of camel milk SWC [36].

Table 2. Physicochemical properties, salt in moisture and soluble nitrogen fraction of soft brined cheese made from camel milk

during ripening (Means * SE) [27].

Day Cheese pH

0 491 % 0.05
20 4.49 +0.05°
40 4.44 + 0.06°
60 4.50 +0.05°

Coagulant Level
55 IMCU/L

85 IMCU/L

Total solids (%) Ash (%) Fat (%) Protein (%) S/M of 2% brine  S/M of 5% brine
45.02 + 1.09° 1.52 +0.20° 24.50 * 0.56° 19.29 + 0.92° 0.42 + 0.15¢ 0.46 + 0.15¢
39.83 + 1.09° 3.09 + 0.20° 21.94 +0.56 17.81 + 0.84% 0.25 +0.15° 6.67 £ 0.15
41.27 +1.09® 3.22 +0.20° 22.19 +0.56° 15.53 + 0.84° 0.74 + 0.15° 6.68 + 0.15°
39.92 + 1.09° 3.13+£0.20° 22.75 + 0.56 14.68 + 0.98" 4.19 +0.15° 6.45 + 0.15°

TCA-SN PTA-SN
11.64 + 1.66° 7.31 £ 0.68" 6.42 + 0.58°
19.39 + 1.66° 10.59 + 0.69* 8.68 + 0.56*

Means with the different superscript letter within a column are significantly different (P < 0.05). Note: pH 4.4 SN, pH 4.4 soluble nitrogen; TCA-SN, trich-
loroacetic acid soluble nitrogen; PTA-SN, phosphotungstic acid soluble nitrogen; ICMU, international milk clotting units.

DOI: 10.4236/0jas.2020.103022

368 Open Journal of Animal Sciences


https://doi.org/10.4236/ojas.2020.103022

A.Yirda et al.

Table 3. Physicochemical properties of soft cheese (Mean + SD) [36].

Parameters pH Acidity (%) Yield (kg/100kg) Fat (%) Protein (%) TS (%) Ash (%)
Camel milk
STI-12 (37°C) 4.54 +0.17¢ 1.09 + 0.15° 9.43 + 1.85° 18.71 £ 0.56" 16.29 £ 0.11* 40.40 £0.46®  2.21 £0.14®
RST-743 (37°C)  4.76 + 0.12" 0.87 + 0.02° 9.77 + 0.98" 20.91 + 0.82° 17.49 + 1.73* 43.44 + 2.80° 2.40 + 0.27°
R-707 (30°C) 5.04 +0.12% 0.71 + 0.07% 13.44 + 0.09* 18.89 + 0.76" 12.18 +0.10° 35.77 + 0.68%¢ 1.79 + 0.23%
XPL-2 (30°C) 4.92 +0.05® 0.73 +0.08° 10.18 £ 0.27° 17.99 + 0.45° 16.33 + 0.55° 38.54 + 0.7 2.20 +0.31%
CHN-22 (30°C) 5.20 £ 0.06* 0.59 + 0.02¢ 9.50 + 0.34° 18.74 £ 0.57° 11.12 +0.02° 34.76 + 0.26¢ 1.27 + 0.04°
P-values * %% * * % % *
Cow milk
STI-12 (37°C) 4,62 +0.01*  0.95+0.01® 18.08 £ 0.77* 18.48 + 0.45° 16.18 + 0.03* 40.53 + 1.45° 2.73+0.17°
RST-743 (37°C)  4.81+0.02®  0.81 +0.10% 16.23 + 0.81% 17.65 + 0.15% 13.17 £ 0.07° 35.72 £ 0.27° 1.80 + 0.03¢
R-707 (30°C) 4.52 +0.16¢ 1.04 + 0.07° 15.60 + 0.39° 18.02 = 0.77° 15.63 +0.14* 38.87 + 0.49° 222 +0.14°
XPL-2 (30°C) 4.64 +0.03> 0.96 £ 0.01%° 17.59 + 0.12% 16.4 + 0.36" 13.4 £ 0.28 34.88 +0.13° 2.39 +0.02°
CHN-22 (30°C) 4,95 +0.04° 0.74 + 0.02¢ 15.00 + 0.04° 15.84 + 0.65¢ 13.83 + 0.42° 34.81 +0.74° 2.20 £ 0.10°
* * ot * ok ok ok

P-values

Means with different superscript letters within the same column are significantly different at (P < 0.05); STI-12 = Streptococcus thermophilusRST-743 =
Lactococcus lactis subsp. lactis and Streptococcus thermophilus; R-707 = Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. Cremoris; XPL-2 = Lac-

tococcus lactis subsp. cremoris, Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. lactis biovar diacetylactis, Leuconostoc species, and Streptococcus

thermophilus; and CHN-22 = Lactococcus lactis subsp. cremoris, Leuconostoc pseudomesenteroides, Lactococcus lactis subsp. lactis biovar diacetylactis,

Lactococcus lactis subsp. lactis, Leuconostoc mesenteroides.

Physicochemical properties were significantly different between SWC made
from camel and cow milk in which pH of SWC made from camel milk using
XPL-2 and CHN-22 cultures had significantly higher cheeses pH values than
that of XPL-2 and CHN-22 cultures used for manufacturing of SWC from cow
milk, respectively [36]. This vitiation attributed to the characteristics of milk
types in which camel milk acidification takes longer time than cow milk [37].
Camel milk soft cheeses made by cultures RST-743 and CHN-22 had signifi-
cantly higher fat than that of cow milk soft cheeses prepared using RST-743 and
CHN-22 cultures [36].

8. Camel and Cow Milk Cheeses Whey Compositions

Whey can be used for food and pharmaceutical products. Whey contains func-
tional food proteins, lactose, vitamins and minerals. Camel milk whey can be
used to manufacture acidified drinks with better nutritive value in terms of es-
sential amino acids, lactose, lactic acid, vitamins and minerals. Cheese whey
composition in SWC made from camel milk resulted in fat composition of 1.12
+ 0.09 when it was prepared using culture CHN-22 than STI-12, RST-743, R-707
and XPL-2 cultures. Similarly, 1.10 + 0.26 fat was found in brine-salted camel
milk soft cheese whey [38] and 1.5% fat for camel milk cheese whey [39].

Camel milk soft cheeses whey composition made using cultures XPL-2 and
CHN-22 was higher while lactose composition was higher for culture XPL-2
[36]. Similarly, 4.26 + 0.18 lactose content of brine-salted soft camel cheese whey
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was reported [38]. Total solids and ash content were found to be higher for ca-
mel milk soft cheese whey prepared using cultures XPL-2 and CHN-22 than that
of STI-12, RST-743 and R-707 cultures (Table 4).

9, Starter Cultures and Texture of Camel Milk Soft Cheese

Soft cheese made from camel milk using culture RST-743 found to be higher in

resistance to fracture as compared to cheese prepared using cultures STI-12,
R-707, XPL-2 and CHN-22 cultures (Figure 4). Soft cheeses prepared using

RST-743 and STI-12 cultures contained lower moisture and higher protein, and

Table 4. Camel and cow milk cheeses whey compositions (g/100 g) [36].

Culture Fat Protein Lactose TS Ash
Camel milk cheese
STI-12 0.57 +0.01° 0.65 + 0.05" 3.88+0.09¢  6.74 +0.13° 1.39 + 0.09°
RST-743 0.34 +0.02° 0.66 + 0.02° 4.39+0.02°  6.58 +0.01° 1.18 +0.03¢
R-707 0.58 + 0.04° 0.68 + 0.03° 410+ 0.04° 6.96+0.20°  1.59+0.07°
XPL-2 0.57 + 0.37° 0.80 £ 0.04* 4.95+0.02°  7.46+031*  1.13 +0.04¢
CHN-22 1.12 + 0.09° 0.86 + 0.04* 4.08 £ 0.09°  7.90 £ 0.16 1.83 +0.10°
P-values ok * ok * e
Cow milk cheese
STI-12 0.22 +0.01%° 0.90 +0.02* 4.84 +0.08® 679 £0.07>  0.82+0.01*
RST-743 0.16 £ 0.02  0.94+0.04*  501+0.15° 6.90+0.03* 079 £0.11°
R-707 0.13 + 0.02¢ 0.99 +£0.13*  4.89+0.03*  6.60+0.21°  0.58 % 0.01°
XPL-2 0.26 + 0.03* 0.67 £0.01°>  528+0.01°  7.15+0.04*  0.93+0.01°
CHN-22 0.15+0.04*  0.87+£0.01°  525+0.03  6.89 +0.05® 0.61 % 00¢
P-values * * * * o

Means with different superscript letters within the same column showed significant differences (P < 0.05).

Compressive force (N)
N

-1 -

5

0 O

Time (sec)

20

—STI-12 N
———RST-743
R-707
e XPL-2
«===CHN-22

Figure 4. Compression curves of cheeses made from camel milk using five different cul-

tures [36].
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showed higher resistance to fracture as compared to cheese prepared using the
other cultures [36].

Camel milk soft cheese sample made with XPL-2 culture showed similar
moisture value with STI-12 culture and protein value with RST-743 and STI-12
cultures; however, since XPL-2 undergo syneresis it might be less resistance to
fracture. The difference in textures could be due to moisture and protein con-
tents of the cheese samples [36]. Therefore, it is most plausible to conclude that
rheological characteristics of cheeses can be affected by level of cheese moisture
and protein contents [40].

Instrumental analysis of rheological textures of firmness, brittleness and
stickiness using micro-stable texture analyser revealed difference in firmness
among camel milk cheeses produced using different cultures. The reported re-
sult indicated that camel milk soft cheese produced with RST-743 culture re-
sulted in higher firmness and brittleness than camel soft milk cheese prepared
using XPL-2 and CHN-22 cultures [36]. These variations could be attributed to
alteration of the effect of pH on texture due to the level of moisture and calcium
contents of cheese. Moisture content of cheese determines the level of swelling of
casein sub-micelles with the increase in casein-to-moisture ratio. As a result
small variation in moisture content can bring significant change on fresh cow
milk cheese texture [41]. Even though increased fat content resulted in smoother
and softer cheese [42], higher fat and water content inclines to weaken the pro-
tein structure [43]. On other hand increased casein and fat content produce fir-

mer cheese [42].

10. Consumer Preference

Evaluation of consumer preference for camel milk soft cheese manufactured us-
ing combination of different cultures were conducted and found that XPL-2
culture had lower scores for appearance and overall acceptance than that made
using the other cultures discussed earlier [36]. On the other hand, camel milk
soft cheeses made using XPL-2 and CHN-22 cultures had higher aroma and
taste. These variations in flavor could be attributed to the inherent properties of
an aromatic forming cultures inoculated in the milk during cheese-making.

On the other hands camel milk soft cheese prepared using R-707 scored lower
firmness than cheese prepared using the other cultures; however, STI-12 and
RST-743 had resulted in similar firmness. In addition to camel milk soft cheese
made with culture R-707, camel milk cheeses made using STI-12 and RST-743
scored higher crumbliness than cheese prepared using XPL-2 and CHN-22 cul-
tures [36]. The variations in consumer preference could be due to the natural
property of starter cultures in the course of acidification and curd development
in which CO,, diacetyl and acetaldehyde synthesized and contributed to the de-

velopment of different textural and flavor properties of the cheeses [44].

11. Fermented Camel Milk

Fermented milk drinks are as acceptable as manufacturing of camel milk chees-
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es. A number of attempts were conducted to manufacture fermented camel milk.
It was found that fermented camel has poor viscosity and consistence. To cha-
racterize microbial communities in spontaneously fermented camel milk, meta-
genomic 16S rRNA sequencing was conducted and lactic acid bacteria were iso-
lated with the aim to select strains that can be used as starter cultures for camel
milk fermentation. In this experiment, the authors found that fermented camel
milk was dominated by Lactobacillales and Enterobacteriaceae. Lactococcus lac-
tis, Lactobacillus plantarum, and Pediococcusaci dilactici were strains of species
isolated from fermented camel milk with potential use as starter cultures. More-
over, species of Lc. lactis, P. acidilactici, and Streptococcus infantarius are fast
acidifiers of camel milk. Potentially pathogenic gram-negative microorganisms

were found to be common in spontaneously fermented camel milk [45].

12. Ultrahigh Temperature and Sterilized Camel Milk

Production of pasteurized camel milk has been successfully undertaken and ap-
plied industrially for mass production. But ultrahigh temperature (UHT) and
sterilization of camel milk resulted in protein instability. Hence, research has
been conducted to solve this problem. Currently Camelicious-Emirates industry
for camel milk is producing UHT camel milk and marketing worldwide. It has a
shelf life of 12 months if it is stored in cool and dry places. In Ethiopia, one dairy
plant in Fafum town of Ethiopian Somali Region plans to manufacture UHT
camel milk (personal communication).

Previously production of UHT camel milk had been investigated [46] and to
this end different chemicals such as sodium hydroxide (NaOH), calcium chlo-
ride (CaCl), k-CN from cow, sodium dihydrogen phosphate anhydrous, dis-
odium hydrogen orthophosphate and Ethylenediaminetetraacetic acid disodium
(EDTA) salt were used to stabilize camel milk proteins in UHT milk. It was
found that k-CN and calcium content are the main factors that affect heat stabil-
ity of camel milk protein. It was proposed that increasing pH could be helpful
for camel milk protein heat stability. Addition of phosphate could be used in

commercial scale to improve heat stability of whole camel milk.

13. Conclusion

Currently satisfactory progresses have been made in camel dairy technology that
enable to process camel milk into different dairy products which in turn will
have positive impact on the livelihood of camel rearing communities. It was
found that a pasteurization temperature not exceeding 72°C/30 sec should be
adopted for cheese making from camel milk. The difference in speed of acidifi-
cation in cow and camel milk is found to be due to difference in proteolysis ra-
ther than the previous assumption due to the presence of antimicrobial sub-
stance in camel milk. Concerning starter cultures utilization in camel milk fer-
mentation, R-707 is preferred mesophilic culture and STI-12 as preferred ther-

mophilic culture for camel milk fermentation. Production of UHT camel milk is
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feasible and being manufactured by some dairy plants in Middle East but it
needs development of precise procedure and protocols. Currently there are
about five dairy plants in Ethiopia that are dedicated to process camel milk into
different dairy products and need to be supported by the scientific community

and funding organizations.

14. The Ways Forward

Camel milk is marketed in raw state and there is a serious problem of lack of
cold chain. The safety and microbial quality of camel milk is also of substandard
and does not meet standards set by Quality Standards Authority of Ethiopian.
Moreover, most of the camel milk is not marketed in pastoral and agro-pastoral
areas of the country. To overcome these problems introduction of cold chain in
the form of solar milk cooling will play paramount importance. Hence con-
cerned organizations or institutions should step up and take immediate action of
introduction of cold chain by identifying potential camel milk production areas.
Moreover, quality and quantity camel milk production need to be promoted
through introduction of improved and affordable milking equipment such as
mazzi milk cans. The other strategies that could solve and reduce camel milk
spoilage is use of mobile milk pasteurization facilities that can easily be trans-
ported and planted in remote areas. This could be augmented by solar energy
generation for power supply that could be used both for mobile pasteurization
and milk cooling refrigerators. Alternatively, wind energy and other renewable
energy source could be developed and used where feasible to exploit such energy
sources. Mobile dairy plant suitable and flexible to pastoral and agro-pastoral
settings could also be introduced for sustainable development of the sector. Mo-
bile plants can be run by solar energy and supply pasteurized camel milk and
other dairy products to the targeted markets. Tailor made trainings and aware-
ness creation should be done on quality and quantity milk production, preserva-
tion, processing, and marketing of camel milk. Promotion of camel milk and
dairy products consumption should be made through mass media, school milk
day and other relevant means. Establishment of dairy cooperatives have indis-
pensable role for development of camel dairy sector and hence deserves to get
priority and protection from the government. Without dairy cooperatives it will
be very difficult to bring the desired development and promotion of camel dairy

in particular and dairy in general.
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