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ABSTRACT
Recently, the use of camel milk has increased as a new and alternative animal protein source for
human consumption. However, there are some differences in the composition of camel milk
compared with other kind of milk sources. One of these differences is that camel milk contains in
high concentrations of antimicrobial agents such as lysozyme, lactoferrin, lactoperoxidase and
immunoglobulins. In many studies, it was reported that camel milk is not suitable for production of
fermented milk especially for yoghurt due to the high concentration of antimicrobial substances. The
aim of this study, to investigate suitability of the mixture of camel milk with different ratio of cow,
sheep and goat milk for yoghurt production. After preparing of milk mixtures heat treated at 90°C
for 15 minutes the mixtures were cooled to 45°C. The starter culture (YC 350) was added and
incubated at 42°C until the pH reached 4.7. During fermentation every hour the pH, SH and viscosity
were measured. According to the results of analysis in which the highest viscosity and the fastest
pH drop, mixtures were chosen as optimum points for yoghurt production. In these optimum points
yoghurt production were performed and all of the samples were stored for 1., 7., 14. and 28. days at
4°C. During the storage, water holding capacity and syneresis analyses were conducted. According
to the results, the optimum mixture was determined at 80% :20%cow milk:camel milk mixture.
However, after 4 weeks of storage it was concluded that an increase in the syneresis and a decrease
in water holding capacity (%) were found for yoghurt obtained from 80% :20:% cow-camel milk
mixture.
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ÖZ
Deve sütü, son zamanlarda insan tüketimi için yeni ve alternatif bir hayvansal protein kaynağı haline
gelmiştir. Ancak, deve sütünün bileşimi diğer süt çeşitleriyle karşılaştırıldığında bazı farklılıklar
göstermektedir. Bu farklılıklardan birisi, deve sütünün lizozim, laktoferrin, laktoperoksidaz ve
immünoglobulinler gibi yüksek konsantrasyonlarda antimikrobiyal maddeler içermesidir. Çoğu
çalışmada deve sütünün yüksek oranda antimikrobiyal maddeler içermesinden dolayı fermente süt
ürünleri özellikle de yoğurt üretimi için uygun olmadığı rapor edilmiştir. Bu çalışmanın amacı, deve
sütünün farklı oranda sığır, keçi ve koyun sütü ile karıştırılarak yoğurt üretimine uygunluğunun
araştırılmasıdır. Belirlenen oranlarda karışımlar hazırlandıktan sonra, miksler 90°C’de 15 dakika ısıl
işleme tabi tutulmuş ve 45°C’ye soğutulmuştur. Starter (YC-350) ilave edildikten sonra pH 4,7’ye
ulaşıncaya kadar 42°C’de inkübe edilmiştir. Fermantasyon sırasında her saat pH, SH ve viskozite
ölçümleri gerçekleştirilmiştir. Analiz sonuçlarına göre yoğurt üretimi için pH düşüşünün en hızlı ve
viskozitenin en yüksek olduğu optimum noktaları gösteren süt karışımları seçilmiştir. Bu optimum
noktalarda yoğurt üretimi yapılarak 1., 7., 14. ve 28. gün boyunca 4°C’ de depolanmıştır. Depolama
boyunca su tutma kapasitesi ve sinerez analizleri yapılmıştır. Analiz sonuçlarına göre en optimum
karışımın %80:%20 ineksütü: deve sütü karışımı olduğu belirlenmiştir. Ancak, 4 haftalık
depolamadan sonra, 80%:20% inek sütü-deve süt karışımından elde edilen yoğurtta sinerezde bir
artış ve su tutma kapasitesinde bir düşüş (%) olduğu sonucuna varılmıştır.
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Introduction
Yoghurt is one of the important fermented dairy
product produced by adding starter cultures such as
Lactobacillus delbrueckii subsp. bulgaricus and
Streptococcus thermophilus. Starter cultures used in the
production of fermented milk products due to the rapid
growing in the milk (Shirai, 2001). Nowadays, yoghurt is
produced from cow milk, followed from sheep milk and
goat milk.
Aydın is an important region for camel wrestling and
therefore is getting more and more popularity not only for
camel wrestling but also for camel farming. The increase
of camel farming and camel wrestling in this region made
it possible the production of the camel milk as an
alternative milk source. Camel milk, which is consumed
and processed more in African countries, has a great
importance in the world because of its benefits to human
health as a consequence of researches.
Camels usually prefer to eat high-salt crops, so their
milk may be sweet, salty or bitter (Yagil, 1982). The
titratable acidity of camel milk is higher than human milk
and lower than cow milk, sheep and goat milk. Fat and
protein content of single-humped camel milk is similar to
cow milk, but protein and fat concentration are lower than
that of sheep milk and double-humped camel milk. Double
humped camel milk has higher amount of caseins and whey
proteins than other mammalian milk, including sheep milk
(Semen and Altıntaş, 2016). In Table 1, the physical and
chemical properties of different kind of milks are showed.
One of the most important features of camel milk
compared to cow or sheep milk is that it does not contain
β-Lactoglobulin that has allergic properties. Elagamy et al.,
(2009) found that the electrophoretic patterns of camel
milk revealed β-lactoglobulin is present in cow milk but
absent in both camel and human milk. Kappeler (1998)
concluded that also camel milk is free of β-lg which is
konown one of the major antigens of cow milk proteins.
Cow milk allergy is the sensitivity of our body’s
immune system against proteins in milk. Studies have
reported that 12.6% of the total food-related allergies in
children younger than 15 months constitute milk allergies.
These allergies are known as cow milk allergy and are seen
in 1% of babies who is fed with breast milk and 0.1% of
adults. The frequency of such allergies in the general
population is between 0.3% and 7.5% and in children is
between 22.9% and 24.0%. Among some children, these

allergic conditions persist throughout their lives. The
incidence of milk allergy was found to be 0.3-0.75% in
children in different countries (Dean, 1995; Motrichet al.,
2003).
Camel milk colostrum contains more serum proteins
than normal milk, mainly immunoglobulin G (IgG), which
protects the immune system of the newborn (El Agamy et
al., 1996)
Camel milk is used as cure material for treatment of
different kinds of diseases such as hypertension, jaundice,
tuberculosis, asthma. In addition, camel milk have
developed long-term glycemic control and have been
reported to reduce insulin dose in type 1 diabetes patients
(Mudgil et al., 2018; Ayyash et al., 2018). It is also used in
the strengthening of the immune system, reducing the risk
of cancer, reducing the growth of cancer cells (Ayyash et
al., 2018, Al-Fakharany et al., 2018), lowering cholesterol
levels (Kaskous, 2016).It has been estimated that camel
milk has also antioxidant properties (Ayyash et al., 2018)
and provides improvement in autistic children carrying
autism spectrum syndrome (Al-Ayadhi and Elamin, 2013).
In some studies it was concluded that camel milk possessed
antimicrobial (Kumar et al., 2016; Abusheliabi et al.,
2017), antiobesity (Mudgil et al., 2018) and antiviral
properties (El-Agamy et al., 1992; Hara et al. 2002).
Many scientific researches were performed to
investigate the chemical, physical properties and
microbiological quality of camel milk. Moreover, the
technological applications were limited to produce
different kinds of milk products where the camel farm
applied intensively. In some studies, it was found that the
production of yoghurt from camel milk brings about some
problems during fermentation. It occurs no coagulation in
cultured camel milk (Konuspayeva et al., 2007;
Benkerroum, 2008). It is claimed that camel milk contains
at high concentrations of antimicrobial substances such as
lyzozyme,
lactoferrin,
lactoperoxidase
and
immunoglobulins are heat stable and by heating they can’t
be inhibited and supress the growth of starter cultures in
cultured milk. Therefore, camel milk is often mixed with
fresh or other cultured species (cows, goats and sheep)
particularly (Eyassu, 2008). As another way is used the
addition of different kinds of hydrocolloids to produce
yoghurt gel with good textural properties.

Table 1 Physicochemical properties of camel milk and other types of milk (Park et al, 2007).
Components
Camel(1)
Camel(2)
Cow
Human
Water %
87.58
84.80
87.77
88.66
Dry Matter %
12.41
15.19
12.25
11.34
Fat %
3.96
5.32
3.60
2.80
Protein %
3.22
4.09
3.24
1.91
Casein %
2.40
3.01
2.51
0.71
Whey Protein %
0.93
1.02
0.73
1.26
Lactose
4.56
4.95
4.65
6.30
Ash %
0.79
0.81
0.76
0.27
pH
6.55
6.68
6.90
Acidity %
1.15
0.18
0.06

Sheep
82.95
17.05
5.95
5.25
4.06
1.19
4.91
0.94
6.79
0.19

Goat
87.30
12.12
4.15
3.02
2.32
0.70
4.21
0.74
6.70
0.17

Camel (1): single humped camel; Camel (2): double humped camel
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When it is considered the literature data, it can be
concluded that there are not enough studies about camel
milk yoghurt. The available works are explained below.
In the study of Eissa et al. (2011) the physicochemical,
microbiological and sensory characteristics of yoghurt
produced from camel milk during storage were performed.
It was investigated that physicochemical, microbiological
and sensory attributes before and after storage (5, 10 and
15 days) of yoghurt produced from camel milk. It was
shown that cow milk yoghurt was found to be more viscous
than camel milk yoghurt. Storage resulted in significant
changes in gross composition of both yoghurt types.
Organoleptic tests revealed that camel yoghurt had
significantly lower quality from consumers than cow milk
yoghurt.
Jumah et al. (2001) used different kinds of milks (ovine,
caprine, bovine and camel milks) to compare the
rheological properties of yoghurt during the gelation
process. It was concluded that bovine, ovine and caprine
milk showed similar viscosity incubation time, whereas
camel milk showed no remarkable variations in viscosity
during incubation.
In some studies the effect of the addition different kind of
stabilizers such as carrageenan, carboxylmetthylcellulose,
pectin, gum acacia, alginate to camel milk was investigated
to improve the yoghurt gel formation. The following
results were found.
Al-Zoreky et al. (2015) used for the improvement of the
camel milk yoghurt structure different kinds of
hydrocolloids such as carboxylmethylcellulose, pectin,
gum acacia, or alginate with different concentrations. They
found that the syneresis of camel milk yoghurt with
alginate addition was higher than for control cow milk
yoghurt and water holding capacity was weaker. It was also
observed that stabilizers did not improve the consistency
and coagulum of camel milk yoghurt compared with
bovine milk yoghurt.
A similar study was performed by Hashim et al., (2009)
to determine the quality and acceptability of a set-type
yoghurt made from camel milk. In order to increase the
viscosity of yoghurt they used gelatin, alginate and calcium.
Although the sensory analysis of yoghurt samples of camel
yoghurt were better with the addition of 0.75% sodium
alginate + 0.075% calcium chloride, the rheological
properties of yoghurt in this study were not measured.
Except from the use of the addition of stabilizers
explained above an alternative method was to produce
stable yoghurt with high consistency and good textural
properties by mixing of camel milk with different kinds of
milks (cow, sheep, goat exc.). The related recent studies
given below.
Shimaa and Ibtisam (2016) investigated to improve the
processing properties of yoghurt made from camel:sheep
milk mixtures with different proportions and at the same
time the suitability of two starter cultures were tried out.
Products were evaluated in terms of chemical composition
and consistency. It was concluded that an addition of sheep
milk to that of camel improved the quality and
acceptability of camel milk yoghurt.
In another study was performed by Elniema and Tabiti
(2015). Its aim was to determine the possibility of
manufacturing yoghurt by mixing different percentages of
cow milk to camel milk and to detect the effect of cow milk

on the physiochemical and sensory characteristics of camel
milk yoghurt. It was found that camel milk got lower
physiochemical and sensory quality compared to cow milk,
so mixing high percentages of cow milk (75%) to camel
milk (25%) in yoghurt production, improved
physiochemical properties and sensory evaluation of
camel’s milk yoghurt.
In the study of El-Zubeir et al. (2012) goat milk and
sheep milk was used to produce yoghurt but not as mixture.
Following and during the production the chemical
characteristics, sensory properties were evaluated. It was
concluded that the longer incubation period of yoghurt
prepared from camel milk supported the previous work of
Hassan et al. (2006). This might be due to that camel milk
contains antibacterial agent (Elagamy et al., 1992).
Cow milk generally contains large amounts of basic
components such as protein, fat, sugar. It also contains a
small amount of enzymes, vitamins and minerals. The fat
content of cow milk is between 2.5-6.0%, the dry matter is
10.5-14.5%, the lactose content is 3.6-5.5%, the protein ratio
is 2.9-5.0% and the mineral content is 0.6-0.9%. 80% of the
milk proteins makes up casein and 20% of the serum
proteins. Caseins are phosphorus compounds which consist
of four different subfraction called αs1-, αs2-, β-, and ĸcasein and contain soluble, colloidal calcium. Depending on
the composition, the acidity is between 6.2 and 8.9 SH and
the density ranges from 1.028 to 1.039 g/ml (Gürsoy, 2015).
Most of the milk fat consists of complex triglycerides and
the other part consists of phospholipids, cholesterol, free
fatty acids, mono and diglyceride lipid components. In
addition, it contains many minor proteins and enzymes.
Sheep milk has a higher nutritional value of protein, fat
and mineral concentration than camel, goat and cow milk.
The dry matter content is 50% higher than cow milk.
Natural acidity is higher and titration acidity is generally
between 8-12 SH. In addition, the density of sheep milk is
1.030-1.045 g/ml (Gürsoy, 2015). Sheep milk is rich in
casein (4.2 to 5.2 g/100 g) and whey proteins (1.02 to 1.3
g/100 g); (Dario et al., 2008; Selvaggi et al.,2014).
Goat milk shows similarity to cowmilk in terms of its
composition. It is claimed that goat milk is more valuable
than cow milk due to the differences in some of its
physicochemical properties. Generally the acidity is 6.4-10
SH, the density is in the range of 1.028-1.041 g/ml
(Gürsoy, 2015). Fresh goat milk contains a higher
proportion of fat globules of smaller diameter than cow
milk and is more easily digested. Goat milk includes more
chloride and potassium than cow milk, but it contains less,
N-acetyl neuraminic acid, folate, orotic acid, vitamin B6,
and vitamin B12 (Jenness, 1980).
In many studies it was concluded that pure camel milk
does not coagulate and if coagulates needs longer time for
coagulation. According to some authors this problem is
related with the high concentration of antimicrobial
substances which supress the growth of starter bacteria (Jans
et al., 2012; Bornaz et al., 2009). The cultured milk becomes
a watery consistency with fragile and poor structure (Abdel
Rahman et al. 2009). According to other authors the
undesirable structure of cultured camel milk formation is
attributed to the differences in the size and properties of
casein particles (Farah and Atkins, 1992). It is also claimed
that camel milk contains larger casein micelles than bovine
milk coagulum (Farah and Rüegg, 1989).
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Because of unsuitability of pure camel milk due to
above mentioned factors for the yoghurt production the
first aim of this study was to investigate the the possibility
of manufacturing yoghurt by mixing different percentages
with cow, sheep and goat milk to camel milk and to detect
their suitability for yoghurt production. Therefore, in this
work it was focussed not only on the coagulation process
but also to determine some properties during storage
periode for 4 weeks.
Materials and Methods
Materials
Raw camel milk is obtained from a camel farm in
İncirliova/Aydın, cow milk is obtained from local market
and raw sheep milk is obtained from Faculty for
Agriculture, Aydın Adnan Menderes University. Raw goat
milk was supplied from a dairy industry located in Koçarlı
/Aydın.
In this study, YC-350 starter culture which contains
Lactobacillus delbrueckii subsp. bulgaricus and
Streptococcus thermophilus was used for production of
yoghurt. YC-350 starter culture was obtained from Chr.
Hansen’sLaboratorium Denmark A/S, Izmir.
Yoghurt Production
Milk samples were supplied and filled in clean plastic
bottles. After heating the milk samples at 45°C in the water
bath, the fat separation was performed. By means of milk
separator the milk was circulated 3 times to reduce the fat
content of milk. After that the separation of the fat content
in cream and skimmed milk were analysed. After mixing
of each combination of milk samples were stored in freezer
in plastic bottles.
Frozen milk in plastic bottles were taken out from the
deep freezer and dissolved in water bath. Camel milk was
mixed with cow milk, sheep milk and goat milk according
to ratios given in the table below. After mixing of milk
mixtures heat treated at 90°C for 15 minutes the mixtures
were cooled to 45°C. The starter culture was added and
incubated at 42°C until the pH reached 4.7 and all of the
samples were storaged for 1., 7., 14. and 28. days at 4°C.

added into milk butyrometer. The butyrometer was shaken
slowly. After that butyrometers were placed in a Gerber
centrifuge (Funke Gerber, Nova Safety) and centrifugated
at 65°C for 5 minutes. After that the fat content of milk was
read from the green coloured scale.
Determination of pH of Milk and Yoghurt Samples
The pH meter (Mettler Toledo seven2go, Germany)
was used to measure of pH of samples. Before measuring
of pH of samples, pH meter was calibrated with buffer
solutions with different pH values (pH 4 and 9). After
calibration the pH meter was put in to the milk or yoghurt
samples and waited for a pair minute to get the pH of
samples.
Determination of Soxhelet-Henkel Value of Milk and
Yoghurt Samples
The determination of titratable acidity of yoghurt and
milk samples was determined by Soxhelet-Henkel method
in TS 1018 Raw Milk Standard. 25 ml of sample was
pipetted in volumetric flask. Two drops of
phenolophthalein were added. Sample was titrated with
0.25 N NaOH until light pink colour obtained. After the
addition of 1.2 g/L starter culture to the camel milk, the
changes in viscosity was measured with FungilabExpert
V301002 during the fermentation every 60 minutes until
the milk pH reached 4.6.
Storage Analysis of Yoghurt
After production of yoghurt samples which were
prepared according to Figure 1, the samples were stored for
1., 7., 14. and 28. days in order to determine the syneresis
and water holding capacity.

Determination of Dry Matter Content of Milk
Determination of dry matter in milk and milk samples
to be used was determined using gravimetric method
according to TS 1018 Raw Milk Standard.
Determination of Ash Content of Milk
The amount of ash of milk samples were determined
using the gravimetric method (Kurt et al., 1993).
Determination of Nitrogen Content of Milk
The amount of nitrogen in the camel milk and other
milks was determined according to the Kjeldahl method
and the values to be obtained multiplied by the factor of
6.38 and the amounts of protein will be determined (Kurt
et al. 1993).
Determination of Fat Content of Milk
The fat contents of the milk samples were determined
by Gerber method using butyrometer. 10 ml sulphuric acid
(90-91%) than 11 ml milk and 1 ml amyl alcohol were

Figure 1 Yoghurt production scheme
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Determination of Syneresis of Yoghurt
25 grams of yoghurt was weighed and passed through
filter paper No. 615 and filtered. In this way, the weight of
the serum phase passed down was measured. Drainage was
applied at 4°C for 120 minutes (Tamime et al., 1996; Sahan
et al., 2008).
Determination of Water Bonding Capacity of Yoghurt
20 grams of yoghurt samples that found in the falkon
tubes were centrifuged at 1800g for 30 minutes. After
centrifuging at 10°C for 30 minutes, pellet and serum phase
were weighed and water retention capacity was calculated
according to the formula below.
WHC=1-

Wt
×100
Wi

Where Wt is weight (g) of the pellet and Wi is initial
weight (g) of the sample.
Statistical Analyses
Experiment were replicated twice. Data was generated
and analysed by statistical analysis system program
SigmaPlot version 12.0 using One Way ANOVA.
Results and Discussions
For the production of yoghurt from camel milk and
goat, sheep and cow milk mixtures with different
percentages were prepared. Protein, ash and dry matter
analyses of camel-cow, camel:sheep, camel:goat milk
mixtures were determined. The obtained results were
shown in Table 2.
As seen in Table 2, the highest protein as well as dry
matter contents were assessed in sheep:camel milk
mixture. The higher the percentages of sheep and goat milk
in the mixture, the higher was the protein and dry matter
contents of the mixture. The dry matter content was lowest
(9.08%) in the mixture of 70% cow:30% camel milk. This
observation was also determined in the study of Elniema et
al. (2015) who found that the higher the ratio of camel milk

in the mixture the lower was the dry matter content of
mixture.
After obtaining the preliminary experiments, optimum
values were determined, in which the camel:other kind of
milk combination selected according to the results of high
viscosity and rapid pH drop in the mixture. These are; 80%
cow milk + 20% camel milk; 70% cow milk + 30% camel
milk; 80% sheep milk + 20% camel milk; 70% sheep + 30
% camel milk; 80% goat milk + 20% camel milk and 70%
goat + 30% camel’milk. A total of 6 different combinations
were selected.
During yoghurt production, the time-dependent change
of viscosity, pH and titratable acidity (SH), which are three
basic parameters in our study, were controlled until the pH
reached the isoelectric point to pH 4.7 during incubation.
As seen in Table 3 the incubation time both in the
80%:20% cow:camel milk mixture and in 70%:30%
cow:camel milk took 3 hours. The pH drop of 80%:20%
cow:camel milk mixture after 3 hours was faster than in the
mixture of 70%:30% cow:camel milk mixture. In terms of
viscosity there was no significant effect in both mixtures.
In both mixtures after 3 hours’ fermentation time the
viscosities were higher than in goat-camel and sheep-camel
milk mixtures were determined.
According to the statistical evaluation in the pH of
80%:20% cow:camel milk mixture and 70%:30% mixture
yoghurt samples during incubation significant differences
were noted (P<0.05) but in SH and viscosity values of
80%:20% mixture and 70%:30% mixture yoghurt samples
during incubation there were obtained no significant
differences (P>0.05). However Elniema et al. (2015)’s
work showed that the effect of different yoghurt samples
from camel and cow milk yoghurt had no significant
difference (P≥0.05) on pH, but significantly affected the
acidity of mixture of camel and cow milk yoghurt samples.
As shown in n Table 4, pH, SH and viscosity parameters
were analysed. As seen in table 4 the 80%:20% goat:camel
milk mixture and 70%:30% goat:camel milk mixture the pH
drop, SH values were similar to each other. However, the
viscosity of 70%:30% goat:camel milk mixture after 3.5 h
incubation higher than 80%:20%goat:camel milk mixture.

Table 2 Protein, ash and dry matter content of the optimum values of mixture of camel milk with cow-goat-sheep milk
Ratio of camel milk to
Protein(%)
Ash(%)
Dry Matter(%)
other kinds of milk
80:20 cow-camel
3.85±0.06
0.97±0.02
10.0±0.02
70:30 cow-camel
3.41±0.05
0.80±0.04
9.08±0.04
80:20 sheep-camel
5.62±0.03
0.96±0.05
12.5±0.05
70:30 sheep -camel
5.43±0.04
0.93±0.03
11.83±0.07
80:20 goat-camel
4.43±0.06
0.73±0.05
11.21±0.05
70:30 goat-camel
4.07±0.04
0.63±0.03
11.50±0.04
Table 3 The pH, SH and viscosity values of the optimum mixtures of cow-camel milk
Time
(h)
0*
1
2
3

pH
6.65a,A±0.0
5.82b,A±0.03
5.145c,A±0.05
4.74d,A±0.04

80:20
SH
7.6a,A±0.0
15.2b,A±1.13
24.8c,A±0.05
30.2d,A±0.28

Viscosity (mPa.s)
5127a,A±650.25
5218.54a,A±203.95
6701.43a,A±613.92
11806.03a,A±734.84

pH
6.565a,B±0.0
5.935b,B±0.0
5.24c,B±0.01
4.83d,A±0.06

70:30
SH
Viscosity (mPa.s)
7.6a,A±0.00
4585a,A±94.7
b,A
13.2 ±0.56
5032.44a,A±329.95
c,A
24.6 ±0.28
6000.85a,A±985.71
d,A
32.2 ±0.28 11969.27b,A±1604.51

*Different superscript letters (a to d) within the same column and (A to B) within same row showed significant differences among the groups (P<0.05).
0. h indicates the pH and SH level of milk at the beginning of the fermentation after the starter culture addition
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Table 4 The pH, SH and viscosity values of the optimum mixtures of goat-camel milk
80:20
70:30
Time
(h)
pH
SH
Viscosity (mPa.s)
pH
SH
0
6.415a,A±0.0
9.6a,A±0.56
1077a,A±31.68
6.44a,B±0.0
9.6a,A±0.57
b,A
b,A
a,A
b,A
1
5.595 ±0.03
17.2 ±0.56
1021.13 ±24.05
5.535 ±0.04
17.6b,A±0.56
c,A
c,A
b,A
c,A
2
5.125 ±0.0
25 ±0.28
1803.75 ±106.71 5.035 ±0.01
23c,B±0.28
d,A
d,A
c,A
d,A
3
4.78 ±0.0
31.4 ±0.28 2341.45 ±217.83 4.765 ±0.02
30d,A±1.7
e,A
e,A
d,A
e,A
3.5
4.65 ±0.05
32.6 ±0.28 4039.86 ±385.99 4.645 ±0.02
32.1d,B±0.28

Viscosity (mPa.s)
1044.04a,A±154.78
1150.95a,B±7.40
1988.27b,A±120.20
3052.69c,A±219
5370.45d,A±438.5

*Different superscript letters (a to e) within the same column and (A to B) within same row showed significant differences among the groups (P<0.05).

Table 5 The pH, SH and viscosity values of the optimum mixtures of sheep-camel milk
80:20
70:30
Time
(h)
pH
SH
Viscosity (mPa.s)
pH
SH
0
6.585a,A±0.007 9.8a,A0.8
1701.98a,A±46.87
6.58a,A±0.02
9.4a,A±0.28
1
5.845b,A±0.0
19.4b,A±0.28 1609.55a,A±47.42
5.895b,B±0.0
17.4b,B±0.28
2
5.35c,A±0.03
25.4c,A±0.28 1344.04a,A±26.31
5.345c,A±0.0
26.6c,A±0.28
d,A
d,A
a,A
d,A
3
5.115 ±0.0
33 ±0.28
1396.67 ±155.21
5.055 ±0.0
33.6d,A±1.13
e,A
e,A
b,A
e,A
4
4.915 ±0.0
37.8 ±0.28 5003.81 ±930.17
4.865 ±0.04
42e,A±0.56
f,A
f,A
c,A
f,A
5
4.685 ±0.0
45.2 ±0.56 10857.06 ±1170.36 4.66 ±0.0
48.8f,B±0.56

Viscosity (mPa.s)
1886.60a,A±160.86
1542.06a,A±48.02
1527.30a,B±42.99
1445.94a,A±156.5
2097.54a,A±659.42
5584.76a,B±1555.5

*Different superscript letters (a to f) within the same column and (A to B) within same row showed significant differences among the groups (P<0.05).

Table 6 Water holding capacity (WHC) and syneresis values of the optimum values of mix of cow-goat-sheep and camel milk
1.day
7.day
14.day
28.day
MT
WHC
Syneresis
WHC
Syneresis
WHC
Syneresis
WHC
Syneresis
T1
3.25±0.03 14.45±6.52
5.22±0.3
9.22±0.5
6.28±2.72
9.13±2.32
7.93±0.12 10.95±1.45
T2
2.89±0.27 13.96±3.32 4.42±0.77
8.66±2.91
5.59±0.71
11.10±0.21
5.32±0.41
14.24±0.0
T3
34.91±3.12 15.71±4.39 28.69±4.14 18.76±3.72 36.45±0.47 25.68±2.83 11.22±1.27 35.14±3.31
T4
29.78±1.21 30.68±3.18 33.07±4.70 26.89±3.5 37.64±0.04 28.09±0.004 15.14±8.53 27.05±1.86
T5
29.91±7.12 12.36±0.27 46.76±3.58 22.14±7.61 34.75±3.12 34.85±4.22 30.79±9.26 49.93±9.68
T6
34.92±3.05 12.59±3.26 26.65±2.95 11.56±0.13 32.29±5.29 16.27±4.80 14.80±2.68 25.49±3.17
MT: Milk type, T1: 80:20 cow-camel, T2: 70:30 cow-camel, T3: 80:20 goat-camel, T4: 70:30 goat-camel, T5: 80:20 sheep-camel, T6: 70:30 sheepcamel, *WHC and Syneresis values expressed as percentages (%).

As a result of statistically analysis, there were no
significant differences obtained for pH, SH and viscosity
values of 80%:20%goat-camel mixture and 70%:30%
goat-camel mixture yoghurt samples during incubation
(P>0.05). Additionally, there were significant change
obtained for pH, SH and viscosity values of 80%:20%goatcamel mixture and 70%:30% goat-camel mixture yoghurt
samples for 3.5 hour incubation (P<0.05).
In table 5 it was shown that the fermentation time was
the longest in all milk combinations. Fermentation took 5
hours until pH falled to 4.7. After 5 h fermentation time the
viscosity of (10.857±1170 mPa.s) 80%:20% sheep:camel
milk mixture was higher than the viscosity of (5584±1555
mPa.s) 70:30 sheep:camel milk mixture. In this case this
result was confirmed that the lower the concentration of
camel milk in the mixture the higher the viscosity and the
faster the pH drop for yoghurt production. One of the main
reasons for this situation could be related with the chemical
composition and chemical-physical properties of goat and
sheep milk. During the incubation period of the mixture of
goat:camel and sheep:camel milk it was observed a particle
formation and this observation was higher the higher the
ratio of camel milk in the mixture. This phenomenon is
explained by Abu-Tarboush (1995) that proteolysis is
higher in camel milk than in cow milk, which led to the
particle formation in milk. It means that the proteolytic
activity of Lactobacilli higher than streptococci and have
the ability to hydrolyse casein.

As a result of statistically analysis, there were no
significant differences obtained for pH, SH and viscosity
values of 80%:20% sheep-camel mixture and 70%:30%
sheep-camel mixture yoghurt samples at every hour
(P>0.05). Moreover, there were significant differences
obtained for pH, SH and viscosity values of 80%:20%
sheep:camel mixture yoghurt sample and pH and SH
values of 70%:30% sheep:camel mixture yoghurt sample
for 5 hour incubation (P<0.05). There was no change
observed for viscosity of 30 mixture yoghurt samples for 5
hour incubation (P>0.05).
As a result of this observations could be concluded that
the high antimicrobial milieu of camel milk inhibits and
supresses the growth of the starter culture and causes the
splitting of casein fraction of the goat and sheep milk.
Similar to our study, Elniema and Tabiti (2015)
investigated the influences of 75% camel milk +25%cow
milk, 50% camel milk + 50% cow milk, 25% camel milk
+75%cow milk and pure camel milk (100%) on the
chemical composition, pH, acidity and sensory properties
of yoghurt. They concluded that the best textural value was
provided by yoghurt made from pure cow milk and high
percentages of cow milk mixed with camel milk. El-Zubeir
et al. (2012) also showed that the yoghurt made from camel
milk had watery texture than the mixed camel and cow
milk yoghurt, which were in agreement with our results.
During 1., 7., 14. and 28. days of storage, water holding
capacity and syneresis analyses were also performed
(Table 6). There was significance inverse correlation
2100

Bulca et al., / Turkish Journal of Agriculture - Food Science and Technology, 7(12): 2095-2102, 2019

observed in syneresis and water holding capacity values in
1. day to 14. day of storage. The reason for irregular results
on the 28th day may have an effect on the texture properties
of the yoghurt samples.
Conclusions
Camel milk is consumed especially in the African
countries without heating or without starter culture
addition because of traditional habits. In addition, there
were many researches showed that camel milk exhibits
therapeutic properties and in this way it is used as a cure
material against different kinds of diseases such as cancer,
diabetes, autism, tuberculosis, asthma. Camel milk
proteins have also functional properties. The aim of this
work was to study was to combine the mentioned
therapeutic and functional properties of camel milk to
produce yoghurt for possible consumers’ demand.
The optimum mixture was determined at 80%:20%
cow:camel milk mixture.However, after 4 weeks of storage
it was concluded that an increase in the syneresis and a
decrease in water holding capacity (%) were found for
yoghurt obtained from 80%:20%cow:camel milk mixture.
The structure of yoghurt was very fragile and it could be
broken easily.
This study indicated yoghurt production that made
from mixture of camel and other (cow, goat, sheep milks)
types of milks. The therapeutic effects of yoghurt obtained
from mixtures should be investigated due to possibility of
consumers’ demands. Although through many
investigations it was possible to get an increase in the
viscosity with decreased proportions of camel milk, the
produced yoghurt gels were not stabile during storage.
Water holding capacity decreased while the syneresis of
yoghurts increased.
Therefore, in future it is necessary to conduct more
researches and to understand the mechanism and structure
formation of yoghurt gels made from mixture of camel
milk and other kinds of milk to visualise the gel network is
used Scanning Electron Microscope (SEM) or other new
techniques. To determine the stability of yoghurt gels the
oscillation rheometer can be used due to its non destructive
measurement principle.
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