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Abstract

In this study, yoghurt was produced from camel (Camelus dramedarius) milk with whey protein
isolate (3 % w/v) and fortified with 3 % (w/v) traditional samphire molasses (TSM) (Y.,,), 3 % (w/v)
TSM+0.1% (w/v) x-carrageenan (Y,q,,.) or 3 % (w/v) TSM+0.05 % (w/v) xanthan gum (Y. ,,)-
In yoghurt samples, physical-chemical properties, texture, color and sensory analysis were deter-
mined on the 1%, 5 10" and 14 days of storage, while total phenolics (TF) levels were determined
on the 14% 24t 320 48t 720 120 240%™ and 336™ hours of storage. In all samples during storage,
hardness and viscosity increased along with the acidity increase, although the increases in Y, and
Y. e were lower than in Y., In Y., ., in spite of the increase in acidity after the 1* day, serum
separation was very low while viscosity and hardness values were higher compared to the other
samples. Y., . was found to be superior to the other samples in terms of physicochemical, textural,
microbiological and sensory properties. Total phenolic contents and L*a*b* levels increased in all
samples throughout storage, the highest values of which were in Y, . After the 5% day of the stor-
age, Lactobacillus delbrueckii subsp. bulgaricus became the dominant microbial flora. After the 5%

day of storage, Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus levels were

highest in Y.

TSMX*
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Introduction

In the production of yoghurt, in addition to the
technological processes applied in order to increase
viscosity and reduce syneresis, different colloids can
be added to the milk (Lucey, 2002; Tamime and
Robinson, 1985). Fortification with WPI (Whey
Protein Isolate), which contains a minimum of 90 %
protein and is an important source of Ca and min-
erals (Ha and Zemel, 2003), improves the con-
sistency and micro-structure in set type yoghurts
and generates a less sticky structure in yoghurts
(Guggisberg et al., 2007). x-carregeenan, which is
an anionic colloid, interacts with the positive charges
on casein micelles, which strengthens the casein net-

work and reduces syneresis (Everett and McLeod,
2005). It has been reported that using low concen-
trations (0.15 %) of k-carrageenan provides a strong
gel in the yoghurt structure (Erve Glicman, 1972).
Xanthan gum, which is a neutral colloid, increases
the viscosity by a different mechanism (Evertt and
McLeod, 2005; Hansen, 1993), improves the
texture, increases the hardness and prevents syner-
esis (EI-Sayed et al., 2002). Xanthan gum is used
in the food industry due to its desirable effects on
structure and texture (EI Sayed et al.,, 2002). As
a result, xanthan gum and x-carrageenan are both
used for reducing syneresis in yoghurt during storage
(Hematyar et al., 2012).

*Corresponding author/Dopisni autor: E-mail: nazan.kavas@ege.edu.tr
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There are studies on production of yoghurt,
probiotic yoghurt (Al-Awadi and Srikumar, 2001;
Attia etal., 2001), stabilizer-supplemented yoghurt
(Muliro et al., 2013), yoghurt supplemented with
different spices (Shori et al., 2013) and flavored
yoghurt (Hashim et al., 2009) from camel milk.
It has been reported that some problems occur dur-
ing yoghurt production from camel milk during fer-
mentation and that the viscosity of the product does
not change during gelation (Jumah et al., 2001).
These problems were associated with the high anti-
microbial content of camel milk (EI-Agamy, 2000),
the content of heat-stable serum proteins which
make up 20-25 % of the total protein (Desouky
et al., 2013), the weak interaction between dena-
tured serum proteins and casein, low or no content
of different B-casein derivatives and B-lactoglobulin
amongst the serum proteins (Shabo et al., 2005),
and low casein ratio (3.47 %) compared to cow’s

milk (13 %) (Laleye et al., 2008).

Nevertheless, it was reported that yoghurt with
a low viscosity but with a hard structure can be pro-
duced by using the main components of milk and
yoghurt culture in twice their amounts (Hashim et
al., 2009). It was detected that the lack of coagula-
tion and structure in the production of camel milk
and the long period of lag and decline phases of start-
er cultures are significant challenges (Attia et al.,
2001). Additionally, lactic acid bacteria have been
reported to be more metabolically active in camel
milk (Omer et al., 2007). The dominant flora de-
veloping in fermented dairy products produced from
camel milk was reported to be Lactobacillus ssp.

(Ashmaig et al., 2009; Omer at al., 2007).

Molasses, a traditional food product in Turkey,
is currently produced from fruits rich in sugars
including grapes, mulberries, figs and samphire
by using traditional and technological methods.
Samphire (Juniperus drupacea L1.), which is
cultivated in Mediterranean Region, belongs to the
Cupressaceae family and has blue-black conifers
(Baytop, 1994). Samphire molasses (SM) is pro-
duced from these conifers by traditional or indus-
trial methods. In the traditional method, conifers,
following washing, granulation and breaking pro-
cesses, are mixed with water (1:3 w/v) and heated
to 80-90 °C in the open air in an extraction process.
The temperature/duration and the materials used
during the heating have an effect on the taste, color,
protein, pH, and total phenolic content (Ozdemir
et al., 2004). The extract obtained is evaporated up
to 70° brix (Topuz et al., 2004).

In this study, the possibility of yoghurt pro-
duction from camel (Camelus dramedarius) milk,
the dry matter of which was increased with whey
protein isolate, fortified with k-carrageenan (C),
xanthan gum (X) and traditional samphire molasses
(TSM) was investigated.

Materials and methods

Materials

The raw camel (Camelus dramedarius) milk
(CaM) used in our study was obtained from a local
camel farm located in Saraykdy, Denizli (Turkey).
TSM (according to consumer data; pH 5.47; 5-HMF
1.32 mg/kg; total phenolics 3163 mg GAE L7
total dry matter 70.15 %; protein 0.71 %; total sugar
33.51 %; sucrose, 11.98 %; glucose 7.21 %, fructose
14.32 % and ash 3.21 %) was obtained from a lo-
cal producer in Mersin (Turkey). WPI produced by
the microfiltration method (according to consumer
data; minimum 90 % protein; 2.60 % minerals; <1 %
lactose; <1 % fat) was obtained from PowerPros
(Land-O-Lakes, Perham, MN). Alfasol® fully re-
fined k-carrageenan (E-407) (according to consumer
data (07.11.2014); pH 7.8; viscosity 60 cps; water
gel strength 1663 g; potassium gel strength 1606 g;
microbiology: concordant) and xanthan gum (E-415)
(according to consumer data (7.11.2014); pH 6.77;
viscosity 1420 cps; moisture 8.85 %; ash 6.27 %;
particle size 100 %; heavy metal ratio and microbi-
ology concordant) were obtained from Kimbiotek
Chemical Agents Inc. (istanbul-Turkey). JOINTEC
VB530 freeze-dried yogurt culture was obtained
from CSL laboratories (Strade per Merlino,
3,26839, Italy). Yoghurt samples were produced in
pilot plants at Ege University, Faculty of Agriculture,
Department of Dairy Technology.

Methods

Set type yoghurt production

Raw camel milk was standardized to 14 % dry
matter by WPI addition (3 % w/v) and fortified
with TSM, xanthan gum (X), or k-carrageenan (C).
Yoghurt was produced with addition of the starter
culture (Lb. bulgaricus and Str. thermophilus)
(Figure 1). Xanthan gum was added to the milk
(5g L' concentration) that was higher than the
reference value (3g L') reported by Everett and
McLeod (2005) and Hemar et al. (2001).
K-carrageenan concentration was determined
through preliminary trials.
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In yoghurt production, CaM was divided into
three parts, each of which was fortified with 3 %
(w/v) WPL. TSM (3 % w/v) was added to all parts
before pasteurization in order to prevent the degra-
dation of anthocyanins (Bonerz et al., 2007) and
lessen effects on the color properties. The 1% part
was fortified with only 3 % (w/v) TSM, the 2™ part
was fortified with 3 % (w/v) TSM + 0.5 % (w/v)
xanthan gum (X) and the 3" part was fortified
with 3 % (w/v) TSM + 0.1 % (w/v) k-carrageenan
(C), homogenized with an Ultra Turrax Blender (at
1200 rpm for 40 seconds) (IKA, Merc, Germany)
and pasteurized at 85 °C for 20 minutes. Then the
samples were cooled to 42-43 °C and inoculated
with 3 % (w/v) starter cultures, thus preparing Y.,
Y oue and Y. samples. Samples were added to
200 g plastic cups and left to incubate. The incuba-
tion was ended at pH 4.60 (14 hours). Samples were
stored for 14 days at 4 °C=1 and physicochemical,
rheological, color, microbiological and sensory analy-
ses were conducted on the 1%, 5%, 10t and 14 days
of the storage. Total phenolic contents were deter-
mined at the 14t 24t 32nd 48Hh 720d 120t 240™
and 336" hours of the storage.

Raw camel milk (CaM)

|

WPI (%3 wW/v)+ GAP (%3 w/v)
Xanthan gum (%0.5 w/v) J K-carrageenan (%0.1 w/v)

Homogenization (1200 rpm/40 s)

.

Pasteurization (85 °C/20 min)

Addition of starter cultures (%3 w/v; 42-43 °C)

!

Incubation (42-43 °C/14 h)

Final incubation- pH control (pH 4.6)

v
Storage (+4 °C£1)

Figure 1. Production of yoghurt fortified with tra-
ditional samphire molasses (Y,,,), xanthan

gum (Y ) or k-carrageenan (Y., )

Analysis of raw camel milk and yoghurt samples

Physical-chemical analysis

Yoghurt dry matter (Binder ED-53, Germany)
and ash (Protherm PFL 110/6, Turkey) content
measurements was performed according to the gravi-
metric method, fat was determined according to the
Gerber method, titratable acidity was determined as
lacticacid %, pH was measured with a SS-3 Zeromatic
pH meter (Beckman Instruments Inc., California,
USA), protein content was analyzed by the Kjeldahl
method (AOAC, 1990), lactose levels were meas-
ured with an Atago Polax x 2L (Japan) polarimeter
(Horwitz, 1965), serum separation was analyzed
according to Farooq and Haque (1992), texture
analysis was performed with a Brookfield CT3 4500
Texture Analyzer (USA/ Shape Cylinder; target
10 mm; test speed 1 mm/s), color measurements
were performed with a Hunter color and color
difference measuring device (Model D25A-9)
(Hunter,1973) (after the zero calibration and adjust-
ments were done according to a white plate (L=95.4,
a=-1.3, b=2.1)), and viscosity levels were meas-
ured with a Brookfield Digital Viscometer (Model
DV-II+PRO, USA) [180 rpm, 10 °C, in CaM and
yoghurt samples LV2 spindle (23.47 g), between
13-42 % Torque] as cP (Gassem and Frak, 1991).

Total phenolics (TP)

Total phenolic (TP) levels of yoghurt samples
were measured by spectrophotometer (Optima
SP-300, Japan) at 720 nm according to the
Folin-Ciocalteus method and determined as
“mg gallic acid equivalent (GAE) L'” (Singleton
and Rossi, 1965). TP analyses were replicated
three times for each yoghurt sample. First, gallic
acid stock solution at (500 mg L' concentration)
was prepared. Then, solutions were prepared by
adding appropriate amounts of the stock solution
(1, 2, 4, 6 or 8 mL). Absorbance values were read at
720 nm, linear regression analysis was applied and a
gallic acid standard curve and the equation describ-
ing the curve were obtained (Figure 2). Absorbance
values of yoghurt samples were read at 720 nm,
these values were calculated by placing in the equa-
tion describing the standard curve.
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Microbiological analysis

Starter culture counts of the yoghurt samples
were performed according to International Dairy
Federation standard method (IDF, 1997 No: 149A,
IDF, 2003 No: 117). Lb. bulgaricus enumeration
was carried out by incubating the Petri dishes in
microaerephyllic conditions (5 % CO,) at 37 °C
for 72 hours on De Mann Rogosa Sharpe (MRS)
Agar (pH 5.4) (Merck Darmstadt, Germany).
Str. thermophilus enumeration was conducted by
incubating the Petri dishes in aerobic conditions at
37 °C for 48 hours on M,, Agar (Merc Darmstadt,
Germany). At the end of the incubation, colonies
formed in Petri dishes were counted as cfu/mL on
the 1%, 5% 10" and the 14" days of storage.

Sensory evaluation

The sensory evaluation of yoghurts was per-
formed by a consumer acceptance test (Villanueva
and Da Silva, 2009) based on the appearance,
texture, flavor, aroma, and overall impression of the
product using a 9-point hedonic scale (1-disliked
extremely; 9-liked extremely). The sensory evalu-
ation of the yoghurt samples was performed after
1 and 10 days of refrigerated storage.

Statistical analysis

Samples were examined with 3 parallels and 2
repetitions. SPPS version 15 (IBM SPSS Statistics)
statistical analysis package software was used for
analyses. Significance according to analysis of vari-
ance (ANOVA) was tested according to the Duncan
multiple comparison test at p <0.05 level.

3
€ 0.3
2 02 224
o 158 y = 0.0006x + 0.1011
o 01 .
< R? = 0.9958
0 100 200 300 400 500

mg gallic acid L™

Figure 2. Gallic acid standard curve and equation

Results and discussion

In raw camel milk, the concentration of dry
matter was 9.62 %, fat 2.30 %, protein 2.66 %,
lactose 2.84 %, ash 1.610 %, lactic acid 0.132 %,
pH 6.53, density 1.0288 g/mL and viscosity was
1.42 ¢p (20 °C). Dry matter and viscosity of CaM
was low, other values were compatible with the
literature (Al Haj and Al Kanhal, 2010).

pH values decreased during storage and lactic
acid % (LA%) value increased. Y g, showed the
highest acidity increase between the 1% and the
14th days, although the same levels of increase
were not detected in Y., and Y., .. The relation-
ship between the increase in acidity and the colloid

type was found to be significant (p<0.05).

The increase in acidity detected in Y., was
associated with the heteropolysaccharide block
structure of xanthan gum. In 1 molar xanthan gum,
D-glucose, D-mannose and D-glucuronic acid are
found in 2.8:3.0:2.0 ratios respectively (Rocks,
1971). According to Kumar and Mishra (2004),
colloid type and content has an effect on the
acidity development. According to Singh and
Muthukumarappan (2008), this relationship is
not important in alginate and gelatine use. In a previ-
ous study, it was found that lactic acid bacteria showed
better growth and more acidity production especial-
ly in the presence of glucose and some other sugars
(saccharose, maltose) (Shirai et al., 2001). The
results in our study were consistent with those in the
literature. The highest increase in acidity occurred

in Y., . due to the glucose content of the xanthan.

Dry matter decreased between the 1% and the
14" days. The decrease from largest to smallest was
Y oo Yoogw and Yoo .. No significant relationship
was found between the colloid type and dry matter

(p>0.05).

Fat did not change in Y, during storage but
it was at low levels in other samples. The decrease
in Y, Was greater than that in Y., . This change
in the fat values was consistent with that reported
by Eissa et al. (2011). The relationship between
the colloid type and the fat value was not significant

(p>0.05).

Protein and lactose decreased during storage.
The highest amount of decrease in protein and lac-
tose were in Y, and Y g respectively. The re-
lationships between the increase in acidity and col-
loid type and protein and lactose were significant
(p<0.05). Ash % values decreased during storage;
the amount of ash decrease from highest to lowest

was Y. Y Y. o r€spectively (p>0.05).

TSM’ ~TSMC’ ~ TSMX
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and Y. . samples (n=3)

TSM’ YTSMC TSMX

Table 1. Physicochemical properties of Y

Time storage Y, Y, Y,

GAP GAPC GAPX
1%t day 16.26+1.104 15.28+0.99® 16.65+1.154
5% day 15.63+0.954 14.29+1.00® 16.64+1.05¢
Dry matter (%)

10* day 14.61+0.97%4 12.75+1.10® 16.64+1.15¢

14" day 13.85+1.054 12.42+1.00® 16.63+1.07:¢

1% day 970+4.63** 390=+5.30 1853+6.30¢

5 day 1387+5.25M 1095+6.10° 2413+6.20:¢

Viscosity (cP)

10* day 2557+4.83% 1885+6.25 3523+6.00¢

14" day 2940+4.75b 2517«5.108 4044+6.23
1+t day 5.63+0.254 14.78+0.98® 0.038=0.002¢

5 day 10.85+1.80* 20.41+0.95%® 0.04=0.01¢

Serum separation (%)

10* day 14.12+1.854 24.14+1.16*® 0.041+0.01¢
14" day 14.74+1.93 25.81+1.20® 0.0412+0.01¢

1+ day 4.46=+0.93** 4.42=0.95*® 4.51=0.81

- 5t day 4.43+0.92*4 4.38=1.00 4.36+0.98"¢

P 10° day 4.28+0.90" 433=0.97% 4.20=0.91%¢
14" day 4.24+0.93% 4.20=0.96"® 4.03+0.91%¢

1+ day 0.928+0.154 0.959+0.25*® 0.911+0.13¢

5t day 1.012+0.05* 1.043+0.05*® 1.083+0.15%¢

Titration acidity (LA %)

10 day 1.086+0.08 1.079+0.07°8 1.109+0.09%¢

14 day 1.089+0.09% 1.094+0.05% 1.132+0.09%¢

1+ day 2.78+0.25* 2.8+0.304 2.82+0.20+

5% day 2.77+0.304 2.75+0.254 2.82+0.334

Fat (%)

10 day 2.74+0.334 2.73+0.304 2.82+0.374

14 day 2.72+0.36* 2.71x0.354 2.82x0.274

1st day 3.12+0.95* 3.06+0.994 3.46x0.90

5% day 3.1+0.934 3.03+0.904 3.24+0.95

Protein (%)

10" day 3.05+0.90 2.99+0.804 3.01x0.885

14" day 3.02+0.94 2.94+0.80 2.73+0.87"

1% day 2.33+0.25* 2.21+0.194 2.44x0.27

5% day 2.16+0.25* 1.94+0.20*4 2.03x0.23

Lactose (%)

10* day 1.78=0.30** 1.65%0.23* 1.54+0.19%8

14" day 1.53+0.294 1.12+0.25% 0.95+0.15%

1+t day 2.03+0.324 1.77+0.23* 1.63=0.18

5t day 1.23+0.27%4 1.33+0.19* 1.17+0.19

Ash (%)

10* day 1.14+0.294 1.26+0.20* 1.15+0.20

14" day 1.11+0.284 1.24+0.15* 1.14+0.15%

a, b, c: The differences between the values in the same column are statistically significant (p<0.05)
A, B, C, D: The differences between the values in the same line are statistically significant (p<0.05).
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Table 2. Textural changes in Y., Y oo Yroux samples during storage
Time storage Your Yonre Yeurx
1 day 17+£2.254 13+2.15% 16.6+2.30:¢
5t day 21+£2.20M 16.5+2.30P 16.64+2.33C
Hardness (g)
10 day 24.5 £2.55%4 19.5+2.20® 16.64+2.34<
14% day 25.5 £2.404 22.5+2.30% 16.63+2.254¢
15t day 0.04 £0.05 0.09+0.024 0.21+0.15*
5 day 1+0.154 0.33+0.05* 0.76+0.21*
Cohesiveness
10 day 1.02 £0.204 0.89+0.25* 0.95+0.22:4
14% day 1.05 +0.25* 0.94+0.20 1.36+0.25
1%t day -1.04x1.254 3.65=1.10 9.9+1.50*
5t day 10.51+2.17 4.68+1.15 9.77+1.43
Springiness (mm)
10 day 10.76+2.23 9.94+1.35% 9.77+1.45
14t day 10.86+2.204 10.19+1.274 9.77+1.47=
1* day 0.7+0.05 04 119.7+7.20
5t day 14.2+3.134 5.8+0.9 5 115.4+7.554
Gumminess (g)
10 day 20.4+3.20 22.7+3.254 109.2+7.70
14% day 20.8+4.05* 23+4.254 102.7+7.304
15t day -0.014 04 11.62+1.55
5% day 2.17+0.60* 0.26+0.05* 13.74%1.70
Chewiness (m)J)
10 day 2.23+0.55 2.31+0.70* 14.86+1.264
14% day 2.26+0.75 2.31+0.33* 15.75+2.50

a,b,c: The differences between the values in the same column are statistically significant (p<0.05)
A, B, C, D: The differences between the values in the same line are statistically significant (p<0.05)

Rheological properties

Coagulum stability is an important yoghurt
quality determinant. Many factors affect the con-
sistency such as the rheological property of the
coagulum, serum separation and viscosity. Among
these factors, pH value, dry matter and protein con-
tents (Torre et al., 2003), denatured serum protein
content, and interactions between B-lactoglobulin

and «k-casein are especially of importance
(Puvanenthiran et al., 2002).
Serum separation was low in Y, during

storage. Serum separation and the decrease in dry
matter in Y., were lower than in Y g . The rela-
tionship between the increase in acidity and serum

separation was found to be significant (p<0.05).

The relationship between viscosity and colloid
type was found to be significant (p<0.05). Viscosity
increased in all samples during storage; the decreas-
es from highest to lowest were Y, ¢, Yoo Yioue
respectively. Patocka et al. (2004) and Patocka et

al. (2006) reported that using 2-8 % WPI decreased

viscosity while 10 % WPI increased viscosity in yo-
ghurt production. In our study, using 3 % WPI (w/v)
increased viscosity in all samples throughout the
storage. In yoghurts produced from camel milk, vis-
cosity increased with the increase in acidity and the
prolongation of cold storage (Beal et al., 1999). The
highest increase in acidity between the 1* and the

14" days was determined in Y. . the increase in
viscosity was 2191 cp. The acidity in Y g, on the
I** day of the storage (4.51 pH) was lower and vis-
cosity (1853 cp) was higher than in other samples.
This was associated with the colloid type. In the fur-
ther days of the storage, the increase in acidity was
greater compared to the other samples (Table 1).
Consequently, increases in the hardness and vis-
cosity levels were observed. Between the 10 and
the 14 days, the increase in viscosity in Y, was
higher than that in Y., . This was verified by the
decrease in dry matter, protein and lactose depend-
ing on the increase in acidity and serum separation in

Y. between the 10™ and 14* days.
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Consistency values of the samples were signif-
icant in terms of colloid type x storage period in-
teraction (p<0.05). Coagulum stability (hardness)
increased during storage; the effect of storage was
significant (p<0.05). Texture properties of the sam-
ples, except Y., ., showed similar changes (Table 2).
It was found that stickiness, gumminess, flexibility,
chewiness and hardness increased in Y, and Y.,
whereas gumminess and, on the 5% day, flexibility
decreased; the increases in stickiness, chewiness and
hardness parameters were higher than those of other
samples. According to Guggisberg et al. (2007),
with WPI addition, sticky structure decreases in
yoghurts. However, textural properties observed
in this study varied depending on the colloid type.
It has also been reported elsewhere that colloids
have an effect on the textural properties in yoghurts
(Abd El-Salam etal., 1996, El-Sayed et al., 2002;
Hansen, 1993).

In this study, yoghurt production from camel
milk fortified with WPI (3 % w/v) rich in Ca**
(Ha and Zemel, 2003) and three different colloidsin
order to avoid the problems associated with the
composition of camel milk was explored. Conclu-
sively, it was found that yoghurt with desirable char-
acteristics cannot be obtained from camel milk for-
tified with TSM (Y,,) or TSM with k-carrageenan
(Y, qo)- However, it was found that the rheological
properties of Y - were superior to those of Y.,
and Y. The rheological properties of Y., were
more acceptable than those of Y, ; however, Y ¢ -
and Y were not in yoghurt gel structure but in a
dairy drink viscosity. This result was consistent with
previous reports on problems in fermented dairy
production using camel milk (El-Agamy, 2000;
Kappeler et al., 1998; 2003; Laleye et al., 2008;

Shabo et al.,, 2005).

However, these results were not consist-
ent with the results of the studies reporting that
K-carrageenan causes a strong adsorption in yo-
ghurts throughout storage and reduces the syneresis
(Everett et al, 2005; Hematyar et al., 2012;
Nikoofar et al.,, 2013). According to Pliero and
Meugniot (1990), k-carrageenan, which is not a
reliable colloid, should be used with other colloids.
In previous studies on k-carrageenan, it was reported
that coagulation took place between the negatively
charged sulfate groups found in composition the col-
loid and casein fractions in the medium (especially
K-casein) (pH 4-4.6) as a result of strong interaction
(milk reaction) (Christense, 1991).

TSMX

Our results were consistent with the literature.
However, this might be associated with the presence
of the WPI which was added to milk to increase the
dry matter content. In Y. ., parallel to the increase
in acidity during storage, serum separation de-
creased and hardness and viscosity increased. From
this point of view, the results seem to be compatible
with the literature. However, the lower hardness
and viscosity values compared to other samples par-
allel to the increase in serum separation showed that
yoghurt with desired characteristics cannot be ob-
tained from camel milk with addition of WPI, TSM,
and k-carrageenan. However, it was determined that
viscosity and hardness values obtained in Y, during
storage were higher than in Y

suc, the gel formed
was harder than that of Y., but not adequate.

TSM/!

In our study, in contrast to studies reporting
problems during yoghurt production from camel
milk, it was determined that yoghurt can be pro-
duced with the addition of WPI (3 % w/v), TSM
(3 % w/v) and xanthan gum (0.5 % w/v) (Y g0-
Due to the lack of change in the yoghurt gel stabil-
ity, Yosux
among all samples, and the constant increase in vis-
cosity and hardness in spite of the increase in acidity
during storage (the sample with the highest acid-
ity increase), our results were found to be compat-
ible with the literature (Chiristense, 1991; Erve
Glicman, 1972).

having the lowest serum separation values

Total phenolics (TF)
TF levels of Y., Y. and Y

TSM, = TSMC TSMX are glven ln
Figure 3. The relationships between TF levels and
storage period, serum separation, protein and colloid
type were significant (p<0.05). TF level, which was
3163 mg GAE L'in TSM, decreased in the sam-
ples by the end of the incubation (at the 14® hour).
The decrease in Y, (2463 mg GA L') and Y,
(2462 mg GA L") were close to each other, although
lower than that of Y. . (2341 mg GA L'). This was
associated with the complex structure formed as
a result of phenolic-protein interaction. This com-
plex forms as a result of the hydrogen binding of
OH groups in the phenols with the NH- and CO-
groups in protein (Bartolome et al., 2000; Halsam
et al., 1999). Hydroxycinnamic acids with low mo-
lecular weight (including caffeic, ferulic, coumaric

acid) and condensed phenols (catechin, epicatechin)
are abundant in TSM (Ozdemir et al., 2004).
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Condensed phenols are capable of forming especial-
ly strong bonds with proteins (Siebert, 1999). As
a result of protein-phenolic interaction, a complex
structure forms at a pH close to the isoelectric point
(Asguith and Butler, 1986). Consequently, a large
part of the protein precipitates and a small part dis-
solves (Hagerman and Robins, 1987). It was re-
ported that precipitated protein-phenol complexes
have more antioxidant activity compared to dis-
solved complexes (Riedl and Hagerman, 2001).
As a result of the interaction between hydrophobic
regions of proteins and the aromatic rings of the
condensed tannins, nucleophilic groups of proteins
(SH, OH, NH,) and condensed phenolic groups
concentrate and TF content increases during storage.

In our study, TF levels increased in Y, . from
the 14* hour until the end of the storage, andin Y,
and Y, until the 24 hour and increased begin-
ning from the 24% hour. Although the increases in
acidity and proteolysis were high in Y. and Y.,
the high rates of serum separation caused a decrease

in TF levels.

In Y, which had the highest increase in
acidity (4.42 pH), the lowest protein content
(3.06 %) and the highest serum separation
(14.78 %), TF level was 2349 mg GA L' at the
24™ hour. This value was lower than that of Y
(2379 mg GA L'). The increase in TF content in
Y. o after the 24™ hour was associated with the
low serum separation (0.038 %) in spite of the high
increase in acidity (Table 1). TF level increased in
Y oue (2452 mg GAL™) after the 48" hour until the
end of the storage, an increase that was higher than
that in Y., (2428 mg GA L"). This increase contin-

ued until the end of the storage process.

B

SITEIT

14th 24th 32th 48th 72th
hour hour hour hour hour

120th
hour

240th
hour

336th
hour

Storage time (clock)

—<&—YGAP - - -H- - - YGAPc —A— YGAPX

Y and Y.

TSMC TSMX

Figure 3. TF changesin Y.,
samples during storage

Color changes (Hunter Lab values)

Anthocyanins found in flavonoids are bound
sugars as glycosides and in different color forms
(Turk, 2009). The relationships between L*a*b*
values and pasteurization temperature, increase
in acidity, proteolysis and storage period (Table 3)
were significant (p<0.05). There was a signifi-
cant relationship between the increase in acid-
ity (decrease in pH) and color loss in anthocyanins
(Castafieda-Ovando et al.,, 2009). Anthocyanin
stability and reactivity vary depending on the pres-
ence of oxygen and acetaldehyde, pigment and
co-pigment concentrations (Revilla and Gonzilez-
Sanjose 2001), pH (Castafieda-Ovando et
al., 2009), temperature (Bonerz et al., 2007),
presence of enzymes (Seeram et al., 2001) and
light (Ribéreau-Gayon and Glories, 2006).
According to Bonerz et al. (2007), anthocyanin
significantly decomposes in a pasteurization car-
ried out at 85 °C for 25 minutes. The degradation
rate of the anthocyanin increases as the storage
temperature increases (at 20 °C compared to 5 °C
for example). Seeram et al. (2001), reported that
glucosidase (anthocyanin) enzyme hydrolyses the
glycosidic bonds found in anthocyanin and causes
a spontaneous decomposition and discoloration.
According to Castafieda-Ovando et al. (2009),
anthocyanins turn to different color forms depend-
ing on the pH of the solution, forming blue colors

Table 3. L*a*b* valuesof Y., Y.

and Y. samplesTSM’ e

e Yo Yourc Your
I*day 12.17+230 12.16%=2.25 11.76+2.27
S5t day 12.42+2.20 12.55+2.20 15.84%2.29
H 10" day 12.71+2.27 12.64+2.30 16.48+2.80
14 day 12.79+2.25 12.82+2.35 17.52+2.85
Istday  1.32%0.25 1.34=x0.27  2.28+0.55
5% day 1.3+0.30 1.30=0.30 1.21x0.25
a 10" day 1.27+0.25 1.28+0.27  0.17x0.01
14" day 1.22+0.33 1.19+0.33  0.12+1.02
I'tday  0.64+0.05 0.59+0.02  0.94+0.33
§ S5 day  0.64+0.07 0.6%+0.05 1.94+0.20
b 10* day  0.66+0.05  0.62+0.04 1.95+0.25
14 day 0.71+1.03  0.64+0.03 2.01+0.40
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in pH 2-4 and colorless forms in pH 5-6 (carbinol
pseudobase and chalcone). As a result of the reac-
tion between proanthocyanidin and anthocyanin,
proanthocyanidin-anthocyanin pigments form and
colorless dimers emerge He et al. (2008). Antho-
cyanins lose their color if exposed to light for a few
days by a reaction that depend on the presence of
oxygen and on the type and concentration of alco-
hol in the medium (such as ethanol and methanol)
(Ribéreau-Gayon and Glories, 2006).

L* values increased during storage; the high-
est values by the end of the 14" days were deter-
mined in Y;q . Yo cand Yo, in decreasing order
of magnitude respectively. The highest increases in
acidity and proteolysis levels during storage were
determined in Y ... The levels of increase in acid-
oy and Yoo - were similar to one another,
although proteolysis level was higher in Y., .. The
increase in acidity and proteolysis levels in Y.,
between the 10" and the 14" days were higher
compared to Y, . The increase in L* value in this
period was higher compared to the other time peri-
ods (Figure 4). In spite of the increase in L* value
during storage, a* value decreased. In decreasing or-
der of magnitude, the largest decreases in a* values
were found in Y., (2.16), Y ¢, (0.15) and Y,
(0.1). b* values increased in all samples during stor-
age, the highest increase of which was measured in
Y. o The increase in L* value in Y.,
than in Y . The increase of L* value was associated
with the pasteurization temperature applied in yo-

ghurt production, increase in acidity, proteolysis and

ity in Y,

was higher

storage period. According to Sengul et al. (2005),
a molasses with low redness and high brightness is
regarded as a quality molasses. High a* value, which
corresponds to redness, indicates that the sugars
are excessively caramelized, which is not desirable.
L* value corresponds to brightness, high values of
which are important in terms of quality.

Microbiological properties

Lb. bulgaricus increased until the 5% day of
storage in all samples and then decreased in the
further days (Table 4). The highest Lb. bulgaricus
values on the 1* day of the storage were in Y.

TSMC’
Y., and Y. ., respectively. The largest increase
was measured in Y. while the increases in Y.

TSMX’ TSMC
and Y., were at the same level. Lb. bulgaricus levels
decreased on the 10" and the 14t days of the storage;
the highest decrease was determined in Y. .
followed by Y., This result was associated with
the high serum separation levels determined in

Y oye and Y., during storage.

According to Tamime and Robinson (1985),
the symbiotic relationship between the starter cul-
ture strains is broken down with increasing serum
om0 spite of the high difference
in serum separation levels (5.63 %) between the
1% and the 5" days, Lb. bulgaricus levels were
higher than in Y . This was indicated with the
larger increase in acidity and proteolysis in Y .
compared to Y., (Table 1). Also, Lb. bulgaricus
levels in Y, and Y. between the 10" and the

separation. In Y.

TSMC

log CFU /mL

log CFU /mL

1stDay 5thDay 10th Day 14thDay 3

log CFU /mL
o - o
o T o w » » &

Cal
T

o

1st Day SthDay
Storage time

=4=Lb. bulgaricus

Storage time

=4=Lb. bulgaricus =@=Str. thermophilus

1stDay SthDay 10th Day

Storage time

14thDay

10t0ay  14thDay

=&=Str. thermophilus

=4=Lb. bulgaricus  =d=Str. thermophilus

a b

C

Figure 4. Lb. bulgaricus and Str. thermophilus levels determined in Y., (a), Y g (b) and Y, (c) samples

during storage
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14* days were lower than on the 1% day of the stor-
age. In Y, ., Lb. bulgaricus levels were higher on
the 10% and the 14t days of the storage compared
to the 1% day. This result was associated with the low
serum separation in Y, . in spite of the increase
in acidity and proteolysis during storage (especially
the 10%and the 14* days).

Str. thermophilus levels decreased in yoghurt
samples during storage. The sizes of the decreases by
the end of the storage from highest to lowest were
Y. Y. Y

romer Yrow Yoo Trespectively. Lower levels of
Str. thermophilus in Y.

TSMC compared to other groups
from the 5% day of the storage until the end of stor-
age were associated with the disruption of symbiotic
relationship between the microorganisms due to the
serum separation.

The relationships between the microorganism
levels and storage period, serum separation and in-
crease in acidity were significant (p<0.05). Also, a
significant relationship was found between the mi-
croorganism growth and colloid type. These results
were compatible with the literature (Kumar and
Mishra, 2004). Lb. bulgaricus and Str. thermophilus
levels in Y g
during storage except on the 1**day. The level of mi-
croorganism in Y in the same period were higher
than in Y. The increases in Lb. bulgaricus and

TSMC®
Str. thermophilus levels in Y - and Y, after the

TSMX
1%t day of the storage were associated with the sugar

content of xanthan gum and samphire molasses;

were higher than in other samples

this result was consistent with the literature.

According to Shirai et al. (2001), lactic acid
bacteria grow better in the presence of certain sug-
ars (glucose, maltose, sucrose). Lb. bulgaricus and
Str.  thermophilus levels were higher in Y
compared to other samples only on the 1% day of
storage. This was associated with the interaction in
Y. oy between k-carrageenan and milk proteins. In
fact, depending on the increase in microorganism
levels in Y . on the first day of the storage, the
increases in acidity, serum separation and proteolysis
were higher than in other samples.

Additionally, the decrease in lactose in Y
on the 1*day of storage was higher than in other
samples. It was determined that Lb. bulgaricus was
the dominant microbe in yoghurt samples from the
5% day of the storage onward. Our results were
compatible with the findings of previous studies

(Abdel Moneim et al., 2006, Ashmaig et al.,
2009; Omer at al., 2007). Lag phase (14 hours)
of the starter cultures was long, which is consistent
with Attia et al. (2001). Additionally, it was deter-
mined that combined use of microorganisms was
important in yoghurt production from camel milk,
a finding that is compatible with previous reports
(Abu-Tarboush, 1996; Al-Awadi and Srikumar,
2001; Gassem and Abu-Tarbohush, 2000).

However, in the study, it was found that
Str.  thermophilus higher than
Lb. bulgaricus levels until the 5" day (except the
5% day). This result was compatible with some
studies (Abu-Tarboush, 1996), but not compatible
with others (Abdel Rahman et al., 2009).

levels were

Sensory evaluation

The acrid taste of samphire molasses is associ-
ated with phenolic compounds passing to the ex-
tract during the extraction of the fruit (Ozdemir
et al., 2004). Additionally, samphire molasses is rich
in phenolics such as catechin and epicatechin. Ac-
rid taste determined in yoghurt samples was lower
than in TSM; the sample acridities from lowest to
highest were Y. ., Yo, and Y o,
Acridity decreased depending on the increase in acid-
ity and proteolysis. Additionally, according to He et
al. (2008), proanthocyanidins, flavonoids and antho-
cyanins cause changes in taste as a result of differ-
ent chemical reactions, and proanthocyanidin and
anthocyanin levels change constantly during stor-
age causing a reduction in acridity and bitterness.
It was found that acridity decreased during storage
depending on the increase in L*. The most favored
samples in terms of taste were evaluated according
to their L* value. Accordingly, Y., with the
highest L* value, was more favored than the other
samples. However, although L* was higher in Y.

TSMC
it received lower texture scores

respectively.

compared to Y.,

than Y ,,. The sample most favored by the panelists

in terms of taste, color and texture was Y, o Y, o,

received lower taste and color scores and higher
texture scores compared to Y . Y o, received
higher taste and color scores and lower texture scores

compared to Y.,
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Conclusion

It was determined that Y, was an unsuitable
yoghurt product in terms of physicochemical, rheo-
logical, microbiological and sensory properties due
to the interaction between WPI and k-carrageenan.
Rheological properties obtained in Y, with
WPI (3 % w/v) +GAP (3 % w/v) fortification were
found to be superior to those of Y., . and the yogurt
gel was harder than in Y, .. Additionally, TF and
Hunter L* levels increased in Y, and Y .
during storage. It was concluded that both of the
samples might be evaluated as fermented dairy drinks
with functional properties. In contrast with the
studies reporting problems during yoghurt produc-
tion from camel milk (Jumah et al., 2001), yoghurt
was produced from camel milk with the addition of
WPI (3 % w/v) + TSM (3 % w/v) and xanthan gum
(0.5 % w/v) (Y ) with suitable physicochemical,
rheological, microbiological and sensory properties.
In consequence, functional yoghurt can be produced
from camel milk, which has proven beneficial health
effects, with traditional samphire molasses and xan-
tham gum colloid fortification. Further studies on
this subject for future commercial production are
warranted.

Jogurt od devinog mlijeka i melase borovice

Sazetak

Jogurt od devinog mlijeka (Camelus dramedar-
ius) proizveden je u 3 varijante: (A) uz dodatak pro-
teina sirutke (3 % w/v) i melase borovice (3 % w/v);
(B) uz dodatak proteina sirutke (3 % w/v) i melase
borovice (3 % w/v ) + 0,1 % (w/v) k-karagenana;
(C) uz dodatak proteina sirutke (3 % w/v) i
melase borovice (3 % w/v ) + 0,05 % (w/v) ksantan
gume. Fizikalno-kemijska svojstva, tekstura, boja te
senzorska svojstva praceni su 1., 5., 10. i 14. dana
skladitenja. Koncentracija fenola analizirana je nakon
14, 24, 32, 48, 72, 120, 240 i 336 sati skladistenja.
U svim uzorcima utvrdeno je povecanje kiselosti,
Cvrstoce i viskoziteta tijekom skladiStenja, ali u
jogurtu uz dodatak ksantan gume (C) to povecanje
je bilo jace izrazeno, te je u tom jogurtu (C) izdva-
janje sirutke bilo vrlo slabo izrazeno. Takoder, jogurt
C je pokazao bolja fizikalno-kemijska, teksturalna,

mikrobiologka i senzorska svojstva u odnosu na dru-
ga dva jogurta (A, B). Ukupna koncentracija fenola
takoder se povecavala tijekom skladistenja, a najvece
vrijednosti utvrdene su u jogurtu C. Najveca koncen-
tracija Lactobacillus delbrueckii subsp. bulgaricus i
Streptococcus thermophilus bakterija nakon 5. dana
skladitenja utvrdena je u jogurtu C.

Kljucne rijeci: jogurt, melasa borovice,
devino mlijeko, koloidi

References

1. Abdel Moneim E.S., Abdalla, A.I., Ahmed, E.E.
(2006): Chemical and microbiological quality of Gar-
ris, Sudanese fermented camel’s milk product, Inter-
national Journal Food Science Technology 41, 321-328.
doi: 10.1111/5.1365-2621.2005.01070.x

2. Abdel Rahman, 1.E., Dirar, H.A., Osman, M.A. (2009):
Microbiological and biochemical changes and sensory
evaluation of camel milk fermented by selected bac-
terial starter cultures, African Journal of Food Science

3(12), 398-405.
3. Abd El-Salam, M.H.A., El-Etriby, H.M., Shahein, N.M.

(1996): Influence of some stabilizers on some chemical
and physical properties of yoghurt, Egyptian Journal of
Dairy Sciemce 24, 25-32.

4. Abu-Tarboush, H.M. (1996): Comparison of associa-
tive growth of yogurt starter in whole milk from cam-
els and cows, Journal Dairy Science 79 (3), 366- 371.
doi: 10.3168/jds.S0022-0302(96)76373-7

5. Afifi, M.E.M. (2010): Effect of Camel’s Milk on Cisplatin-
Induced Nephrotoxicity in Swiss Albino Mice, American
Journal of Biochemistry and Biotechnology 6 (2),141-147.
doi: 10.3844/ajbbsp.2010.141.147

6. Al Haj, O.A., Al-Kanhal, H.A. (2010): Compositional,
technological and nutritional aspects of dromedary
camel milk, International Dairy Journal 20, 811-821.
doi: 10.1016/j.idairyj.2010.04.003

7. Al-Awadi, FM., Srikumar, T.S. (2001): Trace ele-
ments and their distribution in protein fractions of
camel milk in comparison to other commonly con-
sumed milks, Journal of Dairy Research 68, 463-469.
doi: 10.1017/5S0022029901005003

8.  AOAC (Association of Official Analytical Chemists)
(1990): Official Methods of Analysis of the Association
of Official Analytical Chemists, Thirteenth Edition. As-
sociation of Official Analytical Chemists (publisher),
Washington, DC 20044, USA, 1018p.

9.  Ashmaig, A., Hasan, A., El Gali, E. (2009): Identifi-
cation of lactic acid bacteria isolated from traditional

Sudanese fermented camel’'s milk (Gariss), African
Journal of Microbiology Research 3 (8), 451-457.



N. KAVAS: Yoghurt production from camel milk, Mljekarstvo 66 (1), 34-47 (2016) 45

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Asguith, LN,
teractions of condensed  tannins
lected  proteins,  Phytochemistry
doi: 10.1016/S0031-9422(00)81214-5

Attia, H., Kherouatou, N. Dhouib, A. (2001): Drom-
edary milk lactic acid fermentation: microbiologi-
cal and rheological characteristics, Journal of Indus-
trial Microbiology and Biotechnology 26 (5), 263-270.
doi: 10.1038/sj.jim.7000111

Bartolome, B., Estrella, I., Hernandez, M.T. (2000): In-
teraction of low molecular weight Phenolics with pro-
tein (BSA), Journal of Food Science 65 (4), 617-621.
doi: 10.1111/j.1365-2621.2000.tb16060.x

Baytop, T. (1994): Turkish Dictionary of Plant Names,
Atatiirk Kiiltiir, Dil ve Tarih Yuksek Kurumu, Turk Dil
Kurumu Yaymlart No:578, Ankara.

Beal, C., Skokanova, J., Latrille, E., Martin, N., Cor-
rieu, G. (1999): Combined effects of culture condi-
tions and storage time on acidification and viscosity of
stirred yogurt, Journal of Dairy Science 82, 673-681.
doi: 10.3168/jds.S0022-0302(99)75283-5

Bonerz, D., Wiirth, K., Dietrich, H., Will, E. (2007):
Analytical characterization and impact of ageing on
anthocyanin composition and degradation in juices
made from five different sour cherry cultivars, Euro-
pean Food Research and Technology 224 (3), 355-364.
doi: 10.1007/s00217-006-0328-7

Castafieda-Ovando, A., Pacheco-Hernandez, M. L.,
Paez-Hernandez, M. E., Rodriguez, J. A., Galan-
Vidal, C. A. (2009): Chemical studies of antho-
cyanins: A review, Food Chemistry 113, 859-871.
doi: 10.1016/j.foodchem.2008.09.001

Christense, S. (1991): Carrageenan, Xanthan. Food
Additives, The Third International Congress on Food
Industry, 171-208. Kusadas:, Izmir.

Desouky, M.M., Shalaby, S.M., Soryal, K.A. (2013):
Compositional, Rheological and Organoleptic Qualities
of Camel Milk Labneh as Affected by Some Milk Heat
Treatments, World Journal of Dairy & Food Sciences
8 (2), 118-130.

El-Agamy, E.I. (2000): Effect of heat treatment
on camel milk proteins with respect to antimi-
crobial factors: A comparison with cows’ and buf-
falo milk proteins, Food Chemistry 68, 227-232.
doi: 10.1016/S0308-8146(99)00199-5

El-Sayed, E.M., Abd El-Gawad, I.A., Murad, H.A.,
Salah, S.H. (2002): Utilization of laboratory-produced
xanthan gum in the manufacture of yogurt and soy yo-
gurt, European Food Research Technology 215, 298-304.
doi: 10.1007/500217-002-0551-9

Eissa, E.A., Abu Elgasim, A.Y., Efadil, E.B., Isam, A.M.A.
(2011): Physicochemical, Microbiological And Sensory
Characteristics of Yoghurt Produced From Camel Milk
During Storage, Electronic Journal of Environmental,
Agricultural and Food Chemistry 10 (6), 2305-2313.

Erve Glicman, M. (1972): Handbook of Food Addi-
tives. I. Gums. General Foods Corporation Corporate
Research Departmant Tarrytown, New York.

Butler, L.G. (1986): In-

with  se-

25, 1591.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Everett, D.W, McLeod, R.E. (2005): Inter-
actions of polysaccharide stabilisers with ca-
sein aggregates in stirred skim-milk yoghurt, In-
ternational ~ Dairy  Journal 15, 1175-1183.
doi: 10.1016/j.idairyj.2004.12.004

Farooq, H., Haque, Z.U. (1992): Effect of sugar es-
ters on the textural properties of nonfat low calo-
rie yogurt, Journal of Dairy Science 75, 2676-2680.
doi: 10.3168/jds.S0022-0302(92)78029-1

Gassem, M.A., Frak, J.F. (1991): Physical Properties
of Yoghurt Made from Milk Tread with Proteolytic
Enzymes, Journal of Dairy Science 74, 1503-1511.
doi: 10.3168/jds.S0022-0302(91)78310-0

Gassem, M.A., Abu-Tarboush, H.M. (2000): Lactic acid
production by Lactobacillus delbrueckii ssp. bulgari-
cus in camel’s and cow’s whey, Milchwissenschaft 55,

374-378.
Guggisberg, D., Eberhard, P, Albrecht, B. (2007):

Rheological characterization of set yoghurt pro-
duced with additives of native whey proteins, In-
ternational Dairy Journal 17 (11), 1353-13509.
doi: 10.1016/j.idairyj.2007.01.013

Ha, E., Zemel, M.B. (2003): Functional properties of
whey, whey components, and essential aminoacids:
mechanisms underlying health benefits for active people,
Journal of Nutritional Biochemistry 14 (5), 251-258.
doi: 10.1016/S0955-2863(03)00030-5

A.E., Robbins, C.T. (1987): Impli-

soluble-tannins  protein  complexes
for tannin analysis and plant defense mecha-
nism, Journal of Chemical Ecology 12, 1243.
doi: 10.1007/BF01020552

Hansen, PM.T. (1993): Food hydrocolloids in the dairy
industry. In K. Nishinari, & E. Doi (Eds.), Food hydro-
colloids: structures, properties and functions (211-224).
New York: Plenum Press.

Hashim, B., Khalil, A.H., Habib, H. (2009): Qual-
ity and acceptability of a set-type yogurt made from
camel milk, Journal of Dairy Science 92, 857-862.
doi: 10.3168/jds.2008-1408

Halsam, E., Williamson, M.P, Baxter, N.J., Charlton,
AJ. (1999): Astringency and polyphenol protein
interactions, Recent Advances in Phytochemistry 33, 89.

He, F.,, Pan, Q.H., Shi, Y., Duan, C.Q. (2008): Chemi-
cal Synthesis of Proanthocyanidins in Vitro and Their
Reactions in Aging Wines, Molecules 13, 3007-3032.
doi: 10.3390/molecules13123007

Hemar, Y., Tamehana, M., Munro, P A., Singh, H.
(2001): Viscosity, microstructure and phase behavior of
aqueous mixtures of commercial milk protein products
and xanthan gum, Food Hydrocolloids 15 (4-6), 565-574.
doi: 10.1016/S0268-005X(01)00077-7

Hematyar, N., Mohagheghi S.A., Poorazarang, H.,
Elhamirad, A.H. (2012): Effect of gums on yoghurt
characteristics, World Applied Sciences Journal 20 (5),
661-665.

Hagerman,
cations  of



46

N. KAVAS: Yoghurt production from camel milk, Mlijekarstvo 66 (1), 34-47 (2016)

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Horwitz, W. (1965): Official methods of analysis of the
association of official agricultural chemists, 10th ed., p.
224, Publishing by the association official agricultural
chemists. Benjamin Franklin Station, Washington D.C.

20044.

Hunter, R.S. (1973): The measurement of Appearance.
Hunter Lab., Inc. Fair Fax, Vir.

Jumah, R.Y., Skaker, R.R., Abu-Jdayil, B. (2001):
Effect of milk source on the rheological proper-
ties of yogurt during the gelation process, Inter-
national Jowrnal of Dairy Technology 54, 89-93.
doi: 10.1046/j.1364-727x.2001.00012.x

Kappeler, S., Farah, Z., Puhan, Z. (1998): Se-
quence analysis of Camelus dromedari-
us milk caseins, J. Dairy Res. 65, 209-222.

doi: 10.1017/50022029997002847
Kappeler, S., Farah, Z., Puhan, Z. (2003): 50’-Flanking

regions of camel milk genes are highly similar to homo-
logue regions of other species and can be divided into two
distinct groups, Journal of Dairy Science 86, 498-508.
doi: 10.3168/jds.S0022-0302(03)73628-5

Kumar, P, Mishra, H.N. (2004):
fortified set yoghurt: effect of
dition on physicochemical, sensory
tural properties, Food Chemistry 87,
doi: 10.1016/j.foodchem.2003.12.022

Laleye, L.C., Jobe, B., Wasesa, A.AH. (2008):
Comparative study on heat stability and func-
tionality of camel and bovine milk whey pro-
teins, Joural of Dairy Science 91, 4527-4534.
doi: 10.3168/jds.2008-1446

Lucey, J.A. (2002): Formation
cal properties of milk protein
nal of Dairy Science 85 (2),
doi: 10.3168/jds.S0022-0302(02)74078-2

Muliro, PS., Shalo, PL., Kutima, PM. (2013):
Optimization of camel milk coagulum formation and
consumer preference, African Journal of Food Science

and Technology 4 (8), 176-181.

Nikoofar, E., Hojjatoleslami, M., Shariaty, M.A. (2013):
Surveying the Effect of Quince seed Mucilage as a Fat
Replacer on Texture and Physicochemical Properties of
Semi Fat Set Yoghurt, International Journal of Farming
and Allied Science 2-20, 861-865.

International Dairy Federation (1997): Dairy Starter
Cultures of Lactic Acid Bacteria (LAB) - Standard of
Identity, Standard No.149A, IDF, Brussels, Belgium.

International Dairy Federation (2003): Yoghurt/
Enumeration of Characteristic Microorganisms - Colony
Count Technique at 37 °C, Standard No. 117, IDF,
Brussels, Belgium.

Omar, H, Halima, Z., Nour-Eddine, K. (2007): Tech-
nologically important properties of lactic acid bacteria
isolated from raw milks of three breeds of Algerian
dromedary (Camelus dromedarius), African Journal of

Biotechnology 6, 1720-1727.

Mango
stabilizer ad-
and  tex-

501-507.

soy

and  physi-
gels, Jour-

281-294.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Ozdemir, F.,, Topuz, A., Sahin, H., Golukcu, M. (2004):
Phenolic content and the functional importance of the
food samphire molasses. Traditional Food Symposium,

144-149, Van-Turkey.

Patocka, G., Cervenkova, R., Jelen, P. (2004): Textural
effects of soluble whey protein isolate in stirred yogurt,
Milchwissenschaft 59, 37-40.

Patocka, G., Cervenkova, R., Narine, S., Jelen,
P (2006): Rheological behaviour of dairy prod-
ucts as affected by soluble whey protein iso-
late, International Dairy Journal 16, 399-405.
doi: 10.1016/j.idairyj.2005.05.010

Pliero, R., Meugniot, N. (1990): Process for the manu-
facture of a cheese or cheese specialty obtained by the

implementation of this process, Dairy Science Abstract
52 (10), 815.

Puvanenthiran, A., Williams, R.PW., Augustin, M.A.
(2002): Structure and viscoelastic properties of
set yoghurt with altered casein to whey protein ra-
tios, International Dairy Journal 12 (4), 383-391.
doi: 10.1016/S0958-6946(02)00033-X

Revilla, I, Gonzélez-Sanjosé¢, M.L. (2001): Evolu-
tion During the Storage of Red Wines Treated with
Pectolytic Enzymes: New Anthocyanin Pigment For-
mation, Journal of Wine Research 12 (3), 183-197.
doi: 10.1080/09571260120106820

Ribéreau-Gayon, P, Glories, Y. (2006): Handbook
of Enology, Volume 2, The Chemistry of Wine Sta-
bilization and Treatments 2" Edition.Wiley, 451.
doi: 10.1002/0470010398

Ried, K.M., Hagerman, A.E. (2001): Tannin-protein
complexes as radical scavengers and radical sinks, Jour-
nal of Agriculture and Food Chemistry 49 (10), 4917-23.
doi: 10.1021/jf010683h

Rocks, J.K. (1971): Xanthan gum, Food Technology 25
(5), 476.

Seeram, N.P, Bourquin, L.D., Nair, M.G. (2001):
Degradation Products of Cyanidin Glycosides from
Tart Cherries and Their Bioactivities, Journal of Ag-
riculturel and Food Chemistry 49, 4924-49209.
doi: 10.1021/jf0107508

Shabo, Y., Barzel, R., Margoulis, M., Yagil, R. (2005):
Camel milk for food allergies in children, Immunology
and Allergy 7, 796-798.

Shirai, K., Guerrero, 1., Huerta, S., Saucedo, G.,
Castillo, A., Gonzalez, R.O., Hall, GM. (2001): Ef-
fect of initial glucose concentration and inoculation
level of lactic acid bacteria in shrimp waste ensila-
tion, Enzyme and Microbial Technology 28, 446-452.
doi: 10.1016/S0141-0229(00)00338-0

Shori, A.B., Baba, A.S., Misran, M., Tan, HW (2013):
Enrichment of yogurt made from camel milk with Al-
lium sativum and Cinnamomum verum: Influence on
syneresis, water holding capacity, exopolysaccharides
and rheological properties Camel, International Journal
of Veterinary Science 1 (1), 51-63.



N. KAVAS: Yoghurt production from camel milk, Mljekarstvo 66 (1), 34-47 (2016) 47

62.

63.

64.

65.

66.

Siebert, K.J. (1999): Reviews- Effect of protein-polyphe-
nolinteractions on beverage haze,stabilization and Analy-
sis, Jounal of Agriculture and Food Chemistry 47 (2), 353.
doi: http://dx.doi.org/10.1021/jf9807030

Singh, G., Muthukumarappan, K. (2008): Influence
of calcium fortification on sensory, physical and
rheological characteristics of fruit yogurt, Lebensmittel

Wissenschaft & Technologie 41, 1145-1152.

Singleton, V.L., Rossi, J.A. (1965): Colorimetry of total
phenolics with Phosphomolybdic - phosphotungstic acid
reagents, American Journal of Enology and Viticulture
16, 144-153.

Tamime, A.Y., Robinson, R.K. (1985): Yoghurt: science
and technology, Oxford, UK: Pergamon Press.

Topuz, A., Sahin, H., Ozdemir, F., Golukcu, M. (2004):
Determining the optimum extraction conditions
of samphire molasses production, Traditional foods
symposium, 178-183, Van, Turkey.

67.

68.

69.

Torre, L., Tamime, Y.A., Muir, D.O. (2003):
Rheology and Sensory Profiling of Set Type
Fermented Milks Made with Different

Commercial Probiotic and Yoghurt Starter Cultures, In-
ternational Journal of Dairy Technology 56 (3), 163-170.
doi: 10.1046/j.1471-0307.2003.00098.x

Turk, H.F. (2009): Determination of some edible
leaves taken at different periods of change in the grape
phenolic and minerals (doctoral thesis), Siileyman
Demirel Univertsity, Institute of Science and Technology,
2-14, Isparta, Turkey.

Villanueva, N.D.M., Da Silva, M.A.A.P. (2009): Com-
parative performance of the ninepoint hedonic, hybrid
and self-adjusting scales in the generation of internal
preference maps, Food Quality and Preference 20, 1-12.
doi: 10.1016/j.foodqual.2008.06.003



