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Abstract The aim of this study was to investigate the effect of camel chymosin and different types of starter cultures on
the chemical, textural, proteolytic and lipolytic characteristics of semi-hard white cheese prepared from camel milk during
ripening. Two treatments of chesses consisting of thermophilic starter culture camel cheese (CC-TC) containing Strep-
tococcus salivarius subsp. thermophilus and Lactobacillus delbrueckii subsp. bulgaricus and the mixture of thermophilic/
mesophilic yogurt starter culture camel cheese (CC-YC) containing S. salivarius subsp. thermophilus, Lactobacillus
delbrueckii subsp. bulgaricus, Lacticaseibacillus casei subsp. casei and Levilactobacillus brevis were manufactured.
Results show that camel cheese which was produced with YC as a starter culture had more yield in comparison with TC.
The chemical changes were significantly higher in CC-YC (P < 0.05). The hydrolysis of oy;-casein, B-casein and for-
mation of their degradation products was relatively high in CC-YC. The total FFAs were significantly (P < 0.05) changed
during 60 days of ripening and between CC-TC and CC-YC. The main substrate of lipolytic enzymes from both CC-TC
and CC-YC was short-chain fatty acids containing butyric, caproic, capric, lauric, myristic, myristoleic, palmitic in camel
cheeses which was decreased during ripening. Whereas CC-TC showed maximum hardness, adhesiveness, stringiness.
However, CC-YC showed maximum resilience, cohesiveness, springiness, gumminess and chewiness. Therefore, the use
of thermophilic/mesophilic yogurt culture is recommended for the production of good quality semi-hard white camel
cheese, considering the chemical and textural characteristics of the cheese.
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Introduction

Dairy technology around the world requires finding new
sources of raw materials for the production of good quality
and acceptable dairy products. Camel milk is a new
nutritional and super functional food [39, 49], which had
5 Somayeh Abbaschian been known until now. Its profound nutritional values, such
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antidiabetic properties, have made it especially important
in the food and pharmaceutical industries. Although camel
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products such as cheese, especially soft, semi-hard, and
hard types, are not widely developed due to some pro-
cessing challenges. In some cases, these challenges are
created by the lack of proper coagulant, starter culture or
processing methods [23].

Cheese making from camel milk is different and more
complicated than its preparation from other types of dairy
animal milk. The complexity is due to x-casein structure,
its content and the ratio to other total proteins. In addition,
the size of casein micelles of camel milk ranged from 280
to 550 nm, which is larger in comparison with cow milk
ranging from 90 to 210 nm. The larger size of casein
micelles of camel milk is inversely correlated with the
calcium phosphate amount in the micelles, which influ-
ences curdling. Moreover, the presence of high concen-
tration of antimicrobial agent which prevents microbial
growth that induces complexity and prevents the produc-
tion of cheese from camel milk [22].

It was investigated [36] that camel milk’s k-casein dif-
fers in structure from that reported from cow’s milk by an
extra proline residue at the 95 position of its amino acids
sequence. Camel chymosin splits camel milk k-casein at
Phe97-11e98 instead of Phel05-Met106 of the bovine
casein. The proximity of the extra proline residue to the
catalytic site of chymosin in the K-casein of camel milk
may interfere with the enzyme activity. Nevertheless,
aminopeptidases of L. delbrueckii subsp. bulgaricus have
been shown to hydrolyze peptide bond including proline
residue, suggesting that the use of these proteolytic Lactic
Acid Bacteria (LABs) in the fermentation of camel milk
along with camel chymosin would increase the hydrolysis
of K-casein resulting in increased coagulation time and
increased cheese yield [7].

For the production of high quality camel cheese, it is
imperative that the rennet substitute should have weak
general proteolytic activity, limited specificity around the
Phe97-11e98 bond of camel milk’s k-casein [7]. Unlike
milk from other dairy animals, obtaining satisfactory rennet
induced gelation of camel milk is reported [22] to be dif-
ficult when using bovine chymosin. Therefore, different
coagulants were developed and used [22, 33], but success
was achieved after using new recombinant camel chymosin
produced by fermentation [7].

Recently, highly pure recombinant camel chymosin was
marketed under the name Far-M with 12,500 IMCU/stick
(Chr. Hansen A/S, Horsholm, Denmark). The product
curdles camel, donkey and mare milks with low amounts of
K-casein.

Up to the present day, many researchers [1, 5, 6, 36]
have tried to produce soft camel cheese from camel milk
but no study has been conducted to produce semi-hard
cheese from camel milk. Consequently, the aim of this
study is to find the most compatible starter culture for

@ Springer

acidification of camel milk and then produce high yield
white semi-hard cheese using highly pure camel chymosin
and two types of starter culture during ripening time.
Subsequently, the effect of coagulant, starter cultures and
ripening time on chemical composition, proteolysis and
lipolysis of these cheeses have been investigated.

Materials and Methods
Materials

10 1 of camel milk for each batch was supplied from
Sareboona Agro-Industry located in Varamin, Tehran, Iran.
Highly pure camel chymosin Far-M with 12,500 IMCU
and 50U Direct Vat Set (DVS) starter cultures were pur-
chased from Chr. Hansen Company (Horsholm, Denmark).
Ewe yogurt culture was obtained from a rural area shop.
All the chemicals and solvents were purchased from Merck
KGaA (Darmstadt, Germany) with analytical grade.

Suitability and Bacterial Performance

In order to find the most suitable starter culture, four starter
cultures suitable for the production of semi-hard white
cheese were tested and evaluated for acid production. Two
liter of camel milk was pasteurized and divided into four
parts. 3% of each starter culture containing thermophilic,
mesophilic starter culture and the mixture of thermophilic
mesophilic starter cultures were added to milk and the pH
of the milk was evaluated every hour with a pH meter. The
results were reported as acidification curves. Afterward,
0.1% chymosin was added to them to evaluate coagulation.
The strains that produced the most acid and formed a firm,
cohesive curd were selected for cheese production [33].

TC Thermophile: S. salivarius subsp. thermophilus and
L. delbrueckii subsp. bulgaricus (50U/500 1).

YC Mixture of Thermophile/Mesophile: S. salivarius
subsp. thermophilus and L. delbrueckii subsp. bulgaricus,
L. casei subsp. casei and L. brevis (50U/500 1).

MC Mesophile: Lactococcus lactis subsp. lactis, Lac-
tococcus lactis subsp. cremoris (50U/500 1).

LC Thermophile: Lactobacillus helveticus (50U/500 1).

Cheese-Making procedure

The cheese-making procedure was according to the method
of Fox et al. [16] with some modifications as follows:
Camel milk was thermized at 65 °C for 15 s, the tem-
perature was adjusted to 40 °C, pH = 6.7 for addition of
thermophilic starter cultures. Next, Camel chymosin and
starter cultures were added to the final concentration of
0.1% and 3% (w/w) to each batch of cheese making,
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respectively. The mixture was stirred completely, waited
for 1 h to complete preparation and syneresis and forma-
tion of a suitable firm coagulum. The pH level reached 5.3
at this point.

The coagulum was cut into 2 x 2 x 2 cm® cubic sizes
and was placed in cotton cloth for better drainage. Fol-
lowing semi-hard cheese-making procedure, the curds were
put into rectangular 5 x 15 x 11 cm cheese molds and a
light pressure of 10 kg/m? was applied to each cheese
block. Cheese blocks were then immersed in 24% (w/v)
brine for 12 h and turned over every 3 h. Afterward, salt
was sprinkled on the surface of the cheeses and every two
cheese blocks were transferred to plastic containers,
immersed in 12% (w/v) brine and kept in the refrigerator
for 60 days (Fig. 1). The experimental design was as
follows:

CC-TC treatment Camel milk + 0.1% of Far-M camel
chymosin + 3% of Direct Vat Set (DVS) Thermophilic
starter culture containing S. salivarius subsp. thermophilus
and L. delbrueckii subsp. bulgaricus.

CC-YC treatment Camel milk + 0.1% of Far-M camel
chymosin 4+ 3% of ewe yogurt containing S. salivarius
subsp. thermophilus and L. delbrueckii subsp. bulgaricus,
L. casei subsp. casei and L. brevis.

Chemical Composition Analysis

Protein, fat, total solid, moisture and salt were analyzed
according to ISO 8968-1 [30], ISO 3433 [29], ISO 5534
[28], ISO 5337 [28] and AOAC 935.43 [25], respectively.
Acidity was measured as the percent of Lactic acid [32]
and pH level was measured by mixing 10 g of cheese and
10 ml of deionized water using an AZ 86,502 pH meter
(AZ instrument, Taiwan) [15]. All analyses were done in
duplicate.

Cheese Yield

The cheese yield was calculated according to the following
formula described by Fox et al. [16]:

Ch eld weightofcheese
eeseyield =
y weightofmilkandstarter
" percentageofcheese(fat + protein)
percentageofmilk(fat + protein)
Proteolysis

Water soluble nitrogen (WSN), 12% trichloroacetic acid
soluble nitrogen (TCA-SN) fractions and pH 4.6 insoluble
fractions of cheeses were prepared according to the method
Orundo et al. [40]. The pH 4.6 insoluble fractions of
cheeses were freeze dried and stored at — 20 °C until
analysis.

SDS-PAGE was performed according to the method of
Salami et al. [46] with 15 and 5% separating and stacking
gels, respectively. Freeze dried samples of pH 4.6 insoluble
fractions (15 mg) were dissolved in phosphate buffer pH 7
to the final concentration of 15 mg/ml. A 15 pl of the
sample was mixed with 15 pl (2x) Laemmli buffer con-
taining 1 mol/l Tris pH 6.8, SDS 6%, glycerol, B-mer-
captoethanol and 0.02% bromophenol blue. The mixture
was heated at 95 °C for 5 min and then loaded into the
wells. Gels were run at 120 V for 8 h and stained directly
with Coomassie brilliant blue R-250.

Subsequently, they were destained with deionized water,
methanol and glacial acetic acid. The dyed gels were dig-
itized with scanner and analyzed with AlphaEaseFC soft-
ware (Genetic Technologies Inc, Miami, FL, USA) and the
molecular weight of bonds were determined using densit-
ometry with ABCAM prism protein ladder 5-245 kDa
(ABCAM, Cambridge, MA, USA).

Lipolysis
Acid Degree Value

The levels of free fatty acids (FFAs) in cheeses were
determined by the ADV method as described by Zonoubi
et al. [56]. Samples were prepared by mixing 5 g of cheese
with 37.5 ml of 2% sodium citrate at 50 °C in a Sorvall
Omni-mixer at setting 3 for 1 min, and then at setting 7 for
2 min. The ADV was determined on 35 ml samples of this
extract.

Fatty Acid Composition

The extraction, preparation of the fatty acid methyl ester
and analysis of fatty acid composition of cheeses by Gas
Chromatography was according to the method of
ISO14156 [26], ISO15884 [27], ISO15885 [27], respec-
tively, as follows:

4 g cheese were mixed with 4 g sand and sodium sulfate
(1:1) into a mortar to yield a dry sample. The complete test
portion was transferred to the extraction thimble and
inserted into the Soxhlet extraction apparatus. The flask
was filled with 250 ml n-hexane and was extracted for 6 h.
Next, the flask was disconnected, and its content was put in
a rotary evaporator and water bath 50 °C until evaporation
is visually completed. 5 mg of extracted fat was weighted
and was put in a test tube. The test portion was dissolved
with 5 ml n-hexane. 0.2 ml metanolic sodium methoxide
(2 mol/l) was added to the mixture and mixed for 1 min.
0.5 g of solid sodium hydrogen sulfate was added and
mixed again. The test portion was centrifuged for 3 min
and the clear supernatant was used for gas chromatography.
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Fig. 1 Experimental design for producing cheese from camel milk

An Agilent model 7890B gas chromatograph (Agilent
Technology, Santa Clara, USA) equipped with a flame
ionization detector (FID) was used. The carrier gas was
Helium with a flow rate of 0.5 ml/ min. The pressure was
considered 17.33 psi. Fatty acids were separated on Agilent
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gerator for 60 days

J&W CP-Sil 88, a fused silica column (100 m, 25 mm)
coated with cyanopropyl, stationary phase (0.25 um layer
thickness). The average velocity was adjusted to 0.1 m/s.
The injector and detector temperatures were 220 and 250
°C, respectively. Chromatographic conditions were as
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follows: 45 °C, (4 min, 13 °C/ min), up to 175 °C
(27 min, 4 °C/min), up to the final temperature 215 °C and
it was held at this temperature for 25 min. The quantifi-
cation (C4:0-C18:2) was performed using retention time of
internal standards with enantic (C7:0) and margaric acids
(C17:0) (Sigma-Aldrich, St. Louis, USA) as standards.

TPA Analysis

Texture profile analysis (TPA) was performed on cheese
samples using a Brookfield CT3 Texture Analyzer
(Brookfield Engineering Laboratories, Inc., Middleboro,
MA, USA) fitted with a 45 kg load cell and a TA4/1000
AOAC standard cylinder probe (Clear Acrylic, 38.1 mm
diameter, 20 mm ). Cubic samples were cut from cheeses
using a razor blade with 20 x 20 x 20 mm dimensions.
The instrument was operated from the TexturePro CT V1.1
software (Brookfield Engineering Laboratories, Inc.) and a
method was made using a constant probe speed of
I mm s™" and a final compression of 25% of the height of
the sample.

Statistical Analysis

All the cheese trials and experiments were repeated twice.
One-way analysis of variance (ANOVA) was used for data
analysis in SPSS version 24.0 for Windows (IBM Corp.,
Armonk, NY). The significant differences were obtained
using Duncan’s test (P < 0.05).

Results and Discussion
Starter culture Performance

The diagram of the acidification rate of starter cultures is
presented in Fig. 2. As can be seen in the Fig. 2, starter
cultures acidification rate is in the following order: YC >
TC > LC > MC. On the other hand, the rate of acid pro-
duction in the thermophilic/mesophilic starter culture is
higher than thermophilic starter culture and the ther-
mophilic starter culture is higher than the mesophilic
starter culture.

The coagulation test showed that only YC and TC
formed a cohesive coagulum and LC and MC did not form
a strong coagulum. This may be due to the electrostatic
repulsion and high antibacterial activity of camel milk.
Other research [7] and current research shows that ther-
mophilic starter cultures and a mixture of thermophilic/
mesophilic starter cultures have become more compatible
with camel milk. It may be due to the consumption of extra
proline near the active site of the chymosin by starter
cultures. Therefore, the action of these starter cultures
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Fig. 2 The acidification curve of camel milk based on pH with four
types of starter cultures during time. TC Thermophile: S. salivarius
subsp. thermophilus and L. delbrueckii subsp. bulgaricus, LC
Thermophile: L. helveticus, YC Mixture of thermophile/mesophile:
S. salivarius subsp. thermophilus, L. delbrueckii subsp. bulgaricus, L.
casei subsp. casei and L. brevis, MC Mesophile: L. lactis subsp.
lactis, L. lactis subsp. cremoris

reduces the electrostatic repulsion and allows the xk-ca-
seins’ micelles to approach each other and form a suit-
able cohesive coagulum. It can be concluded that curd
formation depends on the rate of acidification. According
to the results of starter cultures’ acidification and coagu-
lation tests, YC and TC were chosen for cheese making.

Chemical Composition of Cheeses

The chemical composition of CC-TC and CC-YC is illus-
trated in Table 1. The amount of protein (16.8% =+ 0.17)
showed a significant decrease (P < 0.05) in both CC-TC
(16.8% =+ 0.17 to 13.7% =+ 0.38) and CC-YC samples
(18.00% =+ 0.11 to 14.7% =+ 0.11) and during ripening.
The amount of protein (16.8% =+ 0.17) in this research on
the first day of ripening for CC-TC was similar to the
amount reported by other researchers for camel cheese
[44, 55]. Proteolysis was responsible for reduction in pro-
tein in both kinds of CC-TC and CC-YC. It can cause the
formation of small and medium-sized peptides by the
action of residual camel chymosin, the proteinases and
peptidases from TC and YC starter cultures, non-starter
culture and indigenous milk proteinase and peptidases,
which was calculated as WSN and TCA-SN.

There was a significant increase in CC-YC compared
with CC-TC and the highest amount of protein
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Table 1 Chemical and textural properties of camel milk cheeses during 60 days of ripening

Variable Treatment Days 1 20 40 60
Total solid (%) CC-TC 40.3 + 0.60¢ 433 +0.24° 422 + 0.60° 39.6 + 1.11¢
CC-YC 43.4 + 0.36¢ 46.5 + 0.37° 44.4 + 0.74° 449 + 0.51°
Moisture (%) CC-TC 59.7 + 0.40¢ 56.7 £ 0.76 57.8 + 0.40° 60.4 + 0.00¢
CC-YC 56.6 + 0.60¢ 53.5 £ 0.60° 55.6 + 0.30° 55.1 + 0.50°
Salt (%) CC-TC 457 + 037° 9.24 4+ 0.25° 9.69 + 0.08" 9.49 + 0.09*
CC-YC 2.23 + 0.06¢ 9.73 £ 0.19° 9.38 + 0.23° 10.3 £ 0.18°
Acidity (Lactic Acid %) CC-TC 0.18 & 0.00° 0.15 & 0.00° 0.13 & 0.00¢ 0.14 # 0.00 <
CC-YC 0.47 + 0.02° 0.41 + 0.00¢ 0.56 + 0.01° 1.26 + 0.02°
Protein % CC-TC 16.80 & 0.17* 15.60 & 0.15° 14.60 + 0.27° 13.70 & 0.38¢
CC-YC 18.0 + 0.11° 1520 £+ 0.11° 14.60 + 0.52° 14.70 + 0.11°
Fat % CC-TC 17.90 £ 0.31° 17.29 £+ 0.22° 16.60 £ 0.58° 15.70 & 0.25¢
CC-YC 22.10 £ 0.28* 20.50 £ 0.33° 19.60 + 0.24° 18.60 & 0.25¢
pH CC-TC 441 £ 0.17° 4.64 + 0.00° 458 + 0.03° 4.40 + 0.04°
CC-YC 5.22 4 0.05° 5.46 + 0.12° 5.43 + 0.06° 5.51 4+ 0.02°
WSN/TN % CC-TC 438 + 0.62¢ 6.38 + 0.15° 7.50 £ 0.63° 11.6 + 0.44°
CC-YC 5.65 + 0.00¢ 8.85 4 0.03° 12.60 & 0.27° 13.90 4+ 0.35°
TCA-SN/TN % CC-TC 0.15 + 0.00¢ 0.45 + 0.04° 0.57 £ 0.01° 1.23 + 0.02°
CC-YC 0.23 + 0.02¢ 0.44 + 0.02° 0.83 + 0.02° 1.20 + 0.07°
RI% CC-TC 4.53 + 0.62¢ 6.83 + 0.20° 8.06 + 0.64° 12.80 & 0.49*
CC-YC 5.88 & 0.03¢ 9.29 + 0.05¢ 13.50 + 0.25° 15.10 + 0.41*
ADV (meq KOH/100 g cheese CC-TC 4.46 + 0.02¢ 5.02 &+ 0.07° 6.39 + 0.06" 6.72 & 0.292°
CC-YC 5.56 &+ 0.51¢ 6.28 & 0.52¢ 8.00 & 0.26° 8.51 & 0.19*
Hardness (N) CC-TC 3.59 + 0.05¢ 470 £ 0.11° 547 + 0.25° 9.70 + 0.00°
CC-YC 7.78 + 0.51° 6.08 + 0.08° 5.53 + 0.19¢ 8.44 + 0.05°
Adhesiveness (mlJ) CC-TC 0.45 + 0.05¢ 4.58 + 0.61° 1.57 £ 0.30° 321 +0.78°
CC-YC 1.06 £ 0.01%° 0.88 + 0.02* 0.75 £ 0.05* 0.99 + 0.03"
Resilience (1) CC-TC 0.22 £ 0.012° 0.12 + 0.01° 0.08 + 0.01° 0.07 &+ 0.00°
CC-YC 0.25 + 0.01¢ 0.36 % 0.00° 0.84 + 0.02° 132 £0.1°
Stringiness (mm) CC-TC 0.97 + 0.06 « 1.61 £ 0.23° 0.82 £ 0.11¢ 2.08 + 0.06*
CC-YC 1.14 £ 0.02° 1.11 £ 0.00° 0.99 + 0.08° 1.62 £0.11°
Cohesiveness CC-TC 0.63 + 0.00° 0.47 + 0.02° 0.37 £ 0.02 ¢ 0.27 + 0.02¢
CC-YC 0.66 + 0.02° 0.56 + 0.06¢ 0.93 + 0.03° 0.59 + 0.02
Springiness CC-TC 374 + 0.1° 2.01 + 0.01° 2.67 £ 0.37° 2.68 £+ 0.01°
CC-YC 4.06 £ 0.05° 4.04 £+ 0.01° 3.83 + 0.08° 4.82 + 0.05°
Gumminess CC-TC 2.24 £ 0.01° 2.19 £+ 0.13° 2.03 £+ 0.22° 2.62 + 0.22°
CC-YC 5.128 + 0.16° 3.40 + 0.31° 5.12 £ 0.33° 494 4+ 0.12°
Chewiness CC-TC 8.37 + 0.25" 439 + 0.27° 5.47 + 1.329¢ 7.02 + 0.63°
CC-YC 20.80 + 0.93° 13.72 4+ 1.22° 19.58 4 1.02° 23.80 + 0.34

Means within each row with different letters (a—d) are significantly (P < 0.05) different

CC-TC thermophilic culture camel cheese; CC-YC thermophilic/mesophilic yogurt culture camel cheese

(18.0% = 0.11) was found for CC-YC on the first day of

ripening.

The amount of fat in CC-TC (17.9 4 0.31) and CC-YC
(22.1 £ 0.28) cheeses decreased significantly (P < 0.05)
until day 60. Cepoglu et al.5 [11] Show that recombinant

There was a slight increase in the amount of fat in CC-YC

compared with CC-TC. In camel cheese during ripening,

chymosin has no effect on fat content during ripening.
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lipolysis reduces the amount of fats in CC-TC and converts
them to FFAs by the action of lipase from starter cultures
and indigenous milk lipase. Our findings are in line with
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other research that reported the amount of fat increased in
cheese when using different starter cultures [20].

The amount of salt showed a significant increase
(P <0.05) during ripening days in both CC-TC
(9.49% =+ 0.09) and CC-YC (10.3% = 0.18). According to
salt equilibrium, the amount of salt that penetrates into the
CC-TC and YC-TC matrix can increase the amount of total
solid in both cheeses. Salt penetration was almost complete
within the first 20 days of ripening, and then changed
within a very narrow margin in CC-TC and CC-YC.
Besides its role in preservation, salt may have a great
influence on the ripening event, in the case of texture,
flavor and overall quality of cheeses [50]. As mentioned
before, proteolysis and lipolysis can cause significant
changes in protein and fat and overall total solids in CC-TC
and CC-YC. The differences in total solids and moisture
observed between CC-TC and CC-YC were compensated
during the ripening as a result of the dynamic equilibrium
between cheese and brine. Our findings is in agreement of
the effect of starter cultures on goat cheese during ripening
[37].

Variation in total solid and moisture in both cheeses
showed a relationship between proteolysis and lipolysis of
cheeses by the action of residual camel chymosin and
proteinases and lipases from TC and YC with salt diffusion
[50]. In the present case, the penetration rate of salt from
brine into the cheese block was assumed faster than
hydrolysis of peptide bonds of proteins and steric bonds of
fats on day 20 of both CC-TC and CC-YC. In addition,
there was a sharp increase in salt penetration observed on
day 20 of the ripening stage in CC-TC and CC-YC, which
confirmed previous explanations. After day 20 of the
ripening time, the total solid and moisture declined to
42.2% + 0.60, 57.8% £040 in CC-TC  and
44.4% =+ 0.74, 55.6% + 0.30 in CC-YC, respectively,
which showed that the rate of proteolysis and lipolysis was
higher than the rate of salt diffusion into the cheese blocks.
Similar results were reported in white cheeses [31]. Sig-
nificant (P < 0.05) variations between the means of total
solid and moisture in CC-TC and CC-YC samples were
observed. CC-YC had the highest amount of total solid and
lowest amount of moisture at the end of the ripening
time.pH was increased significantly to 4.58 £ 0.03 until
day 40 in CC-TC and decreased significantly (P < 0.05)
until day 60 (4.40 £ 0.04). In addition, acidity in CC-TC
decreased significantly until day 40 and then increased
significantly until day 60 (P < 0.05). In CC-YC, pH
increased significantly until day 20 (5.22 £ 0.05) and then
remained constant until day 60 and acidity significantly
increased during ripening (P < 0.05). Significant changes
(P < 0.05) were observed in the amount of pH and acidity
between CC-TC and CC-YC.

Variation of pH and acidity in camel cheeses may be
due to the metabolism of lactose and formation of lactic
acid by the action of TC and YC starters in glycolysis stage
that decreased pH and increased acidity. In addition, cat-
abolism of lactic acid and the production of ammonia by
deamination of free amino acids may be due to increase pH
in CC-TC, which was earlier reported by Kirmici et al.
[32]. In CC-YC, formation of lactic acid from lactose
increased the amount of acidity to 1.26%, but secondary
proteolysis and deamination of amino acids in cheese were
carried out in concomitant with lactose metabolism, which
prevented the sharp decrease in pH content. Similar results
were observed in feta cheese during ripening [18].

Cheese Yield

The amount of protein and milk fat were determined as
3.33% and 3.68%, respectively. The conversion coefficient
of milk to cheese was 6.54 kg of milk to 1 kg of cheese.
The yield of CC-YC was 87.52% higher than CC-TC,
which was 76.5%.

The amount of acid production increases the activity of
chymosin, so that at pH 5.6, only 30 g of hydrolyzed casein
is needed to increase the viscosity and form a gel network.
Therefore, the effect of camel chymosin in CC-YC has
increased due to the action of starters and has created a
better cheese gel network and higher yield [22].

The main application of TC and YC starters is produc-
tion of lactic acid from lactose during the manufacture of
camel cheese, which caused and helped to better syneresis
and protein and fat recovery. The recovery of fat and
protein was higher when the CC-YC culture was used.
Therefore, it may be concluded that the power of CC-YC
culture for production of lactic acid was higher, which
caused the entrapment of more protein and fat in the cheese
matrix, which leads to higher cheese yield. Al-Zoreky et al.
[1] reported similar findings in soft white camel cheese.

Proteolysis

The amounts of WSN/TN, TCA-SN/TN and ripening index
(WSN + TCA-SN/ TN) of CC-TC and CC-YC during
ripening are presented in Table 1. Research [16] shows that
the rate and extent of proteolysis during ripening and
storage time are displayed by measuring the levels of
nitrogenous fractions and are indexes of cheese ripening.
The amount of WSN/TN reached to (11.6% =+ 0.44) in
CC-TC and to (13.9% =+ 0.35) in CC-YC. There was a
significant difference (P < 0.05) between CC-TC and CC-
YC in nitrogenous fractions, and CC-YC had the highest
amount of both nitrogenous fractions. The WSN fraction in
cheese consists of small and medium-sized peptides, free
amino acids separated from large peptides and proteins
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caused by residual coagulant, milk enzymes and enzymes
from starter culture bacteria. Therefore, the rate of ripening
in CC-YC was higher than CC-TC for the reason that YC
cultures especially L. delbrueckii subsp. bulgaricus and L.
brevis have stronger proteolytic activity compared with TC
starter culture. Moreover, Moynihan et al. [38] reported
less proteolytic activity of camel chymosin compared with
bovine chymosin, thus most of the WSN which are per-
formed in both CC-TC and CC-YC are due to the action of
proteinases and peptidases from starter cultures and to a
less degree related to residual camel chymosin.

The amount of TCA-SN/TN increased significantly
(P < 0.05) to 1.23% + 0.02 in CC-TC and 1.20% =+ 0.07
in CC-YC until day 60. TCA-SN has been applied to
evaluate the action of peptidases from LAB in the forma-
tion of low molecular weight components in cheese. The
TCA-SN fraction contains small peptides and free amino
acids generated by LAB proteinases and peptidases by
hydrolyzing high and intermediate peptides which started
from first days of proteolysis [13].

The amount of TCA-SN was higher in CC-YC, therefore
the activity of LAB proteinases and peptidases were
stronger in CC-YC. The amount of ripening index was
increased by an increase in the amount of WSN and TCA-
SN and reached to 12.8% £ 049 in CC-TC and
15.1% £ 0.41 in CC-YC. The ripening degree in both
cheeses were in line with the characteristics of brined
cheeses [56].

Results of SDS-PAGE of pH 4.6 insoluble fractions of
fresh camel milk, CC-TC and CC-YC during ripening are
illustrated in Fig. 3 and the estimated molecular weight of
camel milk, camel cheese pH 4.6 casein fractions and its
degradation products are presented in Table 2.

As seen in electrophotography, camel milk lane contains
os1-casein, Olg-casein, B-casein and K-casein with 32.91,
26.81, 24.13, 19.64 kDa molecular weight, respectively,
and the predominant intact caseins in camel milk were o,-
casein and B-casein. These findings are in line with Shuiep
et al. [48].

There was an extensive decrease in intensity of og;-ca-
sein during ripening days in CC-YC. The intensity of o;-
casein bond remains approximately constant in CC-TC
during ripening. It was reported [8—10] that the hydrolysis
of o -casein is slight when using chymosin as a coagulant.
However, the primary site of chymosin action is on o-
casein band Phe,s—Phe,, and the small peptide (as;-casein
f1-23) is rapidly hydrolyzed by starter proteinases [16].
Thus, the activity of camel chymosin on oy -casein was
considerable in both cheeses and the amount of o ;-casein
hydrolysis products in CC-YC was more than in CC-TC. It
was concluded that the action of YC starter proteinases was
high in CC-YC and starter culture peptidases are respon-
sible for production of oy;-casein degradation products.
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The intensity of the og,-casein bond remained constant
in all stages of ripening in both CC-TC and CC-YC. The
camel chymosin and both thermophilic and thermophilic/
mesophilic cultures’ proteinases and peptidases had no
effect on camel cheeses’ ag,-casein during ripening time.
osp-casein appears to be quite resistant to proteolysis by
proteinases and peptidases of the TC and YC due to
cleavage sites are restricted by hydrophobic region of
molecule. Similar results were reported in cow milk brined
cheeses [16].

The molecular weight of B-casein in camel milk was
estimated to be 24.13 kDa and the intensity of this bond in
CC-TC slightly changed during ripening. The intensity of
the B-casein bond region in CC-YC was increased with
time owing to the accumulation of the same sized peptides
due to the hydrolysis of other casein fractions, especially
o -casein. Formation of y-caseins from B-casein was evi-
dent in CC-TC and CC-YC, indicating considerable plas-
min activity and to a lesser extent P,-type proteinase of
cultures between the treatments [12].

As for plasmin and Pl-type proteinases from starter
cultures, it is found that the preferential casein is B-casein,
giving the C-terminal fragments known as y;-casein, 7y5-
casein and ys-casein. In both CC-TC and CC-YC, vy,-casein
[B-casein (f106-209)] exists at the highest concentration,
followed by 7v3- [B-casein (f108-209)] and vy,-casein [j-
casein (f29-209)]. An increase in y-caseins’ bond intensity
is recognized as an index of plasmin and P1-type pro-
teinases activity during 1, 20, 40 and 60 days of ripening,
which produces peptides with 100 amino acids residue, but
in this work, there were no substantial differences in CC-
TC and CC-YC fy-casein degradation products during
ripening time [12].

The hydrolysis of B-casein by the action of plasmin and
P1-type proteinases during ripening is suppressed by the
high level of salt in moisture ratio in the curd and B-casein
degradation is adversely affected by low pH [51]. The pH
and salt concentration of CC-TC and CC-YC was not
suitable for plasmin activity and P1-type proteinases during
ripening [35]. Consequently, o,;-casein seemed to be more
hydrolyzed than B-casein in both CC-TC and CC-YC. The
greater hydrolysis of og;-casein than B-casein was found to
be a characteristic of brined cheeses [56].

As previously mentioned, the amount of k-casein in
camel milk is low [2]. Camel’s k-casein bond with
19.64 kDa molecular weight was cleaved by the action of
coagulant to para-x-casein fraction and caseinomacropep-
tide [16]. By the action of camel chymosin during the
production of cheese, k-casein bond disappeared in the
cheese electrophotogram and the intensity of the resulting
Para-x-casein bond in cheese was increased qualitatively
during ripening in CC-TC and CC-YC, which made cheese
structure to be incorporated with calcium phosphate [36].
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Fig. 3 SDS-PAGE
electrophoretogram of intact
Lactoferrin, oy;-casein, o~
casein, B-casein and para-k-
casein of pH 4.6 insoluble
fractions and degradation
products of camel cheeses made
with two different starter
cultures during 1, 20, 40 and
60 days of ripening. CM—
camel milk, CC-TC—Camel
cheese with thermophilic starter
culture, CC-YC—Camel cheese
with the mixture of
thermophilic/mesophilic starter
cultures, MM—molecular

asl-casein
weight marker ki

as1-casein f102-199

os1-casein 24-199
0s2-casein

P-casein —
B-casein (f106-209
f-casein (f29-209
P-casein (f108-209
K-casein
Para-k-casein

Table 2 Estimated molecular weight of pH 4.6 insoluble fractions

Protein Molecular weight (kDa)
Lactoferrin 71.64
olg-casein 32.91
Olgr-casein 26.81
B-casein 24.13
K-casein 19.64
Para-k-casein 17.43

Data indicated that the amount of protein was increased
significantly (P < 0.05) with using YC starter. Therefore,
as seen in the electrophotogram, in this study, the use of
YC starter increased the intensity of para-k-casein bond in
CC-YC compared with CC-TC, which has improved the
structural and textural properties of cheese. The elec-
trophoretic pattern showed low intention bonds of Lacto-
ferrin, a protein with an antibacterial effect (71.64 kDa

12311 )/'W

T

molecular weight) which was present in both CC-TC and
CC-YC on all days of ripening and the intensity of these
bonds remained constant. During cheese making, small
amounts of whey proteins such as lactoferrin, which is
trapped in curd, play an important role in cheese shelf life
[41].

Lipolysis

Measurement of lipolysis is represented by the determi-
nation of ADV. The amount of ADV is presented in
Table 1. ADVs were increased to amounts of 6.72 meq
KOH/100 g cheese and 8.51 meq KOH/100 g cheese in
CC-TC and CC-YC, respectively, until day 60. CC-YC
showed significant increases (P < 0.05) compared with
CC-TC during ripening.

Lipases in camel cheese originate from milk, starter and
non-starter LAB. They are responsible for the breakdown
of FFAs in cheeses. Although LABs, especially Lacto-
bacillus spp. are weakly lipolytic, they are present in high
numbers over an extended ripening period, LAB are
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Table 3 Fatty Acid composition of camel cheese during ripening

Fatty acids treatment Days 1 20 40 60
C4:0 Butyric CC-TC 3.8 +0.04¢ 3.6 + 0.00° 29 + 0.01° 2.0 + 0.01°
CC-YC 2.87 + 0.03¢ 2.50 £ 0.02¢ 2.10 £ 0.00° 1.89 + 0.01°
C6:0 Caproic CC-TC 0.72 + 0.00¢ 0.70 £ 0.00° 0.65 & 0.01° 0.60 £ 0.02*
CC-YC 0.55 + 0.01¢ 0.30 + 0.01¢ 0.29 + 0.02° 0.28 + 0.00°
C8:0 Caprylic CC-TC 0.39 + 0.02° 0.50 & 0.02° 0.70 & 0.03¢ 0.80 & 0.01¢
CC-YC 0.81 + 0.02° 0.80 & 0.02° 0.95 + 0.05° 1.48 4 0.04¢
C10:0 Capric CC-TC 0.21 + 0.00¢ 0.19 + 0.00° 0.07 + 0.01° 0.05 + 0.00°
CC-YC 0.68 & 0.01¢ 0.64 + 0.04° 0.50 + 0.02° 0.32 + 0.00°
C12:0 Lauric CC-TC 425 + 0.04¢ 4.01 + 0.05° 3.95 + 0.05° 3.30 + 0.06°
CcC-YC 437 + 0.04 4.4 £ 0.01° 3.88 & 0.02° 331 £ 0.01°
C14:0 Myristic CC-TC 11.84 £+ 0.07¢ 10.89 + 0.05¢ 10.34 £ 0.06" 10.10 £ 0.05*
CcCc-YC 15.13 + 0.03¢ 14.50 + 0.02° 14.48 + 0.03° 13.26 + 0.07°
C14:1 Myristoleic CC-TC 1.32 + 0.01¢ 1.25 + 0.00° 1.19 & 0.00° 1.03 + 0.01°
CC-YC 1.60 + 0.01¢ 1.40 + 0.01° 1.39 + 0.02° 1.20 + 0.03°
C16:0 Palmitic CC-TC 28.90 + 0.30¢ 27.63 + 0.21° 27.03 + 0.12° 26.80 + 0.10°
CC-YC 29.00 + 0.10¢ 27.98 + 0.14° 27.31 + 0.20° 27.20 + 0.25°
C16:1 palmitoleic CC-TC 6.60 & 0.09* 6.70 & 0.07° 6.89 + 0.08° 6.90 + 0.05¢
CC-YC 7.68 + 0.05° 8.01 + 0.08° 8.84 + 0.05° 8.96 + 0.04¢
C18:0 Stearic CC-TC 15.35 &+ 0.19* 15.75 + 0.09° 16.34 £ 0.07° 16.40 £ 0.08¢
CC-YC 13.52 + 0.05 13.30 + 0.22° 13.43 + 0.06° 13.80 + 0.11¢
C18:1 Oleic t9 CC-TC 1.08 & 0.12° 1.2 +0.10° 1.25 4+ 0.04° 1.40 & 0.05¢
CC-YC 1.05 + 0.20° 1.07 & 0.06° 1.12 + 0.07° 1.13 + 0.08°
C18:1 Oleic ¢9 CC-TC 17.2 + 0.13* 18.36 + 0.10° 19.77 + 0.06° 19.85 + 0.11¢
CC-YC 14.89 + 0.13° 15.52 + 0.20° 16.62 + 0.10° 17.85 + 0.22¢
C18:2 CC-TC 1.87 + 0.01° 1.90 £ 0.02° 1.91 + 0.01° 2.1 +0.04¢
CcCc-YC 1.14 + 0.03° 1.50 + 0.01° 1.75 £ 0.05° 1.97 + 0.06¢
C18:2 (CLA) CC-YC 0.33 &+ 0.01¢ 0.40 £ 0.01° 0.42 & 0.00° 0.43 £ 0.00°
CC-TC 0.40 £ 0.00¢ 0.40 £ 0.00° 0.41 + 0.01° 0.43 £ 0.00°
SFA CC-TC 65.46 + 0.10¢ 63.27 + 0.05° 61.98 + 0.07° 60.05 + 0.04
CC-YC 66.94 + 0.03¢ 64.32 + 0.01° 62.94 + 0.09° 61.54 + 0.11°
UFA CC-TC 28.40 + 0.20° 29.81 + 0.11° 31.43 + 0.10° 3171 + 0.12¢
CC-YC 26.75 + 0.12° 27.9 + 0.09° 30.13 + 0.07° 31.54 + 0.08¢
Total FA CC-YC 92.67 + 0.11¢ 93.04 + 0.10° 94.18 + 0.15° 85.48 + 0.09°
CC-TC 85.61 + 0.08¢ 84.16 + 0.05° 84.08 + 0.04° 81.69 + 0.06

Means within each row with different letters (a—d) are significantly (P < 0.05) different

CC-TC thermophilic culture camel cheese; CC-YC thermophilic/mesophilic yogurt culture camel cheese

responsible for the liberation of significant levels of FFAs
in both CC-TC and CC-YC. In addition, camel milk in this
study was thermized and the research showed that
lipoprotein lipase (LPL) is partially active in thermized
milk. Therefore, the lipolytic activity of cheese was
increased when thermophilic/mesophilic yogurt culture
was used. Researchers reported similar results in brined
cheeses [54].

The fatty acid composition of camel cheeses is presented
in Table 3. The data showed that camel cheese had more
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unsaturated fatty acids, including C14:1, C16:1 and C18:1
in comparison with cow cheese [19, 43]. Changes in fatty
acids content showed significant differences (P < 0.05)
between two cheese samples and over 60 days of ripening.
The amount of butyric, caproic, capric, lauric, myristic,
myristoleic, palmitic showed a significant decrease, but the
amount of caprylic, palmitoleic, stearic, cis and trans
linoleic, linolenic showed a significant increase (P < 0.05)
in both CC-TC and CC-YC until day 60. The changes in
CLA content of both CC-TC and CC-YC were non-
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significant. Fatty acid content of CC-YC has undergone
more changes against CC-TC, concluding that the extent of
lipolysis is higher in CC-YC.

Earlier reports also demonstrated [16, 17, 47] that
lipases exhibit specificity on free fatty acids. lipases of
LABs are mostly active on short-chain fatty acids like
tributyrin. The lipolytic system of LABs has little or no
activity on triglycerides of long-chain fatty acids. Both
mesophilic and thermophilic lactobacilli possess lipolytic
activity. Researchers show that both mesophile L. brevis
and L. casei subsp. casei had considerable lipolytic activity
and prefer to hydrolyzed tributyrin, tricaproin and tri-
caprylin. It was concluded that both thermophilic culture
and thermophilic/mesophilic cultures’ lipolytic systems
influenced more on the short-chain fatty acid content of
camel cheeses which is in contrast to bovine cheese [3, 54].
The effect of lipases is more when the mesophilic/ther-
mophilic cultures in CC-YC were used, which demon-
strated stronger lipolytic activity of YC. CLA plays an
important role as a micro-nutrition in cheeses. It was
investigated [45] that the lipases from both TC and YC had
no effect on CLA content during ripening.

Texture Profile Analysis

Table 1 shows the texture profile of cheese samples. As
seen, there were significant changes (P < 0.05) during
ripening days and between CC-TC and CC-YC. Cheese is a
complex matrix where protein and fat hydrolysis, acidity,
pH and amount of salt penetration affect the structure [53].

Data indicate that CC-TC in day 60 showed maximum
hardness (9.70% = 0.00), adhesiveness (3.21% =+ 0.78),
stringiness (1.61% = 0.23) and CC-YC showed maximum
resilience (1.32% =+ 0.10), cohesiveness (0.59% =+ 0.02)
springiness (4.82% =4 0.05), gumminess (4.94% =+ 0.12)
and chewiness (23.80% =+ 0.34).

The activity of starter culture on the extent of proteol-
ysis and lipolysis in CC-TC was lower than in CC-YC.
Changes in the amount of hardness, adhesiveness and
stringiness in CC-TC are related to protein and fat
hydrolysis. The number of protein—protein bonds and the
ability of protein-water interactions can increase the
amount of hardness, adhesiveness and stringiness [52].

As previously mentioned, the activity of starter culture
and extent of proteolysis and lipolysis in CC-TC was lower
than in CC-YC. The early cleavage of o -casein by the
action of camel chymosin has been associated with a
decrease in cheese firmness [36]. The amount of o -casein
hydrolysis in CC-TC is lower than CC-YC, which explains
the more hardness, adhesiveness of CC-TC.

In addition, salting and the pH of the cheeses produced a
significant increase in the ionic strength of the cheese
structure. In cheese, the salting out phenomenon can result

in a reduction in protein solubility [14]. Under these con-
ditions, a greater number of protein—protein interactions are
established, allowing for the lower level of electrostatic
repulsion between the proteins due to pH values in
(4.40 &+ 0.04) very close to the isoelectric point of the
caseins in the CC-TC matrix, thereby increasing the firm-
ness and hardness of CC-TC in comparison with CC-YC.
Similar results were observed in soft white camel cheese
[36] and goat cheese with different thermophilic and the
mixture of thermophilic/mesophilic starter cultures [42].

Adhesiveness increases with the increasing ability of
proteins to interact with water. Cheeses with more moisture
content are more adhesive [6]. The effect of starter cultures
in moisture content of CC-TC (60.4% = 0.00) is more than
CC-YC (55.4% =+ 0.50). Thus, it shows more adhesiveness
(3.21% =+ 0.78) than CC-YC (0.99% = 0.03) on day 60.

The amount of stringiness after 60 days of ripening was
higher in CC-TC (2.08% =+ 0.06) compared with
(1.62% =+ 0.11) in CC-YC. The activity of residual chy-
mosin and starter cultures in hydrolysis of caseins was
lesser in CC-TC compared with CC-YC. Stringiness is
defined as a stretchability of cheese or the ability of cheese
to form strings when pulled, is an important textural
attribute of cheeses. It depends on aging of cheese and
casein hydrolysis [21]. Researchers [4] showed that the
variation in the amount of stringiness is due to two reasons.
At first, the strands are freed from the spherical casein
particles, which allows for maximum stretch; then
stringiness is reduced as the strands are hydrolyzed by
starter cultures into shorter and shorter particles as aging of
the cheese progresses [21]. These reductions were high
when the casein hydrolysis is more which explains the
significant difference between CC-TC and CC-YC’s
stringiness.

In CC-TC and CC-YC, cohesiveness decreased signifi-
cantly (P < 0.05) until day 60. CC-YC showed the maxi-
mum cohesiveness during ripening. Cohesiveness is the
strength of internal bonds making up the body of the pro-
duct or tendency of cheese to adhere to itself and directly
depends on protein—protein interactions and fat dispersion
and reduction, which is caused by the action of residual
chymosin and starter culture enzymes [4]. Therefore, the
internal bond of protein—protein in CC-YC is stronger than
CC-TC. In addition, fat reduction was higher in CC-YC
due to the more lipolytic activity of YC, which leads to
higher cohesiveness in CC-YC. Similar results were
observed in the research of Kirmaci et al. [32] in feta
cheese with different starter cultures.

Springiness is a measure of the recovery of the original
undeformed condition after the first compression force is
removed and resilience is a dimensionless parameter,
which represents the ability of the cheese to regain its
original position during the first bite [21]. It is a measure of
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rubberiness of the cheese that shows the effect of different
types of coagulant on cheese structure. In addition,
researchers shows that the use of L. casei subsp. casei
along with S. salivarius subsp. thermophilus and L. del-
brueckii subsp. bulgaricus is very important in cheese
texture due to increasing cheese stretchability and rubber-
iness. [36].

Statistical analysis of data indicated that there was a
positive correlation (r = 0.738, P < 0.05) between resi-
lience and springiness showed that CC-YC in comparison
with CC-TC can regain its original position during first
deformations. CC-YC showed more springiness and resi-
lience compared to CC-TC. Awad et al. [4] reported that
the hydrolysis of para x-casein by the action of starter
culture reduces springiness. Also, Bozhao et al. [34]
reported that, in contrast to the use of bovine chymosin,
camel chymosin increases springiness during ripening in
cheddar cheese. It can be concluded that higher amounts of
para k-casein and the use of camel chymosin unlike bovine
chymosin in CC-YC increased springiness and resilience.

Chewiness in CC-TC and CC-YC increased significantly
(P < 0.05) until day 60. Gumminess in CC-TC increased
significantly until day 60 (P < 0.05) but in CC-YC
decreased significantly (P < 0.05) on day 20 and they
remained constant until day 60 (5.51 £ 0.02). In addition,
CC-YC indicated more gumminess in comparison with
CC-TC (P <0.05). Gumminess is calculated from
assigned hardness and cohesiveness values. The variation
in these parameters during the storage was due largely to
the variations in the scores for hardness. These findings are
in agreement with the texture of camel cheeses that was
reported by Mbye et al. [36].

Conclusions

The effect of Far-M camel chymosin and two types of
starter culture on chemical composition, proteolysis,
lipolysis, and texture characteristics of camel cheese during
ripening time were investigated. Far-M camel chymosin
and thermophilic/mesophilic yogurt culture was success-
fully used for the production of semi-hard white camel
cheese.

The thermophilic/mesophilic yogurt culture helped bet-
ter syneresis and acidification. It also had accept-
able cheese yield compared with other studies that have
been performed until now. Results of proteolysis and
lipolysis showed that the effect of Far-M camel chymosin
as a coagulant in contrary of other coagulants and two
types of starter cultures on camel cheese production were
advantageous and noticeable.

The most hydrolyzed caseins were oy -casein and f-
casein, revealing participation of coagulant and starter
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culture enzyme activities in camel cheese. The difference
in amount of FFAs between the two samples showed the
greater contribution of thermophilic/mesophilic cultures to
lipolysis of camel cheeses.

Thermophilic cultures provided maximum hardness,
adhesiveness and stringiness, while the thermophilic/me-
sophilic yogurt culture provided maximum resilience,
cohesiveness, springiness, gumminess and chewiness. It is
concluded that the mixture of thermophilic/mesophilic
cultures and Far-M camel chymosin is highly suggested for
production of semi-hard white camel cheese manufactured
by camel milk for further researches.
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