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INTRODUCTION

By its morphological, physiological and behavioral 
characteristics, the camel can produce and feed in the 
harshest environmental conditions. Thus the camel remains 
a farm animal best suited to the desert.

Among numerous camel productions, the milk is a noble 
product that has a high nutritional value and great balance 
in basic nutrients (carbohydrates, lipids and proteins). It is 
also rich in vitamin C and contains traces of  certain proteins 
and enzymes (lysozyme, lactoperoxidase, lactoferrin) which 
form a powerful protective system with intense antimicrobial 
activity. The therapeutic properties and nutritional value of  
camel milk naturally advocate for the development and 
extension of  camel breeding dairy.

Nevertheless, compared to other milk species, the clotting 
of  camel milk for cheese making is reputed for being a 
difficult process (Ramet, 1989). The action of  rennet on 

camel milk leads to coagulation in the form of  flocks with 
no firm coagulum (Farah and Bachmann, 1987; Bornaz 
et al., 2009). This behavior is mainly attributed to the 
low content in kappa casein (3.5% in camel milk versus 
13% in bovine milk) (Mehaia et al., 1995; Kappeler et 
al., 1998; Chaoui-Kherouatou and Attia, 2008) and the 
larger size of  casein micelles (camel milk up to 600 nm 
versus 160 nm in bovine milk) (Farah and Ruegg, 1989; 
Farah, 1993). Acid coagulation is weak. However, rich 
in antibacterial products, camel milk tends to inhibit 
natural lactic fermentation by acidification (Ramet, 2003). 
However, recently, a specific recombinant camel chymosin 
from Hansen company (chy-max-M ©) has been proposed 
on the market and give good results for cheese making 
(Konuspayeva et al., 2014)

In order to improve the ability of  camel milk to be 
coagulated, several studies demonstrated that coagulation of  
camel milk was achieved after mixing it with goat, sheep, or 
buffalo milk (Rao et al., 1970). Others reported that camel 
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Camel milk cannot be coagulated with bovine chymosin, most likely due to major variations between the primary k casein structures 
of the two species. Recently we have shown that the crude gastric extracts (CGE) from adults’ dromedaries provide satisfactory milk 
clotting activity and limited proteolytic activity towards the camel milk. In the present study, we have isolated and characterized the 
CGE from dromedary abomasum. The CGE was separated and purified by DEAE-Cellulose column chromatography and Sephacryl S200 
gel filtration. From various collected fractions, we characterized two fractions (F3 and F5) presenting a milk clotting activity and were 
eluted at 0.1 M and 0.45 M NaCl respectively. Interestingly, the F5 fraction had the highest milk clotting activity. The purified enzyme 
was resolved as a single protein band on SDS-PAGE with a molecular weight estimated about 38 kDa which was not affected by the 
addition of β-mercaptoethanol. In native PAGE, the enzyme migrated as a single band having a high intensity with similar electophoretic 
mobility to that of porcine pepsin. Using two dimensional electrophoresis, we found that the band obtained from the native-PAGE was 
concentrated on a single spot, quite intense.
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milk could be coagulated if  high amounts of  calf  rennet 
are added (Chapman, 1985).

Several observations suggest that the clotting enzyme from 
a particular species is more effective with milk of  the same 
species. This was demonstrated in lambs (Herian and Krcal, 
1971) and pigs (Foltmann et al., 1981; Houen et al., 1996). 
Clotting time of  camel milk was significantly reduced, when 
camel calf  rennet was used instead of  bovine (Wangoh et 
al., 1993) or buffalo calf  rennet (El-Agamy and Kamal, 
1998; El-Agamy, 2000). Recently, we have demonstrated 
that the extract from the adult camel abomasum has 
provided good milk clotting activity and limited proteolytic 
activity toward camel milk (Boudjenah-Haroun et al., 2011; 
Boudjenah-Haroun et al., 2012).

In this study, we sought to analyze and characterize the 
crude enzyme extract from adult Algerian camel by using 
a combination of  chromatographic and electrophoretic 
techniques.

MATERIALS AND METHODS

Extraction of enzyme
The camel abomasal tissues were obtained from camel 
slaughterhouse of  Ouargla, south of  Algeria. The third 
stomach of  the camel (Camelus dromedarius) was removed. 
The abomasums were obtained from suckling, mixed 
feed and weaned camels. Abomasal tissues were cut out, 
washed thoroughly with cold water, defatted, and minced 
into small pieces. The minced tissue was frozen at -18 °C. 
The extraction was performed according to the method 
of  Valles and Furet (1977) with minor modifications. The 
tissue was homogenized with 0.2M HCl solution at 42 °C for 
60 minutes. After the filtration of  the homogenate, the crude 
enzyme extract was clarified with 1M aluminium sulphate 
solution, 1M disodium sulphate with continuous stirring for 
few minutes at 42 °C. After the filtration, a double solution 
of  saturated NaCl containing 1% (w/w) of  concentrated 
HCl was added to the crude extract and the mixture was kept 
to stand for 60 min, and then centrifuged (2100 ×g, 20 min). 
The precipitate was dissolved in a minimum volume of  
distilled water. The pH of  the released enzyme extracts was 
then adjusted to 5.5 with 1M disodium phosphate solution. 
The crude extract was dialyzed using a dialysis membrane 
of  10-kDa cut-off  size against distilled water at 4 °C.

The extracts obtained were named CGE S for Crude 
Gastric Extract from Suckling dromedaries, CGE M from 
Mixed feed and CGE W from Weaned animals.

Clotting activity
The milk clotting activity was determined according to 
Berridge (1945) modified by Collin et al. (1977). Briefly, 

1 mL of  crude extract or fractions was added to 10 ml of  
Berridge substrate, mixed thoroughly and incubated at 
30 °C. The time required for the first appearance of  the 
flakes was recorded. One unit of  milk clotting activity was 
defined as the amount of  enzyme required to clot 10 ml 
of  milk in 100 s at 30 °C.

RU = 10×V/Tc×Q

Where:
RU: Rennet Unit
V: Volume of  standard substrate (mL)
Q: Volume of  CGE (mL)
Tc: Time of  clotting (sec).

Protein concentration assay
The protein concentration of  different samples after each 
purification was determined by the method of  Lowry et 
al. (1951) by measuring the absorbance at 750 nm. The 
bovine serum albumin was used as a standard.

Enzyme purification
The purification of  the CGE from adults’ dromedaries was 
carried out on a low-pressure chromatography system (Bio-
Rad, France), by ion exchange chromatography on DEAE-
Cellulose (DE52, Watman, France) and gel filtration using 
Sephacryl S200 resin. The dialyzed enzyme extract was 
applied to a column packed with DEAE-Cellulose-52 (10 
x 1 cm) and equilibrated with 0.06 M-sodium phosphate 
buffer, pH 5.5. The column was then washed with the same 
equilibration buffer until the absorbance of  the eluent at 
280 nm was <0.05. The bound proteins were eluted with 
a linear gradient of  0 M–1 M NaCl, at room temperature, 
at a flow rate of  0.5 mL min-1, with peristaltic pump and 
1.5 mL fractions were collected (Rothe et al., 1976). The 
milk clotting activity of  individual peak fractions was 
measured. The absorbance of  the fractions was determined 
at 280 nm using the LP Data View software. At each step 
of  the purification, the fractions having milk clotting 
activity were desalted by dialyzing against 0.06 M sodium 
phosphate buffer (pH 5.5).

For further purification, the fractions showing milk clotting 
activity were applied to a column (20 x 1 cm) of  Sephacryl 
S200 equilibrated and eluted with 0.15 M NaC1 in 0.06 
M-sodium phosphate buffer, pH 5.5 at room temperature. 
1.5 mL fractions were collected at a flow of  0.3 mL min-1.

Polyacrylamide gel electrophoresis
Non-denaturing polyacrylamide gel electrophoresis (Native 
PAGE) of  the crude extract was performed according to 
Hillier (1976) using 12% polyacrylamide gel and Tris-glycine 
buffer, pH 8.3. Samples (2 mg.mL-1) were dissolved in 75mM 
Tris-HCl buffer, pH 8.9, containing 10% (v/v) glycerol, and 
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0.01% (w/v) bromophenol blue. Sodium dodecyl sulphate 
PAGE (SDS-PAGE) of  the crude extract and the fractions 
from ion exchange and gel filtration column was performed 
according to Laemmli (1970). SDS-PAGE was performed by 
mixing samples with sample buffer, incubated at 100 °C for 
5 min, and loading on to a 17% slab gel. Molecular weight 
marker (BioRad) ranging from 17 to 250 kDa was used. The 
fermentation produced chymosin (CHY-MAX) and pepsin 
from hog stomach were used as a control. The proteins 
were stained with Coomassie Brilliant Blue. Silver staining 
was used to visualize the proteins in fractions presenting 
milk-clotting activity obtained from ion exchange and gel 
filtration chromatography.

RESULTS AND DISCUSSION

Electrophoretic characterization of CGE
The enzymatic extracts from weaned dromedary 
abomasums as well as suckling and mixed diet dromedary 
abomasums were isolated and characterized. The enzyme 
extracts obtained were analyzed by SDS-PAGE (Fig. 1). 
The quality and quantity of  proteins from the 3 samples 
were significantly different. Therefore, it is possible to verify 
the origin of  the dromedary abomasums and whether they 
come from a suckling, mixed diet and weaned camel.

Interestingly, the CGE W profile showed a band at 38 kDa 
(band A) with higher intensity compared to other CGE 
extracts. This band is located in the immediate vicinity of  
the chymosin (C) and pepsin (P) used as a control.

The purification of milk clotting enzyme from adult 
camel abomasum
Abomasa from adult camels were used for purification. 
A  typical result of  purification is summarized in Table 1. 
Relative specific activity of  crude extract in abomasal mucosae 
of  these individuals were 0.127 units/mg protein. Five protein 
peaks were obtained by applying the crude extract to a 
DEAE-cellulose chromatography (labeled F1 to F5), and only 
two peaks (F3 and F5) revealed varying degrees of  enzyme 
activities (Fig. 2a). The F3 fraction was eluted at 0.1 M NaCl, 
while the F5 fraction was eluted at 0.45M. Importantly, F5 
fraction showed the highest milk-clotting activity.

Under chromatographic pH conditions, the F3 fraction was 
eluted first. Its binding to the DEAE-cellulose column at 

Fig 1. SDS-PAGE (17%) profile of the crude extract. 
S: crude gastric extract from suckling dromedaries (CGE S), M: mixed feed 
(CGE M), W: Weaned (CGE W), P: porcine pepsin, C: Fermentation produced 
chymosin (CHY-MAX), MW: Molecular weight.

Table 1: Purification of camel milk clotting enzyme
Purification 
steps

Total protein 
(mg)

Total activity 
(RU)

Specific activity 
(RU/mg)

Relative purification 
fold

Activity 
yield (%)

Crude extract 30.8 3.91 0.127 1.0 100
DEAE‑cellulose 1.848 0.702 0.379 3.0 17.95
Sephacryl S200 0.904 0.555 0.614 4.84 14.19
RU: Rennet unit

Fig 2. (a) DEAE-cellulose chromatography of the crude extract of 
adult camel abomasal mucosa on a column (1x10cm). The column 
was equilibrated with 0.06 M sodium phosphate buffer, pH 5.5 and 
proteins were eluted with a linear gradient of NaCl in the same buffer. 
The flow rate was of 0.5 mL min-1. Fractions of 1.5 ml were collected. 
(b) SDS-PAGE of the fractions from the first chromatography. 
F1 to F5: protein fractions.

b

a
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pH 5.5 was weak. This confirms that the pI value of  F3 
fraction is greater than the F5 fraction.

In addition, commercial bovine chymosin produced by 
fermentation (CHY-MAX) and porcine pepsin were used 
as control. In the same experimental conditions chymosin 
was eluted at 0.26M NaCl while pepsin was eluted at 0.44M 
NaCl (data not shown). Commercial bovine chymosin 
and porcine pepsin had close binding characteristics to 
DEAE- cellulose ion-exchange column as that observed 
for the F3 and F5 fractions, respectively.

Based on our data, it was concluded that the F5 fraction 
eluted at 0.45M could correspond to pepsin. Our results 
were in accordance with those of  Abuharfeel and Abuereish 
(1984) and Al-Mzaien (2007) studies where they achieved 
the elution of  camel pepsin with 0.40-0.54 M obtained by 
ion exchange chromatography on DEAE cellulose column.

Pepsin from other ruminants is not used for cheese 
making because of  its higher proteolytic activity and low 
milk clotting activity. However, unlike the pepsin from 
other ruminants, the CGE from adults’ dromedaries, 
containing pepsin, provide satisfactory milk clotting activity 
and limited proteolytic activity towards the camel milk 
(Boudjenah-Haroun et al., 2011; Boudjenah-Haroun et al., 
2012). Therefore, the CGE from adults’ dromedaries is 
suitable for improving the coagulation of  the camel milk. 
Furthermore, it has been reported that Pepsin-rich clotting 
rennet coagulates camel milk well (Ramet, 1985; El-Abassy, 
1987; EL-Batawy et al., 1987).

DEAE cellulose chromatography led to a 3.0–fold purification 
of  this enzyme with specific activity of  0.379 rennet 
unit/mg protein (Table  1). During this experiment, the 
enzyme was observed to resolve into one component on 
DEAE-cellulose ion exchange chromatography indicating 
possible homogeneity (Fig. 2a). However the presence of  
other zymogens is not excluded as concentration is low 
to be detected under the experimental conditions. These 
results are partially in agreement with those from Abuharfeel 
and Abuereish (1984) and Al-Mzaien (2007) studies where 
they purified camel pepsin and observed two major peaks 
corresponding to isozymes of  pepsin (pepsin I and II) eluted 
under different conditions at 0.43 M and 0.54 M, respectively. 
Similarly, others have also reported heterogeneity of  pepsin in 
crude extract in abomasal mucosae of  adult animal (Kageyama 
and Takahashi, 1976; Martin, 1984; Suzuki et al., 1999).

Our study also reveals the presence of  a very low milk 
clotting activity corresponding to the F3 fraction eluted at 
0.1 M (Fig. 2a). Al-Mzaien (2007) reported the presence 
of  low milk clotting activity corresponding to the fraction 
eluted at 0.24 M NaCl under different conditions and that 

would be the chymosin. However, we did not focus on F3 
fraction because of  its low milk clotting activity.

The homogeneity of  the fractions was checked by 
SDS–PAGE stained with Coomassie Brilliant Blue (CBB) 
and Silver which was 100-fold more sensitive than CBB 
staining. As shown in Fig.  2b the electrophoregram 
implies that the F5 fraction had distinct bands around 
and below major protein band of  38 kDa. Therefore, the 
partial purification process was not enough and should be 
improved by using gel filtration chromatography.

The protein of  interest (F5 fraction) was concentrated and 
then subjected to Sephacryl S-200 gel filtration. The elution 
profile revealed two closely spaced chromatographic peaks 
corresponding to one major (F’1) and one minor (F’2) 
fractions (Fig. 3a). These fractions gave a single activity 
peak which coincides with the major fraction (F’1). As a 
result, specific activity of  0.614 rennet unit/mg protein was 
obtained with purification folds of  4.84 (Table 1).

The homogeneity and molecular weight estimation of  the 
active fraction were determined. The purified enzyme was 
quite homogeneous in nature as shown by the presence of  
a major protein band representing the enzyme examined 

Fig 3. (a) Sephacryl S-200 chromatography of the fraction (F5) with 
high enzyme activity from the first chromatography DEAE cellulose 
chromatography. (b) SDS-PAGE of the enzyme purified from the adult 
crude extract of Camelus dromedarius.
MW: molecular weight, CGE: crude gastric extract, F’1 and F’2: protein fractions.

b

a
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by SDS-PAGE (Fig. 3b). The two fractions (F’1 and F’2) 
showed the same single band on SDS-PAGE (Fig. 3b), but 
they differ from one another in the amount of  enzyme 
they contain. These results suggest that the major part of  
the enzyme was eluted in fraction corresponding to the 
F’1 fraction.

The molecular weight of  the major band corresponding 
to the enzyme was estimated to be approximately 38 kDa 
under reducing conditions which was higher than that of  
the camel pepsin purified by Abuharfeel and Abuereish 
(1984) and Al-Mzaien (2007) and also higher than these 
from cattle (Fox et al., 1977), sheep (Fox et al., 1977), 
Japanese monkey (Kageyama and Takahashi, 1976), mouse 
(Esumi et al., 1978) and pigs (Rajagopalan et al., 1966). 
This difference could be the result of  post-translational 
modifications such as phosphorylation. Additionally, it 
could be probably due to the diet and breed of  the Algerian 
camels from which the enzyme was extracted.

CGE W electrophoretic profile

In order to further characterize the crude extract of  
adult camel abomasum, some additional assays were 
performed.

Assays carried out at neutral electrophoresis system (Fig. 4) 
showed that stomach extracts of  adult camel exhibited two 
bands. The band A had similar mobility as porcine pepsin 
used as control.

The two-dimensional electrophoresis (Fig. 5), combining 
Native-PAGE in the first dimension and the SDS-PAGE 
with reducing agent in the second dimension showed that 
the band A on non-denaturing PAGE was focused into an 
apparently single spot of  high intensity which corresponds 
to the band A on SDS PAGE allocated to pepsin.

SDS-PAGE with and without reducing agent (Fig.  6) 
was intended to examine whether some proteins having 
particular subunits linked specifically by disulfide bonds.

By comparing the crude extract profile with or without β 
mercaptoethanol, we found that electrophoretic mobility 
of  the main bands was similar with the same intensity.

The band A that could match pepsin does not appear to 
contain disulfide bonds. However, the presence of  disulfide 
bonds intra channels is not excluded. Porcine pepsin contains 
three intra channels disulfide bonds which were essential for 
folding, stability, and tertiary structure of  the enzyme (Tang 
et al., 1973). It seems also that the protein corresponding 
to this band would have a globular monomeric structure. 
Pepsin is an enzyme of  gastric juice mainly found in adults. 

Fig 4. Native PAGE (12%) profile of the CGE W. 
CGE: the crude gastric extract, P: porcine pepsin.

Fig 5. The two-dimensional electrophoresis of the CGE W. 
First dimension: Native PAGE, second dimension: SDS-PAGE. MW: 
Molecular weight.

Fig 6. SDS-PAGE (17%) profile of the CGE W.
1: With β mercapto ethanol, 2: Without β mercapto ethanol. MW: Molecular weight.
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Its globular structure allows it to focus on a narrow band 
on the gel which consists of  a single peptide chain of  327 
amino acid residues (34,600 Da) (Tang et al., 1973).

CONCLUSIONS

The present study proves that there would be, at least, two 
active fractions in the adult camel abomasal. One milk 
clotting enzyme representing the highest activity which 
would be likely a pepsin was isolated. According to our 
previous results and from litterature we demonstrated 
that the corresponding enzyme was an acid protease (pI 
below 5.5) with molecular weight of  about 38 kDa. The 
presence of  other zymogens is not excluded. However, 
further experiments are needed to understand the 
molecular mechanism of  action of  this particular enzyme 
in camel. Indeed, it would explore the structure/function 
relationship of  the enzyme and the rearrangements that 
might limite its proteolytic activity and its potential in 
producing camel cheese.
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