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Introduction

The dromedary (Camelus dromedarius) is perfectly 
adapted to the drylands, which are continually expan-
ding. Camel milk is the most specific product consumed 
by rural communities’ populations in dry regions of Africa 
and the Middle East. It is characterized by its richness in 
all essential nutrients (proteins, carbohydrates, and fatty 
acids), and therapeutic interest, such as anti-cancer activi-
ty, hypoallergenic activity, and antidiabetic activity (1,2). 
Because of these various advantages, the interest in camel 
milk products has progressively increased to valorize this 
milk on a large commercial scale (3). The main challenge 
is to succeed in camel milk processing into dairy products. 
It is a complex process compared to bovine and goat's milk 
(4). According to several comparative studies with bovine 
milk, some specificities related to this limited coagula-
tion ability have been identified, including low k-casein 
concentration (5) and more marked physical stability 
towards coagulation by acidification (6). Several studies 
have provided important information on the use of com-
mercial enzymes (rennet and chymosin), crude gastric en-
zymes extracted from camel abomasum, transgenic camel 
chymosin, and the enzymatic extract of the kaolin layer 
(EKL) of chicken gizzards in camel milk coagulation. 
(7,8). Moreover, the increase in cheese production, cou-
pled with a decrease in the supply of natural animal rennet 
and leads to an increasing claim for alternative substitutes 
to commercial rennet. For this reason and various other 
factors (religious beliefs, vegetarianism, etc.), attention 

focused on the use of coagulants extracted from plants (9). 
Therefore, some plant extracts have been used as clotting 
agents for some types of milk as ovine and bovine milk 
(10,11). However, few references are available for using 
plant crude extracts for camel milk cheese making (12-
14). Several methodologies were previously performed re-
garding the preparation of plant coagulant extracts. Howe-
ver, the parameters influencing the efficiency of aqueous 
extraction have received little attention, although its appli-
cation is of prime interest to the food industry (15). Depen-
ding on the extraction solvent and ripening stage of carob 
pods, the phytochemical contents and the antioxidant acti-
vity of the aqueous extract of carob pods were higher at the 
unripe stage and lower at the ripe stage (16,17). Therefore, 
the aqueous crude extract of carob green pods can serve as 
an excellent source of health-promoting phytochemicals 
and an interesting additive in functional food formulations 
by using it as a camel milk clotting agent.

Thus, the present study merits the usefulness of the 
aqueous crude extract from green pods of carob (Cerato-
nia siliqua L.) as a novel source of proteases for clotting 
camel milk and its suitability to substitute commercial ren-
net.

Materials and Methods

Experimental materials 
Samples of Camel Milk (CM) were collected from 

herds reared in the livestock and wildlife laboratory at 
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Arid Regions Institute (IRA) (Medenine, Tunisia). Fresh 
samples of green pods of carob (Ceratonia siliqua L.) 
were collected from the region of Medenine, Tunisia. 
Camel Chymosin (CC) FAR-M stick (Chr. Hansen A/S, 
Horsholm, Denmark) was used to coagulate the milk for 
comparison with the Crude Carob Extract (CCE). Calcium 
chloride (CaCl2, 98% purity, MW: 147.02 g/mol) and so-
dium hydroxide (NaOH, 98% purity, MW: 40 g/mol) were 
obtained from Loba Chemie, Mumbai, India. Hydrochlo-
ric acid (HCl, 99% purity MW: 36.46 g/mol) and trichlo-
roacetic acid (TCA, 98% purity, MW: 163.39 g/mol) were 
obtained from SRL Chemicals, Mumbai, India. Bovine 
serum albumin (BSA, 96% purity, MW: 66 kDa) was pur-
chased from Merck. Bradford protein assay reagents were 
obtained from Bio-Rad Laboratories, Munich, Germany.

Experimental methods

Preparation of CCE 
The water extraction method was used for the prepara-

tion of CCE. Crude carob extract was prepared from fresh 
green pods (100 g) mixed with 200 mL of distilled water 
using a Moulinex (Blender LM2421EG, Egypt). The ex-
tract was centrifuged at 5000 rpm for 30 min at 4 °C and 
the supernatant was stored at 4 °C in sterile and dark-co-
lored flasks to prevent oxidation.

Characterization of CCE  

Extraction yield 
Extraction yield (%) was defined as the ratio of the 

weight of juice extracted to the total weight of wet ba-
gasse. It was calculated by the following equation descri-
bed by Tressler and Joslyn (18): 

Where: Je = Weight of extracted CCE juice (g); Wr = 
Weight of residue (g) 

Protein content
Total protein concentration was determined by the 

Bradford method (1976), using BSA as the standard for 
protein quantification at concentrations ranging from 10 
mg/mL to 80 mg/mL.

Dry matter content
Dry matter content was determined after drying 10 mL 

of CCE at 105°C for 24 hours to a constant mass (19):

Where: DM (g/l): dry matter, M0: mass in (g) of the 
empty crucible, M1: mass in (g) of the crucible with resi-
due after drying and cooling, V: volume in (mL) of sample

Optimal coagulation temperature, pH and CaCl2 concen-
tration

The response optimization option in the DOE (De-
sign Of Experiments) module of the Minitab 17 statisti-
cal software was used to optimize the optimal milk coa-
gulation temperature. After setting the temperature at 30 
°C, the optimal pH was determined by varying the pH of 
Berridge Substrate (BS) from 4.5 to 8 with a range of 0.5 
using 0.1 M NaOH and 0.1 M HCl solutions. In each pH, 

1 mL of CCE was added to 10 mL of BS and the floccu-
lation time was noted for each pH. The optimal calcium 
chloride, CaCl2 concentration was determined by varying 
the CaCl2 ion concentration of Berridge Substrate (BS) (12 
g of skimmed milk powder in 100 mL of a 0.01 M CaCl2 
solution (Berridge 1952) from 0.01 M to 0.09 M with a 
range of 0.01 M at 30 °C and pH 6.6. The flocculation time 
was recorded for each concentration.

Milk-Clotting Activity (MCA)
The MCA was measured according to the Berridge 

method (20), modified by Collin et al. (21): 1 mL of CCE 
was added to 10 mL of the substrate (BS and CM) and 
recording the clotting time at 35 °C. The MCA was calcu-
lated using the following equation (22):

Where t: clotting time (sec), S: volume of milk (mL), 
E: volume of enzymatic solution (mL)

 Specific milk-clotting Activity (SA)
The SA was defined by the ratio of MCA to protein 

content:

 
Proteolytic Activity (PA)

The PA of the CCE was determined using BS and CM 
as substrates (23). Briefly, 1 mL of substrate solution was 
mixed with 1 mL of CCE, and the mixture was incubated 
at 35°C for 60 minutes. The reaction was stopped by the 
addition of trichloroacetic acid, TCA (12%) (w/v), then 
the absorbance was measured at 280 nm. One unit of the 
PA was defined as the amount of protein (mg) required to 
increase the absorbance by one unit.

Enzymatic hydrolysis of caseins by CCE and its inhibi-
tion

Camel milk casein powder was dissolved (1%) in 100 
mM sodium phosphate buffer, pH 6.8 for 2 h at room tem-
perature. The hydrolysis profile of camel caseins by CCE 
proteases was assayed by incubating a mixture of 350 µl 
of CCE and 3 mL of sodium caseinate solution at 53.6°C 
for 1h, 3h, 6h and 9h. The hydrolysis was stopped by hea-
ting the samples at 100°C for 5 minutes. The hydrolysis 
of camel caseins was inhibited by incubating the CCE in a 
protease inhibitor solution for 60 minutes, using protease 
inhibitor cocktail tablets (one tablet is sufficient to inhi-
bit a very high proteolytic activity in 25 mL of extraction 
solution).

SDS–polyacrylamide gel electrophoresis
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 

was performed, using the method of LaemmLi (24), with 
a 15% (w/v) acrylamide separating gel in 0.125 M Tris–
HCl buffer, pH 6.8 and a 5% (w/v) acrylamide stacking gel 
in 0.38 M Tris–HCl buffer, pH 8.8 containing 0.1% (w/v) 
SDS. Samples were mixed in equal volumes in sample 
buffer (0.125 M Tris-HCl buffer (pH 6.8), 2 % (w/v) SDS, 
10% (v/v) glycerol, 5% (v/v) 2-mercaptoethanol and 0.1% 
(w/v) bromophenol blue). After heating the mixture at 
100 °C for 5 min, 10 μL of the sample was loaded in the 
gel and electrophoresis was carried out at a current vol-
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results indicate that CCE showed a significantly higher 
ratio of MCA/PA with CM (P<0.0001) compared with BS.

The hydrolysis profile of camel caseins by CCE at 
different stages of coagulation is shown in Figure 2. The 
casein hydrolysis was assessed by SDS-PAGE using a 
standard molecular weight marker. Camel caseins migra-
ted as a large band (at approximately 27 kDa) (Figure 2, 
lane 1 and lane 6). The highest molecular weight band was 
identified as α-casein, while the largest band was repre-
sented as β-casein, just above the κ-casein.

In the first hours of coagulation (1h-3h), κ-casein was 
preferentially hydrolyzed, while α-casein and β-casein 
bands were slightly reduced (Figure 2, lanes 2-3). After 
later coagulation hours (6h-9h), the κ-casein and α-casein 
bands were not visible, indicating complete hydrolysis 
and the β-casein band was greatly reduced (Figure 2, lanes 
4-5).

The cheese yield obtained by CM clotting with CCE 
was significantly (P<0.0001) higher (23.9%) than that ob-
tained with CC (20.5%).

tage of 150V for 2h in electrophoretic tris–glycine buffer 
containing 0.1% SDS, pH 8.16. After migration, the gel 
was stained for 3h in coloration solution (Coomassie Blue 
R-250 (0.1%), acetic acid (10%), ethanol (30%) and distil-
led water (50%), followed by destaining into discoloration 
solution (acetic acid (10%), ethanol (30%), and distilled 
water (60%)).

Cheese making process
Camel milk cheese was produced by the traditional 

method. After receiving the raw milk, pasteurization was 
performed at 65 °C for 30 min. After cooling to 40 °C, 
CaCl2 (0.2 g/l), CCE or CC were added to the CM. After 
coagulation, the whey was drained and the camel milk 
cheese was stored at 4 °C until analysis.

Cheese yield 
After draining for one night at 4-6°C, the obtained curd 

was used to determine the cheese yield. This parameter 
was calculated by the following formula described by Su-
lieman et al. (25): 

Statistical analysis 
Statistical analysis and graphs were performed using 

the XLSTAT 2019 (Addinsoft 2019, Paris, France) and 
GraphPad Prism 7.0 (GraphPad Prism software Inc, Cali-
fornia, USA), and the experiments were conducted in tri-
plicate. The correlation was conducted with Pearson's test. 
The values were expressed in terms of mean ± standard 
deviation, and means were compared using Tukey's mul-
tiple comparison tests. Results were considered significant 
if the P-value <0.05.

Results

In this study, the extraction yield obtained from carob 
green pods was 71.05±1.8%. The CCE showed a protein 
content of 23.26±0.5 mg /mL and a dry matter content of 
30.66±0.5 mg /mL. 

The optimal clotting activity of CCE with CM obtai-
ned using the MINITAB 17 statistical software (Minitab, 
Inc. State College, Pennsylvania, USA) was at 53.6 °C. A 
significant negative correlation (r=-0.763, p<0.0001) was 
found between pH and MCA and a significant positive cor-
relation (r=0.918, p<0.0001.) was found between CaCl2 
concentration and MCA (Figure 1).

As shown in Table 1, the MCA of CCE with CM was 
significantly higher (4.97±0.03 U/mL, P<0.0001) than 
with BS (3.58 ±0.01 U/mL). The SA of CCE with CM was 
significantly (P<0.0001) higher (0.214±0.00 U/mg) than 
with BS (0.154 ±0.00 U/mg). The PA of CCE is signifi-
cantly higher especially with CM (P<0.05) (0.04±0.00 U/
mL) in comparison with BS (0.03±0.00 U/mL). Also, the 

Figure 1. Effect of pH and CaCl2 concentration on the milk-clotting 
activity of crude carob extract.

Type of milk MCA (U/ml) SA (U/mg) PA (U/ml) Ratio MCA/PA
BS 3.58a 0.15a 0.03a 97,54a

CM 4.97b 0.21b 0.04b 122,91b

MCA: Milk Clotting Activity; PA: Proteolytic Activity; SA: Specific Activity; CCE: Crude Carob Extract; 
BS: Berridge Substrate; CM: Camel Milk.

Table 1. Effect of CCE on BS and CM coagulation.

Figure 2. SDS-PAGE patterns of camel milk caseins hydrolysis by 
CCE proteases. MW: molecular weight marker. Lane 1: camel milk 
caseins; lanes 2-5: camel milk caseins incubated with CCE for 1h, 
3h, 6h and 9h, respectively; Lane 6: Camel milk caseins incubated 
with CCE for 9h after inhibition of its proteolytic activity by protease 
inhibitors cocktail.
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Discussion

Characterization of CCE

Extraction yield of CCE
The extraction yield depends on the species and wa-

ter content of the plant and the extraction methods (26). 
Akinloye & Adewumi (27) reported similar high yields 
for aqueous extracts of papaya (Carica papaya) (75.8%) 
and Sodome apple (Calotropis procera) (89.5%) used in 
the manufacture of cow's and sheep's milk cheese. A study 
carried out by Hachana et al. (28) using caprifig tree ex-
tract as a substitute for calf rennet in goat’s fresh cheese, 
showed that the extraction yield was 36.5 %, using a Mou-
linex (JU610D10) centrifugal extractor without using any 
chemicals. 

Protein content
For the protein content, similar results were obtai-

ned with the crude extract of fig tree latex (Ficus carica) 
with a protein content of 22 mg/mL, which is higher than 
that obtained with its purified extract (6 mg/mL) and that 
of rennet (1.23 mg/mL) (29). In addition, the coagulant 
fruit extract of Withania somnifera L. had a lower protein 
content (2.47 mg/mL) than that obtained with CCE (30).

Dry matter content
Few references were found in the literature about the 

dry matter content of crude plant extracts. Grek et al. (31) 
showed that Plantago major juice had a dry matter content 
of 4.5±0.23%. Some studies have shown that the type and 
concentration of coagulant did not affect the dry matter 
content of various types of cheese (32,33). In contrast, 
López et al. (9) found that the type of coagulant influenced 
the dry matter content of cheeses, and the highest dry mat-
ter values correspond to the cheeses made with vegetable 
coagulants.

Optimal coagulation conditions
Each coagulant extract has its temperature susceptibi-

lity. For example, Liang et al. (34) showed an increase in 
SA in pineapple peels as the temperature increased, with 
a maximum value of 55 °C. Similar results were obtained 
with Moringa oleifera flower and Opuntia ficus-indica 
fruit extracts with optimal clotting activity at 50 °C and 55 
°C, respectively (35,36).In addition, the high temperature 
(above the normal pasteurization temperature) can lead to 
undesirable proteolysis, resulting in loss of flavour and bit-
ter taste (37). Thus, the optimal coagulation temperature of 
CCE (53.6 °C) suggested that this extract could be a safe 
and useful coagulant agent in dairy applications. The pH 
affects both the enzymatic and protein aggregation phases 
of the milk coagulation process, although the influence of 
pH on protein aggregation is more profound (38). Amira et 
al. (39) found that rennet extracts from Cynara carduncu-
lus are more active at acidic pH, using the reconstituted 
bovine skimmed milk. Hashem. (40) also observed that an 
increase in the pH of the reaction mixture was associated 
with a loss of milk coagulation activity (at pH 7), which 
is in agreement with our results. In the present study, the 
flocculation that occurs at pH 4.5 using CCE as a coa-
gulant agent may be caused by the presence of an acidic 
protease in the CCE that could also influence the coagula-
tion kinetics. The variations observed with CaCl2 concen-

tration could be due to a direct effect on casein micelles 
dissociation because the addition of CaCl2 reduces the 
pH of milk, resulting in an increased protein aggregation 
rate (41). Moreover, CaCl2 is known to be a determining 
factor in the clotting ability of CM because the addition 
of calcium ions, in the form of calcium chloride, signi-
ficantly improves the CM coagulation (coagulation time 
and firmness) with a subsequent increase in the cheese 
yield (42,43).

Milk coagulation study (MCA, SA and PA)
Similar results were obtained by Moreno-Hernández et 

al. (44) who found that crude extract from Bromelia pin-
guin L. fruit showed an efficient capacity to clot milk in a 
short time with a maximum MCA of around 3.99 U/mL. 

In addition, Fguiri et al. (13) proposed some plant ex-
tracts as CM coagulants with an important MCA, particu-
larly with the enzymatic extract of kiwi (Actinidia arguta) 
compared to the enzymatic extracts of pineapple (Ananas 
comosus) and ginger rhizome (Zingiber officinale Roscoe). 
Thus, further studies should be conducted to identify the 
nature of proteases present in CCE. Plant coagulants have 
long been suggested as possible alternatives to chymosin 
in the cheese-making process, but their suitability for use 
depends on their specificity, and catalytic properties (45). 
The CCE has a higher SA with the CM than that of BS. 
This result shows that the ability of the coagulant to form 
a curd is dependent on its specificity for milk proteins and 
the type of substrate. The SA of CCE observed with CM 
was higher than the specific protease activity of ginger rhi-
zome juices from the Tosataichi variety (0.080 U/mg) and 
Ogon Kokuzo II variety (0.017 U/mg) (47). In the cheese 
industry, the coagulation enzymes used are always sought 
to have a high coagulant activity and a low proteolytic 
activity (48), so CCE seemed to be the best because exces-
sive proteolysis can lead to a decrease in cheese yield due 
to loss of peptides in the whey and defects in taste such as 
bitterness and texture of the ripened cheese (49). The PA 
values in this study were lower than those of other studies 
such as that of Withania coagulans fruit extract (30) and 
Bromelia pinguin fruit extract (44) with 1.06 U/mg-and 
2.0 U/mg respectively. The MCA/PA ratio is one of the 
most important properties of the enzymes used in cheese 
making, which is the index of coagulation efficiency and 
suitability of the extract to be used as a substitute for ren-
net (50). In general, chymosin has a higher MCA/PA ratio 
than most microbial and plant coagulants (46). However, 
in the present study, CCE showed a significantly higher 
MCA/PA ratio with CM than with SB, implying that the 
proteases present in this extract have proteolytic specifi-
city without excess hydrolysis of other proteins. A high 
ratio is better able to form curd with a higher yield and 
to develop less bitterness during the transformation of the 
cheese, while a low ratio can lead to a lower yield and 
firmness of the curd and the release of bitter peptides that 
affect the sensory properties of the final product (39).

Caseins hydrolysis by CCE
During different incubation times of camel caseins with 

CCE, there is a reduction in the intensity of major protein 
bands, indicating the hydrolysis of casein proteins. The 
milk clotting properties of proteases are dependent on their 
activity and hydrolysis preference for κ-casein compared 
to other milk proteins during the early stages of milk coa-
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gulation (44). Moreover, the primary phase of rennet action 
implicates the enzymatic hydrolysis of κ-casein, while the 
secondary phase involves the aggregation of rennet-alte-
red micelles into the gel, its proteolytic specificity of milk 
coagulation (38). Despite the fact that plant enzymes have 
long been studied as rennet substitutes, few findings on the 
specificity of the action of plant proteases on κ-casein have 
been reported. Therefore, α- and β-caseins seemed to be 
initially more resistant to CCE hydrolysis than κ-casein, 
which is in agreement with the results reported by Li et al, 
(51), using a crude tamarillo fruit extract. Plant coagulants 
may have other important cleavage sites on κ-casein hy-
drolysis, which could assist milk clotting in the same way 
as rennet. The inhibition of camel milk casein hydrolysis 
by a protease inhibitor cocktail increased the intensity of 
the casein bands (Figure 2, lanes 6), which confirmed the 
enzymatic effect of CCE by the presence of proteases. To 
further identify CCE milk coagulation enzymes, the effect 
of specific protease inhibitors needs to be studied.

Cheese yield
On the economic scale, the high cheese yield is an im-

portant parameter. The decrease in cheese yield of milk 
coagulated with plant extracts is attributed to the high pro-
teolytic nature of these coagulants (52). In contrast, the 
improvement in cheese yield obtained with CCE may be 
related to its low proteolytic activity, which gives a speci-
fic advantage to this extract. In comparison to other coagu-
lant extracts such as crude extract of ginger (Zingiber offi-
cinale) and coagulant agent containing transgenic camel 
chymosin (9), CCE was found to be the best in terms of 
cheese yield. In addition, cheeses made with a vegetable 
coagulant showed better hardness and chewing ability 
(12).  Similar results were reported for kiwi, pineapple and 
ginger extracts, which also showed a cheese yield that was 
significantly different from that obtained with chymosin 
(13). Cheese yield also depends on factors such as type of 
cheese, milk quality, composition, and heat treatment.

In conclusion, the results of the present study revealed 
the possibility of making cheese from camel milk with a 
high yield by using the crude extract from green pods of 
carob as a substitute for commercial rennet. However, the 
high specificity of crude carob extract with camel milk in 
terms of highly clotting and specific activities and minimal 
proteolytic activity could improve the use of this extract in 
the cheese industry. The high ratio of milk clotting to the 
proteolytic activity of crude carob extract contributed to 
the higher cheese yield. Therefore, the crude extract from 
green pods of carob is suitable for cheese making and can 
be considered an appropriate commercial rennet substitute. 
Camel milk cheese made with crude carob extract could 
be a novel functional food with commercial applications 
to diversify camel milk dairy products. Further research 
is recommended to purify and identify the proteases res-
ponsible for camel milk coagulation.
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