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Abstract: Heat coagulation time-pH curve (HCT/pH) of camel milk in the range of pH 6.4-7.2 was determined at 
120 0C. The effect of dialysis of camel milk against Jennes and Koops buffer on HCT was determined. Moreover, 
the addition of camel milk whey and casein addition as well as urea, formaldehyde and mixture of both was studied. 
Results showed that camel milk has poor heat stability. However, this stability was markedly improved by adding 
formaldehyde at a concentration of 7.5 mM; while urea showed to have little effect on camel milk stability at a 
concentration of 30 mM. A mixture of urea and formaldehyde at a concentration of 5 mM/each was shown to have 
great a synergistic effect on HCT of camel milk. Dialysis of camel milk against J & K buffer has also shown to 
increase HCT of camel milk consequently improves heat stability. Heat coagulation time was found to decrease 
when camel whey proteins concentration was increased. Results showed that camel milk heat stability behavior 
differs from that of cow milk.  
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1. Introduction: 

Heat coagulation of milk proteins is affected 
by many factors such as heating temperature, pH, 
association of whey proteins with casein micelles, 
and some additives such as urea, formaldehyde and 
CaCl2 (Singh, 2004). These factors either change the 
structure of milk proteins and/or the state of milk 
serum (Van Boekel et al, 1989 Metwalli et al. 1996a; 
Metwalli et al. 1996b). Heat coagulation of cow milk 
has been extensively studied by Fox and Moressey, 
(1977); and Fox, (1981). Heat stability was between 
60 and 120 °C for different times after addition of 
Calcium chloride to skim milk powder (Sievanen et 
al., 2008 Tsioulpas et al., 2010, On-Nom et al., 
2012,).   Sikand et al., 2010, studied the effects of 
standardization material, protein content, and pH on 
the heat stability of reconstituted milk. Metwalli et al. 
(1996a) has shown that addition of urea to cow milk 
increased its heat stability at maximum pH (6.4 – 6.7) 
and alkaline region but not at minimum pH (6.6 – 
6.9). Furthermore, Formaldhyde addition at the 
concentration of 1mM or above greatly increased the 
heat stability of cow milk at pH range of 6.4 – 7.2 
(Metwalli and van Bockel, 1995).  It has been 
reported that 140 °C is the standard protocol 
temperature used to study heat coagulation time of 
cow milk (Rose, 1961; 1963; Singh and Fox, 1987; 
Metwalli et al., 1996a). However, camel milk heat 
stability has been given little attention in the 
literature. Farah and Atkins, (1992) reported that 
camel milk was shown to coagulate after a short time 

(heating up time ~ 2 minutes) at a temperature of 140 
°C and no solid conclusion could be withdrawn at 
this standard protocol. The aim of this study is to 
determine the effect of adding whey proteins, casein, 
urea, formaldehyde and mixture of both on heat 
coagulation time (HCT) of camel milk at 120 0C. 
2. Materials and Methods 
Chemicals used 

Urea, sodium azide and Formaldehyde were 
purchased from merk and Sigma (UK). Membrane 
film MW 6000-8000 was purchased from Fisher 
scientific.  
Milk samples 

Camel milk was collected from Alkharj in 
the central region of Saudi Arabia. Sodium azide was 
added to the milk as preservative at a concentration 
of 0.02 % and then freeze dried. However, camel 
milk was reconstituted in distilled water (12% w/v), 
then stirred for 24 hrs at room temperature. The pH 
of camel milk was adjusted to the desired pH (6.4-
7.2) by adding either 1M NaOH or 1M HCL and then 
kept at room temperature for at least two hours, pH 
readings were recorded directly before heating. 
Heat coagulation test 

The heat stability of adjusted camel milk 
along with additives were carried out in 
thermostatically controlled oil bath, temperature was 
maintained at 120 0C according to the method 
described by Davies and White (1966). Milk samples 
( 3 mL) were heated in rubber stoppered glass tubes. 
Heat coagulation time (HCT) was calculated once the 
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tubes immersed into oil bath; the end point of HCT 
was that of clear signs of coagulation were appeared 
at the wall of the tubes.  
Addition of urea and formaldehyde 

Solid urea was added to camel milk at 
different concentrations of 10-30 mM and allowed to 
dissolve. Similarly, formaldehyde was added to 
camel milk at different concentrations of 3.0, 5.0 and 
7.5 mM after which pH was adjusted. 
Modification of salt composition 

Reconstituted camel milk was dialyzed 
against 20 volumes of Jennes and Koops buffer 
(1962) for 24 h at 40C using number 1 spectra/ 
membrane MW 6000-8000.  
Preparation of camel acid casein and whey 
proteins  

Acid casein was prepared by acidifying raw 
camel skim milk to pH 4.3 with 1 M HCl. then 
precipitated using centrifugation and washed three 
times with water. Casein was re-dissolved in NaOH 1 
M at pH 7.0 and re-precipitated at pH 4.3 and freeze 
dried. The lyophilisate was reconstituted in Jennes & 
Koops buffer (1962) to have a final casein 
concentration of 2.5g 100mL. To prepare camel whey 
proteins ammonium sulfate was added into obtained 
whey in concentration of 20% saturation followed by 
centrifugation, the obtained pellet was discarded and 
the saturation of ammonium sulfate increased into 
80% and re-centrifuged again. The obtained pellet 
(whey proteins) was dialysed against distilled water 
for 48 hrs at 4°C to remove residual ammonium 
sulfate. The dialysed solution was freeze-dried and 
kept frozen till used. 
Preparation of cow milk acid whey 

Acid whey was obtained by acidifying raw 
cow skim milk to pH 4.6 with 1 M HCl, then caseins 
were precipitated using centrifugation and the 
resultant acid whey was used. Camel acid casein was 
suspended in cow acid whey in final concentration 
2.5%. 
3. Results and Discussion 
Heat coagulation time (HCT) of camel milk 
Effect of adding NaOH/pH on HCT of camel milk 

In the current study, a positive correlation 
was found between HCT of camel milk and 
increasing pH until reached pH 6.9; where HCT was 
decreased thereafter as shown in Fig 1. Singh (2004) 
and Singh and Fox (1985) reported that negative 
charges on -casein micelles increase at higher pH 
values, consequently increase milk heat stability. This 
was different in camel milk where samples having a 
pH value above 6.9 were found to have less HCT 
after heating temperature of 1200C, hence exhibited 
less heat stability (Fig 1). This could be attributed to 
the low percentage of κ-casein (3.47% of the total 
casein) in camel milk (Kappeler et al., 2003; Al haj 
and Al kanhal, 2010) compared with 13% in cow 
milk (Davies and Law, 1980).The results also showed 
that maximum HCT of camel milk was in the pH 
value of 6.9 as shown in Fig. 1. While the HCT was 
lower in samples having pH range of 6.4-6.8 as 
shown in Fig. 1. These results are in agreement with 
that reported by Alhaj et al. (2011). At low pH (6.4-
6.8) the calcium ion activity (Ca+2) is high enough to 
cause coagulation during heating. The calcium ion 
concentration of cow milk at physiological pH (pH 
6.6) is ranged from 1.26 mM (Tanaka et al., 2011) to 
3.0 mM (Silanikove et al. 2003), or slightly lower of 
2.0 mM (Holt et al., 1981). 
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Figure 1:  Effect of urea addition on heat coagulation time of camel milk at 120oC. 
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Difference between these results might be 
derived from environmental temperature and 
physiological condition of the cows and also on the 
difference of temperature during the calcium ion 
concentration analysis. It seems that the ratio between 
calcium ion activity and κ-casein concentration plays 
the crucial factor in heat coagulation time of milk. 
The concentration of total calcium in camel milk is 
almost the same of cow milk; while, the κ-casein 
concentration is about one third of that of cow milk 
(Al haj and Al kanhal, 2010). 
Effect of adding urea and formaldehyde on HCT 
of camel milk 

Urea has been reported to naturally exist in 
cow milk as a part of non-protein nitrogen and its 
concentration is about 3-10 mM (Walstra and Jennes, 
1984). The concentration of urea in camel milk is 
very low compared to cow milk. Faye et al. (2010) 
reported that the average concentration of urea in 
camel milk is 81.6 ± 60.4 mg/L (equivalent to 1.36 
mM ± 1.007 mM) ranged from 0-290.5 mg/L (0-4.8 
mM). The addition of urea at a concentration of 3 
mM was shown to increase the heat stability of cow 
milk (Metwalli et al., 1996b), due to the formation of 
NH3 which delay the reduction of pH (Fox and 
McSweeney, 1998). The effect of adding urea on heat 
coagulation time (HCT) of camel milk was not 
studied yet. Hence, two concentrations of urea; 10 
mM and 30 mM were added to camel milk to 
determine its effect on HCT. However, the results in 
Fig. 1 show that the urea addition at a concentration 
of 30 mM has a slight increase on HCT on camel 

milk with shifting the maximum heat stability 
towards acid side (from pH 6.9 in control to 6.7 in 30 
mM urea treated samples). This high concentration of 
urea (30 mM) greatly improved heat stability of cow 
milk at pH 6.2 – 7.2 (converted it from type A to type 
B milk) as reported by Muir and Sweetsur (1977). 
While, lower concentration of 10 mM has no 
noticeable effect on HCT at the minimum pH region 
(6.8-6.9) or at lower pH. than 6.4. Hereby, urea has 
no effect on heat coagulation time of camel milk, 
unless high concentration of urea is added. It seems 
that the heat coagulation promoting factors in camel 
milk is faster than the reaction of urea with lactose to 
formlactosyl urea which increases the buffering 
action of the system. 

The addition of more than 1 mM of 
formaldehyde was reported to increase the heat 
stability of cow milk (Metwalli and Van Boekel, 
1995).The effect of formaldehyde on camel milk heat 
stability was found to depend on the added 
concentration. Where, the addition of 3 mM of 
formaldehyde was noticed to have no effect on camel 
milk heat stability (Fig. 2). While, higher 
concentration of 5 mM was shown to slightly 
increase heat stability of camel milk at pH values 6.7-
6.9. However, increasing the concentration of 
formaldehyde to 7.5 mM were markedly increased 
HCT at pH 6.7-7.2. These results are in agreement 
with those obtained by Singh and Fox (1985) in 
bovine milk. The HCT increased at pH 6.8 up to 40 
min compared to 3.7 min in control as shown in Fig 
2. 
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Figure 2:  Effect of formaldehyde on heat coagulation time of camel milk at 120oC. 

  
Further increasing of formaldehyde to 10 

mM has shown to increase the HCT of camel milk to 
more than 2h (data not shown).  

On the other hand, the addition of both, urea 
and formaldehyde, at a concentration of 5 mM for 
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each and 5 mM have shown to increase HCT of 
camel milk to 20 min (Fig 3). 

This might be due to the synergistic effect of 
urea together with formaldehyde. Moreover, 
increasing the concentrations of both urea and 
formaldehyde to 10 mM has shown to increase the 
HCT to more than 2hrs (data not shown). Such a 
synergistic effect on the heat stability of camel milk 
could be crucially depending on the concentration of 
urea and formaldehyde. Also formaldehyde reacts 
with free amino acids in milk proteins especially of 
lysine (Metwalli and VanBoekel, 1995) 
consequently, increases the net negative charges on 
the molecules leading to more stability. Moreover, 
Shalabi and Fox, (1982) reported a synergic action of 

urea and carbonyl compounds on heat stability of 
milk. The synergic action of urea and formaldehyde 
can be explained via the increase of net negative 
charges on protein molecules by formaldehyde 
postpone the heat coagulation time giving the chance 
for urea to react with lactose to form lactosyl urea 
and increase the buffering action. Al-Saleh & 
Hammad, (1992) reported that the buffering action of 
camel milk is lower than that of cow milk. Addition 
of urea to camel milk may increase its buffering 
action and improves heat stability (Van Boekel et al., 
1989; Metwalli et al., 1996b; Singh, 2004). Reaction 
of urea with lactose yields lactosyl urea from which 
NH3 is released more slowly increasing the buffering 
action of milk (Fox and McSweeney, 1998).  

 

 
Figure 3:  Effect of dialysis of camel milk against J & K buffer as well as formaldehyde and urea mixture on 

heat coagulation time of camel milk at 120oC. 
 
Effect of serum salt on heat coagulation time 
(HCT) of camel milk 

The main components of camel milk were 
reported to be relatively similar to that of cow milk 
(Al haj and Al kanhal, 2010). However, the content 
of - casein in camel milk is less than that of cow 
milk (Kappeler et al., 2003), while the ash content is 
higher about 0.79 % (Al haj and Al kanhal, 2010) 
0.83% Elamin and Wilcox (1992) and 1.3% Meiloud 
et al., 2011. The calcium concentration in camel milk 
is about the same as of cow milk 120 mg/100gm milk 
(Mehaia et al., 1995). The composition of both - 
casein and ash content especially calcium could play 
a crucial role in heat coagulation of milk proteins 
(Singh and Fox, 1987; Van Boekel et al., 1989). The 
effect of serum salt on heat stability of camel milk 
will be discussed in this part. Results in Fig. 3 show 
that compared to control, HCT of dialyzed camel 
milk against Jennes and Koops buffer (1962) was 

greatly increased with increasing pH until reached 
100 min at pH 6.8 and then declined thereafter at 
120°C. These findings are in disagreement with those 
reported by Al-Saleh (1996) who found that dialysis 
of camel milk against cow milk for three days has no 
effect on HCT of camel milk on the other hand, 
decreased HCT of cow milk. These variations could 
be attributed to the difference between cow milk and 
J & K buffer composition. To explain the effect of 
serum salt on heat coagulation time (HCT) of camel 
milk, it seems that the ratio between - casein as 
stabilizing agent and calcium ion as promoting heat 
coagulation agent is the crucial factor.  - casein in 
camel milk represents 3.47% from total casein (Al 
haj and Al kanhal, 2010; Kappeler et al., 2003) 
compared with 13% in cow milk (Davies and Law, 
1980) while, the calcium concentration in both milks 
are the same (120 mg/100mL milk) as reported by 
Mehaia et al., (1995)  and Al haj and Al kanhal, 
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(2010). Moreover, during heating high percentage of 
- casein dissociate from casein micelles into milk 
serum (Van Boekel et al., 1989; Metwalli et al. 
1996a) and these  - casein depleted micelles 
coagulate  during short time where calcium ion still 
high to cause heat coagulation. On-Nom et al. (2012) 
reported that the reconstituted cow milk (9% total 
solids) do not coagulate on heating if the calcium ion 
concentration was <0.5 mM and pH was >6.3. 

Effect of camel milk whey proteins addition on 
heat coagulation time (HCT) of camel milk casein 
suspension 

In this experiment camel milk casein of a 
concentration 2.5% was suspended in J & K buffer 
(1962), camel milk whey proteins has been added in 
different concentrations of up to 1%. Heat 
coagulation time was found to decrease when camel 
whey proteins concentration was increased within pH 
studied (6.4-7.2) (Fig. 4).  

 

 
Fig. 4: Effect of camel milk whey proteins addition on heat coagulation time (HCT) of camel milk casein 

suspension. 
 

Heat coagulation time of samples containing 
no camel whey proteins were extended to more than 
120 min. While, the addition of 0.35% camel whey 
proteins to casein solution decreased HCT to about 
100 min. On the other hand, the HCT greatly 
decreased to about 45 min when whey protein 
concentration was increased to up 0.7%. Moreover, 
HCT shown to decrease to about 34 min when 1% 
camel whey protein was added. Findings in this 
experiment have shown that pH values have no 
pronounced effect on HCT when whey proteins 
added at different concentrations. This could be 
attributed to the whey constitutes, where α –
lactalbumin is the main whey proteins in camel milk 
whey; while β-lactoglobulin is the main part in 
bovine whey. However, the HCT of cow or camel 
casein suspended in Jennes and koops buffer (1962) 
behave as type B milk (Van Boekel et al., 1989; 
Metwalli et al., 1996b). On addition of cow whey 
proteins into cow casein suspension, the heat 
coagulation converts from type B to type A milk. In 
these experiments addition of camel whey proteins 
into camel casein caused heat instability. 

Effect of cow milk acid whey addition on heat 
coagulation time (HCT) of camel milk casein  

In this experiment casein from camel milk 
(2.5%) was suspended in cow milk acid whey and 
Jennes and Koops buffer. HCT of camel milk casein 
which suspended in Jennes and Koops buffer was 
shown to coagulate after about 120 min. However, 
HCT of camel milk casein which suspended in acid 
cow milk whey was coagulated during heating up 
time in less than 2 min (data not shown). This could 
be due to the high calcium activity present in acid 
whey which contains almost total calcium in milk. 
Obviously, all calcium content in milk was dissolved 
in cow milk acid whey at pH 5.2 (Metwalli et 
al.,1996a and Patocka et al., 1993). On the other 
hand, HCT was increased when casein from camel 
milk (2.5%) was suspended in cow milk rennet whey, 
compared to that suspended in cow milk acid whey, 
because rennet whey contains only the soluble 
calcium, while colloidal calcium retained with the 
curd.   
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Conclusion 
          In general, camel milk exhibited poor heat 
stability compared to other mammalian such as cow 
milk. The addition of neither urea at concentration of 
10 mM nor formaldehyde at a concentration of up to 
5 mM alone has no effect on HCT of camel milk heat 
stability. However, combining both urea and 
formaldehyde at a concentration of 5 mM have 
shown to increase HCT of camel milk due to the 
synergistic effect between them. Moreover, dialysis 
of camel milk against J & K buffer has also shown to 
increase HCT of camel milk consequently improves 
heat stability. Heat coagulation time of camel casein 
suspended in Jennes and Koops buffer 1962 is very 
stable at 120°C and decreased with addition of camel 
whey proteins. 
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