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ABSTRACT 
The present study was carried out to investigate the effect of 

different heat treatments on composition and some physico-chemical 
properties and rennet clotting time of camel's milk. Camel milk 
samples were heated at 63, 80, 900C for 30 min and 72 0C for 15 sec., 
whereas unheated sample was served as control. Fat content was not 
affected by the applied treatments (3.2 %), but the protein contents 
were found as 3.2, 3.4, 3.4, 3.3 and 3.1 % respectively. Ash values 
were 0.70, 0.71, 0.73, 0.71 and 0.68 % in order and total solids were 
10.0, 10.10, 10.16, 10.05 and 9.9 % respectively. The non protein 
nitrogen (NPN), non casein nitrogen (NCN) and whey protein 
nitrogen (WPN) gradually decreased as heat treatments were increased 
but casein number and percent of denaturation were increased. Rennet 
clotting time in the presence of different CaCl2 concentrations (0 - 20 
mg /100 ml) increased gradually by raising heating temperature. On 
the other hand, increased amount of calcium chloride added decreased 
the rennet clotting time at any heat treatment applied. Incubation of 
milk with yoghurt culture at 400C revealed significant differences in 
acidity development and pH changes as affected by the applied heat 
treatments. After 12 h incubation, the acidity values were only 0.30, 
0.22, 0.30, 0.32 and 0.26% in the control and heat treated milk for 63, 
80, 900C for 30 min. and 720C for 15sec. in order The corresponding 
pH values were 5.1, 5.7, 5.4, 4.9 and 5.4 in order.                                                     
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INTRODUCTION 
Camel milk is one of the main components of the human diet in 

many parts of the world especially in the arid and semi-arid zones 
since camel can survive under extreme hostile conditions of 
temperature, drought and lake of pastures, and can produce milk of a 
good quality even when water is severly restricted.  

Different studies on production and composition of camel milk 
were reviewed by Khan and Iqbal (2001), whereas those concerned 
with the detailed chemical composition, properties, processing and 
products were given - in details - by Mal and Pathak (2010). 

In Egypt, despite the share of camel milk in the total milk 
production is very low, there are some recent studies regarding 
composition, physico-chemical properties and ability of camel milk 
for processing (Bayoumi, 1990; Farag and Kebary, 1992; El-gammal 
and Moussa, 2007; Hassan et al. 2009). However, a great awareness 
was recorded in many parts from Egypt to consume camel milk inspite 
of its saltish taste and acidic nature. This may be due to the intensive 
interest given in the media regarding the health benefits of camel milk. 

In fact, it was reported that nutrients from camel milk represent 
considerable value comparing to those of cow's milk, besides the 
medicinal and health effects due to camel milk contains measurable 
quantities from lactoferrin, lactoperoxidase, lysozyme and a number 
of other antibacterial and anti – viral protective proteins (El- Agamy et 
al. 1992, Abd El-Gawad et al. 1996, El-Agamy 2000; Mal and Pathak, 
2010).  

On the other hand, milk is usually heat treated to improve its 
keeping quality and to achieve desirable quality in the final product. 
However, it is well known that milk is a heat labile material and 
knowledge of the impact of heat treatments is of importance in 
understanding the changes in the technological, biological and 
functional properties of milk which occur during the applied 
treatments. Such changes were extensively studied for cow's and 
buffalo's milk and even with less extent for sheep and goat's milk. 
According to our knowledge only limited studies were carried out on 
camel milk in this respect (Farah, 1986; Farah and Atkins, 1992; 
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Hassan et al.2009). 
Our objective in the current research was to study impact of 

different heat treatments on the gross chemical composition and 
nitrogen distribution of camel milk. Activity of rennet and yoghurt 
culture in raw and heat treated milk was also taken into consideration.                            

 

MATERIALS AND METHODS 
Milk samples:    

Collected from the herd of Marsa Matrouh Animal Production 
Research Station, Animal production Research Institute and kept 
under cooling (4 ± 10C) until analysis.                                
Experimental procedure:- 

Milk sample was divided into 5 equal portions. The first one was 
kept without heating and served as control sample, while the other 4 
parts were heat treated at 63, 80, 900C for 30 min and 720C / 15 sec. 
This was done by taking 100 ml of sample in a 250 ml round 
bottomed flask having a long neck and fitted stopper in 
thermostatically controlled water bath. The samples were gentely 
stirred during heating and cooled immediately after the required time 
using running tap water.                    .                                           
Method of analysis:- 

All milk samples were tested for fat, ash, total solids (TS), 
acidity and pH as given in the AOAC (2007).                                         .  
Total nitrogen (TN), non - casein nitrogen (NCN) and non - 
protein nitrogen (NPN) were determined using the kjeldahl's method 
according to Ling (1963) and used for the following calculations:                                    

Total protein = TN × 6.38                                                                                       
Whey protein nitrogen (WPN) = NCN - NPN 
Casein No = [(TN - NCN) / TN] × 100. 
Denaturation % = WPNraw - WPNheated / WPNraw × 100 ( Manji 
and Kakuda, 1987). 

Rennet clotting time (RCT) was measured according to Berridge 
(1952) using calf rennet powder (Hansen's Lab., Copenhagen, 
Denmark), whereas the changes in acidity and pH were followed 
during 12 h incubation at 400C in the presence of yoghurt culture (YC-
X11) obtained from Hansen's Lab. (Denmark). The starter consisted of 



     A STUDY ON THE EFFECT OF HEAT TREATMENTS ON   
 

420 

Streptococcus thermophilus and Lactobacillus delbruckii subsp. 
Bulgaricus and was added in adequate amount recommended for 
making good quality yoghurt from cow's milk. 

Statistical Analysis for the attained data was done using SPSS 
computer program (SPSS, 1999).Analysis of variance and Duncan's 
test were carried out in this respect. 

RESULTS AND DISCUSSION 

Table (1) shows the chemical composition of camel milk 
samples subjected to different heat treatments. The fat content was not 
affected by the applied treatments since the value of fat remained 
constant being 3.2%. The highest value of protein (3.4%) was found in 
milk heated at 80oC for 30 min and 90oC for 30 min compared with 
unheated milk (3.1%). The differences in this respect were significant. 
Ash content was the  highest (0.73%) when milk was subjected to  the 
severe heat treatment (90oC / 30 min.) followed by the value of 0.71% 
in milk treated by heating at 80oC / 30 min or 72oC / 15 sec. The 
control (unheated) milk had the lowest value (0.68%) in this respect. 
The values of TS contents were 9.9, 10.0, 10.10, 10.16 and 10.05% in 
the control milk and milk treated with different heat treatments of 63 

o  o  o  oC, 80 C, 90 C /30 min. and 72 C /15 sec. respectively suggesting 
that the control milk had the lowest value in this respect, whereas 
impact of heat treatment was significant.  The results given by Farah 
(1996) indicated that the heat treatment of at 630C for 30min did not 
affect the chemical composition of camel milk. On the other hand, 
gross chemical composition of camel's milk agrees with the 
composition range reviewed by Khan and Iqbal (2001).In the local 
studies carried out by El-gammal and Moussa (2007) and by Hassan et 
al. (2009) camel's milk samples contained 3.9 and 3.1% fat, 2.9 and 
2.81% protein, 0.74 and 0.90% Ash, whereas TS contents were 11.93 
and 11.94% respectively.      
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Table (1):- Effect of different heat treatments on gross chemical 
composition of camel milk*   
   

Heat treatments  

Constituent 

(%) 

 

Unheated 

milk 
630C /30 

min 

800C /30 

min 

900C /30 

min 

720C /15 

sec 

Fat 
 

3.2a 3.2a 3.2a 3.2a 3.2a

Protein 
 

3.1b 3.2b 3.4a 3.4a 3.3a

Ash 
 

0.68c 0.70b 0.71b 0.73a 0.71b

Total solids 
 

9.9c 10.0b 10.10a 10.16a 10.05b

* Averages of three replicates. 
* Values (a, b ……etc.) within the same row with  
different s           uperscripts differed significantly (P<0.05). 

Distributions of nitrogen fractions in unheated milk as well as in 
heated milk samples are presented in Table (2). Total nitrogen (TN) 
was not affected by the different heat treatments, since the same value 
of 0.612% was recorded. Non protein nitrogen (NPN) and NPN/TN% 
were affected significantly by the different heat treatments. The 
highest corresponding values were recorded for the control samples, 
whereas the lowest values of 0.037% and 6.046% were found for NPN 
and NPN/TN of milk samples treated with the severe heat treatments 
of 800C /30min. and 900C /30min. respectively. Hassan et al. (2009) 
gave the same value of 0.029% for NPN of raw and heated (850C / 
5min) camel's milk. On the other hand, the values of non casein 
nitrogen (NCN) and NCN/TN% were affected by the different heat 
treatments following the same trend of NPN results being the highest 
corresponding values were recorded for the control samples whereas 
the minimum values were observed in milk subjected to the 
aforementioned severe heat treatments. This agrees with the results 
given by Hassan et al. (2009) who gave values of 0.147 and 0.104% 
for NCN of raw and heated (850C/5 min.) camel's milk.                       .                            

The whey protein nitrogen (WPN) and WPN/TN% contents 
significantly decreased as affected by the different heat treatments 
compared to the unheated milk. Contrary to that, the casein number 
(Casein No. = [(TN - NCN) / TN] × 100) showed an increased trend. 
This agrees with the finding of Hefnawy and Mehanna (1988) who 
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reported that the higher was the severity of heat treatments, the higher 
were the values of CN and the lower were the values of WPN of goat's 
milk. They attributed such impact to denaturation of whey proteins 
that co-precipitated with the caseins. The same was concluded by Qi 
et al. (1995). On the other hand, the current figures are in accordance 
with those given by Hassan et al. (2009) for raw and heat - treated 
(850C /5 min.) camel's milk. They gave the corresponding values of 
0.102 and 0.059 % for WPN and 0.348 and 0.391 % for CN 
respectively.   

Table (2):- Effect of different heat treatments on the nitrogen 
distribution in camel milk*                                           

  
Heat treatments  

  

 
  

unheate
d  

 
720C /15 

sec  
900C /30 

min 
800C /30 

min 
630Property C /30  

milk  min 
0.612a 0.612a0.612a0.612a0.612aTN% 

 

0.037b
0.037b0.040a 0.038a

    
  

0.038aNPN% 
  

6.536a
NPN/TN% 6.209b6.046c6.046c6.206b

   
 

0.168a
0.136b0.112c0.129b0.154aNCN% 

  
 

NCN/TN% 27.385a 22.222b18.317c21.029b25.196a
    

0.124a 0.099b0.079c0.093b0.118aWPN% 
 

16.305b12.923c15.226b19.066a20.261aWPN/TN% 
 

72.62c 77.78b88.79a78.97b74.81cCasein No 
 

Denaturation,
% 

-  19.52c36.21a24.48b5.89d
  
  

        * See legend to Table (1) for details. 
 

Denaturation of whey proteins expressed as percentage was 
given in Table (2). It was apparent that at the highest heat treatment 
(900C /30 min.) the denaturation was 36.21 %, but at the low heat 
treatment (630C /30 min) there was very low whey protein 
denaturation (5.89 %). The denaturation rate was increased to be 
24.84 and 19.52 % by applying heat treatments of 800C / 30 min. and 
720C / 15 sec. respectively. However, it was reported in the literature 
that moderate heat treatment (60-700C) induced structural unfolding of 
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the milk proteins, whereas at higher temperature protein aggregaration 
occurred (Schmidt et al.1984).                   .                                                                       

In general, Stephen and Ganguli (1974) mentioned that there 
occur considerable changes in the nitrogen distribution in milk as a 
result of heat treatments especially at temperature higher than 650C, 
whereas it was reported that camel's milk was generally more heat-
stable than buffalo's and cow's milk and this could be due to 
deficiency of k-casein and β-lactoglobulin in camel's milk (Farah and 
Atkins, 1992).       .                    

The current study was also concerned with behaviour and 
activity of rennet and yoghurt culture in raw and heated camel's milk 
since coagulation and fermentation are important principles in making 
cheese and yoghurt in order. Table (3) shows rennet clotting time 
(RCT) of raw and heat treated milk in the presence of different 
calcium chloride concentrations. The control milk had the lowest RCT 
whereas the value gradually increased in milk treated at 63, 80, 900C 
for 30 min and 720C / 15 sec.This was true at any concentration of 
calcium chloride suggesting  that the differences in RCT due to the 
applied heat treatments were significant. Impact of increasing the 
amount of calcium chloride added on decreasing RCT was significant 
in all cases. The higher was the amount used, the lower was RCT.                 

 

Table (3):- Rennet clotting time (RCT,min.) of camel milk in the 
presence of different concentrations of calcium chloride as 
affected by different heat treatments *                             

 

Heat treatments  
  

720C /15 
sec  

  

900C /30  
min 

  

800C /30 
min 

  

630C /30  
min 

  

unheated 
milk  
  

  

Amount of 
CaCl2 

(mg/100ml)  

23 bA28 aA26 aA20cA17 dA0 
 

20 bB25 aB24 aA17 cB14 dB5 
 

18 bC23 aC21aB14 cC12 dB10 
 

15 bC20 aC18 aC12 cC9 dC20 
 

     * Averages of three replicates. 
  * Values (a, b ……etc. and A, B……….etc) within the same row and column in 

order with different superscripts differed significantly (P<0.05). 
 

Different trends of results were recorded in the literature in this 
respect, Bayoumi (1990) reported that the raw camel's milk 
characterized with poor rennet ability even with the addition of 
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calcium chloride. The RCT values given by Farag and Kebary (1992) 
ranged in 13.5 - 76 min. with an average of 36.3 min. after analysis of 
40 camels milk samples. Recently, Hassan et al. (2009) demonstrated 
that no time could be recorded for RCT of both raw and heat treated 
(850C /5 min.) camel's milk.  

Table (4) shows the changes in acidity and pH during 12 h of 
incubation at 400C as an index for activity of yoghurt culture in 
camel's milk Acidity of raw and heated milk increased gradually on 
advancing incubation period with very slow rate since the figures were 
0.16, 0.15, 0.17, 0.18 and 0.16 % after one hour incubation of raw and 
milk treated with 63, 80, 900C for 30 min. and 720C / 15 sec. 
respectively  and increased to be 0.30, 0.22, 0.30, 0.32 and 0.26 % in 
order at the end of incubation period. The differences in acidity values 
due to the applied heat treatments were almost significant and could 
be due to transference of calcium phosphate from the soluble phase to 
the colloidal one which would result from the liberation of hydrogen 
ion. This agrees with the finding of Hassan et al. (2009) for camel's 
milk.    

The opposite trend was recorded concerning pH values which 
gradually decreased upon incubation reaching the corresponding 
minimum values of 5.1, 5.7, 5.4, 4.9 and 5.4 respectively at the end of 
incubat period.                                                                   

Such slow development of acidity in spite of adding adequate 
amount of active yoghurt starter may be due to presence of 
antibacterial substances in camel's milk which inhibited activity of 
yoghurt culture in such milk. This besides effect of heat treatment on 
camel milk proteins with respect to antimicrobial factors which were 
given in details by El-Agamy et al.(1992) and El-Agamy (2000). 
However, El-gammal and Moussa (2007) gave acidity value of 0.58 % 
and pH of 5.5 for the fresh yoghurt made from camel's milk which 
needed also longer incubation time for complete coagulation.                          
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Table (4):-Changes in acidity (%) and pH values (in parenthesis) 
of milk inoculated with yoghurt culture during incubation at 400C 
for 12 h*  

 
  

Heat treatments  
  

720C /15 

sec  

900C /30 

min  

800C /30 

min  

630C /30 

min  

unheated 
milk  

Incubation  
time(h)  

0.16b 
 

(6.6 a)  
  

0.18a 
 

(6.3 b)  
  

0.17a 
 

(6.4 b)  
  

0.15c 
 

(6.5 a)  
  

0.16b 
 

(6.6a)  
  

 

Zero 
 

  

0.16b 
 

(6.6 a)  
0.18a 

 

(6.3 b)  
0.17a 

 

(6.4 b)  
0.15c 

 

(6.5 a)  
  

0.16b 
 

(6.6a)  
 
1 

0.18b 
  

(6.3 b)  
0.20a 

 

(5.9 c)  
0.19a 

 

(6.1 c)  
0.15c 

 

(6.5 a)  
0.18b  

 

6.3 b) (  
  

 
2 

0.20b  
 

(5.9 c)  
0.22a 

 

(5.7  c)  
0.22a 

 

(5.8 c)  
0.15c 

 

(6.5 a)  
0.18b  

 

(6.3 b)  
  

 
4 

0.22b 
 

5.7 c)(  
  
  

0.25a 
 

(5.5 c)  
  
  

0.24a 
 

(5.6 c)  
  
  

0.17c 
 

(6.4 a)  
  

0.20b  
 

(5.9b)  
 

 
6  

  
  
 

0.22b 
 

(5.7 b)  
  

0.27a 
 

(5.3 c)  
0.26a  

 

(5.4 c)  
0.17c  

 

(6.4 a)  
0.22b  

 

(5.7 b)  
 
8 

0.24c 
 

(5.6 b)  
  

0.30a 
 

(5.1 c)  
0.28b 

 

(5.4 b)  
0.19d 

 

(6.2 a)  
  

0.26b 
 

(5.4b)  
 
10 

0.26b 
 

(5.4 b)  
0.32a 

 

(4.9 c)  
0.30a 

 

(5.4 b)  
  

0.22c  
 

(5.7a)  
0.30a  

  

(5.1 c)  
 
12 

 

*See legend to Table (1) for details.    
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  نوقتاثير المعاملات الحرارية على ترآيب و بعض خواص لبن ال

  ،1هناء سيد احمد صقر ، 1منال على نعيم ، 1حامد السيد عبد الرازق حاتم 
2 نبيل محمد مهنا1 الهام حسن أبو العينين

   الدقى جيزة– وزارة الزراعة –معهد بحوث الانتاج الحيوانى 1
  فر الشيخ آ– جامعة آفر الشيخ –آلية الزراعة 2

  
  

صيلية لترآيب           ـات التف د من الدراسـ د حظى بالعدي رة فق نظرا للاهتمام الكبيربلبن النوق فى السنوات الاخي

بن  ـة مكونات الل ى خواصة     هو دراس ك ال ا يرجع ذل ة و ربم صنيعية  ل ى دراسة بعض الخواص الت  بالاضافة ال

  .                                     الحديثة فى العديد من بلدان العالمالمناعية و العلاجية و التى اهتمت بها الكثير من المراجع 

ة      ة ،  30/مه 90  ،  80، 63( اهـتم هذا البحث بدراسة تاثير بعض المعاملات الحراري ة 15/مه 72دقيق ) ثاني

ذ اثير ه ذلك ت وق و آ بن الن ـاوى لل ى   الترآيب الكيم ـلهعل ر المعام اللبن غي ة ب املات مقارن ع  المع ى توزي  عل

زات    ود ترآي ى وج ـة ف ـلوك المنفح ـة س م دراس ث ت صنيع حي بن للت ـاسبةهذا الل دى من ـة م ع دراس روجين م النت

اد          شاط ب ام               ئمختلفــة من آلوريد الكالسيوم و ايضا ن دروجينى المناسب لتم رقم الهي ى ال  اليوغورت للوصول ال

                                                                                 .                                             الصناعة

                                                                                                 -:و قـد اظـهرت النتــــائج الاتـــى

ر    %) 3.2( لمختلفة حيث آانت نسبة الدهن واحدة      لم يتاثر دهن اللبن بالمعاملات الحرارية ا       -1 فى اللبن غي

 .                                                                                            المعامل و اللبن المعامل حراريا

ة حيث آانت ا             -2 ة المختلف املات الحراري سيطا بالمع اثرا ب يم     تاثرت نسبة بروتين اللبن ت  ، 3.4 ، 3.2لق

  .                               بروتين % 3.1على التوالى مقارنة باللبن غير المعامل حيث احتوى على  % 3.3 ، 3.4

ر             -3 اللبن غي ة ب اد مقارن ة و الرم د الكلي وى من الجوام ى  المحت ا عل  آان تاثير المعاملات الحرارية معنوي

ة           المعامل   د الكلي يم الجوام ى   % 9.9 ، 10.05 ، 10.16 ، 10.10  ، 10.0حراريا حيث آانت ق عل

والى و  والى % 0.68 ، 0.71 ، 0.73 ، 0.71 ، 0.70الت ى الت اد  عل .                       للرم
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  % )      0.612(فة للبن  لم يتاثر المحتوى من النتروجين الكلى بالمعاملات الحرارية المختل-4

ى             -5 ر البروتين روجين غي سبة النت اقص ن ى تن ة ال  ، 0.037 ، 0.038(  أدت المعاملات الحرارية المختلف

ل 0.038 ، 0.037 ر معام ازينى    % ) 0.040 و الغي ر الك روجين غي والى و النت ى الت  ، 0.154( عل

روجين ب   %) 0.168 0.136 ،  0.112  0.129 سيرم  على التوالى و نت  ، 0.093 ، 0.118( روتين ال

  .على التوالى و دل التحليل الاحصائى ان التناقص آان معنويا% ) 0.124 ، 0.099 ، 0.079

يم               -6 ة حيث آانت الق ادة معنوي  % 72.62 ، 77.78 ، 88.79 ، 78.97 ،   74.81 زاد الرقم الكازينى زي

  . على التوالى للبن المعامل و غير المعامل

ا-7 ر  أدت المع ة بغي ة مقارن ادة معنوي دنتر زي روتين الم سبة الب ادة ن ى زي بن ال ة لل ة المختلف ملات الحراري

يم     ت الق ث آان ل حي ر      % 19.52 ، 36.21 ، 24.48 ، 5.89المعام اللبن غي ة ب والى مقارن ى الت عل

  .المعامل و الذى بالطبع آانت فية نسبة البروتين المدنتر مساوية للصفر

املات الح -8 ر              أدت المع اللبن غي ة ب ة مقارن ادة معنوي ادة وقت التجبن بالمنفحة زي ى زي ة ال ة المختلف راري

سيوم حيث آانت              د الكال ة     23 ، 28 ،   26 ،   20المعامل و دون اضافة آلوري والى مقارن ى الت ة عل  دقيق

ة  17(باللبن غير المعامل     سيوم بنسب       )  دقيق د الكال ا أدت اضافة آلوري  100/  ملجم  20 ، 10 ، 5بينم

سيوم فى آل            د الكال سبة آلوري ادة ن مل لبن الى تقليل و قت التجبن بالمنفحة و آانت الفروق معنوية بزي

  .العينات التى عرضت للمعاملات الحرارية المختلفة

ادى     -9 ع ب ن التحضين م ى م ساعة الاول ى ال دم الحموضة ف دم تق ى ع بن ال ة لل املات الحراري  أدت المع

رارة    ة ح ى درج ورت عل ت     ه40اليوغ ث آان ضين حي رة التح ة فت ى نهاي ا ف اثير معنوي ت الت  م و آان

ى     ساعة الاول د ال ة بع ر      % 0.16 ، 0.18 ، 0.17 ، 0.15الحموض اللبن غي ة ب والى مقارن ى الت عل

 ، 0.32 ، 0.30 ، 0.22 ساعة من التحضين زادة القيم الى 12و لكن بعد مرور      % ) 0.16( المعامل  

ى % 0.30 ،0.26 والى ف ى الت سيا عل ا عك ا اتجاه دروجينى آانت له رقم الهي ة لل يم المقابل  حين ان الق

 ، 5.7 على التوالى و انخفضت الى 6.6 ، 6.6 ، 6.3 ، 6.4 ،6.5حيث آانت القيم  بعد الساعة الاولى 

د 5.1 ، 5.4 ، 4.9 ، 5.4 ادى     12 بع ن ب ة م ة آافي افة آمي ن اض رغم م ى ال ضين عل ن التح اعة م  س

  .اليوجورت النشط
  

   
  
  
  
  
  
  
  

 


