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ABSTRACT: Effect of substituting 0.0 (C), 20 (T1), 40 (T2), 60 (T3), 80 (T4) and 100 (T5) 
buffaloe’s milk with camel’s milk on the quality of ice milk was studied. Replacement of buffaloe’s 
milk with camel’s milk did not affect significantly (p < 0.05) the total solids, titratable acidity, pH 
values, fat content, protein content and ash content by increasing the rate of replacing buffaloe’s 
milk with camel’s milk. Specific gravity of mixes and the resultant ice milk, weight per gallon of 
mixes and the resultant ice milk and viscosity decreased significantly (p < 0.05) by increasing 
the rate of replacing buffaloe’s milk with camel’s milk. Overrun, melting resistance and the total 
scores of organoleptic properties increased significantly by replacing buffaloe’s milk with camel’s 
milk. It is possible to replace up to 100% of buffaloe’s milk with camel’s milk. To get a product 
with high nutritional and healthy values and without detrimental effects on the resultant ice milk 
quality. 
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INTRODUCTION 

Camel’s milk is important component in 
the human diet in arid and semi-arid zones, 
as it milk contains all the essential nutrients 
Abu Dhabi (2003) reported that camel's milk 
have some immunity components such as 
IGG molecules that have proved to be 
effective against microbial diseases both 
viral and bacterial.  

Camel herders attribute many properties 
of camel’s milk, including medicinal and 
health effects. In fact, camel milk is also 
used in the treatment of diabetes, spleen’s 
problem, tuberculosis, asthma, anemia and 
general liver diseases, fatigue in old people 
and as a feed supplement to milking 
mothers (Mohammed et al., 2005). Small fat 
globules in camel’s milk make it excellent for 
the ice milk making. Vaishali and Madhu 
(2013) observed a great potential of camel 
milk in the field of ice milk development for 
economic and nutrition security. Also, 
Prajapati, et al., (2012) cleared that the 
camel’s ice milk mixes has significantly lower 
viscosity and the experimental ice milk had 

lower melting resistance and higher overrun 
compared to control ice milk. 

The objectives of this study were to 
investigate the effect of replacing buffalo’s 
milk with camel’s milk on the chemical 
composition, physical and sensory properties 
of ice milk and to monitor the changes of ice 
milk quality during freezing storage.  

 
MATERIALS AND METHODS 
Ingredients:  

Buffalo’s milk was obtained from the herd 
belonging to the Faculty of Agriculture, 
Menoufia University, Shibin El-Kom, camel’s 
milk was obtained from camel farm at 
(Barajil, Giza) (Table 1). During winter, 
cream was obtained by separating buffaloe’s 
and camel’s milk in the pilot plant of 
Department of Dairy Science and 
Technology, Faculty of Agriculture, Menoufia 
University, Shibin El-Kom. Skim milk powder 
was obtained from Fresno, California, USA. 
Sucrose, gelatin and vanilla obtained from 
the local market.  
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Table (1). The gross composition of raw dairy ingredients used for ice milk.  

Milk Total 
solids (%) 

Fat 
(%) 

Ash 
(%) 

Protein 
(%) 

Lactose 
(%) 

Acidity 
(%) pH value 

Buffaloes’ milk 16.32 6.60 0.85 4.77 4.10 0.15 6.57 

Camel’s milk 12.57 3.80 0.78 4.22 3.77 0.12 6.81 

 
Manufacture of ice milk:  

Vanilla ice milk mixes were prepared 
according to the method of Khader et al. 
(1992) with the following composition: 4% 
fat, 13.0% milk solids not fat, 15% sugar, 
0.7% gelatin and vanilla. Six batches of ice 
milk were prepared by replacing zero, 20, 
40, 60, 80 and 100% of the buffaloe’s milk 
used in the manufacture of ice milk with 
camel’s milk (Table 2). All mixes were heat 
treated at 85°C for 10 min., then rapidly 
cooled to 5°C and aged at the same 
temperature over night.  

Vanilla was added prior to freezing and 
ice milk mix was frozen in batch-type freezer 
(BTM 10 “Staff Ice System” Rimini-Italy DAI, 
1959). The resultant ice milk was packaged 
in plastic cups (120 cm3) and stored in deep 
freezer at -18°C + 2 for 10 weeks. Each ice 
milk batch was analyzed when fresh (0 time) 
and after 10 weeks chemical and physical 
properties but sensory evaluation every two 
weeks. The whole experiment was 
duplicated. 

 
Physical and chemical analysis:  

The prepared ice milk mixes were 
analyzed before freezing for viscosity as 
described by Morrison and Macjary (2001), 
specific gravity was determined according to 
Winton (1958), weight per gallon was 
calculated according to Burke (1947). The 
resultant ice milk was tested for total solids, 
ash and protein content according to 
A.O.A.C (2010), titratable acidity, pH values 
and fat (Ling, 2008), specific gravity (Winton, 
1958), weight per gallon (Burke, 1947), 
overrun (Sommer, 1951) and melting 
resistance (Arbuckle, 1986). 

 
Sensory evaluation:  

Fifteen panelists from the staff members 
of Department of Dairy Science and 
Technology evaluated the organoleptic 

properties of ice milk when fresh, 2 weeks, 4 
weeks, 8 weeks up to 10 weeks according to 
Kebary et al. (1998) as follows: (45) for 
flavor, (35) for body and texture, (10) for 
melting property and (10) for colour.  

 
Statistical analysis:  

Factorial design 2 factors × 3 replicates 
and the Completely Randomized Design 
were used to analyze all the data, and 
Student Newman Keuls Test was followed to 
make the multiple comparisons (Steel and 
Torrie, 1980) using Costat program. 
Significant differences were determined at (p 
< 0.05). 

 
RESULTS AND DISCUSSION  

The total solids (TS), fat content and total 
protein of ice milk from all treatments were 
not significantly different (p > 0.05) (Tables 
3, 8) which means that replacement 
buffaloe’s milk with camel’s milk did not 
affect significantly (p > 0.05) these 
constituents in the resultant ice milk. These 
results could be attributed to the similar 
composition of both buffaloe’s milk and 
camel’s milk used in ice milk manufacture. 
The total solids, fat content and total protein 
of all ice milks were not changed significantly 
(p > 0.05) during storage period (Tables 3, 
8). These results agree with those reported 
by Kebary (1996). 

Titratable acidity and ash content of ice 
milk samples were not significantly (p > 0.05) 
different from each other which means that 
replacement of buffaloe’s milk with camel’s 
milk did not affect the titratable acidity and 
ash content of the resultant ice milk at any 
times of storage period (Tables 4, 8). Similar 
results were reported by Mahran et al. 
(1976) and titratable acidity and ash content 
of all ice milk samples did not change 
significantly (p > 0.05) during storage period 
(Tables 4, 8). There were no significant (p > 
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0.05) differences in pH values of ice milk 
samples made from buffaloe’s milk with 
camel’s milk (Tables 3, 8). pH values of all 

ice milk sample did not change significantly 
(p > 0.05) as storage period advanced.  

 
Table (2). Formula of ice cream mixes made by replacing of buffaloe’s milk with camel’s 

milk.  

Ice milk ingredients  
Ice milk treatments  

C* T1 T2 T3 T4 T5 

Fresh skim milk 
buffaloe’s 1.940 1.552 1.164 0.776 0.388 - 

Fresh skim milk camel’s  - 0.388 0.776 1.164 1.552 1.940 

Fresh cream buffaloe’s 0.400 0.320 0.240 0.160 0.080 - 

Fresh cream camels  - 0.080 0.160 0.240 0.320 0.400 

Skim milk powder  
(96.1 solids) 0.222 0.222 0.222 0.222 0.222 0.222 

sugar  0.450 0.450 0.450 0.450 0.450 0.450 

Gelatin  0.021 0.021 0.021 0.021 0.021 0.021 

Vanilla  0.010 0.010 0.010 0.010 0.010 0.010 

Total (k.g) 3.043 3.043 3.043 3.043 3.043 3.043 

* C = Control Ice milk treatment made from buffaloe’s milk. 
T1, T2, T3, T4 and T5 = Ice milk treatments made by replacing buffaloe’s milk with camel’s milk at the rate 

of 20, 40, 60, 80 and 100%, respectively. 
 
Table (3). Effect of replacing buffaloe’s milk with camel’s milk on total solids, total protein 

and fat contents during storage period of ice milk for 10 weeks at -18°C. 

Ice milk 
treatments  

Total solids content (%) Total protein content 
(%) Fat content (%) 

Storage period (weeks) Storage period (weeks) Storage period (weeks) 

0 10 0 10 0 10 

C* 32.62 32.60 4.98 4.81 3.94 3.91 

T1 32.56 32.53 4.93 4.76 3.93 3.90 

T2 32.47 32.44 4.87 4.70 3.91 3.88 

T3 32.40 32.37 4.82 4.65 3.90 3.87 

T4 32.33 32.30 4.76 4.59 3.89 3.86 

T5 32.26 32.23 4.71 4.54 3.88 3.85 

* See Table (2). 
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Table (4). Effect of replacing buffaloe’s milk with camel’s milk on ash content, titratable 
acidity and pH values during storage period of ice milk for 10 weeks at -18°C. 

Ice milk 
treatments  

Ash content (%) Titratable acidity (%) pH values 

Storage period (weeks) Storage period (weeks) Storage period (weeks) 

0 10 0 10 0 10 

C* 1.09 1.08 0.22 0.19 6.33 6.52 

T1 1.08 1.07 0.22 0.19 6.35 6.56 

T2 1.07 1.06 0.22 0.19 6.37 6.57 

T3 1.05 1.04 0.21 0.19 6.38 6.58 

T4 1.04 1.03 0.21 0.19 6.41 6.59 

T5 1.03 1.02 0.21 0.18 6.42 6.6 

* See Table (2). 
 
Replacement of buffaloe’s milk with 

camel’s milk decreased significantly (p < 
0.05) the viscosity, specific gravity and 
weight per gallon  of ice milk mix (Tables 5, 
8), which means that, replacing of buffaloe’s 
milk with camel’s milk had significant effect 
on these properties (Tables 5, 8).  

Replacement of buffaloe’s milk with 
camel’s milk caused a pronounced increase 
(p < 0.05) of the overrun of ice milk being 
31.27, 38.31, 54.44, 58.96, 65.69 and 
70.95% for treatments C, T1, T2, T3, T4 and 
T5, respectively (Tables 6, 8). These results 
might be due to the decrease of the viscosity 
in ice milk mixes which subsequently helps 
to incorporate air in ice milk mix (Tables 6, 
8) (Prajapati et al., 2012).  

Specific gravity and weight per gallon of 
ice milk followed almost similar trends 
(Tables 6, 8). Replacement of buffaloe’s milk 
with camel’s milk caused a marked (p < 
0.05) decrease in specific gravity and weight 
per gallon of the resultant ice milk (Tables 6, 
8). This decrease was proportional to the 
ratio of replaced buffaloe’s milk (Tables 6, 
8). Specific gravity and weight per gallon had 
an opposite trends to that of the overrun 

which explain the decrease in specific gravity 
and weight per gallon by increasing the rate 
of replacing buffaloe’s milk with camel’s milk 
(Kebary et al., 1998 and Moussa et al., 
2008). 

Replacing buffaloe’s milk with camel’s 
milk caused an obvious decrease in the 
melting resistance which may be due to the 
presence of some constituents in camel’s 
milk and / or the high overrun, where air 
serves as an insulator and reduce heat 
transfer (Kebary, 1996).  

Scores of organoleptic properties (flavor, 
body and texture, melting quality and colour) 
during storage of ice milk samples are 
presented in Table (7). Replacement of 
buffaloe’s milk with camel’s milk up to 100% 
increased the scores of flavor, body & 
texture, colour and the total scores of the 
organoleptic properties of the resultant ice 
milk samples (Table 7, 8). From the 
previous, it is clear that the camel’s milk can 
be used to replace up to 100% of buffaloe’s 
milk to get a product with high sensory 
properties without any undesirable changes 
in the flavour, body & texture and colour.  
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It could be concluded that, replacement 
of buffaloe’s milk with camel’s milk did not 
affect significantly the total solids, fat 
content, total protein, ash content, titratable 
acidity and pH values of the resultant ice 
milk samples while it increased the overrun 

and decreased the melting resistance. 
Increasing the rate of replacement up to 
100% improved the organoleptic properties; 
therefore it is possible to make a good 
quality ice milk with replacing up to 100% 
buffaloe’s milk with camel’s milk.  

 
Table (5). Effect of replacing buffaloe’s milk with camel’s milk on ice milk mixes 

properties.  

Ice milk Specific gravity (g/ cm) Weight / gallon (kg) Viscosity 

C* 1.343 5.085 152.0 

T1 1.300 4.922 134.0 

T2 1.291 4.890 128.0 

T3 1.274 4.823 120.0 

T4 1.250 4.732 115.0 

T5 1.226 4.641 107.0 

* See Table (2). 
 
Table (6). Effect of replacing buffaloe’s milk with camel’s milk on properties of the 

resultant ice milk.  

Ic
e 

m
ilk

 

Specific 
gravity  

Weight / 
gallon  

Overrun  

(%) 

Melting resistance (%) 

15 min 30 min 45 min 60 min 75 min 90 gm 

C* 1.023 3.873 31.27 - 15.38 44.87 83.33 89.73 99.99 

T1 0.936 3.543 38.31 - 16.24 43.72 78.71 88.70 99.99 

T2 0.910 3.445 54.44 - 25.10 55.77 86.45 99.95 - 

T3 0.900 3.407 58.96 15.72 44.29 75.73 87.16 99.99 - 

T4 0.887 3.358 65.69 19.86 54.16 81.24 90.26 99.29 - 

T5 0.880 3.331 70.95 20.11 55.73 85.19 91.10 99.30 - 

* See Table (2). 
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Table (7). Changes in the organoleptic properties during the storage period of ice cream 
made with replacing buffaloe’s milk with camel’s milk.   

Ice milk 
treatments  P.B.R.C● Flavor 

(45) 
Body and 

texture (35) 
Melting properties 

(10) 
Colour 

(10) 
Total 
(100) 

 Ice milk storage period for (0 week) 
C* 
T1 
T2 
T3 
T4 
T5 

0.0 
20 
40 
60 
80 
100 

42.0 
43.0 
43.0 
44.0 
44.0 
45.0 

30.0 
32.0 
32.0 
32.0 
32.0 
32.0 

10.0 
10.0 
10.0 
9.0 
9.0 
8.0 

9.0 
9.0 
9.0 
10.0 
10.0 
10.0 

91.0 
94.0 
94.0 
95.0 
95.0 
95.0 

 Ice milk storage period for (2 week) 
C* 
T1 
T2 
T3 
T4 
T5 

0.0 
20 
40 
60 
80 
100 

42.0 
43.0 
43.0 
43.0 
43.0 
45.0 

29.0 
31.0 
32.0 
32.0 
32.0 
32.0 

10.0 
10.0 
10.0 
9.0 
9.0 
8.0 

9.0 
9.0 
9.0 
10.0 
10.0 
10.0 

90.0 
93.0 
94.0 
94.0 
94.0 
95.0 

 Ice milk storage period for (4 week) 
C* 
T1 
T2 
T3 
T4 
T5 

0.0 
20 
40 
60 
80 
100 

41.0 
42.0 
42.0 
42.0 
42.0 
44.0 

29.0 
30.0 
32.0 
32.0 
32.0 
32.0 

10.0 
10.0 
9.0 
9.0 
9.0 
8.0 

9.0 
9.0 
9.0 
10.0 
10.0 
10.0 

89.0 
91.0 
92.0 
93.0 
93.0 
94.0 

 Ice milk storage period for (6 week) 
C* 
T1 
T2 
T3 
T4 
T5 

0.0 
20 
40 
60 
80 
100 

41.0 
42.0 
42.0 
42.0 
42.0 
44.0 

29.0 
30.0 
32.0 
32.0 
32.0 
32.0 

10.0 
10.0 
9.0 
9.0 
9.0 
8.0 

9.0 
9.0 
9.0 
10.0 
10.0 
10.0 

89.0 
91.0 
92.0 
93.0 
93.0 
94.0 

 Ice milk storage period for (8 week) 
C* 
T1 
T2 
T3 
T4 
T5 

0.0 
20 
40 
60 
80 
100 

41.0 
41.0 
41.0 
41.0 
42.0 
43.0 

29.0 
30.0 
31.0 
31.0 
31.0 
32.0 

10.0 
10.0 
9.0 
9.0 
9.0 
8.0 

9.0 
9.0 
9.0 
10.0 
10.0 
10.0 

89.0 
90.0 
90.0 
91.0 
92.0 
93.0 

 Ice milk storage period for (10 week) 
C* 
T1 
T2 
T3 
T4 
T5 

0.0 
20 
40 
60 
80 
100 

41.0 
41.0 
41.0 
41.0 
42.0 
42.0 

29.0 
30.0 
31.0 
31.0 
31.0 
32.0 

10.0 
9.0 
9.0 
9.0 
9.0 
8.0 

9.0 
9.0 
9.0 
9.0 
10.0 
10.0 

89.0 
89.0 
90.0 
90.0 
91.0 
92.0 

* See Table (2).   
● Percent of buffaloe’s milk replaced with camel’s milk.  
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 جودة المثلوج اللبنى المصنع باستبدال اللبن الجاموسى بلبن الجمال
 

،  على حسن السنباطىخمیس محمد كامل كعبارى ، سهام إبراهیم فرج ، أحمد نبیل زیدان ، 
 سمیرة حسن شحاته هلال

 مصر  –شبین الكوم  –جامعة المنوفیة  –كلیة الزراعة  –تكنولوجیا الألبان علوم و قسم 

 ربى : الملخص الع
لـبن الجمــال لـه فوائــد صـحیة وغذائیــة عدیـدة لــذلك یهـدف هــذا البحـث إلــى دراسـة تــأثیر اسـتبدال اللــبن الجاموســى 

معـــاملات  ٦بلـــبن الجمـــال أثنـــاء تصـــنیع المثلـــوج اللبنـــى كمصـــدر لرفـــع القیمـــة الغذائیـــة والصـــحیة . لـــذا تـــم تصـــنیع 
 .  %١٠٠و  ٨٠،  ٦٠،  ٤٠،  ٢٠باستبدال اللبن الجاموسى بلبن الجمال بنسب : صفر (كنترول) ، 

 ولقد أوضحت النتائج المتحصل علیها ما یلى : 
لم یُؤثر استبدال اللبن الجاموسى بلبن الجمال على نسب كل من الجوامد الكلیة والدهن والبروتین الكلى والرمـاد  •

 .  pHالـ والحموضة وقیم 
الوزن النوعى والوزن بالجالون واللزوجة لمخـالیط إلى خفض كل من استبدال اللبن الجاموسى بلبن الجمال  أدى •

 المثلوج اللبنى . 
ازدادت نســب الریــع بینمــا انخفــض كــلاً مــن الــوزن النــوعى والــوزن بالجــالون والمقاومــة للانصــهار بزیــادة نســب  •

  الاستبدال . 
زیـادة درجـات التحكـیم أدى إلـى % ١٠٠للـبن الجاموسـى بلـبن الجمـال حتـى نسـبة اسـتبدال زیادة نسب اسـتبدال ا •

 م .°١٨-على درجة حرارة أسابیع  ١٠مثلوج لبنى ذو صفات حسیة ممتازة ولم یتأثر بالتخزین حتى وأعطى 
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Table (8). Statistical analysis of chemical composition and organoleptic properties of ice cream made with replacing buffaloe’s 

milk with camel’s milk.  

Ice milk properties  

Effect of treatments Effect of storage period (days) 

Multiple comparisons● Multiple comparisons● 

Mean 
squares C♦ T1 T2 T3 T4 T5 

Mean 
squares 0 2 4 5 6 8 10 

Chemical properties:                 

Total solids (%) 0.114 A A A A A A 0.027 A - - A - - A 

Titratable acidity (%) 0.024 A A A A A A 0.011 A A A - A A A 

pH value  0.010 A A A A A A 0.064 A A A - A A A 

Fat (%) 0.032 A A A A A A 0.027 A - - A - - A 

Total protein content (%) 0.060 A A A AB AB AB 0.095 A - - A - - AB 

Ash content (%) 0.036 A A A A A A 0.031* A - - A - - A 

Physical properties:                 

Specific gravity (Mix) 0.033* A B C D E F - - - - - - - - 

Weight / gallon (Mix) 0.048* A B C D E F - - - - - - - - 

Viscosity (Mix)  504.800* A B C D E F - - - - - - - - 

Specific gravity (result) 0.056* A B B B B B - - - - - - - - 

Weight / gallon (esult) 0.080* A B C D E F - - - - - - - - 

Overrun (%) 483.354* F E D C B A - - - - - - - - 

Melting resistance loss (%) 300.080* A B C D E F - - - - - - - - 

Total organoleptic scores  27.556* B AB A A A A 25.156* A A AB  AB B C 

♦ See Table (2).    * Significant at 0.05 level (p < 0.05). 
● For each effect the different letters in the same row means the multiple comparisons are different from each other, letter A is the highest 

mean followed by B, C, … etc. 
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