
144
 

J.Agric.&Env.ScLAlex.Univ.,Egypt Vol.7 (2)2008 

MANUFACTURE OF LOW FAT ICE MILK 

I. I. BADRAN I; A. EL-SISI 2 AND S. F. MAHMOUD 2 
. I De". ofDairy Sci. and TecJrnoL, Fac. ofAgric., M;nlljiya Un;y•• Shibin El-Kom 

1 Food Technology InsIiluI~ Resardt, Agric. Res. Center, M'1JIistry ofAgriculJure, Cairo 

ABSTRACT 

Effect of replacing milk fat with Littesse® (a 
carbohydrate based fat repalcer) on the quality of ice milk 
was studied. 25, 50, 75 and 100% of milk fat was replaced by 
the same amount of Littesse®. Substitution of milk fat with 
Littesse® caused a significant increase in specific gravity, 
weight per gallon and titratable acidity, while decreased the 
freezing point of ice milk mixes. The increase or decrease 
was proportional to the rate of replacement. Replacement of 
milk fat with Littesse® up to 50% had no significant effect 
on the overrun of ice milk, but a further increase in the rate 
of repilacement decreased the overrun. On the other hand, 
substitution of milk fat witl:, Littesse® caused a significant 
increase in specific gravity, weight per gallon, melting 
resistance at first 60 min and next 30 min, titratableacidity 
and carbohydrate content, while decreased total protein, fat 
contents and calorific values, but it did not affect the total 
solid and ash contents of the resultant ice milk. Replacement 
of milk fat with Littesse® up to 50% increased the scores of 
organoleptic properties of the product, but ice milk which 
made by replal;ing 50% of milk fat with Littesse® was the 
most acceptable treatment, while the treatment made by 
replacing 75% milk fat was not significantly different from 
control one. 

Key words: ice milk, low fat, fat replacer, Littesse®. 
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INTRODUCTiON 

Frozen de~serts are very popular in Egypt. Ice milk is one of 
the.mQst popular frozen desserts in Egypt. Therefore, its production 
haS been increased markedly recently. The nutritive value of ice milk 
is based not only on the nutritive value of milk, but also increased 
digestibility and additives which were added during the manufacture 
of ice milk (Arbucle, 1986). Recently ice milk has been used to deliver 
probiotic bacteria to consumers (Hekmat and McMahon, 1992; 
Kebary, 1996 and Kebary and Hussein, 1997). 

Lipids play crucial functional and sensory roles in food 
products. They carry, enhance and release the flavours of other 
ingredients. Lipids also interact with other ingredients to develope 
mould and texture, flavour perception, flavour stability, flavour 
generation and the overall sensation of food (Giese, 1996 and 
deRoose, 1997). Over the past decade, there has been substantial' 
interest in the development of a new range of dairy products which are 
similar to the existing products but in which the fat content is 
substantially reduced to avoid the health problems associated -with fat 
such as diabetes, h)'pertension, atherosclerosis, gall bladder disease 
and heart disease ·-(Williams, 1985 and Giese, 1996). Using fat 
substitutes to replace fat in food while keeping the same functional 
and organoleptic properties. Available fat substitutes can be classified 
as carbohydrate-based, protein-based and fat-based fat replacers 
(Giese, 1996). 

The objectives of this study were to investigate the possibility 
of making a good quality low fat ice milk using a carbohydrate based 
fat replacer and monitor the changes of low fat ice milk quality during 
frozen storage. 

MATERIALS AND METHODS 

IngredieDts: .. 
The following materials were used in preparing ice milk: 

buffaloe's milk (the herd of the Faculty of Agriculture, Minufiya 
University, Shibin El-Kom, Egypt), Littesse® a carbohydrate based fat 
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replacer (Danisco cultor America Inc., Ardsley, NY, USA), non-fat 
dry milk (Ecoval N.V., Paris, France), sucrose (Egyptian Sugar and 
Distilleries Company, El-Hawamdia, Egypt), vanilla (Aromisr, Egyptian 
Sugar and Distilleries Company, Food Flavours and Essences Factory, 
Cairo, Egypt) and emulsifier-stabilizer (Palsgaard 5936, Palsgaard 
Industries NS, Juelsminde, Denmark). Cream was obtained by 
separating fresh buffaloe's milk in the pilot plant of Department of 
Dairy Science and Technology, Faculty of Agriculture, Minufiya 
University, Shibin EI-Kom, Egypt. 
Manufacture ofice milk: 

Control vanilla ice ,mix (C) with 4% fat, 13% non-fat milk 
solids, 15% sugar and 0.5% emulsifier-stabilizer was prepared (Farag 
et al.. 1993).5 batches of ice milk mixes (each of5 kg) were prepared 
by substituting 0, 1, 2, 3 and 4% milk fat with the same weight of 
Littesseill>. Cream was added to skim milk and heated to about 50°C 
and non-fat dry milk and fat replacer were mixed together and were 
added, while stirring (Heidolph Stirrer, Heidolph-Elektro, Kelheim, 
Germany). The emulsifier-stabilizer blend was weighted in a 600 ml 
beaker, followed by alquot of skim milk, left for 1 hr to hydrate, 
heated and then added to the mix. Sugar was added and the mix was 
further stirred for 15 min. All mixes were heated at 69°C for 30 min. 
then cooled to 20°C. Ice milk mixes were aged for 12 hr at 4°C. 
Vanilla was added prior to freezing. All ice mixes were frozen in a 
batch-freezer (Cattabriga, Bologna, italy). lee milk mixes were frozen 
till proper consistency was obtained, packed in plastic cups and 
hardened at -20°C for one day. Frozen ice milk was stored at -20 ± 
2°C for 8 weeks. The experiment was triplicated. 
Physical and chemical analysis: 

Each ice milk mix was tested before freezing for titratable 
acidity and pH values (Ling, 1963), Freezing point (FAO. 1977), 
specific gravity (Winton, 1958) and weight per gallon (Burke, 1947). 
Fresh samples of ice milk were tested for overrun (Arbuckle, 1986), 
specific gravity (Winton, 1958), weight per gallon (Burke, 1947) and 
melting resistance (Ried and Painter, 1933). Samples of ice milk were 
analyzed at zero time and every two weeks for titratable acidity and 
pH values (Ling, 1963). Samples from all treatments were analyzed at 
zero time and at the 8'h week of storage period for total solids. total 
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protein. fat and ash contents accordir.g to Ling (1963). Carbohydrates 
were calculated by difference. Total energy was calculated based on 
conversion (actors as follows: protein 4, carbohydrates 4 and fat 9 and 
expressed as kcal /100 g ice milk. 
Sensory evaluation: 

Organoleptic properties of each ice milk treatment were 
assessed by ten panelists from the staff members of Department of 
Dairy Science and Technology and Department of Food Science and 
Technology, Faculty of Agriculture, Minufiya University, Shibin EI
Kom according to Kebary and Hussein (1997). 
Statistical analysis: 

The obtained data were analyzed lIsing factorial experiment 
and randomized block design. Newman Keuls test was followed to 
make the multiple comparisons using Costat program (Steel and 
Torrie. 1980). Significant differences were determined at p < 0.05 . 

RESULTS AND DISCUSSION 

Specific gravity and weight per gaUon of ice milR mixes 
lollowed almost similar trends (Table I). Replacement of milk fat with 
Littesse® (a carbohydrate based fat replacer) caused a significant 
increase (p < 0.05) in both weight per gallon and specific gravity 
(Table I) and this increase was proportional to the replacement rate. 
Replacement of 25% of mi,lk fat with Littesse® did not affect 
significantly (p > 0.05) the specific gravity or weight per gallon, while 
above that replacing specitic gravity and weight per gallon i.ncreased 
as the amount of Littesse® was increased (Table I). These results 
might be due to the higher specific gravity of Littesse® compared with 
tl1at of milk fat. These results are in agreement with those reported by 
Hussein and Badawi (1999) and Hussein (2008). 

Freezing point of ice milk mixes decreased gradually as the 
rate of replacement milk fat with Littess6ID was increased (Table I). 
Ice milk mix that was made by replacing 25% of milk fat with 
Littesse® was not significantly different trom' control mix (p > 0.05) 
Cfable I). The reduction in freezing point might be. due to the presence 
of soluble carbohydrates in fat replacer which dissolved and 
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Table (1). Effect of using Littesse® as a milk fat replacer 
on some properties of ice milk mix. 

~Prosperities 
c. 

-----
Specific gravity 

128d 
1.1 

Weight / gall (kg) 
129d 

4.2 

(C) 
Freezing point 

2.3a 

. 

Titratable acidity 
13b 

0.2 

Ll 

150d 
l.l 

2l3d 
4.2 

2.4ab 
-

23b 
0.2 

186c 

L2 

1.1 
228b 

L3 

1.1 
325a 

I 

L4 

1.1 

348c 
4.2 

709b 
4.2 

877a 
4.2 

12.6C 
-

2.7d 
-

2.8e 

47a 

. 

0.2i 27b 
0.2 

43a 
0.2 

* Each value is the mean of three replicate. 
C. : Control ke milk made with 4% fat.
 
LI : Ice milk prepared by adding 3% fat milk + 1% Littesse® as fat replacer.
 
L2 : Ice milk prepared by adding 2% fat milk + 2% Littesse®.
 
L3 : Ice milk prepared by adding I% fat milk + 3% Littesse®.
 
L4 : Ice milk prepared by adding 4% Littesse®.
 
Means with different superscript letters in the same row are significantly
 
different according to N-K method at 0.05 level of probability, letter A is the
 
highest mean followed by B. C, ... etc.
 

consequently lower the freezing point of ice milk mixes (Kebary and 
Hussein, 1997 and Hussein and Badawi, 1999). 

Replacement of milk tat with Littesse® caused a significant 
increase (p < 0.05) in titratable acidity of ice milk mixes especiatJ:y 
when higher rates of replacement were used (75 and 100%) 
(Table 1). On the other hand, acidity of ice milk treatments were 
almost stable during storage period up to 6 weeks, then increased 
during the last two weeks of storage period. Moreover, ice milk 
treatments were not significantly different (p > 0.05) from each other 
in pH values, which means replacement of milk' fat did not affect 
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significantly the pH values of the resultant ice milk (Tables 4, 7). 
Overrun of ice milk did not change significantly (p > 0.05) by 

replacing milk fat up to 50% with Littesse®, while increasing the 
replacement rate above that decreased the overrun of the resultant ice 
milk (Tables 2, 7). These results may, be due to the increase in 
viscosity and I or reduction in freezing point (Khalafalia et aI., 1975 
and Kebary, 1996). 

Specific gravity and weight per gallon of all ice milk 
treatments followed almost similar trends, while they were conversely 
correlated with the overrun (Tables 2, 7). Replacement of milk fat 
with Littesse® caused a significant increase (p < 0.05) in specific 
gravity and weight per gallon and this increase was proportional to the 
rate of replacement (Tables 2, 7). Similar results are reported by 
Hussein and Badawi (1999). 

Substitution of milk fat caused, a significant (p < 0.05) increase 
in melting resistance after 60 min and ~Qe next 30 min of the resultant 
ice milk (Tables 3, 7) and this increase was proportional to the rate of 
replacement (Tables 3, 7). This increase in melting resistance which 
means the (Jecrease of melting rate could be attributed to the increase 
in ice mix viscosity and I or the reduction in freezing point (Khalafalia 
et aI., 1975). 

Chemical composition of ice milk -treatments is presented in 
Table (5). Replacement of milk fat with Littesse® caused a significant 
decrease of total protein and fat contents and the calorific values of the 
resultant ice milk treatments, while caused a significant increase in 
carbohydrates content. The decrease of total protein, fat and .calorific 
values and the increase of carbohydrates were proportional to the rate 
of replacement (Tables 5, 7). On the ot~er hand, ice milk treatments 
were not significantly different (p > 0.05) from each other, which 
means replacement of milk fat with Littesse® had no significant effect 
on ash content of the resultant ice milk treatments. 

Scores of organoleptic evaluation are shown in Table (6). 
Replacement of milk fat with Littesse® did not affect significantly 
( > 0.05) the scores of flavour, while scores of Body, texture, melting 
quality and the total scores increased by replacing the milk fat with 
Littesse® up to 50% replacement rate. Then these scores decreased 
with further increasing of replacement rates (Tables 6, 7). 
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Table (2). Effect of using Littesse® as a milk fat replacer 
on some properties of ice milk. 

LI 

64. 
55 

2.3 
764 

0.6 
72 

• Each value IS the mean of three replicate. 
• See Table (1). 

Table (3). Melting resistance (Joss % at 30°C) of low fat ice 
milk. 

~Properties 

43 

c. 

64.Overrun (%) 

Weight / gall (kg) 
898 

57 

2.4 

0.6Specific gravity 

L2 L3 L4 

64. 63. 62. 
34 72 49 

2.12.5 2.5 
781 970 446 

0.6 0.6 0.6 
8\ 86 93 

Treatments· First 60 min Next 30 min Last 30 min 

c. 30 50 20 

L1 20 43 33 

L2 20 I 35 42 

L3 10 25 49 

L4 5 20 53 , 

* Each value is the mean of three replicate. 
• See Table (I). 
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TulJlc (4). Acidity coutellt IIIItI J.H values of icc milk made with LiUessC® as fat substitute during storage period. i>< 

C::
Aclditv (o;.) pJl vAlues 

TrealnlCilb o Slone\! period (week) Sloraee perlud (week) 
0 2 4 (; 8 0 2 .. 6 8 

c. 0.21 0.27 0.32 O.U 0.40 6.90 6.82 6.77 6.76 6.75 
1.1 0.22 0.29 0.33 0.38 0.42 6.85 6.75 6.71 6.71 6.70 

1.2 0.24 0.29 0.34 0.39 0.44 6.H3 6.70 6.1,5 6.62 661 

1.3 0.24 0.30 0.35 I 0041 0.46 6.78 6.67 6.63 6.61 6.59 

IA 0.25 0.33 0.38 0.44 0.50 6.73 6.(,4 6.60 6.58 6.54 --- - - - --...-
° Eudl value is the 1ll~1\ or thrce replicate. 
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Table (5). Gross composition of ice milk made with LittCSSl.'@ liS fat replacer. 

Treatments" 
Total, 

solid (0/0) 

Total 
protcla 
(%) 

Flit 
('Yo) 

As" 
('Yo) 

Carbobyd 
rate ('Yo) 

Calorific 
YJllues 
(kcal/l00 ~) 

Frab 8wc:cks Frab 8wc:cks Frail 8wc:cks Frah 8wc:cks Fresh 8 weeks Frail 8 weeks 
C. 1 31.125 31.020 5.J05 5.280 4.000 4.000 1.165 1.130 20.655 20.610 139.84 139.56 

.L1 30.510 30.550 5.190 5.150 2.970 2.925 1.150 1.160 21.060 21.020 131.73 131.00 
L2 30.470 30.245 5.035 4.985 ' 2.000 1.925 1.305 1275 22.130 22.060 126.66 115.50 
L3 30.925 30.575 4.935 4.910 0.975 0.935 1.310 1.265 23.705 2J.555 123.33 122.27 
L4 31.510 30.370 4.740 4.815 Om5 0.040 1.J85 1.J45 24.310 24.170 116.87 116.30 

• Each value is the mean ofthrcc replicale. 
• See Table (I). 
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> 
~Tublc (6). Scusory cvuluatioD of icc milk wude witb Littcsse® as fut substitute. .... 
o 

Flavour (SO) 
Body aDd leduR 

Mcltlag quality (10) Tolal Stor~ (100)(40) 
. 

Tn:aIDlcIIU* SlorAl!.e period (weeks) Slor:ll!e perlodlWeeksl Sioral!c period (weeks) Siorallc period (weeks) 

0 Z 4 6 8 0 Z 4 6 8 0 Z 4 6 8 0 Z 4 6 8 

I " 

c. 44 45 44 45 43 35 34 5 35 35 9 10 9 9 8 88 89 88 89 86 

1.I 45 45 45 44 4S 34 3S 5 34 34 10 9 9 9 8 89 89 89 87 117 

L2 47 46 46 45 45 36 5 35 35 , 35 10 10 9 9 9 93 92 90 89 119 

I.J 45 45 44 44 44 34 4 34 33 34 8 II 8 7 7 87 86 86 84 85 

l4 43 43 42 42 42 32 3 32 32 31 8 7 7 7 7 83 83 81 81 80 

• Each vallie is Ihe mean of three replicate. 
• See Tabl~ (1). 
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'
Table (7). Statistical Ivsis or low r: .. 'Ik - - - - - -- --- >. . 

Eftect of treatments Effect orstoral!e ocriod (weeks) 
Properties of ice milk Multi~ Ie eom~ arisons·: Multiple comparisons· 

Mean squares C· L. Lz L) L4 Mean SQuares 0 2 4 6 
Overrun (%) 2:169· A /\ I] C 

-
A 

Specific gravity 5.502· D C 0 All A 
Weight / gall (kg) 7.888· 0 C B All A 
Melting resistance: A 
Fil'st60 min 183.15· E 0 C B A 
Next 30 min 217.26· E 0 C B A '. 
Last 30 min 15.07· A B C 0 E 
Titmtablc acidity 0.006· B B 0 B A 0.069· B D B AB A 
.e! I values 0.050· A A A A A 0.131· A 13 B J- 8 
COlllllOsition: 

I Total solids (%) (1.363 A A A A A 0.780 A A 
Tolal (1mteiu (%) 0.1113· /\ B C D E 7.605 /\ /\ 
Fat (%) 9.7611· A B C D E 8.000 A A 
Ash ('Yo) 0.033 A A A A A 0.009 A A 
Cal'bohydrnte (%) 10.579· E 0 C B A 0.016 A A 

I Calor] fic value (kcal/ IOQ ron) 305.333· A B C 0 E 3.881 A A 
. Orgauoleptic properties: 

Flavour 15.320 A A A A A 2.120 A A A AB B 
Body and texture 17.080· B B A C 0 0.580 A A A A A 
Melting quality 9.480· B B A C 0 2.280 A A A A A 
Total scores 136.800· B B A D C 7.600· A A AD AB B . 
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Sec Table (I). • Significant at 0.05 level (p ~ 0.05). .......
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• For each effect Ihe different leiters in the same row means the multiple comparisons are different fmm eaeh other. letter A is the '-' 

highest mean followed by n, C, ... etc. 
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The most acceptable ice milk treatment was that made by 
replacing 50% of milk fat with Linesse®, while ice milk treatment 
that made by replacing 75% of milk fat with Linesse® was not 
significantly (p > 0.05) different from control ice milk that was made 
with milk fat only (Tables 6, 7). 

It could be concluded that it is possible to replace milk fat with 
Littesse® up to 75%, without significant effect on the quality of the 
resultant ice milk and consequently reduce the calorific values of the 
resultant ice milk. 
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