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Abstract 
Several studies are conducted to improve nutritional enrichment of ice cream. The aim of the 
present study was to produce healthy ice cream by partial replacement of fat with whey protein 
(WP), dietary fibers (oat (OT) and wheat germs (WG)) and modified starch (MS). Reduced fat ice 
cream (8% fat) was prepared as control. Healthy reduced fat ice cream was prepared by replacing 
1% and 2% of fat with WP, OT, WG and MS. The fat replacement with OT and WG increased the fi-
ber content of ice cream. In addition, ice cream from all treatments characterized by a significant 
great free radical scavenging activity when compared with control, especially when fat was re-
placed with WG, WP and OT, respectively. The sensory evaluation of ice cream revealed an en-
hancement of flavor when fat was replaced with 1% WP and OT and 2% WP (P < 0.05 vs. control). 
The modified starch treatments (1% and 2%) showed the highest viscosity followed by OT (2%) 
treatment (P < 0.05). In conclusion, these results showed that dietary fibers (OT & WG), WP and 
MS could be used to replace fat in ice cream and to give a healthy reduced fat ice cream with high 
fiber content and with high antioxidant activity. 
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1. Introduction 
Ice cream is a frozen dairy products composed of milk, sugar, stabilizer, emulsifier and flavoring. Ice cream is 
considered as a complex colloidal system with a unique structure depended on air bubbles and other structural 
compounds [1]. At present, there is an increasing concern about the effect of diet on health and quality of life. 
Consumers are interested in reduced fat products that are less associated with the risk of chronic diseases such as 
obesity and coronary heart diseases [2]. The Food and Drug Administration has approved the use of labeling 
names of reduced-fat, low-fat and non-fat ice creams for such products that containing less than 10% milk fat [3]. 
Due to the fact that fat is an important determinant for texture and quality of ice cream, reduced fat ice cream 
has a body and textural problems. Therefore, the dairy manufacturers use some fat replacers to improve quality 
of reduced fat ice cream [2] [4]. The fat in ice cream can be partially replaced with low energy nutrients such as 
proteins (i.e. whey proteins) or carbohydrates (i.e. modified starch) [5]. In addition, different dietary fibers are 
used as fat replacers in reduced fat ice cream [6]. 

Dietary fibers include a group of heterogeneous food constituents such as celluloses, hemicelluloses, lignins, 
pectins, and seaweed. Dietary fibers can be found in different food sources such as oat, wheat, inulin and apple. 
Several studies show the physiological and nutritional aspects of dietary fibers. Therefore, different studies try to 
incorporate dietary fibers in several food products to increase their health benefits [7]. The physiological effects 
of food products supplemented with dietary fibers include the improvement of gastrointestinal health, protection 
against colon cancer, reducing blood total and low-density lipoprotein cholesterol, lower blood glucose after 
meal, and immunostimulants [8]. The use of dietary fibers shows a significant improvement in melting quality 
of ice cream with a minimal effect on viscosity, overrun and texture [6] [9]. In another study, both oat and wheat 
fibers improve viscosity development due to water-binding capacity [10]. 

Whey and whey products have been used successfully in ice cream and other frozen dairy desserts for years. 
Whey proteins are a good source of essential amino acids and bioactive peptides. The incorporation of WP in ice 
cream shows an improvement in overrun, creaminess, smoothness and flavor [11] [12]. Recently, WP improves 
sensory properties besides improving the protein content of reduced fat ice cream [2] [13].  

Starch is a common plant polysaccharide carbohydrate, which consists of a very big number of glucose units. 
In order to enhance functional properties of starch, several studies have used different chemicals or enzymes to 
modify starch [14]. The resulted modified starch shows enhanced properties such as higher water holding capac-
ity and improved thickening that enable modified starch to be used as a food additives and fat replacers [15]. 
Modified starch is used previously for production of low fat butter spread/margarine and low fat milk type 
products [16] and low fat ice cream [4]. 

The objective of the present study was to determine the effects of partial replacement of fat with dietary fibers 
(oat and wheat germ), whey proteins and modified starch on viscosity, antioxidant activity and sensory evalua-
tion of reduced fat ice cream. 

2. Materials and Methods 
2.1. Materials  
The ingredients of ice cream mix included pasteurized cow’s milk and cream which obtained from El-Maray 
company, while skim milk powder, whey protein powder, modified starch, wheat germ, oat, granulated can sug-
ar, glucose, gelatin and emulsifiers (Egg yolk) were obtained from the local markets in Buridah, Qassim. 

2.2. Ice Cream Mix Preparation 
The control reduced fat ice cream mix was prepared [3]. Other eight Ice cream mixes were calculated and pre-
pared from the above-mentioned ingredients and their compositions are presented in Table 1. All mixes were 
heated at 75˚C for 10 min, then rapidly cooled to 4˚C then egg yolk was added and stored at the same tempera-
ture overnight for ageing. The aged ice cream mixes were frozen in an experimental ice cream batch freezer 
(Automatic ice cream maker, Delonghi, II Gelatia, Italy). The ice cream were put into PVC cups (ca 200 ml) 
containers and hardened at −18˚C for 24 h before analyses. Three replicates were carried out for each treatment. 

2.3. Methods of Analysis 
2.3.1. Physicochemical Analysis, and Overrun for Ice Cream Mixes 
Ice cream samples were analyzed for their crude fiber according to the methods described in AOAC [17]. For  
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Table 1. Composition of ice cream mixes.                                                                     

Ingredients (%) Control 

Treatments 

1 % Fat Replacement 2 % Fat Replacement 

MS1 WP1 WG1 OT1 MS2 WP2 WG2 OT2 

Fat 8 7 7 7 7 6 6 6 6 

MSNF 11 11 11 11 11 11 11 11 11 

Sugar ( 66% sucrose + 33% glucose) 16 16 16 16 16 16 16 16 16 

Stabilizers (Gelatin) + Emulsifier (Egg yolk) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

MS - 1 - - - 2 - - - 

WP - - 1 - - - 2 - - 

WG - - - 1 - - - 2 - 

OT - - - - 1 - - - 2 

Total solids 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 

MSNF: milk solids not fat; MS: modified starch; WP: whey proteins; WG: wheat germ; OT: oat. 
 
the pH measurement, about 100 g ice cream samples were melted at 5˚C then the pH was measured using a pH 
meter (model Jenway 3310). The overrun, was measured as described by Arbuckle [18]. To determine the melt-
ing resistance (Meltdown), the blocks of frozen ice cream weighting 200 g at −18˚C allowed melting at 22˚C ± 
2˚C for 45 min. The melting resistance was calculated according to Mathur and Srinivasan [19]. 

2.3.2. Antioxidant Activity (DPPH Free Radicals Scavenge) Assay  
The ability of the ice cream mixes to scavenge DPPH free radicals was determined by the method described by 
Blois [20]. Each sample (30 μl) was mixed with 1.0 ml of DPPH (0.1 mM in methanol). The reaction mixture 
was allowed to react for 20 min at room temperature. The remaining DPPH free radical was determined by ab-
sorbance measurement at 517 nm against methanol blanks. The percentage scavenging effect was calculated 
from the reduction of absorbance against control (DPPH radical solution in methanol without sample) according 
to the following equation by Blois [20]: 

Scavenging activity % = [(Absorbance of control − Absorbance of sample)/Absorbance of control] × 100 

2.3.3. Apparent Viscosity 
Measurements of apparent viscosity of aged ice-cream mixes were carried out according to Metwally [21] with 
some modifications. Brookfield Programmable Rheometer (Model RVDV-III Ultra; Brookfield Engineering 
Laboratories, Stoughtm, MA, USA) was used for viscosity measurements. All mixes were tempered for 5 min at 
20˚C ± 1˚C in a concentric cylinder with RV spindle number 3 at 40 rpm. Rheocalc software (ver. 2.5, Brook-
field Engineering Laboratories, Inc.) was used to collect the values of apparent viscosity.  

2.3.4. Color Parameter Evaluation 
The color of ice cream samples was measured using a colorimeter (Model Hunter Lab color Flex). The L, a, and 
b values were recorded, with L denoting lightness on a 0 - 100 scale from black to white; a, red (+) or green (−); 
and b, yellow (+) or blue (−) as described by Francis [22]. 

2.3.5. Sensory Evaluation  
The sensory evaluation of the ice cream was judged by 10 experienced panelists from Department of Food 
Science and Human Nutrition, College of Agric. and Vet. Med., Qassim Univ., KSA using a score test. The ice 
cream samples were assessed for flavor (40), texture (30), color (15) and melting (15) using a report sheet ac-
cording to Watts et al. [23]. 

2.3.6. Statistical Analyses 
Data were analyzed by one-way analysis of variance (ANOVA), followed by assessment of differences by Tu-
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key’s post-hoc test. All statistical calculations were performed using SPSS version 16.0. Results were consi-
dered statistically significant at P > 0.05.  

3. Results and Discussion  
3.1. Physicochemical Properties, Antioxidant Activity and Overrun 
Data presented in Table 2 showed the effect of different replacements of fat (1% & 2%) with modified starch 
(MS), whey protein (WP), oat (OT) and wheat germ (WG) on physicochemical properties, antioxidant activity 
and overrun of reduced fat ice cream. As can be noticed, there was not significant different between all treat-
ments in pH value. The addition of WP showed a slight reduction in the pH value. In other study, WP showed a 
significant increasing in the acidity of ice cream [13]. In addition, addition of MS showed a tendency to increase 
value of pH. Generally, MS can be prepared by using acid, alkaline and enzymes [15]. Therefore, it could be the 
nature of composition of MS that showed a tendency to increase the pH value of the resultant ice cream.  

From Table 2 also, it can be noticed that the overrun of all ice cream treatments were decreased significantly 
by addition of MS, WP, OT and WG when compared with control. Replacement with dietary fibers did not show 
any tendency of improvement for overrun. Dietary fibers also showed an increase in the melting of ice cream. In 
similar study, the use of fibers improved melting properties, but failed to increase overrun of ice cream ([9] & 
[6]). Addition of WP showed no effect on the overrun, but increased meltdown significantly when fat was re-
placed by 2%. This is not in agreement with other study that observed an increased melting resistance when WP 
added [13]. The difference between the results of the present study and the previous one could be due to the dif-
ference in the quantity of WP which was larger in the previous report than that used in the present study. 

The addition of MS, WP, OT and WG resulted in a significant increasing in the crude fibers of ice cream 
compared to the control (Table 2). The higher fiber content was accounted for the ice cream fortified with oat 
and wheat germ (1% and 2%). Besides, addition of MS and WP in ice cream showed a moderate amount of 
crude fibers.  

Ice cream from all treatments characterized by significantly greater free radical scavenging activity compared 
to the control, especially when wheat germ, whey protein and oat were added to ice cream, respectively. These 
findings are in harmony with those obtained by Ford-Martin [24]. 

3.2. Sensory Evaluation of Ice Cream Mixes 
The sensory scores of the ice cream samples are given in Table 3. An improvement in the flavor of ice cream 
was observed when fat was replaced with 1% WP or OT and 2% WP. Also, there was no significant effect of all 
treatments on the color of ice cream except replacement of fat with 2% WG and OT which showed a significant  
 
Table 2. Effect of partial fat replacement by whey proteins (WP), wheat germ (WG), oat (OT) and modified starch (MS) on 
physicochemical properties of reduced fat ice cream.                                                             

Treatments pH value Overrun (%) Meltdown (ml) Crude fibers (%) DPPH (%) 

Control 6.77 ± 0.06c 75.00 ± 2.00a 32.00 ± 2.50d 0.062 ± 0.02e 20.08 ± 4.44d 

1% Fat Replacement 

MS1 6.82 ± 0.03bc 36.00 ± 1.00de 48.00 ± 2.80abc 0.137 ± 0.04d 33.30 ± 6.76c 

WP1 6.83 ± 0.04bc 40.00 ± 2.00d 30.00 ± 3.60d 0.085 ± 0.01c 70.75 ± 2.10ab 

WG1 6.78 ± 0.04c 45.00 ± 1.00c 43.00 ± 2.20c 0.229 ± 0.05b 78.86 ± 4.44a 

OT1 6.82 ± 0.03bc 50.50 ± 0.80b 36.00 ± 2.40d 0.268 ± 0.02a 64.09 ± 2.81b 

2% Fat Replacement 

MS2 6.91 ± 0.03ab 38.80 ± 0.40de 55.00 ± 2.60a 0.183 ± 0.03c 42.95 ± 2.90c 

WP2 6.76 ± 0.02c 47.60 ± 1.30c 51.00 ± 3.30ab 0.097 ± 0.02b 71.33 ± 4.05ab 

WG2 6.86 ± 0.08bc 35.40 ± 1.60e 48.00 ± 1.60abc 0.237 ± 0.06b 80.12 ± 2.29a 

OT2 6.82 ± 0.04bc 45.80 ± 1.10c 44.00 ± 1.20bc 0.298 ± 0.07a 72.88 ± 1.90ab 

Data are the mean ± SE (n = 3), Mean values in the same column bearing the same superscript do not differ significantly (P > 0.05). 
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Table 3. Effect of partial fat replacement by whey proteins (WP), wheat germ (WG), oat (OT) and modified starch (MS) on 
sensory evaluation of reduced fat ice cream.                                                                    

Treatments Flavor (40) Texture (30) Color (15) Melting (15) 

Control 27.44 ± 5.98b 27.67 ± 3.04a 14.01 ± 2.13a 11.49 ± 2.82a 

1% Fat Replacement 

MS1 32.22 ± 5.17ab 23.44 ± 3.61a 14.66 ± 1.32a 9.33 ± 2.34a 

WP1 35.33 ± 2.40a 26.67 ± 3.24a 12.84 ± 2.01ab 10.83 ± 2.58a 

WG1 34.22 ± 5.36ab 24.22 ± 4.76a 12.66 ± 3.60abc 11.67 ± 2.34a 

OT1 35.44 ± 3.50a 26.78 ± 4.27a 12.33 ± 2.79abc 11.67 ± 2.34a 

2% Fat Replacement 

MS2 33.11 ± 5.18ab 26.00 ± 4.12a 14.01 ± 1.50a 11.34 ± 3.27a 

WP2 35.11 ± 3.76a 25.00 ± 5.96a 12.00 ± 2.13abc 11.67 ± 3.15a 

WG2 30.44 ± 3.64ab 22.56 ± 3.17a 9.33 ± 2.34c 11.01 ± 2.13a 

OT2 29.89 ± 5.18ab 25.00 ± 3.87a 10.32 ± 1.59bc 9.66 ± 2.49a 

Data are the mean ± SE, n = 10, Mean values in the same column bearing the same superscript do not differ significantly (P > 0.05). 
 
lowered score for color. There was no significant effect of all treatments on texture and melting of the resultant 
ice cream. In line with other studies, the present results showed a good overall acceptability of the ice cream for-
tified with MS, WP, OT and WG [6] [13].  

3.3. Viscosity of Ice Cream Mixes 
Figure 1 illustrated the mean values of apparent viscosity (cP) for mixtures of ice cream contain MS, WP, OT 
and WG. As it can be noticed, replacement of fat (1% or 2%) with MS showed the highest viscosity followed by 
OT (P < 0.05). Both WP and WG showed similar viscosity values when they added with the same ratio. Viscos-
ity of WP1 and WG1 treatments showed viscosity values similar to that of the control. However, these results 
indicated that the viscosity of the resultant ice-cream samples was greatly increased when modified starch (1% 
or 2%) and oat (2%) was added. These high values of viscosity could be due to the ability of starch and oat to 
improve network of ice cream, which constrains the serum areas and, thus, leads to increased viscosity.  

Previously, addition of oat and wheat fibers to ice cream was characterized by a significant improvement of 
viscosity characteristic of the resultant ice cream. This improvement in viscosity could be likely induced by the 
presence of insoluble materials and high water retention ability of oat and wheat fibers ([10]). Similar to our re-
sults, Ruger et al. [25] found that addition of 1% whey proteins did not affect viscosity in ice-cream mix. In ad-
dition, Tomer and Kumar [26] found that the viscosity of ice cream was higher in the treatment containing 2.26% 
milk protein concentrate than that containing 1.42% milk protein concentrate. 

3.4. Color Parameter of Ice Cream Mixes 
Figure 2 illustrated the average values for L, a, b of color measurements by Hunter Colorimeter for ice cream 
treatments. The “L” values are determining the black (0) to white (100) color. The range of “L” value for all 
treatments was from 83.3 to 88.8. All ice-cream treatment were quiet similar in “L” value to that of control. The 
“a” value is an indicator of red (positive values) to green (negative values) color. As shown, all “a” values are 
negative which indicate that all treatment showed more green color than red color. The addition of whey pro-
teins resulted in a slight reduction in “a” value (1.51 and 0.77 for WP1 and WP2, respectively) compared to 
control (2.52). In addition, the results of “b” value are comparing yellow (positive values) to blue (negative val-
ues) colors. It is clear that all of the additives that used in the present study increased yellowish color of the re-
sultant ice cream. It can also be noticed that WG2, WP1 and WP2 treatments were showing the highest “b” val-
ues (17.07, 15.16 and 19.80, respectively) among all other treatments and control. The obtained results are in 
line with those found by Akalin et al. [2] who found no effect of whey protein addition on the analytical meas-
ures of color. Also, it was found earlier that the increasing of addition of wheat germ was accompanied by an  



S. A. Salem et al. 
 

 
402 

 
Figure 1. Effect of partial fat replacement by whey proteins (WP), wheat germ 
(WG), oat (OT) and modified starch (MS) on apparent viscosity of reduced fat 
ice cream. Mean values bearing the same superscript do not differ significantly 
(P > 0.05).                                                           

 

 
Figure 2. Effect of partial fat replacement by whey proteins (WP), wheat germ 
(WG), oat (OT) and modified starch (MS) on color values of reduced fat ice 
cream. Mean values bearing the same superscript do not differ significantly (P > 
0.05). Capital letters refer to L-value. Small letters refer to b-value.                  

 
increase in the yellowness of a syrup blend [27]. 

4. Conclusion 

Based on the above results, it could be concluded that reduced fat ice cream could be prepared by 1% and 2% fat 
replacement with MS, WP, OT and WG. These additives showed an improvement of sensory properties as well 
as increasing antioxidant activity and fiber content of the final reduced ice cream product. Replacement of fat 
with MS improved viscosity and overrun of the resulted ice cream. Addition of WP improved flavor of the final 
ice cream. While addition of OT increased fiber content, the addition of WG showed the highest antioxidant ac-
tivity of the resulted ice cream. Therefore, the results of the present study confirmed the possibility of producing 
healthy ice cream with lower fat content and with higher dietary fibers and antioxidant activity. 
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