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ABSTRACT

In recent past; change in lifestyle has paved the way for many diseases like obesity and diabetes with huge demand for reduced calories 
low fat sugar free products. Therefore, to meet the demand of the current market a low-fat sugar free ice-cream was prepared. The per 
kg fi nal formulation provided by response surface methodology (RSM) to prepare desirable low-fat sugar free ice cream is 751ml skim 
milk, 31gm cream, 65gm SMP, 18.2ml sorbitol, 30gm maltodextrin, 70gm polydextrose, 12.5gm WPC-70, 0.009gm sucralose and 5gm 
emulsifi er. RSM was used to investigate the infl uence of predictor variables (sorbitol and sucralose) on ice-cream color and appear-
ance, body and texture, fl avor and taste and melting resistance. 1-3% level of sorbitol and 0.005-0.015% sucralose was varied. Finally, 
2.33% sorbitol and 0.009% sucralose were obtained as optimum levels. Available literature indicated levels of Maltodextrin as fat 
replacer was found effective at 3% and polydextrose at 7% in providing bulk to the ice-cream without affecting the sensory attributes 
and Physico-chemical parameters. Low calorie sweeteners sorbitol and sucralose on comparison to sucrose were effective in imparting 
sweetness without adding calorie to the prepared ice-cream. Prepared ice-cream was effective in mimicking mouth feel of full fat ice-
cream. The Optimized ice-cream was analyzed for various parameters including Total solids, fat, protein, moisture, titrable acidity, ash, 
carbohydrate and overrun as 30.44, 2.40, 4.69, 69.56, 0.135, 1.34, 22.01 and 61.6g/100 g respectively. The total plate count (TPC) of 
freshly prepared ice cream was 1.5×103, yeast &mould was absent and coliform count was found nil. The calorifi c value of ice-cream 
was reduced from 200 kcal to 116.74 kcal/100 gram
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Note:

S. 
No.

Variables
Actual  Coded

Levels
-1.41       -1       0        +1       +1.41

1. Sorbitol A 0.58 1 2 3 3.41

2. Sucralose B 0.0029 0.005 0.01 0.015 0.017

INTRODUCTION

Ice-cream is a frozen dairy product obtained by appro-
priate mixing and processing of cream and other milk 
food along with sugar and fl avor, in presence or absence 
of stabilizer or color and with absorption of air dur-
ing freezing (De, 2015). Ice-cream is loaded with high 
fat, protein and carbohydrate which add to its calorifi c 
value. On average the calorifi c value of Ice Cream is 200 
kcal/100g (Pinto and Dharaiya, 2014). The fat rich diet 
has been recognized as alarming reason for high energy 
intake, positive energy balance and a major cause of 
obesity. These troubled eating habit coupled with lack 
of physical activity and stressed life has resulted in 
various health issues across globe especially among the 
natives of Asian continent (Thomas et al.,1992; Siggaard 
et al.,1996; Wylie-Rosett, 2002). In India alone about 
48.14 percentage residents consume high fat diet (Chatter-
jee, 2007). Survey of Indian Council of Medical Research 
affi rmed that in urban locality 49 percentage of female 
and 36 percentage of male population suffers from obe-
sity. Obesity can be explained as a store of several other 
health issues like hyperlipidemia, hypercholesomia, dia-
betes, hypertension, cancer and gallstones. WHO has esti-
mated a world-wide heavy upsurge in the diabetic cases, 
expected to raise by 57.2 million till 2025 in sharp con-
trast to the diabetic cases of 19.4 million as in 1995. India 
has already become the home to diabetes with 69.1 mil-
lion patients and which is expected to surge by 79.4 mil-
lion till 2030, (Mohan et al., 2010 and Kaveeshwar et al., 
2014 Sonwane and Hembade, 2014 Tripathy et al., 2017).

In recent years, with growing demand of low calorie, 
low fat products the dairy industry has come up with 
numerous low-fat and fat-free ice cream products. With 
increased consumer attentiveness for improved and effi -
cient foods various new technologies has come to the 
fore for manufacture of such products. Ice cream is one 
of the most served and loved desserts but is high in fat 
content (10–14%) and sugar (30%) therefore; formulat-
ing its low fat and sugar free version will serve in good 
cause for reducing the extra-calorie intake and make 
it healthier. Removal of sugar to prepare sugar free ice 
cream counts for some defects like adjustment in total 
solids and loss in freezing point depression. The prior 
can be compensated by using bulking agent like poly-
dextrose and later by adding freezing point depressant 
like sorbitol (Tharp, 1991, Pinto and Dharaiya, 2014; 
Patil and Banerjee, 2017).

Bulking agents impart creaminess, smoothness, 
improve texture and provide a mouth feel and protec-
tion against temperature fl uctuation to please customers, 
(Goff and Jordan, 1985). Sorbitol or mannitol containing 
Sugar-free products contain low glycemic index (GI). Low 
GI foods are important in dietary management as they 

allow slow movement of glucose into the blood resulting 
in very low rise in blood glucose and insulin levels. The 
use of artifi cial sweeteners in food are very useful as it 
imparts sweetness without adding sugar which result in 
calorie reduction, helps in weight loss and diet control. 
Artifi cial sweeteners are considered safe as some of them 
are not digested by our body like sucralose. Fat has a 
major part in the structure of ice cream and its removal 
from the ice cream lowers the characteristics of the prod-
uct which requires a substitute to be added. The substi-
tute on addition preserves the characteristics of ice cream 
known as fat replacer. Fat mimetics are indigestible, low 
calorie and posses’ dissimilar chemical structure than fat. 
These are of different types of carbohydrate or protein-
based. Physiological characteristics and desirable eating 
qualities like viscosity, mouth feel and appearance of fat 
are copied by these fat mimetics.

In the wake of outlined research prospect, the present 
study was carried out with the comprehensive objective 
to prepare low fat sugar free ice-cream and to under-
stand the role of various artifi cial-sweeteners, fat replac-
ers and bulking agenton Physico-chemical, textural and 
microbiological properties of ice-cream. 

The major highlight of the study is that the calo-
rifi c value of the prepared ice-cream is 116.74 kcal/100 
gmuch lower as compared to average calorifi c value of 
197.13 kcal/100 gfor an average ice cream.

MATERIAL AND METHODS 

Ice-Cream Formulation: The Central Composite Rotatory 
Design (CCRD) of  Response Surface Methodology (RSM) 
was used to obtain 13 different combinations of sorbitol 
and sucralose to prepare the experimental low-fat sugar 
free ice-cream. Identical composition of Maltodextrin, 
Polydextrose and WPC were used in all the thirteen dif-
ferent combinations. Fat and total solid were used as 
per the standards given by Food Safety and Standards 
Authority of India (FSSAI), 2006 (Table I). Ice-cream 
with 13 different compositions was processed using the 
method given by Arbuckle, (2013).

In this table (Table I) CCRD design is presented with 
13 different experimental runs of independent variables 
(Sorbitol) Factor A and (Sucralose) Factor B and its coded 
level. All the responses are shown with sensory score allo-
cated by the judges.the independent variables and their 
decoded or actual levels are depicted below as note.
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Table I. Experimental Design Matrix and Sensory Score of the Low-Fat Sugar Free Ice-cream
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10 1 0 0 3 7 1.25 2.5 28.14 8.5 7.5 7.5 7.89

6 2 1.41421356 0 3 7 1.25 2.5 28.14 7.44 7.5 7.5 7.25

1 3 -1 -1 3 7 1.25 2.5 28.14 7.38 6.5 7 7.5

2 4 1 -1 3 7 1.25 2.5 28.14 7.5 7.03 6.37 6.75

7 5 0 -1.414213562 3 7 1.25 2.5 28.14 6.5 7.33 6.81 7.01

13 6 0 0 3 7 1.25 2.5 28.14 8.01 8.25 8.25 7.5

12 7 0 0 3 7 1.25 2.5 28.14 8.05 8.7 8.15 8

9 8 0 0 3 7 1.25 2.5 28.14 7.95 8.5 7.98 7.69

3 9 -1 1 3 7 1.25 2.5 28.14 7.5 6.5 7.25 7.25

4 10 1 1 3 7 1.25 2.5 28.14 7.38 7.16 7.34 7.14

8 11 0 1.414213562 3 7 1.25 2.5 28.14 7.25 6.88 7.01 7.01

11 12 0 0 3 7 1.25 2.5 28.14 8.25 8.5 8.5 8

5 13 -1.41421356 0 3 7 1.25 2.5 28.14 7 7.16 7.31 6.98

The sensory analysis was done by the panellist on 
sensory score card.Numerical scores were allocated for 
color and appearance, body and texture, fl avor and taste 
and melting resistance of the ice cream based on the 
nine - point’s hedonic scale. The numerical score was 
used as an indication of the quality. These scores were 
further used in the RSM to obtain the optimum levels of 
sorbitol and sucralose. For obtaining the optimum levels 
of artifi cial sweeteners to be used maximum desirabil-
ity value solution was preferred. Response surface plots 
were used to explain the effects of independent factors 
on the response variables. The study was replicated three 
times to minimize the chance of errors and results were 
statistically analyzed. All the responses were numeri-
cally optimized by maximizing within the critical limits 
using Design Expert Software. The independent factors 
were set within the experimental range. 

The detailed processing of fi nal ice-cream is men-
tioned in Fig I.

Physico Chemical Analysis: The prepared ice-cream was 
subjected to Physico-chemical analysis. Fat content; 
total solids, total ash, moisture content and titrable acid-
ity of the ice-cream were calculated using FSSAI Labo-
ratory Manual 1. Protein content of the frozen mixture 
was determinedbyKjeldahl method.Total Carbohydrate 

was calculated from the difference of proximate com-
position. Overrun was calculated as per the method of 
Sommer (1951).For Microbiological analysis, Total Plate 
Count was performed as per IS 5402:2012, Yeast and 
Mold was performed as per IS 5403:1999 (RA2013) and 
Coliforms Test was done using IS 5401(P1):2012. Calo-
rifi c value of ice cream was calculated using formula 
given below

Calorifi c Value = % Carbohydrate × 4 + % Fat × 9 + 
% Protein × 4

RESULTS AND DISCUSSION

The sensory data of the experimental Ice cream along 
with the CCRD matrix is summarized in Table I. The 
obtained sensory data was subjected to evaluation by 
quadratic model and the statistical signifi cance of the 
terms in the regression equation was examined by anal-
ysis of variance (ANOVA) as presented in Table II.

The color & appearance score of the experimental ice 
cream ranged from 6.5 to 8.5 (Table I). The minimum 
score was obtained for 2% sorbitol and 0.002929% 
sucralose treatment combination and the maximum 
score was obtained for 2% sorbitol and 0.01% sucralose 
treatment combination. Lack of fi t was not signifi cant, 
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FIGURE 1. Flowchart for preparation of low-fat sugar-free ice-cream
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(Fcal>Ftab) confi rming the signifi cance of model at 5 per 
cent level of signifi cance. The model terms for sorbi-
tol and sucralose was highly signifi cant in color and 
appearance score at linear as well as quadratic level. 
The coeffi cient estimates of color and appearance score 
model shows that levels of different variable had sig-
nifi cant effect on the score. The linear and quadratic 
effect of Sorbitol and Sucralose is expressed in graph 
obtained in Fig II (a). The response surface equation 
derived for predicting color and appearance score could 
be given as: 

+8.15+0.078*A+0.13*B-0.060*AB-0.37* A2-0.54* B2

score was acquired for 1% sorbitol and 0.05% and 
0.015% sucralose treatment combination and the maxi-
mum score was acquired for 2% sorbitol and 0.01% 
sucralose treatment combination. The regression coef-
fi cient data presented in Table II revealed that the coef-
fi cient of determination was 0.8004. Further, it can be 
fi gured that the signifi cance of model at 5 per cent 
level of signifi cance as Lack of fi t was not signifi cant, 
(Fcal>Ftab). The model terms for sorbitol and sucralose 
was highly signifi cant in body and texture score at lin-
ear as well as quadratic level in Fig II (b). The response 
surface equation estimating Body and Texture score 
could be given as:

+8.29+0.21*A-0.063*B+0.033*AB-0.59* A2-0.70* B

Table II. Regression Coeffi cients of Polynomial Model 
for Sensory Response of Low Fat Sugar Free Ice cream
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Intercept 8.15 8.29 8.03 7.82

A-Sorbitol 0.078 0.21 -0.034 -0.060

B-Sucralose 0.13 -0.063 0.19 0.018

AB -0.060 0.033 0.18 0.16

A2 -0.37 -0.59 -0.38 -0.33

B2 -0.54 -0.70 -0.62 -0.38

R2 0.8036 0.8004 0.8237 0.8058

APV 5.907 5.279 6.581 5.778

Lack of Fit NS NS NS NS

P value 0.0203** 0.0214** 0.0143** 0.0196**

FIGURE 2. (a) Response surface 3D plot showing effect 
of sorbitol and  sucralose on color and appearance  

The score for Body Texture of the experimental ice 
cream ranged from 6.5 to 8.5 (Table I). The minimum 

FIGURE 2. (b) Response surface 3D plots showing effect 
of Sorbitol and Sucralose on body and texture 

The Flavor & Taste score of the experimental ice 
cream ranged from 6.75 to 8 (Table I). The minimum 
score received was for 3% sorbitol and 0.005% sucra-
lose treatment combination and the maximum score 
received was for 2 % sorbitol and 0.01 % sucralose treat-
ment combination. The coeffi cient of determination was 
0.8237 as shown in regression coeffi cient data presented 
in Table II. Rathod et al. (2013) has also reported almost 
similar result (i.e. 0.89) while optimizing levels of arti-
fi cial sweetener for preparation of sugar free ice-cream.
The Lack of fi t was not signifi cant, (Fcal>Ftab) confi rm-
ing the signifi cance of model at 5 per cent level of sig-
nifi cance. The model terms for sorbitol and sucralose 
were highly signifi cant in fl avor score at linear level in 
Fig II (c). The response surface equation for Flavor and 
Taste score could be given as: 

+8.08-0.034* A+0.19*B+0.18* AB-0.38* A2-0.62* B2
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The melting resistance score of the experimental ice 
cream ranged from 6.37 to 8.5 (Table I). The minimum 
score was for 3% sorbitol and 0.005% sucralose treat-
ment combination and the maximum score was for 2% 
sorbitol and 0.01% sucralose treatment combination. 
The coeffi cient of determination was 0.8058 as depicted 
in regression coeffi cient data presented in Table II. The 
model terms were signifi cant at 5 per cent level of sig-
nifi cance as the Lack of fi t was not signifi cant, (Fcal>Ftab). 
The model terms for sorbitol and sucralose was highly 
signifi cant in melting resistance score at linear and 
quadratic level in Fig II (d). The Melting Resistance score 
can be calculated by the response surface equation men-
tioned below: 

+7.82-0.060*A+0.018*B+0.16*AB-0.33* A2-0.38* B2

reported to 30.44 g / 100g which is as per the standards 
of FSSAI. However, reduction in TSC can be attributed 
to the fact that sucrose is replaced by high intensity 
artifi cial sweeteners required in very small amount as 
against sucrose which is used in concentration of 15 % 
in normal ice cream. The minor diminution in the total 
solid content can be attributed to the moisture content 
of dry ingredients i.e. polydextrose and maltodextrin as 
reported by (Pinto and Dharaiya, 2014).

The Protein content was found to be 4.69 g /100g. 
The protein content as per FSSAI Standards should not 
be less than 3 percentages. The fi nal formulated ice 
cream was enriched with 1.25 % WPC-70. Whey Protein 
Concentrate (WPC) is rich in essential amino acids such 
as lysine, tryptophan, cysteine and methionine. Whey 
solids possess nutritionally and functionally biologically 
active superior proteins (Steinholthand Holth, 1999)and 
their incorporation in the ice cream mix would result in 
superior product in terms of increasing the protein con-
tent of the ice cream (Vulnik, 1995). The total ash and 
total moisture in the ice cream was recorded to be 1.34 
g/100g and 69.56 g / 100g respectively. The increase in 
the ash content is due to addition of fat replacer (Mur-
taza et al., 2004).

According to FSSAI standards Titrable acidity of ice 
cream should not be greater than 2.2g/100 g and the 
titrable acidity in the ice cream was found to be 0.135 g 
/ 100g. The decreased level of fat per cent in ice cream 
affects titrable acidity content of ice cream. 

As level of fat content decreases Titrable acidity also 
decreases (Chavan et al.,2014).The Over-run in the ice 
cream was estimated to be 61.6%. In a similar study by 
Pon et al. (2015)on textural and rheological properties 
of sugar free ice cream they calculated an average over-
run as 65.12%. This estimated value was in concord-
ance with the present study. However; it is also cited 
that high overrun is diffi cult in batch-type freezer (Der-
visoglu et al. 2005; Guven et al. 2003).The literature 
also establishes that increased sugar concentration has 
important role in high overrun (Akin et al. 2007; Guven 
and Karaca 2002). Schmidt et al.(1993)in his study 
also indicated that carbohydrate-based fat replacers 
like polydextrose and maltodextrin, used in the formu-
lated ice cream under study has led to decrease overrun 
and; thisstudy was further supported by Jamshidi et al. 
(2012).The Carbohydrate in the ice cream was found to 
be 22.01 g / 100g.Hence, it can be stated that the phys-
icochemical analysis of formulated “Low Fat Sugar Free 
Ice Cream” satisfi es the standards and claims for low fat 
sugar free ice-cream.

The fi nal product obtained was subjected to micro-
biological analysis for parameters like Total Plate Count, 
Yeast and Mould and Coliform. The Total Plate Count 
in the optimized low-fat sugar free ice cream was cal-

FIGURE 2. (c)  Response surface 3D plots showing 
effect of Sorbitol and Sucralose on fl avour and taste

FIGURE 2. (d) Response surface 3D plots showing effect of 
Sorbitol and Sucralose on melting resistance 

Physico-chemical Analysis

Ice cream was prepared with the fi nally optimized for-
mulations and was subjected for analysis of parameters 
like fat content, total solid, protein, total ash, moisture, 
titrable acidity, overrun and carbohydrate. The total fat 
content was found to be 2.4 g / 100g. As per the FSSAI 
standards, the total fat content in low fat ice cream 
should not be more than 2.5 percent. The total solid 
content (TSC) in the fi nal formulated ice-cream was 
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culated to be 1.5*103 cfu / gm. The permissible standard 
for TPC as laid down in FSSAI for ice cream is 2*105 

cfu/ gm. The Yeast and Mould in the optimized low-fat 
sugar free ice cream was absent. Yeast and Mould in ice 
cream should be absent as per the standards laid down 
by FSSAI. The Coliform count in the optimized low-fat 
sugar free ice cream was found to be NIL. The permis-
sible standards for Coliforms as laid down in FSSAI for 
ice cream is 50cfu / gm.

In the present study, 13 treatments of low fat sugar 
ice-cream were prepared with fat being replaced by 
maltodextrin at 3%.Removal of fat causes such body 
and textural problems as coarseness and iciness, crum-
bly body, shrinkage and fl avor defects (Berger 1990; 
Marshal and Arbuckel 1996). Samples with reduced 
fat and sugar showed a higher intensity of bitter after-
taste, adhesiveness, and fi rmness, and lower intensity 
of creaminess (Cadena et al. 2012). In  a similar study, 
Verma (2002) observed an increasing trend in the sen-
sory score with increase in maltodextrin level with 
respect to fl avor, body and texture, melting quality and 
overall acceptability. Fat replacers and substitutes are 
extensively used in the preparation of fat-reduced foods 
(Rolon et al. 2017). Carbohydrate based or protein-based 
fat replacers could adequately mimic milk fat in terms 
of texture and fl avor retention in ice creams (Roland 
et al. 1999; Prindivilleet al. 2000and Elango et al. 2017). 

Hence, Maltodextrin effectively worked as fat replacer 
in low fat sugar free ice cream.

RSM was used for optimization of fi nal formulation 
of low fat sugar free ice cream. The graphical represen-
tation [Fig II (b)]exhibited that high level of sucralose 
had negative effect on body and texture. Color and 
appearance and melting resistance graph [Fig II (a), (d)] 
shows quadratic increase followed by a decrease at cer-
tain level. With increasing level of sorbitol and sucralose 
fl avor and taste will enhance [Fig II (c)]. After the opti-
mization, low fat sugar free ice cream was formulated; 
sugar was substituted by artifi cial sweetener sucralose at 
0.009% and sorbitol 2.33%. The experimental ice cream 
on consumption was not differentiated by any panelist 
as sugar free ice cream containing artifi cial sweetener. 
The after taste of the artifi cial sweeteners was effectively 
masked by fl avor. Hence, sucralose and sorbitol were 
effective in replacing sucrose, as low-calorie sweeteners.

Ice cream, being a rich source of fat, protein and 
carbohydrate, contributes signifi cantly towards calo-
rifi c value. The average calorifi c value of ice cream is 
approximately 200 kcal/100g. The energy value was cal-
culated by taking the energy value of fat, protein and 
carbohydrates as 2.4, 4.69 and 22.01 kcal/g respectively. 
The calorifi c value of prepared low-fat sugar free ice 
cream is 116.74 kcal/g much lower than the average 
calorifi c value of ice-cream. 

CONCLUSION

The outcome of the present study establishesthat the 
combination of sorbitol and sucralose given by RSM 
are effective in preparing low fat sugar free ice cream. 
Maltodextrin at 3% level is effective as fat replacer, 
polydextrose at 7% level is effective in providing bulk 
to the ice cream and combination of sorbitol and sucra-
lose provide sweetness without affecting the sensory 
attributes and Physico-chemical parameters apart from 
low total solids and low titrable acidity. Maltodextrin is 
effective as a fat replacer in mimicking the mouth feel 
of full fat ice cream. Sorbitol and sucralose effectively 
works as low-calorie sweeteners. Sucralose is effective 
sweetener as a substitute of sucrose. The calorifi c value 
of low fat sugar free ice cream was effi ciently reduced 
to 116.74 kcal/100g due to addition of low calorie sugar 
substitutes and fat replacers.
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