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ABSTRACT 
Physico-chemical , microbiological characteristics and 

sensory evaluation were performed to investigate the effect 
of replacing sugar with stevioside as well as the addition of 
texturizing inulin as a functional ingredient on the quality 
of the low calorie chocolate milk. Low caloric chocolate 
milk has been prepared by replacing 25, 50, 75 and 100% 
of sugar with stevioside and addition of inulin (frutafit® 
TEX) to improve texture parameters. The results 
indicated that the total soluble solids of all chocolate milk 
decreased as the ratio of the stevioside added increased 
compared to the control samples. No significant 
differences were found between the organoleptic 
properties for all samples sweetened with stevioside 
compared to the control. The addition of  2% inulin 
increased the chocolate milk viscosity. Chocolate  milk 
samples replacing 50% sugar with stevioside and 2% 
inulin had gained the highest overall acceptability scores 
compared to those prepared using sugar alone and 
qualities of similar textures of full-fat products. These low 
products can be used for people suffering from obese and 
diabetics. 

Keywords: Stevioside, inulin, organoleptic properties, 
diabetics 

INTRODUCTION 

Dairy products can supply consumers with all 
nutrition benefits of milk in a desired state and largely 
tast consumed by different ages. However, most of the 
consumers are now health conscious and prefer to use 
products that are high in its nutrition, reduced calorie 
and therapeutic values.  Therefore, there is an 
increasing interest especially important as customers 
look in utilization of sugar substitute in food products to 
production of good quality low calorie foods and 
reducing thus health risks associated with excessive 
sugar intake such as diabetes,  obesity and heart related 
diseases. Stevioside, a high-intensity natural sweetener 
is about 200 to 300 times sweeter than sucrose and is 
characterized  by a fast-acting impact sweetness and 
synergistic properties with other sweeteners (Abdel-
nabey and Massoud, 2013 and Marcinek and Krejpcio, 
2016). It is non-caloric and heat stable, and offer 
therapeutic benefits  (Singh et al., 2015; Marcinek and 
Krejpcio, 2016). The JECFA (Joint Food and 

Agriculture Organization/World Health Organization 
Expert Committee on Food Additives ) permitted for 
use as a sweetener in 2005 .  

Inulin is a natural texture modifier that used in the 
food to enhance the technological characteristics 
(Tungland and Meyer, 2002). Long chain 
oligosaccharides and concentration of inulin affect 
rheological behavior in products . It shows a 
creaminess, thickness and texture close to those of the 
fat food items and has bifidogenic effect as a 
prebiotic ingredient and gives a caloric value 1.5 kcal/g  
(Silva, 1996 , Villegas and Costell, 2007 and Niness 
1999). The production of functional foods reduced in 
sugar and fat with at the same time meet nutritional 
requirements is most important of meeting consumer 
demand that provide health benefits.   

The present study is aimed to investigated the effect 
of stevioside as a sugar substitute on the organoleptic 
attributes and some physico-chemical properties of low 
milk characteristics. Also, inulin is used as a functional 
ingredient with stevioside to prepare low calorie 
prebiotic chocolate milk to suitable for diabetic and a 
carbohydrate controlled diet.  

MATERIALS AND METHODS 

Skimmed milk and whole cow's milk were obtained 
from Extension Factory for Dairy Production - Faculty 
of Agriculture - Alexandria University. Inulin 
(Frutafit® TEX , chain length  23 monomers ,Sensus, 
Brenntag Qu?mica, Spain),sugar, cocoa powder, and 
gelatin were obtained from the markets in Alexandria, 
Egypt.  

Sample preparation: 

The first stage for preparing   chocolate skimmed 
milk was made to select the best replacement of sucrose 
to prepare low-calorie processed milk with stevioside. 
The amount of stevioside was calculated according to 
relative sweetness of sucrose. These trials were as 
follows: Control (100% sucrose), replacing 25%, 50%, 
75% and 100%  of sucrose by stevioside. The formula 
of chocolate skimmed milk manufacture was prepared 
as described by Rad et al. (2012) was as the follows: 
7.5% sugar, 0.75% cocoa, and 0.1% gelatin. The heated 
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skimmed milk was added to the ingredients in a dry pan 
and the temperature was raised to 90 °C for 3 min for 
pasteurization. The samples were stored under 4 °C 
until sensory analysis. 

The second stage was to optimize the formula in the 
previous stage which was accepted by the panelist for 
the chocolate milk which was selected to be applied to 
prepare the low caloric  prebiotic chocolate milk with 
inulin at ratio 0,1 and 2% .The samples were stored at 
4±1°C for 14 days.  Each sample was taken for physic-
chemical,and microbiological analysis. 

Physico-chemical analyses: Milk was analyzed for 
moisture content, crude fat, crude protein , ash and 
titratable acidity according to the methods of the AOAC 
(2000). Total carbohydrate was calculated by 
difference. The pH value was measured using a  pH 
meter. Total soluble solids (TSS) of milk samples were  
determined using a Hand refractmeter (MVx100 
Beckman, USA) at 20 °C for zero,  7,  and 14 days of 
storage. The viscosity all the milk samples were 
measured using NDJ-8S Viscosimeter (Digital, China) 
at 20 °C, The samples were analysed in three replicates. 

Microbiological analysis: Total viable count (TVC) 
analysis were carried out following Difco (2009). 

Sensory evaluation: Sensory evaluation for milk  
samples were done according to Salem and Mowafy 
(2001) as follow: flavour 15 points, body & texture 35 
points , taste property 30 points and colour 20 points . 
Samples were served to the panelists and they were 
asked to rate the acceptability of the product. 

Statistical analysis: The data were analysed using SPSS 
statistical analysis software package  (Version 21). 

RERSULTS AND DISCUSSION  

Chemical composition:  

The comparison between chemical for whole milk 
and skimmed milk are given in Table (1). It was clear 
that whole milk contained high level of total soluble 
solids (18.57%) and fat (3.6%) compared to skimmed 
milk(15.75 and 0.4% respectively  ). On the other hand 
the mean content of protein  was equally in whole milk 
as well as in skimmed milk (3.1%) and total 
carbohydrates were  11.65% in skimmed milk, which 
are not significantly different from whole milk 

(p>0.05). As shown from Table (2), total energy in 
whole milk (91.35 kcal/100g) was higher than  total 
energy in skimmed milk (62.87kcal/100g). These 
findings are in agreement with the data reported by 
Abou-shloue (1999) and Mittal and Bajwa(2012). 
Table1. Chemical composition of chocolate milk 
made from Skimmed and whole milk 

Component *% 
Skimmed 

Milk 
Whole milk 

Moisture content 84.25±0.01 81.43±0.01 

Total soluble solids 15.75 18.57 
Crude fat 0.4±0.01  3.6±0.01 
Crude protein 3.1±0.01 3.1±0.01 
Ash 0.60±0.01 0.62±0.01 
Total carbohydrates ** 11.65±0.01 11.25±0.01 
Total energy (kcal/100g) 62.87±0.01 91.35±0.01 

 

  *On wet weight basis      **Total carbohydrate was calculated by difference 

ffect of stevioside on physico-chemical, 
microbiological properties of low calorie chocolate 
milk drink  

The data in Table (2) illustrate the changes that 
occurred in pH, acidity, TSS ,total viable count, and 
total energy characteristics of low calorie chocolate 
milk samples which were prepared using stevioside at 
different levels. It can be noted that the T.S.S. of all 
chocolate milk samples decreased as the ratio of the 
stevioside added increased in comparison to the control 
milk drinks. These results are in agreement with those 
of  Salem et al. (2003) and Mittal and Bajwa (2012) 
who reported that The increase levels of sugar 
replacement caused a reduction of TSS in producing 
low fat ice cream. On the other hand pH values were 
not affected by the change in the formula of milk 
samples compared with the control samples. These 
results are in agreement with Cedex ( 2001) who 
mentioned that  the alkalinity of cocoa milk produced  
ranged  from 7-9 . These results are in agreement with 
the data reported by Moussa et al., (2003) and Salem 
and Massoud (2003).  

Microbial content of fresh or stored chocolate milk 
showed that total  viable count were not detected in 
0.1gm of samples. This is due to the good hygienic 
conditions during manufacture and storage. Abdoun  et 
al (1996) obtained similar results for ice cream.  

Table2. Physico-chemical properties of low calorie chocolate milk  
Replacing  sugar with stevioside

 

Parameter Whole milk  
(100%sugar)

 

Skim milk  
(100%sugar)

 

25%

 

50%

 

75%

 

100%

 

TSS( %)

 

18.57

 

15.75

 

13

 

12

 

10

 

9

 

PH 6.99 7.03 7.05 7.05 7.05 7.04 
Acidity (%) 0.14 0.14 0.13 0.13 0.13 0.13 
TVC(cfu/ml) 4 4 4 4 4 4 
Calories 91.35 62.87 59.16 47.6 40.12 32.6 
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Effect of sucrose replacement with stevioside on the 
sensory properties of chocolate skim milk   

The average scores for sensory evaluation of 
chocolate skimmed  milk  prepared by sucrose replaced 
by stevioside sweetener  are presented in Tables (3).The 
data in Table (3) revealed that all milks prepared and 
sweetened with stevioside had the higher score of taste 
(sweetness) compared with the control samples. On the 
other hand, no significant differences were recorded in 
colour, texture, flavor and overall acceptability 
chocolate skimmed milk sweetened with stevioside 
compared with the control samples. The milk chocolate 
prepared from replacing sugar with steviosideat 50%  
had the higher score of sensory profile compared with 
others   milk chocolate samples sweetened with 
different concentration of stevioside. These results are 
in accordance with the data reported by Devereux et al., 
(2003), Massoud et al., (2005) and Kattab et al., (2017). 
Panelists accepted all the chocolate skimmed milk 
prepared from up to 75% replacing sugar by stevioside 

Effect of texturized inulin on the viscosity ,physic-
chemical  and microbiological characteristics of 
chocolate skim milk   

Viscosity value  of the studied samples are 
summarized in Figure (1).it can be noted that samples 
containing sucrose had the highest viscosity value and it 
was obvious that viscosity decreased with increasing 
sugar replacement level. Also, these results are in 
agreement with Alizadeh et al. (2014a,b) who reported 
that the viscosity of ice- cream mixes decreased by 
adding of stevia. It is also clear from Figure (1) that 
viscosity of low caloric milk drinks, increased with 
increasing the percentage of inulin. It raised from 6.3 cP 
in skimmed milk sweetened with 50% stevioside to 8 
and 9cP of low fat chocolate skim milk containing 1% 
and 2% inulin, respectively. This can be attributed to 
inulin which acts as a stabilizer due to its high capacity 
to bind water (Blomsma,1997). Also Salem et al., 
(2003) reported that the artichoke inulin and oat 
improved the viscosity of low sugar ice cream. The 
interaction of inulin with milk protein can lead to an 
increase in the molar mass which results in an increase 
in viscosity (Gonz?lez-Tom?s et al., 2008).The addition 
of 6% and 8% inulin to skimmed milk products  
perceived  reduced viscous and creamy as compared 
with the whole-milk sample (Gonz?lez- Tom?s et al., 
2009). 

Table 3. Effect of sucrose replacement with stevioside on the sensory properties of chocolate skimmed milk 
drink   

Skimmed milk Parameter 
0 25% 50% 75% 100% 

Appearance/Colour 18.50±1.45 a 18.08 ±1.44 a 18.67±1.07 a 18.58±1.08 a 18.58±1.08 a 

Flavour 14.83±0.39 a 14.17±1.53 a 14.92±0.29 a 14.83±0.58 a 14.75±0.87 a 

Taste 27.00±2.00 a 28.00±1.81 b 28.42±1.56 b 27.83±1.53 b 27.27±1.37 b 

Texture 33.92±1.16 a 33.92±1.62 a 34.08±1.16 a 33.83±1.27 a 33.70±1.27 a 

Overall 
acceptability 

94.25±4.00 a 94.83±4.30a 96.08±3.53a 95.08±3.06a 94.30±2.98a 

 

Figure 1.  Effect of inulin on viscosity of chocolate skim milk sweetened with steviosideas sugar replacement  
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Table 4. Physicochemical and microbiological  and sensory properties  of  low colorie chocolate Skimmed milk 
containing texturizing inulin 

Full Milk    

 
Replacing  sugar with stevioside and adding 2 % inulin  Skimmed milk  Property 

0 0 25% 50 75 100 
Total soluble solids (%) 18.57 15.75 15 14 12 11 
 pH 6.99 7.03 7.05 7.04 7.06 7.05 
Acidity (%) 0.14 0.14 0.13 0.13 0.11 0.14 
TVC (cfu/ml) 4 4 4 4 4 4 
Sensory Properties 
Colour(20) 18.50±1.47a 18.50±1.45 a 18.58±1.44a 18.58±1.44a 18.58±1.44a 18.15±0.97a 

(Flavour)15 14.83±0.39 a 14.13±0.39 ab 14.73±0.39a 14.85±0.62 a 14.50±1.00 ab 14.37±0.89b 

Taste(30) 26.33±2.57 a 27.00±2.00 a 28.42±1.31 b 28.77±0.65 b 28.55±0.62 b 26.00±1.41a 

Texture(35) 33.58±1.56 a 31.92±1.16 b 33.42±1.38 a 33.33±1.83 a  33.32±1.38 a 31.33±1.27b 

Overall 
acceptability(100) 

93.00±3.74 a 90.25±4.00 b 95.25±3.20 a 95.33±3.08 a 95.25±3.19 a 89.25±3.17b 

Addition of  2% inulin can be used to produce low 
calories products which had similar texture 
characteristic properties and no considerable changes 
were noticed in viscosity values in whole milk as 
compared to skimmed milk samples .Tarrega and 
Costell (2006) reported  that  fat -free dairy desserts 
using whole milk or inulin skimmed milk showed 
higher  consistency and  shear thinning than skimmed 
milk. Abd El-Razeketal (2013)  reported that inulin can 
be utilized as texturizing agent and as a natural food 
ingredient to fat in the production of low-calorie food. 

The data in Table (4) illustrate the changes that 
occurred in pH, acidity ,TSS and microbiological 
characteristics of low calorie milk samples which were 
prepared with 2% texturized inulin as a texturizing 
agent. The total soluble solids content of skimmed milk 
decreased with the increase stevioside and increased by 
adding inulin .These may be due to the solubility of 
inulin in water  which it caused an increment in the total 
soluble solids. 

A slight increase in pH values and slight decrease in 
titratable acidity were noticed in the low milk drink 
sweetened with  stevioside than the control samples. 
Modzelewska-Kapitu a and K bukowska (2009) 
reported that inulin did not affect the pH values and the 
yoghurt bacteria counts. 

In the sensory evaluation, the data presented in 
Table (4) show the organoleptic attributes of chocolate 
milk sweetened stevioside containing  inulin . Addition 
of 2% inulin caused a significant increase in taste and 
overall acceptability of chocolate and had a better 
acceptability than the inulin free products. The addition 
of 2% inulin enhanced the taste and overall 
acceptability attributes of chocolate skimmed milk in 
comparison with the chocolate whole milk. On the other 
hand, no differences can be observed for texture 
attribute value where the same scores were given by the 

panelists for different samples containing 2% inulin. It 
was obvious that products containing 50% stevioside 
showed the highest overall acceptability in all the 
sensory attributes in comparison to the control ones. 
Also, no significant differences could be traced 
concerning the scores given by the panelists for the 
flavor and colour. Modzelewska-Kapitu a and 
K bukowska (2009) concluded that adding inulin  in 
yoghurt as fat replacer, could provide a means of 
reducing fat intake with acceptable sensory 
characteristics. The low calorie milk product made with 
100% sucralose could possibly be improved by the 
addition of some bulk improvers ( Mittal and Bajwa 
2012). These results confirmed the work of Rad et al 
(2012) .The addition of a small amount of inulin 
imparts a creamier mouth feel in low fat dairy products 
(Frank, 2002). Long-chain inulin addition to low fat 
yoghurt, chocolate mousse and custards resulted in 
enhanced creaminess (Gonz?lez-Tom?s et al. , 
2009a,b). 

Nutritive value of the milk drinks. The calorific value 
of the formulation containing stevioside was reduced as 
compared to the control samples, it can be concluded 
that 50% stevioside and 2% inulin could be replace a 
sucrose in of chocolate milk for producing a product 
with the same sensorial properties of chocolate milk and  
to reduce caloric value with about 50% ( 47.6±1 kcal/g) 
(Table,2). 

Effect of storage at refrigerator on chemical analysis 
and microbial content of chocolate milk:  

The pH and the total soluble solids in all chocolate 
skimmed milk did not changed after two weeks of 
storage at 20 C samples compared with chocolate 
produced by whole milk. After 14 day of storage, the 
viscosity  values of samples decreased. There was no 
considerable difference in the TVC content of all 
treatments (>10 cfu/ml) during storage period. 
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