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ABSTRACT 

 Stevia is a natural sweetener that it is a suitable replacement for sugar in formulation of food products 

for reducing the harmful effect of sugar, and improving the nutrient properties. In this Research orange 

drink Sugar replaced by Rebaudioside A in amount of 25%, 50%, 75% and 100%, and then physical, 

chemical properties, rheological behavior and sensory evaluation of samples were investigated. Statistic 

analysis by SPSS software and Duncan test at 95% confidence level done. It was concluded that with 

increasing amount of Rebaudioside A in formulation of orange drink characteristics such as Turbidity 

were increased but brix, pH and Specific gravity was decreased. Rheological properties of samples 

showed all of treatment introduce behavior of Shear-thickening liquid and flow index more than1. Color 

measurement of sample indicated that with increasing amount of Rebaudioside A in samples L*increased 

but for a* ,b* there was no significant difference in samples. Sensory evaluation of drink showed that 

there were significant difference between samples and with increasing Rebaudioside A in formulation of 

orange drink acceptability of samples increased and among the samples, the highest score belonged to the 

sample including100% Rebaudioside A. According to the nutrient properties of Rebaudioside A and 

suitable acceptability of sample including100% Rebaudioside A, it is a good replacement for sugar in 

orange drink formulation. 
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1. INTRODUCTION 

 Due to the increasing rate of cardiovascular and cancer diseases and the complications and problems in 

using some of the foods containing sugar in the formulation, the intention to new foods which are modified by 

replacing their ingredients have been increased. Since sugar can cause diabetes. (Vartanian, 2007), and plays a 

role in the improvement of heart disease, arteriosclerosis, mental illness, depression, aging and hypertension 

(Foulkes, 1997), and interferes with absorption of calcium and magnesium and protein (Vasanti, 2010). Also 

sugar is considered as the factor increasing obesity and decreasing enzyme function (Gibson, 2008). Thus, using 

natural sweeteners instead of sugar in food formulations can be a good method. Stevia is one of the suitable 

replacements that can be used for this purpose. Stevia rebaudiana Bertoni is a small perennial shrub that belongs 

to the family aster or chrysanthemum family (Mizutani, 2002). However over 200 species of Stevia have been 

found around the world. Stevia rebaudiana is the only species at present, which possesses the ability to sweeten. 

(Shivanna, 2013 ).  Stevia leaf is suitable source of carbohydrates, protein and crude fibre. (Braze de Oliviera, 

2011). Stevia contains dubstantial amounts of important nutrients, which further established it is a mineralloaded 

ingeredient needed to product the body, regulate and maintain the various metabolic processes (Lemus-Mondaca, 

2012). Stevia sweetener extractives are suggested to exert beneficial effects on human health, as they have anti-

hyperglycemic, anti-hypertensive, anti-inflammatory, anti –tumar, anti-diarrheal, diuretic, and 

immunomodulatory effects. (Chatsudthipong, 2009). Stevia and Stevioside have been used as replacement for 

saccharose, for cure of diabetes mellitus, obesity, hypertension and caries prevention (Po’l, 2009). The leaves of 

Stevia has functional characteristics and sensory peroperties superior to those of many other high-potency 

sweeteners, and is likely to became a main source of high potency sweetener for growing natural food market in 

future (Goyal, 2010). In addition Stevia may be granted the status of low calorie sweetener, since is intense and 

comparable to that of other commercial sweeteners (Savita, 2004). In accord with stevioside is a stable at 95 °c 

(Crammer, 1986), so it is suitable sweet additive for using in pasteurized orange drink food, The purpose of this 

study is the use of Stevia in formulation of orange drink, increase functional properties and production of a new 

drink. 

2. MATERIALS AND METHODS 

2.1. Orange Drink Production: In order to prepare control sample drink, orange concentration (%4 W/V), sugar 

(%8.5 W/V) and citric acid (%0.1 W/V) were mixed and the water was rinsed for appropriate volume. Preparation 
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of other samples was performed by the constant amounts of concentration, and citric acid but 25, 50, 75 and 100 

percentage of the water content were substituted by Rebaudioside A. The samples were pasteurized in water bath 

(Memmert Model WNB-10, made in Germany) at 85° C for 20 seconds and the samples after being packed in 200 

cc bottles, were kept in the refrigerator.  

2.2 The physical, chemical treatments characteristics: To evaluate the impact of replacement of sugar with 

Rebaudioside A in orange drink, Physical, chemical and rheological characteristics of samples were compared. 

Specific gravity measurement of samples determinated by pycnometer 50 ml. Measurement of dry matter was 

done by oven (Memmert Model UFE500 Germany). PH measurement was determinated by pH meter (Jenway 

Model 3510 - England. Turbidity measurement was conducted by turbidity meter (Micro processor Turbidity 

Model Meter-HI 93703) and the resulting turbidity was calculated in NTU.  

2.3. The rheological behavior: Evaluation of rheological properties of drink samples was done by Brookfield 

rheometer model LV-DV III and water bath model TC-502 at 5 ° C. Rheological behavior of all samples was 

fitted with the power law model.  

2.4. Color measurements: A tristimulus reflectance colorimeter (HunterLab, model D25, Hunter Assocites 

Laboratory, Inc Reston, VA) was used for determination of color of samples. Tripticate measurements of of L*, 

a*, and b* were recorded for each sample. The L* parameter (lightness index scale) ranges from 0 (black) to 100 

(white). The a* parameter indicates the degree of red (+a*) or green (-a*) color and the b* parameter measures the 

degree of yellow (+b*) or blue (-b*) color.  

2.5. Sensory analysis: Samples of drink were assayed for sensory preference test in a hedonic scale of 9 points, 

where 1 (one) was for disliked very mach and 9 (nine) for like very much. The evaluators were asked to drink 

water after eating any of the previous samples to omit the effect of their previous evaluations on new evaluations. 

The samples were presented to each assessor separately so that their evaluations do not affect each other's 

opinions (Meilgaard, 1999).  

2.6. Statistical analysis: The results of this study were analyzed using SPSS statistical software. Data analysis 

method used was analysis of variance (ANOVA) and Duncan's post hoc test (P <0/05) and the SPSS software 

version 16 was used for drawing the graphs. 

3. RESULTS AND DISCUTION 

3.1. Characteristics of orange drink samples: Physical and chemical properties of orange drink are shown in 

table.1 that indicate the brix decreasment as Stevia percentage was increasing in the drink. Increasing the Stevia in 

the formulation causes turbidity increase. With increasing of Rebaudioside A in fotmulation  pH of the drink 

treatments a little decreased. 

3.2. Color measurement: Two factors determinate the color of orange juice, on one side the desired color of 

natural pigments, principally carotenoids that can fade upon processing, on the other side browning that may 

occur through the formation of pigmented substances caused by enzymatic and/or non enzymatic reactions 

(Vervoot, 2011). In this research effect of adding Rebaudioside A on color of orange drink samples investigated. 

L* (whiteness/darkness ranged from 0 to 100), a*(a* redness for positive value and greenness for negative one), 

and b*(b* yellowness for positive & blueness for negative value) of samples shown in table2. Result showed that 

with increasing Rebaudioside A in formulation of orange L* factor of samples increased and the highest amount 

of this factors was belonged to the Sample included %100 Rebaudioside A. But a*and b* factor of samples have 

not a significant difference. 

3.3. Rheological behavior: Generally Viscosity of fruit juices changes with suspended solid and content of 

soluble pectin and sugar concentration are the main factors in changes of viscosity in orange juice (Rouse, 1997). 

Rheological properties of most of the fruit juices can be described by a power law relationship (Rao1984). In 

order to describe the flow behavior of samples the two-parameter power-law model which has been extensively 

used in theoretical analysis and in practical engineering calculations was employed as, 

 =K°γn  (1) 

 In Eq. (1)   is the shear stress,  °γ is the shear rate, K is the consistency index (Pa.sn) and n is flow behavior 

index. The rheological parameters K and n are influenced by temperature and water content (Telis-Romero1999). 

According to the table 3 all of the sample had a non-Newtonian behavior and indicated shear thickening behavior 

(1<n). Rheological behavior of the samples by adding Rebaudioside A in the formulation has changed. 
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 Comparison between consistency coefficients of different samples indicated that The value of 

Consistency coefficient decreased with increasing  Rebaudioside A; as the highest consistency coefficient of the 

samples was related to the control sample (2.44 mPa.sn) and the lowest coefficient was belonged to the sample 

included %100 Stevia (0.23mPa.sn). Investigation of flow index showed that the value of Flow index increased 

with increasing concentration of Stevia in formulation of drink. The flow behavior index values varying from 1.04 

for control sample to 1.54 for sample contain100 % Rebaudioside A 

 In this research relationship between apparent viscosities - shear rate and shear stress - shear rate of 

samples investigated. At all samples, experimental results of apparent viscosity versus shear rate were found to 

exhibit at non- Newtonian behavior. Apparent viscosity of the samples increased with increasing shear rate (Fig1). 

According to Figure.2, a relationship between shear stress and shear rate is non-linear. Shear stress of samples 

increased with increasing shear rate, and the entire sample shows shear-thickening fluid. 

3.4. Sensory evaluation of drink: Sensory evaluation of the drink samples was investigated to study the effect of 

Rebaudioside A addition on overall acceptability of consumers. Results showed that there were significant 

differences between samples. With increasing Rebaudioside A in formulation of orange drink acceptability of 

samples increased and among the samples; the highest score belonged to the sample including100% Rebaudioside 

A  

Table 1: Physical and chemical properties of orange drink 
 Control sample Sample included %25  

Rebaudioside A 

Sample included %50  

Rebaudioside A 

Sample included %75  

Rebaudioside A 

Sample included %100 

Rebaudioside A 

Brix 12a±0.28 7.3b±0.28 6.16c±0.2 5.18d±0.2 4.3e±0.28 

Turbidity(NTU) 6.24a±527.66 589.6ab±589.6 642bc±0.0 677.33c±10.7 868d±57 

Specific gravity 1.041a± 1.035a± 1.021c± 1.02d± 1.01e± 

pH 3.06a 3.05b 3.03c 3.01d 3d 

Mean values ± SD of triplicate determinations 

Table 2: Characteristics of the sample colors 

 L a b 

Control sample  0.01 2.25a  0.01 -3.33a  0.01 2.22a 

Sample included %25  Rebaudioside A  0.005 2.253 a  0.005 -3.33a  0.28 2.226 a 

Sample included %50  Rebaudioside A  0.01 2.256 ab  0.005 -3.32a  0.011 2.223 a 

Sample included %75  Rebaudioside A  0.005 2.26  ab  0.01 -3.33a  0.01 2.226 a 

Sample included %100 Rebaudioside A  0.005 2.27b  0.005 -3.33a  0.01 2.22a 

 

Table 3: Power -law parameters for orange drink at different concentration of Rebaudioside A 

sample R2 n k 

Control sample 2.44 1.04 97.2 

Sample included %25  Rebaudioside A 0.73 1.26 93.3 

Sample included %50   Rebaudioside A 0.47 1.33 89.9 

Sample included %75   Rebaudioside A 0.23 1.54 93.2 

Sample included %100  Rebaudioside A 0.2 1.46 90.5 

 

  
Figure.1.Apparent viscosity- shear rate (a) relationship 

for orange drink sample   
Figure.2.Shear stress – shear rate relationship for orange 

drink sample 
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Table 4: Sensory evaluation of orange drink samples 

Drink sample Score 

Control sample 2.82
cd  1.23 

The sample including %25  Rebaudioside A 1.47
b       

The sample including %50  Rebaudioside A 2.30
d 1.50 

The sample including %75  Rebaudioside A 3.32
c 1.43 

The sample including %100  Rebaudioside A 3.42
a      

*Different letters indicated the significant difference (p<0/05). 

 

CONCLUSION 

 Rebaudioside A can be used as a sweetener 

and a better replacement for sucrose in the orange 

drink because of its nutritional characteristics and and 

improved protection of health from the harmful effects 

of sucrose in human beings. In addition, using of 

Rebaudioside A in formulation of orange drink 

increases acceptability of orange drink, and the 

sample containing 100% Rebaudioside A is the most 

acceptable one among the samples. Thus a new orange 

drink can be produced with sugar free and fully 

acceptable by the consumres.  
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