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Abstract 
The effect of ultrasound irradiation on the refractive index of slurry extracted from Stevia rebaudiana Bertoni 
leaf was investigated. The study was conducted to assess the microbiological contamination of  
S. rebaudiana leaf in slurry and dried leaves treated by three different drying methods. Total bacterial, 
moulds and yeasts, coliforms and Staphylococcus aureus counts were enumerated using conventional 
microbial plate culture methods. The findings showed very low contamination of slurry by tested bacterial 
groups except sample C (Resin ADS-7). The microbiological analysis of sun-dried, oven-dried and 
microwave-dried revealed absence of bacteria, yeasts and moulds at all dilutions of Stevia leaf samples 
except total bacterial in oven-dried sample (3.35X102). The observed low levels of slurry contamination could 
be due to contamination at polymer addition, storing and preparation stages. Therefore, there is a need to 
improve hygiene during processing, storing, preparation and transportation. The study showed that the 
leaves of S. rebaudiana may be used as an antimicrobial agent in near future. 
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Introduction 
Stevia extracts have been widely used as a natural 
sweetener or a dietary supplement in various food and 
beverage products. Stevioside tastes 250-300 times 
sweeter than sucrose but exhibits a significant bitter  
after taste (DuBois and Stephenson, 1985). In order to 
increase the productivity, several intensification 
techniques like ultrasonic waves, supercritical fluids or 
microwaves were associated with extraction of plant 
compounds to improve the yield and quality of extracted 
products (Wang and Weller, 2006). Stevia has been 
used as a low-calorie sweetener for years in South 
America, Asia, Japan and China and in some countries 
of the European Union. Currently, Japan and Korea are 
the largest markets for Stevia. However, China is the 
largest Stevia grower in the world and about 80% of their 
production is exported. Stevia is also being cultivated by 
Indian farmers since the last decade and is used as  
raw dry leaf or as a processed sweetener. In Brazil, 
Korea and Japan, Stevia leaves and highly refined 
extracts are used as a low-calorie sweetener (Kim et al., 
2002; Mizutani and Tanaka, 2002). According to the 
International Diabetes Federation (IDF) and the Madras 
Diabetes Research Foundation, India had 62.4 million 
people  with  type  2  diabetes in 2011, compared  with  
50.8  million  in  2010 (Shetty, 2012). In USA, powdered 
Stevia leaves and refined extracts from leaves have 
been used as a dietary supplement since 1995 (Geuns, 
2003).  

Therefore, the worldwide demand for S. rebaudiana is 
expected to increase. The leaf yield and concentration of 
active compounds depends on the cultivar, growing 
conditions and agronomic practices. It is widely 
acknowledged that increased consumption of sugar has 
resulted in several nutritional and medical problems 
including obesity. Historically, low caloric sweeteners 
have been investigated to substitute sugar; one 
important class of low caloric sugar substitutes is known 
as a high intensity sweetener which is at least 50-100 
times sweeter than sucrose (Pol et al., 2007). In recent 
years, ultrasonic treatment has found numerous 
applications in the food industry (Mason, 1998). 
Ultrasound can be used either as a diagnostic tool or as 
a source of energy. For each of these applications, 
different ultrasound frequency ranges should be used 
(Mulet et al., 2002). However, scaling-up these potential 
applications requires more research. The major 
mechanism of power ultrasound is the generation and 
subsequent destruction of cavitations bubbles. When 
ultrasonic waves propagate into a medium, a series of 
compression and rarefaction waves are induced in the 
molecules of the medium through which it passes.  
During these cycles, small bubbles form and expand due 
to gas diffusion (Neppiras, 1984; Henglein, 1987). 
Therefore, the main focus of this study is to investigate 
the effects of ultrasonic treatment and polymer (Separan 
AP30 and Resin ADS-7) on microbial load of Stevia 
rebaudiana Bertoni leaf. 
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Materials and methods 
Sample preparation: The fresh green leaves of Stevia 
rebaudiana Bertoni were purchased in Sep 2011 
(Jiangsu, China) from Yancheng Xiaguang Stevioside 
Trading Company Ltd. The leaves were allowed to dry 
using direct  sun  light  for  about  5  d, second part using 
an oven (Oven DGG-9070A: Shanghai, China)  
at 60C for 16 h and the third part in an microwave 
(Midea MG720FC8-NS: Foshan, China) set at 2450 MHz 
and 700 W microwave for 6 min. The dried leaves were 
then blended to powder using a high-speed blender 
(25000/min). The powder samples were stored in 
polyethylene bags at 4oC until used (Gasmalla et al., 
2014). 
 
Ultrasonic-assisted extraction: Dry and ground leaves 
(10 g) were suspended and extracted in 100 mL of 
isopropanol, under additional stirring (pH value was 
controlled with 0.01M  sodium phosphate, pH 7). A glass 
beaker of standard geometry (volume of 100 mL was 
used) allowed extracting at the same liquid height using 
ultrasound generator probe (JY98-III DN, Nanjing Fei qi 
industry and Trade Co., Ltd. Nanjing-China). The actual 
power delivered into the extraction system was 480 W  
(at 40% amplitude). An ultrasonic probe with a tip 
diameter of 20 mm was fitted into a glass beaker and the 
tip was inserted at the 15 mm height of the extraction 
solvent. Extraction temperature was controlled by 
immersing a glass beaker into an automatically 
adjustable temperature water-bath. The process 
parameters were studied and their levels were shown in 
Table 1. After extraction, the crude extracts were treated 
by polymers. 
 
Effect of sonication time on the refractive index (RI):  
RI is an index of refractive index concentration in Stevia 
slurry. The refractive index of the samples was 
determined by a digital refractometer according to the 
method reported by Kimball (1999). 
 
Microbiological analysis: All samples were analyzed for 
total viable count, moulds and yeasts, coliforms and 
Staphylococcus aureus. Treated Stevia slurry (10 mL) 
with polymer were taken aseptically and diluted with  
90 mL of 0.1% sterile peptone water. The samples were 
homogenized by a stomacher at high speed for 2 min. 
Serial dilutions (10-1 -10-5) were made in tubes (1.0 mL 
with 9 mL of 0.1% peptone water). The plates were 
incubated for 48 h at 37C, while 72 h at 28C for yeast 
and moulds and the number of colony forming units  
per mL (CFU g- 1) of Stevia slurry was determined. 
 
Enumeration of bacteria: Stevia leaf powder (10 g) was 
mixed in 90 mL peptone water (Beijing Land Bridge 
Technology Co., Ltd., Beijing, China). The composition of 
the peptone water was as follows (g/L); Peptone: 10.0, 
Sodium chloride: 5.0, Di-sodium hydrogen phosphate: 
3.5, Potassium di-hydrogen phosphate: 1.5 with the  
pH of 7. 

 

 
 
Ten fold serial dilutions of the homogenized Stevia leaf   
samples were done using peptone water as diluents and 
100 mL of each dilution was inoculated into petri dishes. 
 
Total viable count: Nutrient agar was used for 
enumeration of total aerobic bacteria in the Stevia leaf 
samples. The composition of the nutrient agar was as 
follows (g/L); Gelatin peptone: 5.0, Bacteriological agar:  
15 with pH of 6.8. After sterilization at 121C for 15 min, 
the media was cooled down. About 30 mL of the cooled 
media was poured into sterile petri dishes and 
immediately 100 µL was inoculated. The content in the 
petri dish was gently swirled clockwise and anticlockwise 
to thoroughly mix the media with the sample. The plates 
were inverted and then incubated at 30C for 48 h. 
 
Staphylococcus aureus: Baird-Parker agar with the 
following composition (g/L); Glycine: 12, Casein 
pancreatic digests: 10, Sodium pyruvate: 10, Beef 
extract: 5, Lithium chloride: 5, Yeast extract: 1, 
Bacteriological agar: 20 with pH of 6.8 was used for 
enumeration of S. aureus. An amount of 0.1 mL of  each  
dilution  of  the  sample  was  inoculated  to  the surface  
of Baird-Parker agar plates using spread plate  
technique. The inoculum was evenly spread on the 
surface of the agar and allowed to dry for 15 min at room 
temperature. The plates were inverted and incubated for 
24±3 h and re-incubated to a total of 48 h at 37C. 
Typical colonies of S. aureus were black or grey, 
shinning, convex and surrounded by a clear zone. 
 
Total coliform count: Mackonkey Agar with the following    
composition (g/L); Peptone: 20.5, Bile salts: 1.5, Lactose: 
10, Sodium chloride: 5, Neutral red: 0.03, Cristal violet: 
0.001, Bacteriological agar: 15 with the pH of 7.1 was 
used for enumeration of total coliforms. The method of 
inoculation and plating was the same as described for 
total viable count. The plates were inverted and then 
incubated at 37C for 24 h.  
 
Yeasts and moulds: Rose-Bengal chloramphenicol agar 
with the following composition (g/L); Mycological 
peptone: 5, Dextrose: 10, Monopotassium phosphate: 1,   
Magnesium sulphate: 0.5, Rose bengal: 0.05, 
Chloramphenicol: 0.10, Agar: 15.5, pH at 25C: 7.2±0.2 
was used as the selective medium for the enumeration of 
yeasts and moulds in the Stevia leaves samples.  

Table 1. Process parameters studied and their levels. 
Experimental parameters Levels 
Extraction time (min) 6, 12, 18 and 24 
Sonic power (W) 480 
Temperature (C) 30 
pH 7 
Solvent amount (mL) 100 
Sample amount (g) 10 
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About 1 mL aliquots of a suitable series of decimal 
dilutions were added to empty petri dishes. The plates 
were inverted and then incubated at 25C for 72 h.    
                                                        
Determination of microbial counts: Colony forming units 
(CFU) was performed by using the following formula 
(Afnor, 2001; Niyonzima et al., 2013): 
 

푁 =
∑푐

푉(푛1 + 0.1푛2)푑 

 
 
Where, N = Total number of microorganisms present in  
1 g of the product; ∑c = The sum of the colonies counted 
on all petri dishes of two successive dilutions, V = The 
quantity inoculated on each petri dish in mL; n1 and  
n2 = The number of considered petri dishes respectively 
at the first and the second dilution and d = The 
considered first dilution. 
 
Statistical analysis: All experiments described above 
were made in triplicates for each sample. The data 
presented were the means and standard deviations of 
each experiment. The experimental data were analyzed 
using ANOVA and Duncan’s multiple range tests using 
SPSS 17.0 (SPSS Inc., Chicago, USA) software. Unless 
otherwise noted in the text, a P<0.05 level was used 
where values were considered as being significantly 
different. 
 
Results and discussion 
Effect of sonication time on the refractive index: 
The refractive index of Stevia leaf slurry is presented in 
Fig. 1. Ultrasonic time is an important factor that affect 
the refractive index of Stevia leaf slurry, the refractive 
index was increased slightly with the sonication time from  
6 to 24 min, may be due to the changes of some 
important physical characteristics of isopropanol poor 
phase, such as polarity, viscosity and surface tension. 
Therefore, the maximum refractive index was 1.378 at  
24 min. During sonoprocessing of the soluble 
component, the branches are the first to be influenced 
and broken up. 
 
Effect of addition of polymers on the refractive index:  
In all samples, the refractive index remained very slightly 
changeable. The highest RI obtained was 1.364, 
corresponding to Resin ADS-7 whereas, the lowest 
percentage, corresponding to Separan AP30 combined 
with CaO only was 1.353. This fact may be due to the 
different conditions of polymers and reactants between 
the polymers and Stevia slurry. The RI of Stevia leaves 
treated by two different polymers is presented in Fig. 2. 
Results showed no significant changes in the amount of 
RI both in polymers treated and sonication time. 
However, there is a possibility of changes in constituents 
of total soluble solids such as ratio of glucose and 
organic acids during polymers treated.  
 

Fig. 1. Effect of sonication time on the refractive index. 

 
 

Fig. 2. Effect of addition of polymers on the refractive index. 

 
 
Microbiological analysis: The study on microbial 
contamination of Stevia rebaudiana fresh leaf after dried 
by sun, oven and microwave was conducted mainly to 
assess the evolution of the microbial contamination of 
leaves during its preparation process and to observe the 
use of hygienic practices which may reduce incidences 
of cross contamination in the food industry. The results of 
microbial analysis showed the no contamination detected 
of leaves by all tested bacterial groups and yeast and 
moulds except total bacteria in oven-dried case as 
shown in Table 2. The study confirms the possible 
antimicrobial potentiality of the leaf extract of  
S. rebaudiana. Table 3 presents growth of total bacteria, 
moulds and yeasts, coliforms and Staphylococcus 
aureus (expressed as log CFU mL-1) of fresh  
S. rebaudiana leaf slurry after different treatments with A 
(Separan AP30), B (Separan AP30 + CaO), C (Resin 
ADS-7) and D (control). Growth of total viable bacteria 
was seen in sample A (8x102), B (3.01x105) and  
D (1.85x103) CFU mL-1 while, not detected in C. 
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The highest amount of microorganisms was observed in 
control samples. The separan AP30 and the Resin  
ADS-7 treatments both reduced total viable count 
number however; Separan AP30 + CaO treatment had 
slightly more antibacterial effect than that of Separan 
AP30 and resin treatment. Yeast and moulds were not 
detected in all samples, which mean that samples 
treated by combined ultrasound and chemicals were 
effective in delaying yeast and moulds growth. 
The coliforms in sample A was found to be 6X102  

(CFU mL-1) while, the coliform and Staphylococcus 
aureus in sample B were found to be 3.01x104  

(CFU mL-1) and 2.02X104 (CFU mL-1) respectively.  
On the other hand, the samples of resin C were free from 
microorganisms. This could be attributed to the good 
hygienic conditions during sampling (Gasmalla et al., 
2012). The results revealed the presence of 1.85x103 

and 5.55x102 (CFU mL-1) of total microbial counts and 
coliforms respectively for the control sample D. 
Generally, decrease in bacterial count was due to the 
ultrasound process, which creates cavitations by 
changes in pressure thereby resulting in destruction of 
bacteria. The mechanism of microbial destruction is 
mainly due to thinning of cell membranes, localized 
heating and production of free radicals (Fellows, 2000; 
Butz and Tauscher, 2002). Ultrasonic treatment with 
Resin ADS-7 was observed to inhibit microbial 
population in Stevia solutions. The study carried out by 
Dolatowski et al. (2007) proved that ultrasound 
processing has significant influence on microbiological 
contamination. Moreover, the inhibitory effect of resin 
ADS-7 treatment on microbial growth can be explained 
by its low pH and also by dissociation of the resin ADS-7 
molecule within microorganisms’ cells. 
 
Conclusion  
Stevia rebaudiana Bertoni leaves generally have an 
image as healthy sweetener and form an important part 
of a healthy nutritious diet. This study revealed that 
Stevia leaves had low microbial load in Stevia slurry and 
no microorganism detected in dried leaves. Therefore, 
the foods containing Stevia could be used without any 
worry about food borne disease and can be used as 
antimicrobial agent in near future. 
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