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Abstract Stevia rebaudian Bertoni, belonging to the Compositae family, is a sweet herb contains diterpene
glycosides, namely, stevioside, rebaudiosides A-F, steviolbioside, and dulcoside A, which are responsible for the
typical sweet taste. Stevia (Stevia rebaudian Bertoni) leaves were analyzed for their physiochemical properties,
chemical composition and microbiological contamination in addition to rebauidioside A productively. The
carbohydrates content was 63.10%, while the moisture, fiber, protein, ash, fat and reducing sugar contents were
10.73%, 5.03%,13.68%,12.06%,6.13% and 4.50%, respectively. Anti-nutritional value (tannin) was 5.43 %. The
total soluble substance was 17.03%. The Stevia leaves showed a good antimicrobial agent for all tested bacterial
groups including Coliforms, Staphylococcus. Rebauidioside A was extracted and purified from the dried Stevia
leaves by ultrasonic-assisted extraction method. The optimum extraction time was 6 min in which the maximum
rebauidioside A content was obtained (32.79 g/100 g). Results show that particle size of sample treated for 6 min is
bigger than those for 12, 18 and 24 min. Application of ultrasound-assisted extraction on the Stevia plant
substantially affects the Color, and particle size of the stevia leaf extract and rebauidioside A yield.
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1. Introduction

Stevioside (S) and rebaudioside A (RA) are two major
steviol glycosides in the extracts produced from the leaves
of Stevia rebaudiana Bertoni [1]. The stevia extracts,
recently approved by the US FDA as GRAS (generally
recognized as safe), 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
aftertaste [2]. In order to increase the yield, several
intensification  techniques like ultrasonic  waves,
supercritical fluids or microwaves were associated with
extraction of plant’s compounds to improve the yield and
quality of extracted products [3]. 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 product 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
[4,5]. According to the International Diabetes Federation
(IDF) and the Madras Diabetes Research Foundation,
India had 62.4 million people with type 2 diabetesin 2011,
compared with 50.8 million in 2010 [6]. In the USA,
powdered stevia leaves and refined extracts from leaves
have been used as a dietary supplement since 1995 [7].
Therefore, the worldwide demand for Stevia rebaudiana is
expected to increase. The leaf yield and concentration of
active compounds depend on the cultivar, growing
conditions and agronomic practices.

The increasing demand for herbal care for diabetes calls
for intense farming of Stevia rebaudiana to increase the
production of its low-calorie sweetening glycosides.
Studies reveal that the content of these glycosides,
especially stevioside, greatly depends on the total biomass
produced, which in turn depends on agricultural practices
for cultivation of Stevia plants [7]. In pursuit of high
production of glycosides, researchers have adopted
modern agro-techniques (Das et al. 2008), water
management [8] and fertiliser applications [9]. In addition,
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tissue culture techniques and cultivation of Stevia plants in
bioreactors have also been tested [10]. However, in the
above techniques, the main shortcomings are the high
costs and low in-field practicability. For example,
chemical fertilisers constitute a few mineral nutrients and
create an imbalance in the whole mineral pattern of the
plant body by hindering the uptake of other useful
nutrients [11]. Nowadays, due to the growth of the health
food industry reduction of sucrose content of food
products by full or partial replacement of sucrose using
alternative sweeteners have become a viable option for
producing low calorie/zero calorie foods. Low calorie
food products of good quality can be made by
incorporating  combinations of  non-caloric  and
carbohydrate sweeteners [12].

In recent years, ultrasonic treatment has found
numerous applications in the food industry [13].
Ultrasound can be used either as a diagnostic or treatment
tool or as a source of energy. For each of these
applications, different ultrasound frequency ranges should
be used [14]. Power ultrasound has additional potential
applications, including enzyme inhibition, hydrogenation
of oils, crystallisation control, extraction of protein and
enzymes, inactivation of  microorganisms  and
improvement of heat and mass transfer [15,16]. However,
scaling up these potential applications requires more
research. The major mechanism of power ultrasound is the
generation and subsequent destruction of cavitation
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 [17,18]. The aim of the present work is to
study the effect of extraction time by ultrasound on the
color, particle size and rebaudioside A content in Stevia
rebaudiana Bertoni dispersion extracted by water.

2. Materials and Methods

2.1. Materials

Green Stevia leaves were obtained from the Yancheng
Xiaguang Stevioside Trading Company (Jiangsu, China),
a high-speed blender (25000/min), type WK - 1000A
(Qingzhou Jing cheng Machinery Co., LTD- Shandong -
China), pH-meter FE20 Mettler-Toledo Instruments
(Shanghai, China), Centrifuge CT14D Shanghai Techomp
Bio-Equipment LTD  (Shanghai,  China).Sodium
hydroxide(NaOH), Sluphuric acid (H,SO,), Hydrochloric
acid (HCL), solvents and others chemical were obtained
from Sigma Chemical Co. (Shanghai, China). A Minolta
spectrophotometer (CR-400, Konica Minolta Sensing,
Tokyo, Japan). Microtrac Bluewave S3500 SIA
(Microotrac Inc. FL., USA) with Microtrac Flex 10.5.4
software

2.2. Preparation of Stevia Leaves

The fresh green leaves of Stevia rebaudiana Bertoni
(Figure 1 a) were allowed to dry using direct sun light for
about 5 days. The dried leaves were then blended to
powder using a high-speed blender (25000/min) (Figure 1
b). The powder samples were stored in polyethylene bags
at 4°C until used [19].

Figure 1. (a): The fresh green leaves of stevia rebaudiana Bertoni; (b):
The dried leaves after blended to powder

2.3. Ultrasound Apparatus

An ultrasonic generator (JY98-III DN, Nanjing FeiQi
Industry &Trade Co., LTD. Nanjing- China) was used for
extraction. The immersion stainless steel transducer was
of the horn-type with a length of 300 mm and a diameter
of 20 mm. delivering a maximum power of 1200 W at 20
kHz it was equipped with a thermometer to measure the
reaction temperature and inserted in the slurry to introduce
ultrasound field. A circulating water bath (HH-2 Guohua
Wiring Company, Shanghai, China) was adopted to keep
the reaction temperature at a constant. A magnetic stirrer
was used to suspend the particles in the reactor and speed
up heat transfer.

2.4. Physico -chemical Analysis of Stevia
Leaves

The prepared samples were analyzed for moisture,
protein, fat, crude fiber and ash according to the methods
described by the AOAC [20]. The carbohydrate content
was determined by subtracting the total crude protein,
crude fiber, ash and fat from the total dry weight (100 g)
of the food sample differences. Reducing sugars content
were determined according to a previous study [21]. The
analysis of tannins content was performed according to
International Pharmacopoeia and AOAC [20] method. A
refractometer was used to determine the total soluble
substance of the samples according to the method reported
by Kimball [22].

2.5. Microbiological Analysis

All samples were analyzed for total viable count,
moulds and yeasts, coliforms and Staphylococcus aureus.
Stevia leaf powder (10 g) were taken aseptically and
diluted with 90 mL of 0.1% sterile peptone water. The
samples were homogenized by a stomacher at high speed
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for 2 min. Serial dilutions (10™ - 10”°) were made in tubes
(1.0 mL with 9 mL of 0.1% peptone water). The plates
were incubated for 48 h at 37°C, while 72 h at 28°C for
yeast and moulds and the number of colony forming units
per mL (CFU g %) of Stevia leaves was determined.

2.6. Color Measurement

Hunter a, b and L parameters of stevia extract were
determined with a Minolta spectrophotometer (CR-400,
Konica Minolta Sensing, Tokyo, Japan) in the reflection
mode. The instrument was standardized with a white
ceramic plate (L=99.50, a=-0.01, b=-0.12).The hue (H),
chroma (C) and browning index (BI) were calculated as
follows:

H =tan™[b/ a] (i)

C =a?+ b? (ii)

Bl =[100(X - 0.31)] / 0.172 (iii)

Where:

X=(a+1.75L)/ (5.645L +a - 3.012b) (iv)

The browning index (BI) represents the purity of brown
color and is reported as an important parameter in
processes where enzymatic or non enzymatic browning
takes place [23,24,25].

2.7. Particle Size Analysis

The particle size distributions of stevia extract were
determined at room temperature with a Microtrac Blue
wave S3500 SIA (Microotrac Inc. FL., USA) with
Microtrac Flex 10.5.4 software.

Purification  of

2.8. Extraction and

Rebaudioside A

Dry and ground stevia leaves samples (10 g) was
extracted in 100 mL of water, with frequent stirring (pH

value was controlled with 0.01 M pH 7 sodium phosphate).

The sample was put in a 100 mL cylindrical glass reactor
of standard geometry thoroughly mixed and the ultrasound
generator probe inserted immediately. The tip of the probe
was immersed about 1.5 cm into the slurry. The sonication
experiments were carried out at a frequency of 20 kHz and
rated power output of 360 W. The solution was processed
with the ultrasound radiation for different irradiation times
(6, 12, 18 and 24 min) while the temperature inside was
kept constant at 30°C. The extract solution was
centrifuged and filtered off through 0.45 pm microporous
membrane; the filtrate was taken for total rebaudioside A
content analysis. The extraction yield of total rebaudioside
A content was defined by the HPLC analysis.

2.9. Determination of Rebaudioside A by
HPLC

A stock solution of 1g rebaudioside A (Standard) In 25
ml of water was prepared. Solutions of 25, 50, 100, 150,
200, 250, and 300 pg/L were made by transferring an
aliquot from stock solution and the volume was made with
water in each case. Further standard solutions were
prepared freshly each day by appropriate dilution of stock
solution with water for intraday as well as interday
analysis. 200 pg/L of solvent extract was accurately
weighed and transferred to a 25 mL volumetric flask and
the volume was made by distilled water. Then 10 uL of

the stock solution was subjected to HPLC analysis and the
concentration of rebaudioside A was calculated based on
the calibration curve equation (y = 36781x + 2887.7, R* =
0.9993).

2.10. Statistical Analysis

All experiments described above were made in
triplicate for each sample. The data presented were the
means and standard deviations of each experiment. The
experimental data were analyzed using the ANOVA and
Duncan’s multiple range tests by the 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.

3. Results and Discussion

3.1. Physico-chemical
Leaves

The proximate chemical composition of dried Stevia
rebaudiana leaf is shown in Table 1. The results using sun
drying exhibited significant (p <0.05) values in moisture,
ash and protein contents of stevia leaves. On the other
hand, the study showed that both fiber and fat contents
were not significant (p <0.05) in the dried leaves. The
tannin content of Stevia leaves obtained is presented in
Table 1. The composition data indicate that the dried
Stevia rebaudiana leaf has higher moisture content due to
the intensity of sun heat. In our work ash content was
similar to reported by Mishra et al [26]. Tadhani and
Subhash [27] reported a slightly higher amount of ash
content and substantial amount of crude fiber [28,29]. Our
study have shown the more protein content as compare to
Kaushik et al [29] and Abou-Arab et al [30]; whereas, the
fat content value was higher than that reported by Serio
[31], and a valuable carbohydrate was found. Gisleine et
al [32] reported that protein, fat, crude fiber, ash, and
carbohydrates were present in dried sample. Our results
demonstrate the same figures in Table 1.

Analysis of Stevia

Table. 1. Physico-chemical and microbiological parameters of Stevia
rebaudiana bertoni leaves

Physico-chemical properties

Content Value (%)
pH 5.96

Moisture 10.73+1.33

Fiber 5.03 + 0.16

Protein 13.68 +1.86

Fat 6.13 + 0.63

Ash 12.06 +£1.33

Carbohydrate 63.10 £1.20

Tannin 5.43 + 0.89

Reducing sugar 4.50 +0.10

Total soluble substance 17.03+ 0.44

Microbiology Analysis
Total bacteria ND
Mould and Yeast ND
Coliforms ND
Staphylococcus ND
All values are means of triplicate determinations + standard deviation

(SD).
ND: not detected.

Stevia leaves are a good source of nutritional values . It
has been used as a substitute for sugar in place of pure
stevioside in different food preparations and its high ash
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content indicates that the stevia leaves are good source of
inorganic minerals [28,29] It was also found that the
tannins value is lower than that of Rai [28] who found
7.8 %.Tannins possessing useful properties such as
antioxidant, anti-apoptosis, anti-aging, anti carcinogenic,
anti-inflammatory, as well as anti atherosclerosis and
cardiovascular protection [33].

3.2. Microbiological Analysis

The study on microbial analysis of Stevia rebaudiana
fresh leaf after dried by sun 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 no contamination detected of
leaves by all tested bacterial groups and yeast and moulds
as shown in Table 1. The study confirms the possible
antimicrobial potentiality of the leaf extract of Stevia
rebaudiana

3.3. Color Measurement

After sample treated with ultrasonic treatment, b*
values (1.76) gradually changed toward a positive
direction in all samples. In addition, a* values shifted
from 1.26 to a negative direction except sample treated for
6 min has a* value (1.54). It was a different direction in
color change compared to the color changes observed in
stevia extract. A color shift toward negative b* and a*
directions indicate less red in stevia sonicated dispersion.
The majority of samples showed slight decreases in L*
value after sonication, which indicates a lightening of
solution surface color. A small increase in L* value for
stevia extract can probably be attributed to partial
precipitation of unstable, suspended particles in solution
as described [34]. The conditions used for sonication of
stevia extract are listed in Table 2. Significant changes in
color of stevia extract were observed during sonication.
Untreated samples had lightness (L), yellowness (a) and
redness (b) values of 26.95, 1.26, and 1.76 respectively.
Three characteristics were significantly influenced by
ultrasound, namely Hue, Chrome and Browning Index.
Sonication time affected the color parameters of the stevia
leaves solutions (Table 2). The L value for each sonication
time, the initial color parameters were Significant different
(p <0.05).

Table 2. Color analysis of Stevia rebaudiana bertoni dispersions through ultrasonic treatment

Time (min) L a b Hue Chroma Browing Index
6 27.53 1.54 2.55 58.87 2.98 13.41
12 27.74 0.89 2.67 71.57 2.81 12.09
18 26.16 -0.17 0.57 73.39 0.59 1.66
24 28.64 -0.13 3.06 87.57 3.06 10.57

3.4. Particle Size Analysis

Various conditions for the preparation of stevia leaf
extract particles are summarized in Table 3. Sonication
was applied for 6, 12, 18 and 24 min with sonication
power 360 W. Results show that the particle size for
sample treated for 6 min is bigger than that for 12, 18 and
24 min, which means that ultrasonic treatment at constant
power, with increasing time, caused a decrease in particle
size distribution in the stevia leaves extract

After 24 min of ultrasonic treatment, the median
increased from (95.62 um) at 6 min to (101.5 um) at 12
min and then decreased to (98.48 um) and (91.99 um)
when using ultrasonic time of 18 min and 24 min
respectively. This shows disruption of large particles,
resulting in smaller particles with a narrower particle size
distribution. After sonication time of 6, 12, 18 and 24 min,
D10 dramatically increased and decreased, while D90
decreased after all treatments (Table 3).

Table 3. Particle size analysis of Stevia rebaudiana bertoni
dispersions through ultrasonic treatment

Time [min] | Mean [um] | Median Mode | Dio[um] | Dgo[um]
6 125.23 95.62 221.97 8.28 265.97
12 107.9 101.5 104.6 67.70 156.5
18 98.14 98.48 119.45 91.42 145.6
24 91.35 91.99 104.6 24.88 68.25

This indicates that various of sonication time lead to
different particle size diameters.

The most important alteration is the ratio of soluble to
insoluble components. The ratio of soluble to insoluble
components is different in various weights of Stevia leaves
[35,36] as reported that the insoluble part that is less

branched produces natural aggregates. It seems that under
ultrasonic treatment, soluble and insoluble components
change in different ways and the new aggregate formation
depends on the chain size and the total portion of the
insoluble component.

During sonoprocessing of the soluble component, the
branches were first to be influenced and broken up. This
probable phenomenon can result in the formation of
unbranched backbones, which in turn can form new
aggregates. Although these aggregates can decrease the
particle size distribution to some extent, they are smaller
than insoluble component aggregates. This trend continues
until the chains that produced the aggregates were not able
to produce larger aggregates anymore due to continuous
separation of monomers; the chains become too small, and
the trend reverses. The phenomena described above were
observed in this study in the particle size distribution
analysis of stevia leaves extract. However, the reduction in
particle size distribution is clear, as shown in Table 3.

3.5. Effect of Sonication on the Rebauidioside
A Extraction Yield

As a result, water was tested in ultrasonication, the
contents of rebaudioside A extracted from stevia leaves
were significant (p < 0.05) and the impact of extraction
time on the rebauidioside A productively was
demonstrated in (Table 4). Among the extracts tested, 6
min showed the highest amount (32.79 ¢/100 g) of
rebaudioside A obtained by water combining with
ultrasound-assisted  extraction analyzed by High-
Performance Liquid Chromatography (HPLC) under
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analytical conditions, the typical retention time (R t) of
rebauidioside A was 3.35 min (Figure 3) comparing with
standard rebauidioside A (Figure 2).

Rebaudioside A

-
e L e e
0.0 0.5 1.0 135 2.0 2.5 30 35 4.0 45 5.0

Tine (i)

Figure 2. HPLC Chromatogram of rebaudioside A from standard
solution, Rt of rebaudioside A was 3.49 min under separation
acetonitrile:water (65:35 v/v) as the elusion solvent at flow rate of 1
ml/min and the detection wavelength 210 nm, column was Agilent C18
(25cm x 4.6 mm 1.D., 10 pl).
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Figure 3. HPLC Chromatogram of rebaudioside A (Rt= 3.4 min) of
sample extract obtained with ultrasonic at power 360 W for 6 min under
separation acetonitrile:water (65:35 v/v) as the elusion solvent at flow
rate of 1 ml/min and the detection wavelength 210 nm, column was
Agilent C18 (25 cm x 4.6 mm 1.D., 10 pl).

Ultrasonic power and extraction time are two important
factors that affect the extraction of total steviolglycoside,
the extraction yield was decreased with the sonication
time from 6 min to 24 min while the total soluble solids
increase. It also resulted in the changes of some important
physical characteristics of water poor phase, such as
polarity, viscosity and surface tension. This result may
have a significant effect on the sonication activity and the
partition behavior of rebauidioside A in aqueous system.
Where, the extraction yield decreased slightly with the
change of sonication time as shown in Table 4.

Table 4. The effect of sonication on the Rebauidioside A extraction

yield
Sonication Sonication Total soluble Rebauidioside A
Time (min) Power (W) substance (%) (9/100g)
6 360 11.16 + 0.67° 3279 +£157%
12 360 12.23 +1.04% 30.45+2.23°
18 360 13.37 £ 0.75° 28.66 + 2.26°
24 360 18.00 £ 0.45° 28.72 +1.68°
All values are means of triplicate determinations + standard deviation
(SD).
Mean values in the same column with different letters are significantly
different (p < 0.05).

Water was tested to extract rebaudioside A from dried
leaves of Stevia rebaudiana Bertoni. Water proved to be
beneficial, dissolve the constituents more effectively thus,

leading to improve of the extraction yield. The
concentration of the extracted rebaudioside A into the
liguid phase rises faster to the equilibrium value,
decreasing this way the extraction driving force. Our data
revealed that the extraction efficiency obtained with
ultrasonic extraction was higher than maceration
extraction as reported by Liu et al for extraction
rebaudioside A [37].

4. Conclusion

Stevia rebaudiana Bertoni leaves generally have an
image as healthy sweetener and form an important part of
nutritious diet. This study revealed that Stevia leaves are a
good source of carbohydrates, protein, crude fiber, which
are valuable for human nutrition. Physico-chemical
characteristics indicate that Stevia leaves could be applied
as substitute of sucrose in different food products. No
microbial contamination detected in throughout of this
study. Therefore, the foods containing Stevia could be use
without any worry about food borne disease and can be
consume as antimicrobial agent in near future. The
particle-size reduction by ultrasound is a process
controlled by power of the ultrasonic processor, time of
treatment, temperature and amount of sample. As a
consequence of this particle-size reduction the surface
area increases sharply with sonication time. The addition
of water in ultrasound-assisted extraction produce high
yield of rebaudioside A as comparing with classical
methods like maceration and heat extraction.
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