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The separation and purification of rebaudioside A from Stevia rebaudiana crude extracts (Steviosides) by macropo-
rous resin were optimized by Taguchi orthogonal array (OA) experimental design methodology. This approach was
applied to evaluate the influence of five factors (adsorption temperature, desorption time, elution solution ratio,
adsorption volume and type of resin) on the rebaudioside A yield. The percentage contribution of each factor was
also determined. The results showed that elution solution ratio and adsorption volume made the greatest (59.6%)
and the lowest (1.3%) contribution, respectively. The results showed that the Taguchi method is able to model the
purification of rebaudioside A process well (R* > 0.998) and can therefore be applied in future studies conducted
in various fields. Adsorption temperature 35°C, desorption time 60min, elution solution ratio 3, adsorption volume
200ml and HPD-400 as resin were the best conditions determined by the Taguchi method.
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INTRODUCTION

Stevia rebaudiana Bertoni, belonging to the Compositae
family, is a sweet herb native to South America. The
plant has been cultivated in Guilan province (Iran) for
a few decades. Stevia leaves contain diterpene glycosides,
namely, stevioside, rebaudiosides A-F, steviolbioside,
and dulcoside A, which are responsible for the typical
sweet taste!. Although stevioside and rebaudioside
A have similar chemical structures®, they have significant
differences in sweetness and taste quality, so stevioside
tastes about 270-280 times, and rebaudioside A tastes
about 350-450 times sweeter than 0.4% sucrose solution®.
Moreover, rebaudioside A has the best quality, close to
that of glucose®. Thus, rebaudioside A is considered to
be the ideal components in stevioside, and the separation
of high content of rebaudioside A from stevioside has
attracted increasing attention in the stevioside industry.

Various methods have been reported to separate
rebaudioside A from stevioside®>*. However, there are
some disadvantages when these methods are applied
in industrial production. Alternatively, adsorption se-
paration technology of macroporous adsorption resin
is a relatively new separation method and displays an
obvious superiority in industrial production since macro-
porous resins have a high adsorption capacity, certain
selectivity, low cost, easy regeneration and have a good
stability’. Macroporous Adsorption Resin (MAR) has
been extensively used in the fields of chromatography
analysis, water treatment industry and etc. However,
little studies on their use for the extraction of natural
substances such as rebaudioside have been performed.

There are several important factors such as elution ra-
tio, desorption time, adsorption temperature, adsorption
volume, adsorption time and etc that affect on stevioside
and rebaudiosides extractability from Stevia rebaudiana of
extracts. The classical method of studying of one variable
at a time may be effective in some processes, but fails to
consider the combined effects of several factors involved.
Statistical experimental designs can collectively optimize
all the affecting parameters to eliminate the limitations
of a single-factor optimization process. The traditional

method of optimization involves varying one factor at
a time, while keeping the others constant. This strategy
requires a relatively large number of experiments and
frequently fails to anticipate the optimal conditions.
This essential shortcoming is due to the inability of the
approach to consider the effects of possible interactions
between factors. The deficiency can be overcome by
applying more efficient, statistically based experimental
design. This approach has been successful for enhancing
yields of enzyme production and propionic acid extrac-
tion in our experiments®’. Thus, in the present study
was used an effective statistical technique for optimizing
extraction process and maximize rebaudioside A yield.

In this respect, Taguchi orthogonal design is important
tools to determine the optimal process conditions. The
advantages of using the Taguchi method are that many
more factors can be screened and optimized simultane-
ously and much quantitative information can be extrac-
ted by only a few experimental trials. Therefore, these
methods have been extensively applied in parameter
optimization and process control'’.

The aim of the current study was to investigate the
separation and purification of rebaudioside A from
stevia rebaudiana leaves using macroporous resin, and
extraction factors optimization was performed using
fractional factorial design of orthogonal array of Taguchi
methodology.

EXPERIMENTAL

Material

Stevia rebaudiana leaves were harvested from the
plantation fields in Rasht, Iran. The leaves were dried
at room temperature for 5 days and stored at the cold
storage.

Two types of macroporous resins were provided from
TEMAD Company (Tehran, Iran) that their physical
properties were listed in Table 1. They were pretreated
by dipping them in ethanol for 48 h, then washing with
ultrapure water thoroughly to remove the monomers
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Table 1. Physical properties of the macroporous resins used

Trade name Functional group Average pore [nm] Particle diameter [mm] Polarity
HPD 600 Acylamino polystyrene 71 0.3-1.25 Strong-polar
HPD 400 Polydivinyl benzene acrylic ester 8.3 0.3-1.2 Middle-polar

and porogenic agents trapped inside the pores during
the synthesis process.

All organic solvents and others chemicals were analy-
tical grade and used without further purification.

Preparation of crude sample

Firstly, the leaves of S. rebaudiana (10 g) were extracted
three times (1 h for each time) with 1000 ml of boiling
water, and all of the clear extracts were combined. The
extracts were evaporated to condensation in a rotary
evaporator at 60°C. Final volume of concentrated raw
solution was 500 ml and it was used as feed in all
experiments.

Experimental design and statistical analysis

The Taguchi method applies fractional factorial expe-
rimental designs, called orthogonal arrays, to reduce
the number of experiments while obtaining statistically
meaningful and worthwhile results. The selection of
a suitable orthogonal array depends on the number of
control parameters and their levels'>. An experimental
L16 array from the Taguchi method was applied for the
optimization of the purified rebaudioside A. The five
factors selected were: adsorption temperature (35, 40,
45 and 50°C), desorption time (30, 60, 90 and 120 min),
elution solution ratio (ethanol-ethyl acetate 1:1, 2:1, 3:1
and 4:1), adsorption volume (50, 100, 150 and 200 ml)
and type of resin (HPD-600 and HPD-400). The array
and levels of the experimental factors are given in Table 2.
For each experimental trial of the independent variables
in the experimental design, the dependent parameter
(rebaudioside A yield) was determined.

The L16 orthogonal array was selected by the Taguchi
method. The number of experiments required is dra-
stically reduced to 16. This means that 16 experiments
with different combinations of the parameters should
be conducted to study the main effects and interactions,
which in the classical combination method using full
factorial experimentation would require 4* x 2' = 512
experiments to capture the effective parameters.

Analysis of variance (ANOVA) was generated, and the
effect of terms were determined. The significances of all
terms were judged statistically by computing the p-value
<0.05. The analysis of data and optimization process were
generated using Minitab statistical software version 15.

All of experiments were repeated at least three times
in order to acquire high accuracy and data are their
three results averages. This procedure gave consistent
and reproducible results.

Adsorption/desorption experiments

The extraction process was conducted on herb native
variety cultivated in this area_(Guilan-Iran). Five g of
dry macroporous resins and different volumes of crude
sample solution were put into Erlenmeyer flasks, with
a stopper. Then, the Erlenmeyer flasks were shaken in
shaking incubator for 4 h at different temperatures.
After the adsorption equilibrium was reached, the resins
were first washed by ultrapure water for five times, and
then desorbed with 100 ml ethanol-ethyl acetate solu-
tion in the Erlenmeyer flask in the incubation shaker at
different times (Table 2). The desorption solution were
evaporated to dryness, and dried at 100°C to constant
weight. Thereafter, a certain amount of dry matter was
dissolved in 25 ml 70% ethanol-water solution and
analyzed by HPLC.

Analysis of samples

The amount of rebaudioside A present in the each
sample (before and after separation) was analyzed by
HPLC . Initially a calibration curve was prepared using
standard rebaudioside A of 98% purity. Standard stock
solutions were prepared in 70% (v/v) ethanol-water so-
lution (3000 wg/ml). Five additional levels were prepared
by dilution of stock solutions (1500, 1000, 500, 250 and
125 pg/ml) with ethanol-water solution and stored at 4°C.

[
Finally, the rebaudioside A yield (Zgjz l) was defined as:

rebaudioside A yield = rebaudioside A in purified extract
/ rebaudioside A present in feed.

Table 2. Experimental L16 orthogonal array and results the rebaudioside A yield"

Exp.No. Factor levels Rebaudioside A yield [Ej;:; ]
Adso. temp. [°C] Deso. time [min] Elu. ratio Adso. Vol. [ml] Type of resin
1 35 30 1 50 HPD-600 0.204
2 35 60 2 100 HPD-600 0.379
3 35 90 3 150 HPD-400 0.450
4 35 120 4 200 HPD-400 0.771
5 40 30 2 150 HPD-400 0.332
6 40 60 1 200 HPD-400 0.414
7 40 90 4 50 HPD-600 0.486
8 40 120 3 100 HPD-600 0.182
9 45 30 3 200 HPD-600 0.121
10 45 60 4 150 HPD-600 0.514
11 45 90 1 100 HPD-400 0.514
12 45 120 2 50 HPD-400 0.368
13 50 30 4 100 HPD-400 0.518
14 50 60 3 50 HPD-400 0.271
15 50 90 2 200 HPD-600 0.268
16 50 120 1 150 HPD-600 0.207

The initial concentration of the solution was 1.14 mg/ml.




RESULTS AND DISCUSSION

To the best of our knowledge, data of this process has
not been reported so far.

Effects of independent variables on responses

Purification of stevioside and rebaudiosides from
S. rebaudiana leaves depends on some factors, including
ratio of elution solvent, time and the temperature of
extraction, type of resin and etc'*"5. It is known that each
extraction process requires specific operating conditions’.
Taguchi experimental design is a good positive option
for the optimization of chemical and biotechnological
processes'’. In this case, the influence of 5 factors i.e.,
adsorption temperature (°C), desorption time (min), ratio
of elution solvent (ethanol-ethyl acetate v/v), adsorption
volume (ml) and type of resin chosen for optimization of
purification of rebaudioside A from S. rebaudiana leaves
by macroporous resins in Taguchi experimental design
in 16 runs. The results of Taguchi experimental design
show the efficiency of rebaudioside A yield ranging from
0.121-0.771 corresponding to the combined effect of the
five factors in their specific ranges (Table 2). The main
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effects of each parameter are presented in Figure 1,
which serve as a measure to view individual variables’
contributions on the yield of rebaudioside A. This was
estimated based on the averages of measurements made
at the level of each factor.

In the present study, the effect of different adsorption
temperature on purification of rebaudioside A was stu-
died. It was found that yield decreased with the increase
of adsorption temperature (Fig. 1A). This could be be-
cause of the adsorption of macroporous resin was always
exothermic and a process of entropy increasing and rising
temperature was unfavorable to adsorption'®. Li et al.'*
have also shown that high adsorption temperature is
effective in reducing the purification of rebaudioside A.

The effect of desorption time on yield was shown in
Figure 1B. It was seen that rebaudioside A yield incre-
ased with the extension of desorption time and reached
the maximum at 60 min. Similar findings have been
reported by other workers also'* '”. The results showed
that a prolonged time beyond this period did not help
to further increase the yield. The cost of purification
process depends mostly upon the operating cost; there-
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Figure 1. Main effects of the variables for the rebaudioside A yield based on the Taguchi experimental design results
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fore, a shorter desorption time period would increase
profitability on an industrial scale.

In this study, four different elution ratios varying from
1:1 to 4:1 (ethanol /ethyl acetate v/v) were used. The
highest rebaudioside A yield (0.572) was achieved at the
ratio 3:1 (Fig. 1C). A decrease in yield was observed
when the ratio of elution solvents was lower or higher
than the optimum. This could be explained by the prin-
ciple of the dissolution in a similar material structure'’.
As ratio of clution increased further, the ethanol in
desorption system increased excessively, which made
macroporous resins difficult to swell completely, and the
adsorbed rebaudioside A was not easy to be desorbed
from macroporous resins owing to the bigger molecule
size and larger strict hindrance effect, yield decreased.

The relationship between adsorption volume and
rebaudioside A yield was shown in Figure 1D. Yield
increased linearly with increase volume of adsorption.
It’s probably due to the multiple partition equilibrium
among various phases'® and the different affinity of
macroporous resins to sugar solution.

The adsorption characteristics of macroporous resins
are in close relation to chemical features and physical
properties of resins. The selection of proper resins should
be in accordance with the structures and polarities of
resins, such as their pore diameters, pore volumes and
surface areas'. Effect of resin type on rebaudioside
A yield is illustrated in Figure 1E. The results showed
that HPD-400 offered better adsorption and desorption
capacity for rebaudioside A than other tested resin
(HPD-600). It was observed that the adsorption and
desorption performances of different resins were distinct.
Since, rebaudioside A is a large and polar hydrocarbon
molecule®. Middle polar resin exhibited better adsorption
and desorption capacity for rebaudioside A than other
not only because of their polarity, but also because of
their higher specific surface area (700 m?/g) and bigger
average pore diameter (8 nm). Obviously, the strong polar
HPD-600 resin with low specific surface area (255 m%/g)
and small average pore diameter (7 nm) possessed bad
adsorption and desorption capabilities for rebaudioside A.

Adsorption temperature 35°C, desorption time 60 min,
elution solution ratio 3, adsorption volume 200 ml and
HPD-400 as resin were the best conditions determined
by the Taguchi method.

In the case of interaction effect of resin type and
adsorption temperature the results showed that resin
HPD-400 had the better extraction yield in all tempe-
rature compare with resin HPD-600 (Fig. 2A). In the
case of interaction effect of desorption time and type of
resin the results indicated that despite of better extrac-
tion yield with resin HPD-600 at 60 min the mean yield
of extraction by resin HPD-400 was greater than resin
HPD-400 (Fig. 2B). In the case of interaction effect of
adsorption temperature and desorption time the results
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Figure 2. The interaction effects of the variables for the rebau-

dioside A yield based on the Taguchi experimental
design results

showed that in 50°C the extraction yield decrease with
desorption time increasing but adversely it increased in
30°C (Fig. 2C).

Analysis of the experimental design

The rebaudioside A yield was found to range from 0.121
to 0.771 in response to the variation in the experimental
conditions (Table 2). The results from the analysis of the
experimental design are shown in Table 3. The degree
of significance of each factor is represented in Table 3
by its p-value, when a factor has a p-value of less than
0.05 it influences the process in a significant way for
a confidence level of 0.95. The results obtained show that

Table 3. Analysis of variance of the regression parameters for the Taguchi experimental design

Source D.F. Sum of square Mean square F-value p-value
Adsorp. temp. [°C] 3 0.078 0.026 60.78 0.016
Desorp. time [min] 3 0.058 0.019 45.79 0.021
Elution ratio 3 0.466 0.155 363.16 0.003
Adsorp. volume [ml] 3 0.010 0.003 8.25 0.110
Type of resin 1 0.170 0.170 397.45 0.003
Residual error 2 0.0008 0.0004 - -
Total 15 0.7828 - - -




all of factors; adsorption temperature, desorption time,
elution solution ratio and type of resin except adsorption
volume were significant (p-value < 0.05). The results
indicated that the elution ratios and type of resin were
the major contributing factors to rebaudioside A yield.

The quality of the experimental of design developed
was evaluated based on the value of coefficient of de-
termination (R?). Coefficient of determination (R?) is
defined as the ratio of the explained variation to the total
variation and used to measure the degree of fitness. In
this case, the R? value was 0.998, that Joglekar and May?*’
suggested for a good fit of a model, R should be at least
0.80. This implied that 99.8% of the variations for the
rebaudioside A yield are explained by the independent
variables and only 0.2% of the total variability in the
response was not explained by the model. The relatively
high value of R? (0.998) demonstrated a high degree of
agreement between the experimental observations and
predicted values (Fig. 3)".
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Figure 3. The relationship between the calculated the rebau-
dioside A yield and experimental data

Optimum Conditions and Model Verification

Optimum conditions for rebaudioside A purification
was obtained using the Taguchi method as presented in
Table 4. Under such conditions, the yield of extraction
process was predicted to be 0.810.

The suitability of the Taguchi orthogonal array for
predicting the optimum response value was tested by
additional independent experiments using the recom-
mended optimum conditions. The results indicate that
the extraction yield of rebaudioside A (0.789) is not
significantly different from the predicted value (0.810)
(Table 4).
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CONCLUSIONS

The preparative separation process of rebaudioside
A with macroporous resins was developed in this work.
The present investigation revealed that the application
of DOE using Taguchi approach facilitated the process
optimization by understanding the role of factors involved
in the rebaudioside A yield. Furthermore, I also demon-
strated that HPD-400 as resin was sufficient to increase
of rebaudioside A yield under the conditions tested.

Table 4. Optimum conditions of the rebaudioside A yield, experimental and predicted from the Taguchi experimental design

Optimum Condition The extraction yield [%]
Adso. Temp. [°C] Deso. Time [min] Elu. Ratio Adso. Vol. [ml] Type of resin Cal. value Expt. value
35 65 3 HPD-400 0.789 0.810
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