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Enriching steviol glycosides derived from the stevia plant is an important step in producing
stevia natural sweeteners. This study investigated the enrichment of Rebaudioside A and
Stevioside compounds of aqueous and ethanol stevia extracts using cascade membrane filtration
techniques. Accordingly, extracts from stevia leaves were processed using membrane filtration
techniques such as ultrafiltration and nanofiltration. In particular, the 30 kDa ultrafiltration
membrane was highly effective in enriching steviol glycosides. The highest concentrations of
Rebaudioside A (21.47 g L) and Stevioside (19.97 g L'*) compounds were reached at the 30
kDa ultrafiltration retentate fraction in both aqueous and ethanolic extracts. However, it was
found that the permeate fluxes and the extracts obtained after the nanofiltration process had very
low concentrations of these compounds. The findings highlight the importance of membrane
selection in effectively enriching steviol glycosides.

1. Introduction

Steviol glycosides, which are the natural sweet components
of stevia leaves, have recently been the subject of a substantial
trend in their extraction. Several studies have advocated for the
substitution of ethanol, an industrial process solvent, with water
(Das et al. 2015; Diaz-Montes et al. 2020; Zoua Assoumou et al.
2024). This substitution is due to the environment-friendly
attribute of water, as well as the non-toxic and non-flammable
nature of it. Furthermore, the utilization of water as a solvent may
lower the production expenses and enhance the sustainability of
the extraction procedure (Diaz-Montes et al. 2021).

Recent developments have focused on the increase of the
purity and yield of steviol glycosides by optimizing membrane
filtration processes. Diaz-Montes et al. (2020) achieved a
significant enrichment of Rebaudioside A by using a two-stage
ultrafiltration process to fraction the liquid extracts of Stevia
rebaudiana. Similarly, Karhan (2020) investigated fractional
membrane filtration practices to purify stevia extracts and
emphasized the importance of the membrane pore size in
achieving desired purity levels. In addition, Zhang et al. (2000)
suggested the use of resin or fluctuation agents to improve flow
before membrane processing and prevent membrane clogging.

Many studies have been conducted to determine the
effectiveness of multiple combinations of different membrane
filtration techniques to fractionate target steviol glycosides as
much as possible (Liu et al. 1991; Martinez-Alvarado et al. 2017;
Diaz-Montes et al. 2020; Karhan 2020). Membrane filtration
applications are frequently applied as important enrichment
processes in the purification of steviol glycosides. These
techniques can selectively separate molecules based on their size
and molecular weight. However, testing different membrane

filtration combinations is important to determine the change in
the steviol glycoside profile and which application will be more
successful when specific purification is desired. Therefore, this
research was aimed at providing a comprehensive understanding
of the factors influencing the enrichment of steviol glycosides,
with a focus on the stepwise membrane filtration approach.

2. Materials and Methods

2.1. Material

The stevia plant (Stevia rebaudiana var. Levent 93),
cultivated in the Department of Field Crops, Akdeniz University
trial area, was employed as research material in the study.
The freshly harvested leaves were dried in an oven at 70°C until
the moisture content reached 5 g 100rte g* (dry basis). They were
then stored in closed containers at room temperature until the
time of analysis.

2.2. Production of raw aqueous and ethanolic stevia extracts

The dry stevia leaves were separated from extraneous
substances such as stem, flower, waste, etc. then ground using a
laboratory grinder (Waring Blender, USA). The dried stevia
leaves were mixed with distilled water/ethanol (96% purity) in a
ratio of 1:15 (dry ground leaf: water/ethanol) in a laboratory
malaxer (Alfa Laval X, Sweden) for 30 min at 20°C. The mixture
(Sample: E) was subjected to centrifugation with 2900xg force at
20°C for 15 minutes. The collected supernatant was passed
through a coarse filter paper to remove any solid particles
(Sample: C). The same method was used to produce both
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ethanolic stevia extracts as well as aqueous ones. The solvent
(ethanol) was removed with a rotary evaporator (IKA RV10 Auto
Pro V-C, Germany) at 40°C and 900 rpm only after the coarse
filtration stage. Subsequently, distilled water was added to the
remaining portion in an amount equivalent to the amount of
liquid that had evaporated. Consequently, this mixture was
employed as the raw ethanolic stevia extract throughout the
analyses.

2.3. Hot clarification

Before the implementation of membrane filtration
techniques, a hot clarification procedure was carried out to
prevent the membrane filters from becoming fouled. Pre-
treatments, such as the usage of lime or flocculating agents, are
suggested before membrane processing such as ultrafiltration for
improved flux (Zhang et al. 2000).

During the hot clarification phase, clarification aids were
added to the stevia extract in a water bath (JeioTech, BS-06/31,
Seoul, Korea) kept at 50°C in the quantities determined by
preliminary trials (bentonite: 1%, gelatine: 1%, kieselsol: 3%).
The clarification was terminated after 3 hours, and the clear part
on the upper side (Sample: HC) was filtered through the coarse
filter without removing the sediment that had formed at the
bottom.

2.4, Stepwise membrane filtration

Polyethersulfone (PESU) membrane with a pore size of 30
kDa (Sartocon Slice, Sartorius Stedim Biotech GmbH, Germany)
was used for ultrafiltration, and Hydrosart membrane with a pore
size of 5 kDa (Sartocon Cassette, Sartorius Stedim Biotech
GmbH, Germany) was used for nanofiltration. Applications of
stepwise membrane filtration were implemented at a membrane
pressure of 2 bar and a permeate flux of 90%. Accordingly, the
translucent fraction that passed through the coarse filter after the
hot clarification process was initially filtered by ultrafiltration
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using a 30 kDa PESU membrane filter. Following that, the
permeate was further filtered by nanofiltration using a 5 kDa
Hydrosart membrane filter (Figure 1).

2.5. Methods

2.5.1. Total soluble solids and pH analyses

The total soluble solids and pH values of the stevia extracts
were measured using a digital refractometer (Isolab, Germany)
and a pH meter (FE20-Five, Mettler-Toledo, Ohio, USA)
(Cemeroglu 2007).

2.5.2. Color measurement

Color (L*, a*, b*) values of the samples were measured using
an UltraScan-VIS spectrophotometer (Hunterlab, USA)
equipped with a CIE-Lab color model. The CIE-Lab model
characterizes color by employing three parameters: The L*
metric lightness function represents the degree of lightness on a
scale from 0 (black) to 100 (white). The a* and b* chromaticity
coordinates reflect opposing scales of red—green (+a for reds, -a
for greens) and blue-yellow (+b for yellows, -b for blues).

2.5.3. Quantification of Stevioside and Rebaudioside A

An external standard method with HPLC was used to
determine the Stevioside and Rebaudioside A amounts in the
stevia extracts (Wolwer-Rieck et al. 2010). For the analysis, a
High-Performance Liquid Chromatography (HPLC) instrument
(Shimadzu, LC 20 AD) was used. The instrument was equipped
with a C18 column (Dimensions: 5 pum, 250 x 4.6 mm, ID) along
with a photodiode array (PDA) detector system set at a
wavelength of 210 nm. A mixture (68:32) of phosphate buffer
(10 mmol L sodium phosphate, pH 2.6) and acetonitrile (HPLC
quality, Merck) was used as the mobile phase and the flow rate
was set to 0.8 ml min-t (Wolwer-Rieck et al. 2010).
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Figure 1. Stepwise membrane filtration procedures.
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2.5.4. Statistical analysis

Statistical analysis of the data (per each sample, three
repetitions, and two reading parallels) was performed at the level
of 5% significance. The Shapiro-Wilk test was applied to
determine the suitability of the data for normal distribution, then
the Kruskal-Wallis test (one-way ANOVA), was used. When a
significant difference was found between the groups as a result
of the Kruskal-Wallis test, Dunn's multiple comparison test was
applied (Origin 2019b OriginPro, USA).

3. Results and Discussion

3.1. Variations across extraction and membrane filtration stages

3.1.1. Total soluble solids and pH

The total soluble solids (TSS) contents of the stevia samples
are given in Table 1. The findings showed that the large
molecules were successfully concentrated by 30 kDa
ultrafiltration in the retentate (30R) phase of the aqueous extract,
leading to a significant rise in the TSS contents. lwuozor et al.
(2024) found that water extraction had a greater ability to extract
soluble solids in comparison to methanol and methanol/water
combinations, therefore confirming this observation. The effect
of nanofiltration on soluble solids content after ultrafiltration was
limited. In the process starting at 30P (0.63 °Bx), which is the
permeate part of ultrafiltration, the permeate (5P: 1.39 °Bx) and
retentate (5SR: 1.80 °Bx) values obtained throughnanofiltration
showed a limited concentration increase. This suggests that
nanofiltration is not able to distinctly decompose the solution
after ultrafiltration but does provide some concentration. In
particular, the absence of large differences between the 5P and
5R values compared to 30P, which is the feed solution, reveals
that nanofiltration does not provide complete separation.

Table 1. Soluble solids and pH values of aqueous and ethanolic stevia

extracts
Parameter Process Aqueous Ethanolic
E 3.10£0.00°  4.03+£0.07%
c 3.10£0.00°  3.30+0.00°
HC 4.00£0.06°  2.43:+0.09¢
Total Solgi')e Solids 30P 0.63£0.10°  1.63+0.09°
( 30R 1231£1.39*  4.20+0.29°
5P 1.39£0.52¢  1.78+0.12¢
SR 1.80£0.62°  4.92+0.83°
E 5.81£0.00°  6.09+£0.02°
c 4.8240.02¢  5.47+0.04°
HC 5.93+0.00°  4.630.01°
pH 30P 6.62+0.06* 5.72+0.07°
30R 5.60+0.19°  4.82+0.06°
5P 5.57+0.39°  4.65+0.35¢
SR 5.99+027°  5.22+0.23°

The values indicated by different letters show a significant difference between
different processes under the same extraction method for the same color parameter
(P<0.05). E: Extraction, C: Centrifugation, HC: Hot clarification, 30P:
Ultrafiltration, 30 kDa-permeate flux, 30R: Ultrafiltration, 30 kDa-retentate flux,
5P: Nanofiltration, 5 kDa-permeate flux, 5R: Nanofiltration, 5 kDa-retentate flux.

When the ethanolic extract was subjected to membrane
filtration, ultrafiltration, and nanofiltration techniques led to a
more restricted enrichment, with limited increases in the
concentration of soluble solids compared to the aqueous extract.
This emphasizes the distinct impacts of ultrafiltration and
nanofiltration procedures on the chemical characteristics of the
extract, depending on the solvent employed (water or ethanol).
For example, in the ethanolic extract, the total soluble solids
concentration after ultrafiltration (30R) was 4.20+0.29 °Bx,
whereas after nanofiltration (5R), it increased to 4.92+0.83 °Bx,
showing a more restricted enrichment compared to the aqueous
extract (Table 1).

There were also changes in the pH values of stevia samples
extracted in water and alcohol, depending on both extraction and
membrane filtration type (Table 1). Samples extracted with
ethanol initially have a more alkaline pH value, indicating that
ethanol is better able to extract alkaline compounds. Mahl et al.
(2010) found that ethanol extraction typically yields a greater
quantity of alkaline chemicals, which is consistent with this
finding. However, in the process of ultrafiltration, it was
observed that alkaline chemicals were concentrated in the
permeate phase of the aqueous extract, while acidic compounds
were transferred to the permeate phase in the ethanolic extract.
The nanofiltration procedure reverses this scenario for both types
of extracts, resulting in an augmentation of acidic chemicals in
the permeate and a concentration of alkaline compounds in the
retentate. Arakawa et al. (2012) demonstrated that pH values
significantly influence the adsorption and separation processes
during filtration, which helps explain these results. These pH
changes can be attributed to the differential permeability of the
membrane to alkaline and acidic compounds, as well as the
interactions between the membrane material and the solutes in
the stevia extracts. During ultrafiltration, larger alkaline
molecules may be retained more effectively, leading to their
concentration in the retentate, while smaller acidic molecules
permeate through the membrane. This selective separation can
cause a shift in pH values, as noted by Zhang et al. (2000), who
observed similar trends in other plant extract filtration processes.

3.1.2. Color

The color changes that occurred in the stevia extracts with the
applied processes areshown in Table 2 and Figure 2. For the
aqueous extract, it was observed that the decolorization
continued to some extent with nanofiltration (5P) after UF (30P),
showing a statistically significant increase in the L* value, and
the green tone became slightly more dominant in terms of the a*
value. Nevertheless, there were no significant alterations
identified in relation to the b* value. Karhan (2020) observed that
reducing the size of membrane pores during multi-stage
membrane filtration operations led to an elevation in the L* value
(representing lightness) of stevia extracts. The author attributed
this variation to the removal of pigmented phenolic compounds
from the permeate flux. In line with this, Kootstra et al. (2016)
observed that the final stevia extract maintained a greenish-
brown color even after nanofiltration. This implies that while
ultrafiltration and nanofiltration improved transparency, they
were not entirely successful in eliminating the color.

For the ethanolic extract, the (5P) a decrease in the L* value
was observed after NF and there was a reduction in lightness.
Very small changes were observed in the a* and b* values, i.e.
no great progress was made in terms of achieving colorlessness.
As aresult, it can be said that discoloration with NF persists after
UF in aqueous extracts, but this increase in lightness is limited.
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Table 2. L*, a*, b* values of aqueous and ethanolic stevia extracts

Kapi et al. /Mediterr Agric Sci (2024) 37(3): 121-127

Color Parameter Process Aqueous Ethanolic
E 30.51+0.03° 31.46+0.66°
C 26.4540.02° 23.5140.17°
HC 27.47+0.13° 26.99+0.04°
L* 30P 24.63+1.06° 26.62+0.48°
30R 24.02+1.81° 24.20+1.81°
5P 25.83+0.83° 25.54+1.46°
5R 25.42+0.74° 26.49+0.33°

E -0.66+0.06" -1.89+0.72

C -0.53+0.03° -0.48+0.07°

HC -0.53+0.01° -0.25+0.51¢

a* 30P -0.7120.6 -0.73+0.32°
30R 0.67+0.09° 0.7440.05°

5P -0.78+0.25° -0.73+0.06"

5R -0.56+0.74 -0.75+0.07°
E 4.77+0.59° 10.28+0.34

C 0.210.02° 0.19£0.05¢

HC 0.530.02° 0.45+0.01°

b* 30P -0.54+0.06" 0.36+0.62°
30R 0.45+0.18° 0.5140.59°

5P -0.53+0.22° 0.31£0.37¢

SR -0.49+0.12° 0.09+0.09°

The values indicated by different letters show a significant difference between different processes under the same extraction method for the same color parameter (P<0.05).
E: Extraction, C: Centrifugation, HC: Hot clarification, 30P: Ultrafiltration, 30 kDa-permeate flux, 30R: Ultrafiltration, 30 kDa-retentate flux, 5P: Nanofiltration, 5 kDa-

permeate flux, 5R: Nanofiltration, 5 kDa-retentate flux.
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Figure 2. Color changes in aqueous and ethanolic stevia extracts throughout processing stages (E: Extraction, C: Centrifugation, HC: Hot clarification,
30P: Ultrafiltration, 30 kDa-permeate flux, 30R: Ultrafiltration, 30 kDa-retentate flux, 5P: Nanofiltration, 5 kDa-permeate flux, 5R:

Nanofiltration, 5 kDa-retentate flux).

In ethanolic extracts, a slight darkening tendency was observed
instead of an increase in lightness after NF. This suggests that NF
is more effective on aqueous extracts but has a limited effect on
ethanolic extracts if colorlessness is the main aim.

While aqueous and ethanolic extracts initially had the lightest
color (L*), greenest (a*), and most yellow tones (b*), the
ultrafiltration process caused a marked change in color tones,
especially in the retentate (30R) stage, with red tones (a*)
becoming dominant. After nanofiltration, a tendency to lighten
was observed in aqueous extracts, while yellow tones (b*) were
somewhat preserved in ethanolic extracts, but there was a shift to
blue tones in general (Table 2). Except for the extraction (E) step,
aqueous and ethanolic extracts exhibited a fairly similar trend of
change in L*, a* b* values during the processing stages
(ultrafiltration and nanofiltration). Both types of extracts

wentthrough parallel processes such as color darkening, tonal
changes, and partial lightening (Figure 2). However, in the
extraction phase (E), the ethanolic extract initially started in
lighter, greener, and more yellow tones than the aqueous extract,
indicating that the type of solvent had different effects on the
color during the extraction phase. That is, although there is
similarity in the processing stages, solvent-dependent differences
were evident in the initial (E) stage.

3.1.3. Filtration effects on Rebaudioside A and Stevioside
enrichment

The variation of steviol glycosides through different
membrane filtration steps reveals that ultrafiltration in general
(especially the 30 kDa membrane) is highly effective in enriching

© Akdeniz University Faculty of Agriculture
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both Rebaudioside A and Stevioside. In both aqueous and
ethanolic extracts, it has been observed that the highest
concentrations of these compounds are reached at the 30 kDa
ultrafiltration retentate fraction. This result is consistent with Das
et al.” (2015) findings, who reported that the 30 kDa membrane
was the most effective in enriching Rebaudioside A, with
minimal fouling behavior. In contrast, the concentrations of these
compounds remained markedly low in the permeate fractions and
nanofiltration steps. Similarly, Chhaya and Mondal (2012)
discovered that nanofiltration had a minimal impact on the
enrichment of Rebaudioside A and Stevioside, as a substantial
portion of these components was retained by the membrane. This
suggests that certain steps of membrane filtration play a critical
role in the process of separation and enrichment of steviol
glycoside (Figure 3).

When the effect of membrane filtration applications on the
enrichment of steviol glycosides was examined in more detail, it
was determined that the aqueous extract reached the highest
concentrations of 30 kDa ultrafiltration retentate, Rebaudioside
A with 21.47 g L and Stevioside with 19.97 g L™ (Figure 4).

These values clearly show that steviol glycosides were
effectively enriched in this step. On the other hand, in the
permeate fractions (30PAq and 5PAQ), rebaudioside A and
Stevioside concentrations remained at very low levels of 0.62
gL?! and 0.86 gL, respectively. The nanofiltration process
yielded similarly low concentrations, suggesting that a large
proportion of these components were retained in the membrane
and did not pass into the permeate fraction. These specific
numerical details reveal the effect of each filtration step on the
concentration of steviol glycosides.

35- 21.47
< 30
-
B0 25=
<«
o 20=
=
Z 15+
E
- -
> 505 5.70 5.2
& 5T Q}.m I || | - 1.97
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0= T T
E C HC 30P 30R 5P 5R E C HC 30P 30R 5P 5R
| Aqueous stevia extract | Ethanolic stevia extract |
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Figure 3. Rebaudioside A and Stevioside concentrations in aqueous and ethanolic stevia extracts across different processing stages (E: Extraction, C:
Centrifugation, HC: Hot clarification, 30P: Ultrafiltration, 30 kDa-permeate flux, 30R: Ultrafiltration, 30 kDa-retentate flux, 5P:
Nanofiltration, 5 kDa-permeate flux, 5R: Nanofiltration, 5 kDa-retentate flux).
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Reb-A

.

Ste

Figure 4. Distribution of rebaudioside A and Stevioside levels in aqueous and ethanolic stevia extracts visualized by heatmap across processing stages
(Aq: Aqueous, EtOH: Ethanolic, E: Extraction, C: Centrifugation, HC: Hot clarification, 30P: Ultrafiltration, 30 kDa-permeate flux, 30R:
Ultrafiltration, 30 kDa-retentate flux, 5P: Nanofiltration, 5 kDa-permeate flux, 5R: Nanofiltration, 5 kDa-retentate flux).

4. Conclusion

The efficiency of using stepwise membrane filtration
procedures during processing of aqueous and ethanolic stevia
extracts was investigated in this study. The results indicated that
the ultrafiltration (UF) process was highly effective in
concentrating the analyzed steviol glycosides. Both
Rebaudioside A and Stevioside glycosides were concentrated in
the retentate flux of 30 kDa ultrafiltration membrane. However,
if nanofiltration process (5 kDa) is to be combined with
ultrafiltration, it is thought that using the retentate phase as a feed
may be more effective in increasing the purity of the target
compounds. The findings of this study indicate that the choice of
membrane filtration type is crucial in the separation and
concentration of steviol glycosides.

Acknowledgements

This study was supported by the Akdeniz University, Office
of Scientific Research Projects (Project No: FYL-2021-5553).

References

Arakawa FS, Mahl CR, de Oliveira SP, da Igreja G, Simdes MR, da Silva
CF (2012) Clarification of aqueous Stevia extract using alginate
beads—evaluation by factorial design methodology. Adsorption
Science & Technology 30(2): 147-158. doi: 10.1260/0263-
6174.30.2.147.

Cemeroglu B (2007) Gida analizleri. Gida Teknolojisi Dernegi Yaynlari,
Ankara.

Chhaya C, Sharma CS, Mondal SM, Majumdar G, De S (2012)
Clarification of stevia extract by ultrafiltration. Food and
Bioproducts Processing. doi: 10.1016/j.fbp.2011.10.002.

Das A, Paul D, Golder AK, Das C (2015) Separation of rebaudioside-A
from stevia extract. Separation and Purification Technology 144: 8-
15. doi: 10.1016/j.seppur.2015.02.004.

Diaz-Montes E, Gutiérrez-Macias P, Orozco-Alvarez C, Castro-Mufioz
R (2020) Fractionation of Stevia rebaudiana aqueous extracts via
two-step ultrafiltration process: towards rebaudioside A extraction.
Food and Bioproducts Processing 123: 111-122. doi:
10.1016/j.fop.2020.06.010.

Diaz-Montes E, Garcia-Depraect O, Castro-Muiioz R (2021) Membrane
technologies for the extraction and purification of steviol glycosides.
In: Galanakis CM (Ed), Steviol glycosides: production, properties,
and applications. Academic Press, pp. 159-199.

lwuozor KO, Emmanuel SS, Ahmed MO, Idris AM, Emenike EC, Saliu
OD, Qudus AH, Adeniyi AG (2024) Technologies for the extraction
and post-extraction of Stevia rebaudiana leaves. Chemistry Africa
7(2): 539-563. doi: 10.1007/s42250-023-00787-0.

Karhan M (2020) Use of fractional membrane filtration applications in
the purification of Stevia extracts (TUBITAK 1002 Project Final
Report 1190016).

Kootstra A, Elissen H, Huurman S (2016) Extraction of steviol glycosides
from fresh Stevia using acidified water; clarification followed by
ultrafiltration and nanofiltration. Application Center for Renewable
Resources - ACRRES. https://www.acrres.nl/wp-
content/uploads/2018/06/PPO-632.pdf. Accessed 9 September 2024.

Liu Y, Chen Y, Wang L, Jiang J (1991) Study of stevioside preparation
by membrane separation process. Desalination 83(1-3): 375-382.
doi: 10.1016/0011-9164(91)85111-7.

Mahl CR, de Oliveira SP, da Silva BB, da Igreja G, Simdes MR, da Silva
CF (2010) Effect of pH on the clarification of Stevia rebaudiana
Bertoni extract using alginate beads. Adsorption Science and
Technology 28(2): 189-194. doi: 10.1260/0263-6174.28.2.189.

Martinez-Alvarado JC, Torrestiana-Sanchez B, Aguilar-Uscanga MG
(2017) Isolation of steviol glycosides by a two-step membrane
process operating under sustainable flux. Food and Bioproducts
Processing 101: 223-230. doi: 10.1016/j.fbp.2016.11.013.

Wolwer-Rieck U, Tomberg W, Wawrzun A (2010) Investigations on the
stability of stevioside and rebaudioside A in soft drinks. Journal of
Agricultural and Food Chemistry 58(23): 12216-12220.

© Akdeniz University Faculty of Agriculture



Kapi et al. /Mediterr Agric Sci (2024) 37(3): 121-127 127

Zhang SQ, Kumar A, Kutowy O (2000) Membrane-based separation Zoua Assoumou U, Oziyci H, Hacioglu A, Karhan M (2024) Influence of
scheme for processing sweeteners from Stevia leaves. Food Research solvent type and leaf moisture on extraction efficiency of major
International 33(7): 617-620. doi: 10.1016/S0963-9969(00)00098-3. steviol glycosides in Stevia (var. Levent 93) plant. Acta Alimentaria

53(2): 175-187. doi: 10.1556/066.2023.00245.

Abbreviations

E: Extraction

C: Centrifugation

HC: Hot clarification

30P: Ultrafiltration, 30 kDa-permeate flux
30R: Ultrafiltration, 30 kDa-retentate flux
5P: Nanofiltration, 5 kDa-permeate flux
5R: Nanofiltration, 5 kDa-retentate flux
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