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Abstrak

Mikrofiltrasi dan ultrafiltrasi digunakan pada
proses  pemurnian  ekstrak  stevia  untuk
mempertahankan steviosida dan menghilangkan
tanin. Tujuan utama penelitian ini adalah
mendapatkan kondisi operasi proses pemurnian
ekstrak stevia yang menghasilkan rejeksi steviosida
terendah dan rejeksi tanin tertinggi. Proses
pemurnian ekstrak stevia menggunakan membrane
mikrofiltrasi  dilaku-kan pada tekanan trans-
membran (1,20, 1,40; 1,65; 1,80; dan 1,90 bar),
kecepatan alir (0,04, 0,06, dan 0,11 m det*), dan
konsentrasi steviosida umpan (7,12; 10,25; 14,03,
dan 18,47 g L'). Proses pemurnian ekstrak stevia
menggunakan membran ultrafiltrasi pada tekanan
transmembrane (1,20; 1,40; 1,65; 1,80; dan
1,90 bar), kecepatan alir (0,06; 0,09; dan 0,12 m
det”), dan konsentrasi steviosida umpan (4,59 dan
10,36 g L'). Proses pemurnian tahap pertama
dilakukan menggunakan membran mikrofiltrasi dan
hasil  permeatnya  sebagai umpan  proses
ultrafiltrasi. Proses pemurnian tahap kedua dilaku-
kan menggunakan membran ultrafiltrasi. Kondisi
operasi terbaik proses mikrofiltrasi menggunakan
konsentrasi steviosida umpan 14,03 g L' pada
tekanan transmembran 1,90 bar dan kecepatan alir
0,11 m det! dengan fluksi permeat 82,90 L m
jam™. Kondisi operasi terbaik proses ultrafiltrasi
menggunakan konsentrasi steviosida umpan 10,36 g
L' dengan fluksi permeat 26,51 L m? jam™ pada
tekanan transmembran 1,90 bar dan kecepatan alir
0,12 m det'. Proses mikrofiltrasi dan ultrafiltrasi
menghasilkan total rejeksi steviosida 59,52 % dan
total rejeksi tanin 57,99 %.

[Kata kunci: mikrofiltrasi, proses pemurnian,
steviosida, ultrafiltrasi]
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Abstract

Microfiltration and ultrafiltration are used for the
purification process of stevia extract to retain
steviosides and remove tannins. The main objective
of this study was to obtain the operating conditions
for the purification process of stevia extract that
resulted in the lowest stevioside rejection and
highest tannin rejection. The purification process of
stevia extract using microfiltration membrane was
carried out at transmembrane pressure (1.20, 1.40,
1.65, 1.80, and 1.90 bar), cross flow velocity (0.04,
0.06, and 0.11 m s'), and stevioside concentration
of feed (7.12, 10.25, 14.03, and 18.47 g L'!). The
stevia  extract  purification  process  used
ultrafiltration membrane at transmembrane pressure
(1.20, 1.40, 1.65, 1.80, and 1.90 bar), cross flow
velocity (0.06, 0.09, and 0.12 m s!), and stevioside
concentration of feed (4.59 and 10.36 g L!). The
first step purification process was carried out using
a microfiltration membrane and the resulting
permeate was used as feed for the ultrafiltration
process. The second step purification process was
carried out using an ultrafiltration membrane. The
best operating conditions of the microfiltration
process were feed stevioside concentration of
14.03 g L'! at a transmembrane pressure of 1.90 bar
and a cross flow velocity of 0.11 m s! with a
permeate flux of 82.90 L m2 h'!. The best operating
conditions of the ultrafiltration process used a feed
stevioside concentration of 10.36 g L' with a
permeate flux of 26.51 L m? h™! at a transmembrane
pressure of 1.90 bar and a cross flow velocity of
0.12 m s!. The microfiltration and ultrafiltration
processes resulted in total stevioside rejection of
59.52 % and total tannin rejection of 57.99 %.

[Keywords: microfiltration, purification process,
stevioside, ultrafiltration]
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Introduction

Natural sweetener from stevia leaves are very
potential sweetener with high commercialization
value because it contains steviol glycosides (SGs)
which provide sweet taste. Steviol glycosides are
classified as low-calorie or non-calorie sweeteners
with sweetness level 300 times sweeter than sucrose
(Basharat et al., 2021). Steviol glycosides present in
stevia leaves include stevioside, rebaudioside A,
rebaudioside B, rebaudioside C, rebaudioside D,
rebaudioside E, rebaudioside F, dulcoside A, and
steviolbioside (Lemus-Mondaca et al., 2012). The
main compounds of steviol glycoside contained in
stevia leaves are stevioside around 4-13 % and
rebaudioside A around 2-4 % (Kurek & Krejpcio,
2019). There are other constituents found in stevia
leaves, such as tannins, chlorophyll, carotenoids,
and polyphenols.

Stevia leaf sweetener does not cause chronic
disease problems such as diabetes mellitus, fatty
liver, hypertension, cardiac fibrosis, liver fibrosis,
inflammatory bowel disease, cancer, and chronic
kidney disease (Ahmad et al., 2020; Wang et al.,
2020). Stevia leaves are in great demand as
sweeteners, pharmaceuticals, and food additives in
the global market. The conventional process for
extracting stevia leaves is generally carried out by
using solvents. Still, this process requires a long
time, high energy consumption, lots of solvents, and
high solvent losses (Kovacevi¢ et al., 2018). Various
methods can be used for extraction, recovery, or
purification of stevia extracts, such as clarification
with a chelating agent (Mantovaneli et al., 2004), ion
exchange resin (Abou-Arab et al., 2009), high-speed
countercurrent chromatography (Huang et al.,
2010), microwave-assisted extraction (Jaitak et al.,
2009), ultrasonication-assisted extraction (Gasmalla
et al., 2017), centrifugal partition chromatography
(Hubert et al., 2015), and column chromatography
(Kaur et al., 2014).

Membrane technology can be used for the
purification process of stevia extract, for example,
the microfiltration process with a pore size of 0.2 pm
made from PES under operating condition of 1.38
bar transmembrane pressure produces stevioside of
89.1 %, but the total solids obtained are still quite
high at 84.38 % (Chhaya et al., 2013) and ceramic
membrane microfiltration process with a pore size
of 0.05 um with a transmembrane pressure of 2 bar
can produce stevioside by 97.1 % and rebaudioside
A by 94.7 % (Reis et al., 2009). Purification of stevia
extract by ultrafiltration process made from PES
MWCO 20 kDa with transmembrane pressure of
1.87 bar and cross flow velocity of 0.02 m s
resulted in the lowest stevioside rejection of 36 %

(Noor & Isdianti, 2007), and ultrafiltration process
made from PES MWCO 30 kDa with
transmembrane pressure of 2.76 bar and cross flow
velocity of 0.1 m s™! resulted in stevioside of 71.8 %
with total solid of 62.96 % (Chhaya et al., 2012).
Purification of stevia extracts with two-step
ultrafiltration process (100 kDa and 1 kDa) made
from PS can remove total solids by 97.58 % and
carbohydrates by 98.11 % with a concentration of
rebaudioside A of 6.12 % in permeate (Diaz-Montes
et al., 2020). The nanofiltration process made from
polyamide-coated polysulfone MWCO 400 Da with
a transmembrane pressure of 11.03 bar and a stirring
speed of 1500 rpm can produce stevioside of 7.1 %
with clarity of 98.1 %T (Chhaya et al., 2012) and the
nanofiltration process of MWCO 200 Da with a
pressure of 30.5 bar produces stevioside of 2.8 %
and rebaudioside A of 1.3 % (Kootstra et al., 2015).

Membrane technology has advantages over other
separation processes, such as low cost, low energy
requirements, high separation efficiency, and easy to
connect with other separation processes (Purkait et
al., 2018). In general, the efficiency of membrane
performance can be measured from the flux and
rejection values of the membrane. In addition,
permeate purity is also an important parameter that
must be considered to measure membrane
performance. The phenomena of fouling and
concentration polarization often occur in membrane
processes that cause a decrease in product
accumulation due to a decrease in flux. High
operating pressure can increase permeate flux, but it
can also aggravate fouling so proper operating
pressure is needed to control fouling and flux (Wei
et al., 2021). The cross flow mode can reduce the
thickness of the cake layer on the membrane surface
due to turbulence and an increase in the mass
transfer coefficient which can minimize particle
deposition in the cake layer so as to increase
membrane permeability (Zhang et al., 2019). Based
on the above description, it is necessary to obtain
membrane process operating conditions that
produce high separation efficiency and high flux, as
well as determine the effect of operating conditions
on permeate flux, membrane rejection, and
properties of permeate. Therefore, the stevia extract
purification process can be carried out using
combination microfiltration and ultrafiltration
membrane cross flow mode with operating
conditions of transmembrane pressure, cross flow
velocity, and feed concentration. The main objective
of this study was to obtain the operating conditions
for purification process of stevia extract that produce
the lowest stevioside rejection and the highest tannin
rejection.
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Materials and Methods
Materials

The main ingredients used were stevia leaves
obtained from a farm in Katulampa, East Bogor.
Distilled water was used as solvent for extraction
process. Standard stevioside of 95 % purity from
Sigma-Aldrich.

Preparation of stevia extract

Fresh stevia leaves were dried in an oven blower
at 60 °C for + 3-5 hours. After the drying process,
the size reduction stage was continued into stevia
powder using blender, then filtered using 80 mesh
sieve. Four stevia extracts were used as
microfiltration feed with ratio of stevia powder and
distilled water 1:100 (w/v), 1:75 (w/v), 1:60 (W/v),
and 1:50 (w/v). According to Chhaya et al. (2012),
extraction process used maceration method carried
out at 78 = 1 °C for 56 min, then the crude stevia
extract was filtered using filter cloth and centrifuged
at 6000 rpm for 10 min. The stevia extract obtained
was analyzed before the purification process to
determine the initial characteristics such as
stevioside, tannin, total sugar, color, and clarity.

Stevia  extract  purification  process — using
microfiltration and ultrafiltration membranes

The initial condition of the membrane was
observed before the filtration process by
determining the water flux which was done by
recirculating distilled water at 25 + 1 °C for 30 min.
The water flux permeability of the microfiltration
process was carried out under operating conditions
at a transmembrane pressure of 1.90 bar and a cross
flow velocity of 0.11 m s!, while the ultrafiltration
process was carried out under the operating
conditions at a transmembrane pressure of 1.90 bar
and a cross flow velocity of 0.12 m s!. The steady
state was determined by recirculating the stevia
extract at 40 £ 1 °C for 30 min until it reached steady
state. The purification process of stevia extract using
microfiltration and ultrafiltration membranes was
carried out to observe the effect of the operating
conditions on flux, rejection, and properties of
permeate. The purification process of stevia extract
using microfiltration was carried out at five levels of
transmembrane pressure (1.20, 1.40, 1.65, 1.80, and
1.90 bar), three levels of cross flow velocity (0.04,
0.06, and 0.11 m s™), and four levels of stevioside
concentration of feed (7.12, 10.25, 14.03, and 18.47
g LY. Purification process of stevia extract using
ultrafiltration at five levels of transmembrane
pressure (1.20, 1.40, 1.65, 1.80, and 1.90 bar), three
levels of cross flow velocity (0.06, 0.09, and 0.12 m
s, and two levels of stevioside concentration of
feed (4.59 and 10.36 g L'). The first step
purification process was conducted using a

microfiltration membrane to obtain the best process
operating conditions and permeate as feed for the
ultrafiltration process. The second step purification
process was carried out using an ultrafiltration
membrane to obtain the best process operating
conditions. The effectiveness of the purification
process was determined by the flux and rejection of
steviosides and tannins. The best operating of
purification process was determined by total sugar
increase, color reduction, and permeate clarity
increase.

Stevioside analysis

The analysis was conducted based on a modified
method of Noor & Isdianti (2007). A standard curve
was prepared using 0.02 grams of stevioside
standard in 100 mL of distilled water, then diluted.
The solution was measured using a UV
spectrophotometer at a wavelength of 210 nm. The
absorbance reading of the samples was assessed by
diluting the samples at the absorbance range of the
standard curve. The stevioside concentration of the
sample can be measured by calculating the
absorbance from the standard curve regression
equation y = 47.979x + 0.0819 with R?> = 0.995, then
multiplying by the dilution factor.

Tannin analysis

The analysis was performed based on the method
of Kusumaningsih et al. (2015). The standard curve
was prepared using 1 mL of tannin standard in a 10
mL volumetric flask, then 7.5 mL of distilled water
was added. Folin ciocalteu as much as 0.5 mL was
added to 1 mL of saturated Na>COs, then diluted
using distilled water. The solution was mixed until
color formed, then waited for 30 min and analyzed
using a UV-Vis spectrophotometer at a wavelength
of 760 nm. The reading of the absorbance value of
the sample is done by diluting the sample to the
absorbance range of the standard curve. The tannin
concentration of the sample can be measured by
calculating its absorbance from the standard curve
regression equation y = 8.5609x + 0.0021 with R? =
0.998, then multiplying by the dilution factor.

Total sugar analysis with phenol-sulfate method

Analysis followed a modified method of Noor &
Isdianti (2007). Sample solution 2 mL (containing
20-50 ppm glucose) was added to 1 mL of 5 %
phenol solution, then 5 mL of concentrated H2SO4
was added, and the solution was allowed to cool.
The absorbance value of the sample was measured
using a UV spectrophotometer with a wavelength of
490 nm. The total sugar concentration value can be
measured by calculating the absorbance from the
standard curve regression equation y = 112.74x -
0.029 with R?=0.995.
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Color analysis

The analysis was conducted based on the method
of Chhaya et al. (2012). Color measurements were
made using a spectrophotometer by calculating the
absorbance of the sample (A) at a wavelength of
420 nm.

Clarity analysis

The analysis was conducted based on the method
of Chhaya et al. (2012). The clarity value of the
sample was measured using a spectrophotometer
with the equation %T = 100 x 10, where A is the
the optical absorbance at a wavelength of 660 nm.

Data analysis

The experimental design used was a completely
randomized design which was arranged factorially
with two replications. The observed factor was the
interaction effect of the operating conditions of the
purification process on the properties of permeate.
Data obtained from the results of the permeate test
were analyzed using analysis of variances at
significant level (a) of 5 % using the SPSS 20
program to determine whether there were
differences between treatment combinations. If the
results were significantly different, the analysis
would be continued with a Duncan's multiple range
test.

Results and Discussion
Steady state

The experiment was carried out using total
recycle mode by flowing the permeate and retentate
back to the feed tank and the feed concentration was
kept constant. The operating conditions of the
microfiltration and ultrafiltration processes, as well
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(a)
Figure 1.

Flux (L m2h')

as the relationship between flux and filtration time
can be seen in Figure 1. The flux produced by the
microfiltration process is higher because the pore
size of the microfiltration membrane is larger than
that of the ultrafiltration membrane. The steady state
of the microfiltration process was reached after 10 —
12 min and the steady state of the ultrafiltration
process was reached after 10 min (Fig. 1). The
permeate flux decreases with operating time until
steady conditions are reached, this phenomenon
often occurs due to the blockage of the membrane
pores with larger compounds which can precipitate
in the pores so that they can form a cake layer which
results in decreased membrane permeability (Diaz-
Montes et al., 2020).

The reversible buildup of particles from
components in the feed can cause an increase in
resistance due to the formation of fouling and
concentration polarization (Tomczak & Gryta,
2020). Components with molecular weight lower
than stevioside are categorized in low molecular
weight (LMW) solutes and high molecular weight
(HMW) components can be retained by the
membrane, however some stevioside can also be
retained by the gel layer and membrane. During the
membrane process, feed components may adsorb on
the pore or within the membrane pore, thus partially
or completely closing the pore which may cause
fouling and concentration polarization (Castro-
Muiioz et al., 2021; Chhaya et al., 2012). The time
when the resulting flux was constant in the
microfiltration process and the ultrafiltration process
was used as the steady time for the stevia extract
purification process under operating conditions of
transmembrane pressure, cross flow velocity, and
stevioside concentration of feed.
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E .lllllllllllll e 459
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The relationship between flux and filtration time (a) the microfiltration process on transmembrane pressure at 1.90

bar and cross flow velocity at 0.11 m s™!, and (b) the ultrafiltration process on transmembrane pressure at 1.90 bar
and cross flow velocity at 0.12 m s! with different stevioside concentrations of feed

Gambar 1. Hubungan antara fluksi dan lama filtrasi (a) proses mikrofiltrasi pada tekanan transmembran 1,90 bar dan
kecepatan alir 0,11 m det”, serta (b) proses ultrafiltrasi pada tekanan transmembran 1,90 bar dan kecepatan alir
0,12 m det”’ dengan konsentrasi steviosida umpan yang berbeda-beda
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Cross flow microfiltration

The first stage of the stevia extract purification
process was carried out using microfiltration
membrane. Graph of the relationship between the
operating conditions of the microfiltration process
and permeate flux can be seen in Figure 2. The
results show that higher transmembrane pressure
and cross flow velocity increased permeate flux,
while higher stevioside concentration of feed
decreased permeate flux. According to Chhaya et al.
(2013), permeate flux increases when the
transmembrane pressure is increased.
Transmembrane pressure can be driving force for
selective membrane separation (Castro-Muiloz et
al.,, 2022). According to (Reis et al., 2009)
transmembrane pressure can be used to help
steviosides pass through the membrane. The highest
permeate flux was obtained using feed with
stevioside concentration of 7.12 g L' on
transmembrane pressure at 1.90 bar.

By increasing the cross flow velocity, particles
can diffuse back into more significant suspension so
that cake layer will be formed thinner on the
membrane surface (Kazemi et al., 2013). The
highest permeate flux was obtained using feed with
stevioside concentration of 7.12 g L"! on cross flow
velocity at 0.11 m s'. When solidification of the
cake layer occurs continuously on the membrane
due to high transmembrane pressure, only the cross
flow velocity can be optimized (Zhang et al., 2019).
Foulant can flow on the membrane surface when the
drag force by the cross flow velocity is greater than
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40
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@

the tangential force to the membrane surface (Gao et
al., 2019). According to Noor & Isdianti (2007)
higher feed concentration will increase the viscosity,
which can trigger fouling and concentration
polarization resulting in decreased permeate flux.

Overall, the rejection of stevioside and tannins in
the microfiltration process fluctuated relatively, as
can be seen in Figure 3 and Figure 4. The results of
the permeate characteristics analysis showed that the
microfiltration membrane could reject stevioside
and tannin. Stevioside rejection rates ranged from
26.17 % - 61.06 %, and tannin rejection rates ranged
from 12.77 % - 68.75 %. High transmembrane
pressure can result in the deposition of solutes on the
membrane surface to form cake layer which acts as
dynamic membrane to hold stevioside so that its
concentration can be reduced in the permeate
(Chhaya et al., 2013).

The total sugar content produced also relatively
fluctuated with increase in transmembrane pressure
and cross flow velocity, the highest total sugar
content was produced using bait with stevioside
concentration of 18.47 g L. (Noor & Isdianti, 2007)
reported that the decreased total sugar content
indicated that the membrane process could retain
sugars other than steviol glycosides. Increasing
transmembrane pressure and cross flow velocity can
reduce color and increase clarity, but higher feed
concentrations resulted in stronger color and lower
clarity of permeate. The selected permeate with the
lowest stevioside rejection will be used as feed for
the ultrafiltration process.
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Kecepatanalir (ms™)

(b)

Figure 2.  Graph of the relationship between (a) transmembrane pressure to permeate flux on cross flow velocity at 0.11 m
s'' and (b) cross flow velocity to permeate flux on transmembrane pressure at 1.65 bar with different stevioside

concentrations of feed

Gambar 2. Grafik hubungan antara (a) tekanan transmembran terhadap fluksi permeat pada kecepatan alir 0,11 m det”’ dan
(b) kecepatan alir terhadap fluksi permeat pada tekanan transmembran 1,65 bar dengan konsentrasi steviosida

umpan yang berbeda-beda
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There were two permeates used as feed for the
ultrafiltration process, namely comparison permeate
and selected permeate. The comparison permeate
was obtained using feed with stevioside
concentration of 10.25 g L' on transmembrane
pressure at 1.40 bar and cross flow velocity at
0.11 m s, The selected permeate was obtained on
transmembrane pressure at 1.90 bar and cross flow
velocity at 0.11 m s using feed with stevioside
concentration of 14.03 g L! with permeate flux of
8290 L m? h'! which resulted in the lowest
stevioside rejection of 26.17 % with tannin rejection
24.66 %, total sugar content 76.70 %, color
reduction 57.86 %, and clarity 78.70 % T. The
results of analyzing the properties of the permeate
microfiltration process at different transmembrane
pressures and stevioside concentrations of feed with
a cross flow velocity of 0.11 m s can be seen in
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g ;60“/ ) Tekanan

g "_g ° transmembran (bar)
%;% 50% - ——1.20
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Figure 3.
in the microfiltration process
Gambar 3.
mikrofiltrasi
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Tannin rejection (%)

Stevioside rejection (%)
Rejeksi steviosida (%)

Rejeksi tanin (%)

Table 1. The properties of the permeate
microfiltration process at different cross flow
velocities and stevioside concentration of feed with
transmembrane pressure of 1.65 bar can be seen in
Table 2. Analysis of variances showed that the
interaction between the stevioside concentration of
feed (7.12, 10.25, 14.03, and 18.47 g L) with
transmembrane pressure (1.20, 1.40, 1.65, 1.80, and
1.90 bar) and cross flow velocity (0.04, 0.06, and
0.11 m sV') had significant effect on stevioside,
tannins, total sugar, color, and clarity of the
permeate. The microfiltration process can remove
tannins and total solids with increased permeate
clarity. The results of the purification process
showed that stevia extract clarification using
microfiltration membrane was quite effective in
removing non-steviol glycoside compounds.
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o | w006
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Graph of the relationship between (a) transmembrane pressure and (b) cross flow velocity on stevioside rejection

Grafik hubungan antara (a) tekanan transmembran dan (b) kecepatan alir terhadap rejeksi steviosida pada proses
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Graph of the relationship between (a) transmembrane pressure and (b) cross flow velocity on tannin rejection in

Gambar 4. Grafik hubungan antara (a) tekanan transmembran dan (b) kecepatan alir terhadap rejeksi tanin pada proses

mikrofiltrasi
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Table 1.

concentration of feed with cross flow velocity of 0.11 m s™!

Analysis of properties of permeate microfiltration process at different transmembrane pressures and stevioside

Tabel 1. Analisis karakteristik permeat proses mikrofiltrasi pada berbagai tekanan transmembran dan konsentrasi steviosida
umpan dengan kecepatan alir 0,11 m det”
Feed Transmembrane o . .
. pressure Stevioside Tannin Total sugar Color Clarity
c[(;ncentratlop Tekanan Steviosida Tanin Total gula Warna Kejernihan
onsentrast .\ nsmembran (gL (gL (gL (A) (%T)
umpan (bar)
1.20 3.31£0.92!m 2.94 £ 0.06* 1.07£0.04"  0.639+0.001 83.66 + 1.23¢
1.40 2.77+0.57™ 2.49 +0.24! 0.79 £0.01 0.631 + 0.0041 86.40 £ 0.70°
I 1.65 3.41 +0.84™ 3.64 £ 0.06 1.36 £0.01"  0.567 + 0.008 87.20 £ 0.71%
1.80 3.40 £ 0.80'™ 3.27 +0.33% 1.05+0.11"  0.533+0.007 88.01 + 1.58%®
1.90 3.96 £0.77¢ 3.63 £0.09 1.40 £0.06%"  0.517 +0.008’ 88.92+1.16%
1.20 4.70 £0.13% 4.79 £ 0.10! 1.57+0.06%  1.135+0.0058  78.08 + 1.40°2
1.40 4.59+0.11% 5.29+0.02" 1.61 £0.05¢  1.091£0.0068  79.16 & 0.90%
I 1.65 5.65+0.221 5.31+0.01" 1.81+£0.08%  0.929+£0.007"  80.36 + 1.05%
1.80 5.67 +£0.021 6.42 + 0.43¢ 2.01+0.06° 0.917+0.001"  81.75+0.40%¢
1.90 5.83+0.04 5.73+£0.10" 1.78 £0.09%  0.892+£0.007" 8222 +0.27%
1.20 7.61 £0.50" 7.11+£0.36f 1.63+£0.02¢f  1.622+£0.013¢ 64.05+1.15!
1.40 8.59 +£0.23¢ 8.12£0.24° 2.01 £0.02¢ 1.596 + 0.13¢ 73.71 £ 0.601
I 1.65 8.92+0.15% 8.06 + 0.06° 2.32+£0.01%¢  1.465+0.034°  75.16+0.24"
1.80 9.79 + 0.09°f 8.46 £0.03¢ 2.52£0.01%¢  1.400+0.104"  76.57 £ 1.75%"
1.90 10.36 £0.15%  8.95+0.09¢ 2.58 £0.118b¢ 1.351+0.02f 78.70 + 0.00
1.20 11.04+£0.05¢  9.39+£0.31¢  258+0.27% 2298+ 0.008° 62.66 + 0.82!
1.40 13.58£0.34*  11.07+0.158  2.66+0.30" 1.760+0.013° 63.62 £ 1.76!
v 1.65 11.68£0.36> 922 +0.02¢ 3.00£0.312 1.644 +0.053¢ 70.88 £ 0.12%
1.80 12.40 + 0.45° 9.75 £ 0.38° 2.81+£0.34%  1.532+0.012¢  72.87+1.07%
1.90 11.52£0.09%  10.43 +0.24° 2.97+047° 1.468 + 0.002° 76.91 +0.50
I - 7.12 £ 1.65 7.95+0.17 1.99+0.11 1.973+0.011 63.39+0.41
Feed 1I - 10.25+£ 1.31 7.97 + 1.60 2.63+0.15 2.500+0.014 53.65+1.31
I - 14.03 £1.99 11.88+£0.93 3.37 £ 0.04 3.205 + 0.040 44.06 £ 0.57
I\ - 18.47 £2.63 12.69 +0.88 3.55+0.06 3.425+0.021 36.27+0.77
Table 2. Analysis of properties of permeate microfiltration process at different cross flow velocity and stevioside

concentration of feed with transmembrane pressure at 1.65 bar

Tabel 2. Analisis karakteristik permeat proses mikrofiltrasi pada berbagai kecepatan alir dan konsentrasi steviosida umpan
dengan tekanan transmembran 1,65 bar
Transmembrane
Feed . .
concentration pressure SteVpS}de Tannin Total sugar Color (;larle
Konsenirasi Tekanan Steviosida Tanin (g L) Total gula Warna (A) Kejernihan
transmembran (gL & (gL (%T)
umpan
(bar)
0.04 4.02 +0.89¢ 3.63+0.16 1.36+£0.11¢  0.629+0.008% 86.90 +0.28°
I 0.06 3.54+0.82¢ 3.35+£0.03 1.41£0.09° 0.623 £0.0088 87.00+0.71*
0.11 3.41+0.84¢ 3.64 £ 0.06 1.36+£0.01°  0.567+0.008" 87.20+0.712
0.04 5.19+0.30¢ 5.67+0.11¢8 1.83+£0.08¢  1.027£0.004° 79.90 + 1.69®
I 0.06 6.69 +0.08° 5.91+0.06f 1.88+£0.10¢  1.005+0.004° 80.17 + 1.04°
0.11 5.65 +0.22¢ 5.31+0.01" 1.81+£0.08¢  0.929+0.007f 80.36+ 1.05"
0.04 8.48 +£0.23° 8.50 £ 0.05¢ 2.39+4£0.00°  1.592+0.008° 73.71 +1.32°
I 0.06 9.43 £0.04° 8.86 £ 0.03° 2.47+0.04°  1.501+£0.018¢ 75.08+0.61¢
0.11 8.92 +£0.15° 8.06 = 0.06° 232+0.01°  1.465+0.034¢ 75.16+0.24¢
0.04 11.59+0.41* 9.47 £ 0.00? 2.64+£0.32 1707 +£0.006° 68.81 +2.58¢
v 0.06 10.68 + 0.30? 9.25+0.11° 2.93+£0.10®  1.700 £0.009* 69.35+1.13¢
0.11 11.68 +0.36* 9.22 £0.02° 3.00+£031*  1.644+0.053" 70.88+0.12¢
Feed I - 7.12 £ 1.65 7.95+0.17 1.99+0.11 1.973+0.011  63.39+0.41
I - 10.25+1.31 7.97 £ 1.60 2.63+0.15 2.500+0.014  53.65+1.31
I - 14.03 £1.99 11.88+£0.93 3.37+0.04 3.205+0.040  44.06 £0.57
I\ - 18.47 £2.63 12.69 + 0.88 3.55+0.06 3.425+0.021  36.27+0.77

42



Improvement of purification process of stevia extract by combination of microfiltration and ultrafiltration.........(Silaen et al.)

Cross flow ultrafiltration

The second step of the stevia extract purification
process was carried out using ultrafiltration
membrane. The comparison permeate and selected
permeate produced by the microfiltration process
were used as feed for the ultrafiltration process. The
comparison permeate was obtained using feed with
stevioside concentration of 10.25 g L' on
transmembrane pressure at 1.40 bar and cross flow
velocity at 0.11 m s, the selected permeate was
obtained using feed with stevioside concentration of
14.03 g L'! at a transmembrane pressure of 1.90 bar
and a cross flow velocity of 0.11 m s™'. The decrease
in permeate flux is phenomenon that often occurs in
every membrane process, but its severity can be
minimized by finding the correct transmembrane
pressure and cross flow velocity. Appropriate
transmembrane pressure allows the permeate to pass
through the membrane at steady state, pressure
difference between the feed side and the permeate
can be applied to allow smaller molecules to pass
through the semipermeable membrane from the feed
stream to the permeate side, well as retaining larger
molecules. Cross flow velocity can reduce the
occurrence of fouling and concentration
polarization, besides the right feed speed can help
achieve better mass transport.

The graph of the relationship between the
operating conditions of the ultrafiltration process
and the permeate flux can be seen in Figure 5. The
results show that the higher the transmembrane
pressure and cross flow velocity, higher the
permeate flux, while higher the feed concentration,
lower the permeate flux. The resulting permeate flux
phenomenon is the same as the permeate flux
obtained during the microfiltration process. The
resulting permeate flux is also the same as the study
results (D’1az-Montes et al., 2020) increase in

50 1 Stevioside concentration
2 of feed (g L)
T 540 1 ‘ Konsentrasi steviosida
I 't umpan (gL+)
3530 —a— 459
=S — A m —=— 1036
= @
=20 o
= =~ . |
ke L i}
-
10 T

10 12 14 16 18 20
Transmembrane pressure (bar)
Tekanan transmembran (bar)

(a)

Flux (L m2h!)
Fluksi (L m jam™)

permeate flux can depend on increase in TMP, but
after limiting TMP is reached, Jp does not increase
significantly even though the operating pressure is
increased. The highest permeate flux was obtained
using feed with stevioside concentration of 4.59 g
L' on transmembrane pressure at 1.90 bar.
According to (Chhaya et al., 2012), permeate flux
can increase with higher cross flow velocity at
constant transmembrane pressure, higher cross flow
rate causes convective flow cutting action, which
limits the formation of cake layers so that resistance
decreases and permeate flux increases. The shear
force generated by cross flow can quickly remove
foulant deposits on the membrane (Kirschner et al.,
2019). The highest permeate flux was obtained
using feed with stevioside concentration of 4.59 g
L on a cross flow velocity of 0.12 m s™'.

Stevioside and tannin rejection rates in the
ultrafiltration process tended to fluctuate with the
increase in transmembrane pressure and cross flow
velocity, but the resulting rejection rate was affected
by the feed concentration. The results of the
permeate characteristic analysis showed that the
ultrafiltration membrane could reject stevioside and
tannin. Stevioside rejection rates ranged from
17.54 % - 49.15 %, and tannin rejection rates ranged
from 39.05 % - 48.95 %. Dynamic cake layer can
withstand high molecular weight components at
high operating pressure, thereby increasing the
clarity of the permeate, but the irreversible fouling
that occurs can reduce the concentration of
stevioside in the permeate (Chhaya et al., 2012).
MWCO has an essential role in the separation
process which can reject solutes, then the intrinsic
properties of the membrane, such as the type of
material, surface topography, and hydrophilicity,
lead to chemical interactions between the membrane
and compounds resulting in fouling (Castro-Mufioz
etal., 2021).

W
o
)
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A offeed(gL?)
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[ o)
n
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Figure 5.  Graph of the relationship between (a) transmembrane pressure to permeate flux at two feed concentrations with
cross flow velocity at 0.12 m s™ and (b) cross flow velocity to permeate flux at two stevioside concentrations of

feed with transmembrane pressure at 1.65 bar

Gambar 5. Grafik hubungan antara (a) tekanan transmembran terhadap fluksi permeat pada dua konsentrasi umpan dengan
kecepatan alir 0,12 m det”’ dan (b) kecepatan alir terhadap fluksi permeat pada dua konsentrasi steviosida umpan

dengan tekanan transmembran 1,65 bar
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The total sugar content produced was also
relatively fluctuated with increase in transmembrane
pressure and cross flow velocity, but the
concentration of feed with stevioside concentration
of 459 g L' or comparison feed produced the
highest  total sugar content. Increasing
transmembrane pressure and cross flow velocity can
decrease color and increase clarity, but higher feed
concentrations can result in stronger color and lower
clarity of permeate. The lowest stevioside rejection
of 17.54 % was obtained using comparison feed on
a transmembrane pressure at 1.65 bar and a cross
flow velocity at 0.12 m s™! with tannin rejection of
43.18 %, total sugar content of 66.90 %, color
reduction of 54.64 %, and clarity of 91.31 %. The
microfiltration process used feed with stevioside
concentration of 10.25 g L' at transmembrane
pressure of 1.40 bar and a cross flow velocity of
0.11 m s, followed by ultrafiltration process at a
transmembrane pressure of 1.65 bar and a cross flow
velocity at 0.12 m s resulting in total stevioside
rejection of 63.12 % and total rejection of tannins of
62.27 %. The ultrafiltration process using the
selected feed (the best permeate from microfiltration
process) can produce the lowest stevioside rejection
of 45.17 % on transmembrane pressure at 1.90 bar
and cross flow velocity at 0.12 m s! with permeate
flux 0f 26.51 L m h!, This best operating condition
can reject tannins by 44.24 % with total sugar
content of 48.37 %, decrease in the color of
55.04 %, and clarity of 86.80 % T.

The results of analyzing the properties of the
permeate  ultrafiltration process at different
transmembrane pressures and feed concentrations
with a cross flow velocity at 0.12 m s are shown in
Table 3. The properties of the permeate
ultrafiltration process at different cross flow
velocities and feed concentrations  with
transmembrane pressure at 1.65 bar can be seen in
Table 4. Analysis of variance showed that the
interaction between the stevioside concentration of
feed (4.59 and 10.36 g L!) with transmembrane

= Transmembrane
> g pressure (bar)
g S 40% - Tekanan
b ".g transmembran (bar)
o 3
2.8 e, | —e—1.20
2% —=—1.40
< 2 1.65
'z B )
£L20% - 1.80
) —x—1.90
& 4

10% r r r )

L 8 10 12
Stevioside concentration of feed (g L)
Konsentrasi steviosida umpan (g L)

(a)

pressure (1.20, 1.40, 1.65, 1.80, and 1.90 bar) and
cross flow velocity (0.06, 0.09, and 0.12 m s)
significantly affected the characteristics of permeate
ultrafiltration processes, such as stevioside, tannin,
total sugar, color, and clarity. The ultrafiltration
process reduced dramatically the tannin content in
the permeate.

The best operating conditions of the
microfiltration and ultrafiltration processes resulted
in total stevioside rejection of 59.52 % and total
tannin rejection of 57.99 %. Overall, the stevia
extract purification process using microfiltration and
ultrafiltration membranes was able to remove total
solids and non-steviol glycoside compounds, but the
rejection rate for stevioside was still relatively high.
The type of PVC polymer membrane used has
hydrophobic properties that are prone to fouling
which results in the adsorption of more solutes or
macromolecular particles to the surface and pores of
the membrane, which can result in a decrease in
permeate flux over time of operation, but based on
the specifications, the microfiltration and
ultrafiltration membranes used have been modified
hydrophilic. On the other hand, the pore size of the
membrane has an essential role in stevioside
rejection because the high molecular weight
component contained in the stevia extract can form
dynamic cake layer on the surface of the membrane.

The microfiltration process is prone to fouling
due to its larger pore size so that dissolved particles
can settle in the pores and partially or completely
block them (Chhaya et al., 2013). According to Das
et al. (2015), ultrafiltration membranes with 30 kDa
MWCO could produce higher concentrations of
rebaudioside A and stevioside than ultrafiltration
membranes with 10, 20, and 50 kDa MWCO.
Ultrafiltration membranes with 30 kDa MWCO can
retain high concentrations of steviol glycoside
compounds because the fouling phenomenon is
more controlled, and the hydrodynamic properties
are more compatible with the components contained
in stevia extract (Castro-Mufioz et al., 2021).
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Figure 6. Graph of the relationship between (a) transmembrane pressure (TMP) and (b) cross flow velocity (CFV) on

stevioside rejection in the ultrafiltration process

Gambar 6. Grafik hubungan antara (a) tekanan transmembran (TMP) dan (b) kecepatan alir (CFV) terhadap rejeksi

steviosida pada proses ultrafiltrasi
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rejection in the ultrafiltration process

Gambar 7. Grafik hubungan antara (a) tekanan transmembran (TMP) dan (b) kecepatan alir (CFV) terhadap rejeksi tanin
pada proses ultrafiltrasi

Stevioside concentration of feed (g L)
Konsentrasi steviosida umpan (g L)

(b)

Graph of the relationship between (a) transmembrane pressure (TMP) and (b) cross flow velocity (CFV) on tannin

(C3dan0.11 ms™

Table 3. Analysis properties of permeate ultrafiltration process at different transmembrane pressures and stevioside
concentrations of feed with cross flow velocity of 0.12 m s™!
Tabel 3. Analisis karakteristik permeat proses ultrafiltrasi pada berbagai tekanan 45ransmembrane dan konsentrasi
steviosida umpan dengan kecepatan alir 0,12 m det”
Feed Transmembrane
. pressure Stevioside Tannin Total sugar Clarity
concentration S . Color -
Konsentrasi Tekanan Steviosida Tanin Gula total Warna (A) Kejernihan
45ransmembrane (gL (gL (gLh (%T)
umpan (bar)
1.20 3.66£0.09°  2.82+0.05° 0.82 +£0.03¢ 0.44 £ 0.006¢ 84.63 £ 0.414
1.40 3.58+£0.04° 2.82+0.06° 0.93+0.11% 0.42 + 0.005¢ 89.54 +0.29°
I 1.65 3.78+£0.25¢  3.01+£0.07° 1.08+0.26%¢ 0.42 £ 0.006° 91.31+0.15*
1.80 3.70£0.03°  3.13+0.53° 0.82+0.01° 0.41 £ 0.008°f 91.41+0.30?
1.90 3.61£0.11° 292+0.12° 0.86 +0.03¢ 0.41 £ 0.009f 91.83 +0.00?
1.20 527+0.02° 515+£0.05  1.22+0.10® 0.76 + 0.004* 81.85+0.27¢
1.40 5.60+£0.22%  545+0.08°  1.21+0.11% 0.76 + 0.006* 84.82 + 1.24¢
I 1.65 530+0.06° 517+£0.07*0 1.21+0.15%® 0.73 £ 0.005° 86.60 = 0.70°
1.80 5.66+0.18  539+0.54° 1.26 £ 0.10? 0.73 £0.011% 86.70 & 0.85°¢
1.90 5.68+0.24*  4.99+0.02* 1.25+0.10° 0.72 + 0.009¢ 86.80 + 0.42°¢
Feedor 1 1.40 459+0.11 5.29+0.02 1.61 £0.05 1.091 + 0.006 79.16 £0.90
permeat (I, 0.11 m sh)
MF I 1.90 10.36 £ 0.15 8.95+0.09 2.58+0.11 1.351+£0.02 76.91 +£0.50
(11, 0.11 ms™H
Table 4. Analysis properties of permeate ultrafiltration process at different cross flow velocity and stevioside concentration
of feed with transmembrane pressure at 1.65 bar
Tabel 4. Analisis karakteristik permeat proses ultrafiltrasi pada berbagai kecepatan alir dan konsentrasi steviosida umpan
dengan tekanan 45ransmembrane 1,65 bar
Feed Transmembrane
. pressure Stevioside Tannin Total sugar Clarity
concentration L . Color -
Konsentrasi Tekanan Steviosida Tanin Gula total Warna (A) Kejernihan
45ransmembrane (gLh (gL (gLh (%T)
umpan (bar)
0.06 3.37+£0.00c 2.70£0.01¢  0.82+0.03" 0.42+0.005¢  90.26 +£0.732
I 0.09 3.47+0.04*  271+0.02¢  0.86+0.00° 0.42+0.007°  90.78 +0.59*
0.12 3.78+£0.25*  3.01+0.07° 1.08+£026®  042+0.006° 91.31+0.15
0.06 532+£021*  493+0.01° 1.26 £0.06* 0.76 £0.003*  85.80+0.70°
I 0.09 5.38+£0.14*  4.84+0.02° 1.31+£0.032 0.75+£0.006*  85.90 + 0.56°
0.12 5.30 + 0.06* 5.17+0.072 1.21+0.15° 0.73 £0.005°  86.60 + 0.70
Feed I 1.40 459+0.11 5.29+0.02 1.61 £0.05 1.091+0.006  79.16 = 0.90
(permeat (C2dan 0.11 ms™)
UF) II 1.90 10.36 £ 0.15 8.95+0.09 2.58+0.11 1.351+£0.02 76.91 +£0.50
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Figure 8. Clarity of stevia extract (left), microfiltration
of permeate (center), and microfiltration +
ultrafiltration of permeate (right)

Gambar 8. Kejernihan ekstrak stevia (kiri), permeat
mikrofiltrasi  (tengah)  dan  permeat
mikrofiltrasi + ultrafiltrasi (kanan)

Conclusion

The best operating conditions for the
microfiltration process were using stevioside
concentration feed of 14.03 g L'! at a transmembrane
pressure of 1.90 bar and a cross flow velocity of
0.11 m s™! with a permeate flux of 82.90 L m?2 h'l.
Best operating conditions for the ultrafiltration
process were using the selected feed at a
transmembrane pressure of 1.90 bar and a cross flow
velocity of 0.12 m s with a permeate flux of
26.51 L m?2 h!. The best operating conditions of the
microfiltration and ultrafiltration processes resulted
in 59.52 % total stevioside rejection and 57.99 %
total tannin rejection.

References

Abou-Arab, E. A., Abou-Arab, A., & Abu-Salem, F.
(2009). Physico-chemical assessment of natural
sweeteners steviosides produced from Stevia
rebudiana Bertoni plant. Journal Food and
Dairy  Sciences,  34(12), 11037-11057.
https://doi.org/10.21608/jfds.2009.115819

Ahmad, J., Khan, 1., Blundell, R., Azzopardi, J., &
Mahomoodally, M. F. (2020). Stevia rebaudiana
Bertoni.: an updated review of its health benefits,
industrial applications and safety. Trends in
Food Science Technology, 100, 177-189.
https://doi.org/10.1016/j.tifs.2020.04.030

Basharat, S., Huang, Z., Gong, M., Lv, X., Ahmed,
A., Hussain, I, Li, J., Du, G., & Liu, L. (2021).
A review on current conventional and
biotechnical approaches to enhance biosynthesis
of steviol glycosides in Stevia rebaudiana.
Chinese Journal of Chemical Engineering, 30,
92-104.
https://doi.org/10.1016/j.cjche.2020.10.018

Castro-Muiioz, R., Correa-Delgado, M., Cordova-
Almeida, R., Lara-Nava, D., Chavez-Muifioz,

M., Velasquez-Chavez, V. F., Hernandez-
Torres, C. E., Gontarek-Castro, E., & Ahmad, M.
Z. (2022). Natural sweeteners: Sources,
extraction and current uses in foods and food
industries. Food Chemistry, 370(January 2021).
https://doi.org/10.1016/j.foodchem.2021.13099
1

Castro-Muiioz, R., Diaz-Montes, E., Cassano, A., &
Gontarek, E. (2021). Membrane separation
processes for the extraction and purification of
steviol glycosides: an overview. In Critical
Reviews in Food Science and Nutrition (Vol. 61,
Issue 13, pp. 2152-2174). Bellwether
Publishing, Ltd.
https://doi.org/10.1080/10408398.2020.177271
7

Chhaya, Majumdar, G. C., & De, S. (2013). Primary
clarification of stevia extract: a comparison
between centrifugation and microfiltration.
Separation Science and Technology
(Philadelphia), 48(1), 113-121.
https://doi.org/10.1080/01496395.2012.674605

Chhaya, Mondal, S., Majumdar, G. C., & De, S.
(2012). Clarifications of stevia extract using
cross flow ultrafiltration and concentration by
nanofiltration. Separation and Purification
Technology, 89, 125-134.
https://doi.org/10.1016/j.seppur.2012.01.016

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.
https://doi.org/10.1016/j.tbp.2020.06.010

Das, A., Paul, D., Golder, A. K., & Das, C. (2015).
Separation of Rebaudioside-A from stevia
extract: Membrane selection, assessment of
permeate quality and fouling behavior in laminar
flow regime. Separation and Purification
Technology, 144, 8—15.
https://doi.org/10.1016/j.seppur.2015.02.004

Gallo, M., Vitulano, M., Andolfi, A., DellaGreca,
M., Conte, E., Ciaravolo, M., & Naviglio, D.
(2017). Rapid Solid-Liquid Dynamic Extraction
(RSLDE): a New Rapid and Greener Method for
Extracting Two Steviol Glycosides (Stevioside
and Rebaudioside A) from Stevia Leaves. Plant
Foods for Human Nutrition, 72(2), 141-148.
https://doi.org/10.1007/s11130-017-0598-1

Gao, Y., Qin, J., Wang, Z., & Osterhus, S. W.
(2019). Backpulsing technology applied in MF
and UF processes for membrane fouling
mitigation: A review. Journal of Membrane

46



Improvement of purification process of stevia extract by combination of microfiltration and ultrafiltration.........(Silaen et al.)

Science, 587.
https://doi.org/10.1016/j.memsci.2019.05.060

Gasmalla, M. A. A., Yang, R., Musa, A., Hua, X., &
Ye, F. (2017). Influence of sonication process
parameters to the state of liquid concentration of
extracted rebaudioside A from Stevia (Stevia
rebaudiana Bertoni) leaves. Arabian Journal of
Chemistry, 10(5), 726-731.
https://doi.org/10.1016/j.arabjc.2014.06.012

Huang, X. Y., Fu, J. F., & Di, D. L. (2010).
Preparative isolation and purification of steviol
glycosides from Stevia rebaudiana Bertoni using
high-speed counter-current chromatography.
Separation and Purification Technology, 71(2),
220-224.
https://doi.org/10.1016/j.seppur.2009.11.025

Hubert, J., Borie, N., Chollet, S., Perret, J., Barbet-
Massin, C., Berger, M., Daydé¢, J., & Renault, J.
H. (2015). Intensified separation of steviol
glycosides from a crude aqueous extract of stevia
rebaudiana leaves using centrifugal partition
chromatography. Planta Medica, 81(17), 1614—
1620. https://doi.org/10.1055/s-0035-1545840

Jaitak, V., Bandna, Singh, B., & Kaul, V. K. (2009).
An efficient microwave-assisted extraction
process of stevioside and rebaudioside-A from
Stevia rebaudiana (Bertoni). Phytochemical
Analysis, 20(3), 240-245.
https://doi.org/10.1002/pca.1120

Kaur, G., Pandhair, V., & Cheema, G. S. (2014).
Extraction and characterization of steviol
glycosides from Stevia rebaudiana Bertoni
leaves. Journal Medicinal Plants Studies, 2(5),
41-45.

Kazemi, M. A., Soltanich, M., & Yazdanshenas, M.
(2013). Mathematical modeling of crossflow
microfiltration of diluted malt extract suspension
by tubular ceramic membranes. Journal of Food
Engineering, 116(4), 926-933.
https://doi.org/10.1016/j.jfoodeng.2013.01.029

Kirschner, A. Y., Cheng, Y. H., Paul, D. R., Field,
R. W., & Freeman, B. D. (2019). Fouling
mechanisms in constant flux crossflow
ultrafiltration. Journal of Membrane Science,
574, 65-75.
https://doi.org/10.1016/j.memsci.2018.12.001

Kootstra, A. M. J, Elissen, H. J. H., & Huurman, S.
(2015). Extraction of steviol glycosides from
fresh Stevia using acidified water; clarification
followed by ultrafiltration and nanofiltration.
National Centre for Applied Research on
Renewable Energy and Green Resources,
February, 1-38.

Kovacevi¢, D. B., Maras, M., Barba, F. J., Granato,
D., Roohinejad, S., Mallikarjunan, K.,
Montesano, D., Lorenzo, JM., & Putnik, P.

(2018). Innovative technologies for the recovery
of phytochemicals from Stevia rebaudiana
Bertoni leaves: A review. Food Chemical, 268,
513-521.

https://doi.org/10.1016/j.foodchem.2018.06.091

Kurek, J. M., & Krejpcio, Z. (2019). The functional
and health-promoting properties of Stevia
rebaudiana Bertoni and its glycosides with
special focus on the antidiabetic potential — A
review. Journal of Functional Foods, 61.
https://doi.org/10.1016/j.jf£.2019.103465

Kusumaningsih, T., Asrilya, N. J., Wulandari, S.,
Wardani, D. R. T., & Fatihin, K. (2015).
Reduction on the levels of tannins from Stevia
rebaudiana extract using activated carbon.
ALCHEMY Jurnal Penelitian Kimia, 11(1), 81.
https://doi.org/10.20961/alchemy.v11il.111

Lemus-Mondaca, R., Vega-Galvez, A., Zura-Bravo,
L., & Kong, A. H. (2012). Stevia rebaudiana
Bertoni, source of a high-potency natural
sweetener: A comprehensive review on the
biochemical, nutritional and functional aspects.
Food  Chemistry,  132(3), 1121-1132.
https://doi.org/10.1016/j.foodchem.2011.11.140

Mantovaneli, I. C. C., Ferretti, E. C., Simdes, M. R.,
& Ferreira Da Silva, C. (2004). The effect of
temperature and flow rate on the clarification of
the aqueous stevia-extract in a fixed-bed column
with zeolites. Brazilian Journal Chemical
Engineering, 21(3), 449-458.
https://doi.org/10.1590/S0104-
66322004000300009

Noor, E., & Isdianti, F. (2007). Ultrafiltrasi aliran
silang untuk pemurnian gula stevia purification
of stevia sweetener by crossflow ultrafiltration.
Jurnal Teknologi Industri Pertanian, 21(2), 73—
80.

Purkait, M. K., & Radeep, S. (2018). Membrane
Technology in Separation Science. CRC Press
Taylor & Francis Group.

Reis, M. H. M., Da Silva, F. V., Andrade, C. M. G.,
Rezende, S. L., Wolf Maclel, M. R.,, &
Bergamasco, R. (2009). Clarification and
purification of aqueous stevia extract using
membrane separation process. Journal of Food
Process  Engineering,  32(3), 338-354.
https://doi.org/10.1111/j.1745-
4530.2007.00219.x

Tomczak, W., & Gryta, M. (2020). Cross-flow
microfiltration of glycerol fermentation broths
with Citrobacter freundii. Membranes, 10(4).
https://doi.org/10.3390/membranes 10040067

Wang, J., Zhao, H., Wang, Y., Lau, H., Zhou, W.,
Chen, C., & Tan, S. (2020). A review of stevia
as a potential healthcare product: Up-to-date
functional characteristics, administrative

47



Menara Perkebunan 2023, 91(1), 36-48

standards and engineering techniques. Trends in
Food Science and Technology, 103, 264-281.
https://doi.org/10.1016/j.tifs.2020.07.023

Wei, S., Du, L., Chen, S., Yu, H., & Quan, X.

(2021). Electro-assisted CNTs/ceramic flat sheet
ultrafiltration ~ membrane  for  enhanced
antifouling and separation performance.
Frontiers of Environmental Science and
Engineering, 15(1), 1-11.

https://doi.org/10.1007/s11783-020-1303-4

Zhang, S., Gao, Y., Liu, Q., Ye, J., Hu, Q., & Zhang,

X. (2019). Harvesting of Isochrysis
zhanjiangensis using ultrafiltration: Changes in
the contribution ratios of cells and algogenic
organic matter to membrane fouling under
different cross-flow velocities. Algal Research,
41(May), 101567.
https://doi.org/10.1016/j.algal.2019.101567

48



