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Abstract

Saponin is an important plant-derived compound that is commonly found in sapindaceae plants, such
as Sapindus rarak DC. Saponin is extensively used in plenty of industries as a detergent or emulsify-
ing agent in cleansers, shampoos, and cosmetics. The extraction of saponin was previously studied and
shows that the extraction assisted by ultrasonic waves was found to be an effective method. However,
the previous studies have rarely examined the extraction kinetic study of the ultrasound-assisted ex-
traction (UAE). In the present study, the extraction of saponin from Sapindus rarak DC and its extrac-
tion kinetics is conducted. The results show that the highest saponin yield of 354.92 (mg of saponin per
gram of dry feed) was obtained from the extraction using a solid-to-liquid (S/L) ratio of 1:50 (w/v) at 50
°C. The amount of extracted saponin increased with the increase of extraction temperature as well as
the solute ratio in the solution. However, increasing the temperature to 60 °C decreased the saponin
yield. The results of a simple kinetics study of saponin extraction also show that the second-order ki-
netics model can better describe the UAE process, with an R2 value of 0.929 and a rate coefficient of
0.00495 L.g-'l.min"l. The experimental results agree well with the practical calculations obtained using
the second-order kinetics model based on an average error of 6.79%. Copyright © 2019 BCREC Group.
All rights reserved
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1. Introduction glycoconjugate with a triterpenoidal or steroidal
hydrophobic backbone and one or two hydro-
philic glycoside moieties attached to the back-
bone [2]. A combination of the nonpolar sapo-
genin and the polar chain of saponin is very
similar to the structure of most synthetic surfac-
tants, having lipophilic and hydrophilic molecu-
lar parts [3]. Considering this characteristic,
saponin has great potential to alternate syn-
thetic surfactants. This kind of natural surfac-

Saponins belong to a various group of natu-
rally occurring surface-active compounds. It is
known as a plant-derived natural surfactant.
The saponaceous substances can form soap-like
foams or lathers in water solution because of its
hydrophobic and hydrophilic molecular struc-
ture [1]. In general, saponin is an amphiphilic
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toxicity, and has similar characteristics to syn-
thetic surfactants.

Saponin can be found in various parts of
plant tissues including fruits, flowers, roots,
seeds, and shoots. Saponin is predominant in
angiosperms plants and also occurs in some
ferns, such as the Polypodium and Cyclamen
species. Some algae and certain lower marine
organisms are also found to be saponin sources.
In the Asia region, the sapindaceae species is
one of the main sources of saponin. The sapin-
daceae species is widely distributed in all tropi-
cal and subtropical regions of Asia [4]. The
most commonly found sapindaceae plant in In-
donesia i1s Sapindus rarak DC. (de candole),
which contains rich saponin on its fruit peri-
carps. Saponin has a surfactant characteristic
and shows the activity of molluscum, anti-
inflammatory, cytotoxic, and anti-platelet ag-
gregation [5-6]. Saponin is commonly used as a
detergent or emulsifying agent in cleansers,
shampoos, and cosmetics.

Because of saponin’s importance, the extrac-
tion of saponin has been widely studied. Ultra-
sound-assisted extraction (UAE) is one of the
non-conventional and green technologies for
the extraction of bioactive compounds from
plant materials. This extraction method can
significantly reduce energy consumption and
needs shorter extraction times. UAE is also
known as an environmentally friendly and effi-
cient way to extract natural bioactive com-
pounds from plant tissues because of the low
solvent consumption [7-8]. Both direct and indi-
rect ultrasonic waves have been applied to the
extraction of saponins from different varieties
of ginseng roots. UAE methods have also been
conducted to extract saponin from various
plant sources, such as: Panax notogingseng,
soybean, chickpea, Allium nigrum L., and T.
terrestris [9].

The extraction operating parameters are
crucial to finding an effective extraction process
with high yield and purity. These parameters
are closely related to the extraction of kinetic
parameters. Determining the kinetic parame-
ters is very important in describing the mecha-
nism that drives the extraction process to pro-
duce certain compounds from various materi-
als. The experimental data are analyzed using
empirical and physical models based on the sol-
id-liquid processes [10]. This data was then
presented in simpler mathematical kinetic
models. The model can be used to predict the
extraction rate and the stationary times re-
quired to complete the extraction process,
which is a basic data for the scaling-up process.
For that reason, the extraction kinetics param-

eter is essential to allow their adequate use in
industrial scale. The data from kinetic studies
are needed to design the production equipment
such as reactor or extractor. Moreover, the ki-
netic model also improves the procedure preci-
sion, minimizing processing errors and increas-
ing the final quality of the product [11-12].

The previous study of extraction Kkinetics
had been conducted to extract the phenolic
compound from grape pomace [13], oleanolic
acids from Hedyotis diffusa [14], polyphenol
from abies bark [10], and anthocyanin from ro-
selle calyces [15] and black chokeberry [11].
However, there are few studies of extraction ki-
netics for saponin from Sapindus rarak DC. To
our best knowledge, few studies have explained
the saponin extraction kinetics, such as kinetic
studies of saponin leaching from quinoa seed
[12,16] and kinetic studies of saponin extrac-
tion from Saponaria vaccaria L. seeds [17]. The
previous kinetic studies were focused on the
leaching mechanism to obtain saponin, where
the raw materials were only soaked for a spe-
cific time in a solvent. The model was mainly
based on Fick’s second law of diffusion. Howev-
er, this model is not appropriate for the case of
UAE [11], where the materials are irregular in
size, showing a form of particles swelling, and
the mass transfer is affected by the additional
force from the ultrasonic waves.

Consequently, this work performs a scarce
kinetic study for UAE of saponin from the peri-
carps of Sapindus rarak DC. The main objec-
tive 1s to investigate the extraction process of
saponin from the pericarps of Sapindus rarak
DC. Specifically, the kinetic models could be
applied to achieve high-performance extrac-
tion. The effect of the solvent and solute ratios
as well as the effect of temperature on the yield
of saponin extract was observed at various ex-
traction times. Associated with the extraction
kinetic study of UAE for saponin, four different
models are used to investigate the most
suitable equation to describe the extraction
process.

2. Materials and Method
2.1 Materials

The raw pericarps of Sapindus rarak DC
were purchased from Sleman, Yogyakarta, In-
donesia. Distilled water, as a solvent, was ob-
tained from the Laboratory of MeR-C, UPT,
Undip, Indonesia. Pure saponin (99% saponin )
was procured from Sigma Aldrich as the com-
parative standard. Before extraction, the peri-
carps of Sapindus rarak DC was dried using
an oven at 100+2 °C under normal aeration
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conditions for an hour. The dried Sapindus ra-
rak Dc was then crushed in a Miyako BL-151
PF-AP dry grinder. The powder was sieved
through a 100-mesh sieve to obtain a homoge-
neous fine powder of Sapindus rarak. The
ready-to-use dry-grounded powder was stored
in vacuum storage at a temperature of 7 °C,
and silica gel was added to the vacuum storage
container to keep the powder dry.

2.2 Extraction Process

UAE was performed in an ultrasonic bath
device (Krisbow Bath Ultrasonic) with a con-
stant power of 280 W at a frequency of 40 kHz.
The ultrasonic bath device was equipped with
digital sonication time and temperature control
system. The dry Sapindus rarak powder with
various solid-to-liquid (S/L) ratios (1:25, 1:50,
1:70, 1:85, 1:100 (w/v)) was placed in a capped
glass bottle and mixed with the solvent, dis-
tilled water. The bottle with suspension was
sonicated for 2 hours in the ultrasonic device
containing 4 liters of water at various tempera-
tures (30, 40, 50, and 60 °C). In each extraction
batch, all samples were placed in the center of
the ultrasonic bath at a depth of fifteen centi-
meters. To ensure each sample was sonicated
equally, each sample was kept in the same po-
sition. After sonication, the solution was fil-
tered using filter cloth and centrifuged at 4.500
rpm for 15 minutes to separate out the solid
particles. The supernatant was carefully col-
lected for further analysis.

2.3 Determination of Saponin Content

The determination of saponin content was
conducted by UV light scatter spectrophotomet-
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Figure 1. The spectroscopic absorbance of pure

saponin at various concentrations (used as cali-
bration curve)
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ric analysis using a UV-Visible spectrophotom-
eter (Shimadzu UV mini 1240) [9,18]. Pure
saponin purchased from Sigma Aldrich was
used as the standard solution reference to
make the calibration curves. The calibration
curve was prepared by analyzing the absorb-
ance of pure saponin solution at various con-
centrations (300-500 ppm). Spectrophotometric
analysis was performed by measuring the ab-
sorbance at the maximum absorption wave-
length (312 nm) using reagent blank as refer-
ence. The linear regression equation of the
standard curve was made based on the concen-
trations (x) versus the absorbance value (y),
Equation (1), with the obtained R2 of 0.983.
The calibration curve is shown in Figure 1.

y = 0.0008x - 0.0707 (1)

2.4 Statistical Analysis for Kinetic Modeling
Extractions

The extraction of saponin was investigated
at 30, 40, and 50 °C for 5, 10, 20, 40, 80, and
120 min, respectively, under the maximized
S/L ratio determined from the previous section.
Experimental data (milligrams saponin per
gram of dry feed) as a function of time were fit-
ted to the four kinetic models presented in Ta-
ble 1. The statistical analysis of the data was
performed using the generalized reduced gradi-
ent non-linear algorithm with the help of a
solver engine from Microsoft Excel 2013 MSO
32-bit (Microsoft Office Professional Plus 2013,
USA). In the equations, Co and C represent the
saponin extracted (mg/g) at time zero and time
¢t (in minutes), respectively, and & (in minutes)
is the extraction rate constant at a given tem-
perature. Table 1 shows the mathematical
equations used in a previous study of extrac-
tion kinetics.

The fitted model was evaluated by consider-
ing the statistical criteria. The coefficient of de-
termination (r2) and adjusted R-square
(R2agjusted ) were the evaluated by statistical cri-
teria [10,21]. The r2 and RZ2agjusted are calculated
by Equations (6) and (9), respectively.

Z; (yi -9 )2

rt=1-sEnt (6)

Z; (yi - )2
SST = Z; (ameasured = Cpoasured )2 (M

SSE = Z?:l (ameasured - apredicted )2 (8)
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Where n is the number of observations, & is the
number of parameter, yi is the actual experi-
mental yield of the ith sample, 3; is the model-
fitting data of the ith sample, yi is the mean val-
ue of all experimental data, and i is the sample
number. Meanwhile, Gmeasurea is the value of
saponin concentration obtained from the exper-
iments, dpredicted 1S the value of calculated sapo-
nin concentration based on the model, and
(Ameasured 18 the mean of all measured saponin
concentration. The r2 value is calculated to be
between 0 and 1. The model with higher r2 and
R2agjusted for saponin extraction is considered
the best choice for modeling the saponin extrac-
tion behavior during processing [21-22].

2.5 Data Analysis

All experiments were conducted in triplicate
to diminish experimental errors. Results were
expressed as a mean * standard deviation for
n=3. The data were graphically plotted using
Microsoft Excel 2007, representing the average
of at least three measurements with a relative
standard deviation lower than 5%.

3. Results and Discussion

UAE of saponin from the pericarps of Sapin-
dus rarak DC was studied under various condi-
tions. In this study, the experimental design fo-
cused on two main extraction parameters: tem-
perature and S/L ratio (weight/volume). Dis-
tilled water is used as a solvent on the extrac-
tion, and a green method of extraction was con-
ducted with the assistance of ultrasonic waves.
The extraction using ultrasonic-assisted 1is

Table 1. Kinetic models for extraction of com-

pounds from plant matrices

Equation Model Refs.
2 2 10
@ . _ Clkt [10]
1+C, .kt
® oo G [19]
* exp(kt)
@ ool ik (1]
Kl
(5) C=All-exp(-Bit)]+C[1-exp(-Di)] [20]

widely used to extract various substances from
natural sources. Some experiment proved that
using ultrasonic waves for extracting natural
substance from plants provided more benefits
than other methods, such as when extracting
anthocyanin from blackberry and sweet cherry
cultivar [23], polyphenol from Picea abies bark
[10], antioxidants from Jatropha integerrima
[24], and saponin from Allium nigrum L. [25].
UAE and conventional maceration extraction
results were also compared by Aryanti et al.
[26] for extracting anthocyanin from red and
purple roselle calyces. The research proved
that extraction with the assistance of ultrason-
ic wave provides better results than conven-
tional extraction by maceration. The extrac-
tions using UAE methods were giving anthocy-
anin concentrations about 16 times higher
than extractions using ME. In this current
study, the extraction of saponin from Sapindus
rarak DC are conducted and the results are
presented in the following section.

3.1 Influence of Solid-to-Liquid Ratio on Total
Saponin of the Extracts

The evolutions of extracted total saponin
versus time, obtained at different operating
conditions, are presented in Figure 2. The first
investigation was conducted for various S/L ra-
tios, and the temperature was set for 30 °C. It
is important to optimize the S/L ratio, as the
excess solvent does not have a significant ef-
fect on extraction yield. Therefore, solvent is
wasted, decreasing the throughput and in-
creasing the vessel size, affecting the equip-
ment design.
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Figure 2. Effect of the solid-to-liquid (S/L) ratio
on the extracted saponin on the ultrasound-
assisted extraction of Sapindus rarak DC. Exper-
imental conditions: Temperature 30 °C
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The saponin content was analyzed at specif-
ic times along the extraction process, which
was performed for 120 minutes under the assis-
tance of ultrasonic waves. The extraction of
saponin shows an increase of saponin content
by adding time. However, the saponin content
remains stable after a specific time, showing
that the extraction process reaches an equilib-
rium point where the solvents are saturated
with the saponin compound. Moreover, per-
forming an extraction process under ultrasonic
waves for a long time destroys the saponin
compound [27,28]. Consequently, an extraction
for more than 120 minutes was not conducted
in this study.

In the preliminary study, an S/L ratio less
than 1:25 (w/v) was inadequate to disperse the
dry pericarps powder of Sapindus rarak DC
properly. Hence, the lowest S/L ratio used in
this study was 1:25. The lowest saponin con-
tent was observed at the ratio of 1:25, showing
that the solvent amount was not enough to sol-
ubilize all the saponin from the plant material.
Increasing the S/L ratio to 1:50 (w/v) shows a
higher saponin content of 234 mg/g solid feed.
However, increasing the S/L ratio to 1:70, 1:85,
and 1:100 (w/v) provided less saponin content.
Therefore, the maximum amount of extracted
saponin was obtained at an S/L ratio of 1:50
(wiv).

A higher S/L ratio allows for homogenous
mixing and allows for penetration of the sol-
vent into deep interior parts. This effect implies
a greater concentration gradient between the
interior plant cells and the solvent and that the
transfer of saponin from the solid to the solvent
1s enhanced [29]. As shown in Figure 1, the in-
crease of extracted saponin content by increas-
ing the S/L ratio corresponds to the following
mass transfer principles. The driving force dur-
ing mass transfer within the solid is the con-
centration gradient. The concentration of sapo-
nin inside the plant materials is greater than
the saponin concentration in the solvent, induc-
ing the transfer of the saponin compound from
the high-concentration regions to low-
concentration regions [30]. The extracted sapo-
nin content increases when a higher amount of
solvent was used in the extraction process .
However, at some point, adding additional sol-
vent did not give any significant difference to
the total extracted saponin. This phenomenon
shows that no more saponin can be transferred
to the solvent.

In addition, the highest saponin content was
achieved at an S/L ratio of 1:50 (w/v). The
amount of extracted saponin content also is af-
fected by the extraction conditions, such as the

modifications of solubility and the interactions
of solute with solvent. The solubility of the sap-
onin compound is affected by changes in the ac-
tivity coefficient, which varies with the temper-
ature and composition of the solution [20]. In-
teractions of the compounds with the solvent
could also have modified the activity coeffi-
cients and thus the solubility of the com-
pounds. In summary, the main effect of the S/L
ratio was to modify the solubility and equilibri-
um constants and thus increase the total sapo-
nin concentration to a maximum at the highest
S/L ratio. Thus, the optimum S/L ratio of 1:50
g.mL! was finalized for subsequent studies.

3.2 Influence of Temperature Condition on To-
tal Saponin of the Extracts

A second investigation was conducted for
various temperature conditions with an S/L ra-
tio of 1:50 (g/mL). The results of saponin ex-
traction under four temperature conditions are
shown in Figure 3. The figure shows the posi-
tive effects of temperature on saponin concen-
tration, as the saponin content at 50 °C is 50%
greater than that at 30 °C. In this study, the
extraction yield kept increasing as the temper-
ature increased. The highest saponin concen-
tration was achieved at 50 °C, with a concen-
tration of 354.92 mg/g. In the process of natu-
ral compound extraction, temperature highly
affected the result.

Previous studies reported that increased
temperature increases the extraction rates of
natural compounds. At higher temperatures,
the solubility of the extracted compounds was
increased because of its decreased viscosity,
improving the mass transfer and accelerating
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Figure 3. Effect of temperature on the extracted
saponin on the UAE of Sapindus rarak DC. Ex-
perimental conditions: S/L ratio of 1:50 (g/mL)
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the extraction process. Similar results were
found in the hot extraction of the phenolic com-
pound from spruce bark [10].

Theoretically, temperature affects the mass
transfer rate and the solubility of some com-
pounds in the extraction process [31]. Increas-
ing the temperature can help determine the ef-
ficient extraction condition from the interior
parts. In the extraction process, the ultrasonic
waves help the extraction process by creating
micro-cavitation bubbles in the liquid outside
the plant materials. When the micro-cavitation
bubbles collapse, they activate locally mechani-
cal disruption and heating on the plant cell
wall, releasing the plant compounds [7]. As the
temperature increases, more bubbles are
formed. More bubble formation helps cell dis-
ruption, improves energy distribution, and in-
creases the collapse intensity around the plant
materials. Higher temperature also helps the
extraction by decreasing the surface tension,
making the compound inside the plant tissue
more easily diffuse out, resulting in greater cell
disruption and increasing mass transfer [32].

However, the saponin content slightly de-
creased as the temperature increased to 60 °C.
The most common cause is the heat-sensitive
molecular structure of the natural compound.
In the ultrasonic-assisted process, the phenom-
ena were also affected by the decreased cavita-
tion, increased vapor pressure, and decreased
surface tension within microbubbles, causing
the damping of ultrasonic waves [31-33]. The
exposure of ultrasonic waves at high tempera-
ture for a long period may also cause a destruc-
tive effect on the natural compound such as
saponin. The previous studies show that most
natural compounds can not withstand high
temperature. For example, anthocyanin from
Roselle was verified to visibly degrade at a tem-
perature of 60 °C [33]. The extraction of camp-
tothecin from Nothapodytes nimmoniana plant
assisted with ultrasonic also shows a negative
effect beyond 50 °C and a slight decline from 30
°C to 40 °C [31]. By considering the theoretical-
ly negative result caused by adding too much
heat and long exposure of ultrasonic waves, 50
°C was finalized as the maximum temperature.

3.3 Kinetic Study of Saponin Extraction

In the solid-liquid extraction context, tem-
perature and S/L ratio are important variables
to determine the better extraction performance.
Therefore, the conditions of temperature and
S/L ratio were evaluated to determine the bet-
ter condition where higher yield was achieved.
Mathematical models consisting equations that

provide an output based on a set of input data
can be considered a concise way to express
physical behavior. Various phenomena might
govern the removal of compounds from plant
matrices, including sorption/desorption, wash-
ing, and swelling of plant material, and diffu-
sion. Choosing the best mathematical model to
represent processing curves is fundamental to
minimize processing errors, maximize final
product quality, and facilitate the design and
simulation of industrial processes. The maxi-
mum condition giving the highest yield of sapo-
nin based on the previous section is at a ratio
S/L of 1:50 and an extraction temperature of 50
°C. The experimental data (milligrams saponin
per gram of dry feed) from the maximized con-
dition were fitted to kinetic models presented
in Table 1 as a function of time.

The extraction was assisted with ultrasonic
waves helping destroy the cell walls of the
plant materials, allowing the saponin com-
pound to easily solubilize in the water. The
saponin molecular structure consists of hydro-
phobic and hydrophilic parts [7]. The hydro-
philic structure of saponin is a sugar chain
with high water affinity. The sugar mostly pre-
sents as a pyranose sugar with many hydroxyl
groups (-OH) attached to it [3]. The hydrogen
group easily forms a hydrogen bond with water
molecules (H-O-H) in the water solution. This
formation of hydrogen bonds with water mole-
cules allows saponin to be easily extracted to
the water solvent. The interaction between the
saponin molecules and the water molecules in
the water solution is illustrated in Figure 4.

The mathematical model is used to predict
the UAE process mechanism. The second-order
kinetics model equation (Equation 2) compares
the extracted compounds based on time. Here,
Cs is the concentration of total polyphenols at
saturation in the liquid extraction (mg/L), and
k is the second-order extraction rate constant
(L/g.min) [10]. A pseudo-first-order model
(Equation 3) considers that the compound con-
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Figure 4. Schematic illustration of the interac-
tion between the saponin and water molecules in
the water solution
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centration in the extract tends to plateau [19].
Equation 4 is based on the sorption/desorption
mechanism to remove compounds from the
plant material [11]; in the model, Ki represents
the extraction rate constant and Ko represents
Peleg’s capacity constant. Equation 5 assumes
that the compounds are extracted in two dis-
tinct periods that are related to accessible and
inaccessible compounds (outside and inside the
plant cells, respectively) [20]. The B and D pa-
rameters are the extraction rates of the two dif-
ferent classes of compounds, A and C are con-
stants.

Extraction kinetics is usually expressed in
terms of solute concentration extracted from
the solid to the solvent per unit time [34]. The
mechanism of extraction of natural compounds
from plant matrices is not fully enlightened;
therefore, several mathematical equations have
been described in the literature. Statistical er-
rors for fitting the experimental data of extrac-
tion of saponin from Sapindus rarak DC to
models used in previous publications are shown
in Table 2.

Analyzing the data presented in Table 2
shows that the best model to describe the ex-
traction of saponin from the pericarps of Sapin-
dus rarak DC is the second-order kinetics mod-
el (Equation 2) because the model shows the
highest r2 values, and RZigjusted. The second-
order kinetics model shows that the saponin ex-
traction on the studied conditions is continu-
ous. Therefore, the practical calculation based
on the second-order kinetic models is discussed
in the next section for the extraction process at
an S/L ratio of 1:50, temperature of 50 °C, and
various extraction times.

3.4 The Practical Calculation Based on the
Second-Order Kinetic Model

The experimental data of the UAE extrac-
tion were processed and plotted in the specific
coordinates of the second-order kinetic model.

Table 2. Summary of fitting model parameter
of selected models to describe the extraction of
saponin from Sapindus rarak DC

The dissolution rate of saponin contained in
the solid can be described by the second-order
kinetic model presented in Equation (10) [15]:

Lq = k(Cs - Ct )2 (10)
dt

Here, C: is the concentration of total polyphe-
nols in the liquid extraction (mg/L) at a given
extraction time ¢ (min), Cs is the concentration
of total polyphenols at saturation in the liquid
extraction (mg/L), and % is the second-order ex-
traction rate constant (I/g.min). To determine
the kinetic parameters, Equation (10) is inte-
grated under the boundary conditions Ci= 0 to
C: and t = 0 to t. The equation was then linear-
ized in the form of Equation (11), where h is
the initial extraction rate (g/L.min) when ¢ and
C; approach 0 [15]:
t 1 t 1 t
+

I 4 11
C rRC*C R C (1

s

Figure 5 presents the experimental data
showing a linear line after the plot of equation
models. Table 3 presents the kinetic parameter
for the second-order kinetics model. The
specific kinetic parameters, such as: extraction

Table 3. Kinetic parameters for the second-order
kinetic model

No Equation r2 R2,4justed

1 Second-order kinetics 0.929 0.892
model (Equation 2)

2 Pseudo first-order model  0.829 0.795
(Equation 3)

3 Modified Pelleg’s model 0.887 0.852
(Equation 4)

4 Two-step transfer model  0.829 0.791

(Equation 5)

T h k Cs R2
(°C) (mg.L-1.min-?) (L.mg1.min-!) (mg.LY)
30 74.63 0.00138 232.56 0.9972
40 126.58 0.00155 285.71 0.9925
50 588.24 0.00495 344.83 0.9988
60 312.5 0.00263 344.83 0.9959
0.6
® T=30°C
O T=40°C //.
051 v 1=s0C Pl
A T=60°C Pl O
— — Regression plot - -
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Figure 5. Validation of the second-order kinetics
model
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capacity (concentration at saturation - Cs), ex-
traction rate constant (k), and initial extraction
rate (h) were determined based on the mathe-
matical regression equations for each tempera-
ture. They can be determined experimentally
from the slope and intercept of plotting #/C;
against £. The fitting of the second-order kinetic
model for all experimental data is confirmed by
the value of the mathematical regression coeffi-
cient (R2 > 0.99).

The second-order kinetic model was also
used to describe the release kinetics of total
phenolics from oak chips into a model wine un-
der ultrasounds action into a bath system [35].
In the kinetic modelling study of UAE of oil
from pomegranate seeds using hexane as the
solvent, reported that the best fits were given
when the second-order law was applied [36].
The second-order model also was used to de-
scribe the solid-liquid extraction processes of
antioxidants from pomegranate marc while
stirring and using water as a solvent. The re-
sults show that the extraction rate constant (k)
increased as the temperature rises. Changes in
k values and other kinetic parameters show
that the temperature change has a strong effect
on the kinetic parameter. The plotting of the
experimental result versus practical calculation
using the obtained model also gives good com-
parison by an average error of 6.79 %, as shown
in Figure 6.

4. Conclusions

In the present study, the investigation of
saponin extraction from the pericarps of Sapin-
dus rarak DC and its extraction kinetics was
conducted. The kinetic study of the UAE of sap-
onin was performed to elucidate the phenome-

350 - -

=
= O
o e
8 3004, %
Qo / / Lo} L] s
G " —--—TTTTTTTTTITTTTT °
o 250 |l -7
g
o ’I o s [ ]
E |/
£ 200 1 ;e
L I Model T = 30°C
8 150 A O Experimental T = 30°C
o ——== Model T = 40°C
% 100 - L] Experimental T = 40°C
8 — —  Model T = 50°C
8 L Experimental T = 50°C
50 1 — —  Model T = 60°C
O Experimental T = 60°C

0 20 40 60 80 100 120
Extraction Time (minutes)
Figure 6. The comparison of experimental data

with the practical calculation based on the sec-
ond-order kinetic model

na involved in this kind of process. The results
show that the extraction condition had better
performance was the extraction using an S/L
ratio of 1:50 (w/v) at 50 °C. The kinetics study
had shown that the second-order kinetics mod-
el can better describe the UAE process, with an
R2? value of 0.929 and a rate coefficient of
0.00495 L.g'l.min'!. The highest yield achieved
in this process was 354.92 mg of saponin per
gram of dried-ground pericarps of Sapindus ra-
rak DC. The comparison of experimental re-
sults and practical calculations using the ob-
tained model also gives good comparison by an
average error of 6.79%. The saponin from Sap-
indus rarak DC was successfully extracted and
is a cheap alternative of synthetic surfactant
for industrial applications. The kinetics infor-
mation of saponin extraction from plant re-
sources supports industrial applications such
as elucidating the phenomena and Dbetter
equipment dimensioning. Where the rate coef-
ficient is sufficient to be used in calculating the
residence time in the extractor and determine
the dimension of the extractor, a further com-
prehensive study is inevitably necessary.
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