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Background: Verbascoside is the major biophenolic compound of Lemon verbena leaf.
This study aimed to investigate the effects of the binary solvent system on the free radical
scavenging activity (FRSA) and verbascoside recovery from L. verbena leaves, as well as
the kinetic mass transfer of verbascoside.

Methods: Classic extraction was performed using various ratios of ethanol (EtOH) and
water (H,0) (50:50-90:10% v/v). The FRSA was analyzed using spectrophotometric
methods (2,2-diphenyl-1-picrylhydrazyl [DPPH] and hydroxyl radical [HO'] assays).
Reversed-phase high-performance liquid chromatography was used for the qualification
and quantification of verbascoside, and the Peleg model described the kinetic mass
transfer of verbascoside.

Results: The hydroethanolic solvent was composed of EtOH:H,0 (80:20% v/v) as the
optimal medium for the maximum recovery of verbascoside (19.20 + 0.12 mg/g) and
FRSA of the extracts (45.25 + 0.95% DPPHs% and 31.17 + 1.20% HOs%). The Peleg model
had a proper fit for the observed data with the highest coefficient of determination
(R2 =0.999), the lowest root mean square error (RMSE = 0.093), and the mean relative
percentage deviation modulus (E = 0.968).

Conclusion: The valuable bioactive compounds of L verbena could be successfully
extracted using the binary solvent system. The Peleg model is also an efficient non-linear
model to describe the verbascoside release rate during extraction.

1. Introduction

bioactive compounds, such as polyphenols, phenolic acids,
flavonols, flavanols, flavonoids, procyanidins,

The chemotherapeutic applications of medicinal plants
are known in the prehistoric records of mankind. Since
ancient times, various herbal medicines have been used for
the treatment numerous diseases. A wide range of organic
compounds as primary and secondary metabolites are
produced by plant species. Secondary metabolites possess
various chemical structures, which are capable of specific
biological effects on the human health. Plants produce these
valuable compounds through their defense mechanisms
against pathogens, microbes, predators, and abiotic stress
[1]. In particular, herbal sources possess diverse valuable

proanthocyanidins, anthocyanins, glycosides, carotenoids,
saponins, tannins, alkaloids, sterols, steroids, triterpenes,
quinones, peptides, and carbohydrates, which have been
reported to have variable biological activities, including
antibacterial, antioxidant, antiviral, antifungal,
antimicrobial, anticancer, anti-diabetic, anti-diarrheal, anti-
mutagenic, anti-inflammatory, antihypertensive, anti-
cardiovascular, and anti-cholesterol properties [2]. Finding
the alternative natural and safe sources of antioxidant
compounds has been the focus of numerous studies
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considering the adverse consequences of synthetic
antioxidants on the human health and environment.

Lemon verbena, also known as Lippia citriodora or Aloysia
citrodora, is a deciduous flowering perennial shrub from the
Verbenaceae family [3]. With its lemon-like aroma,
L. verbena is used in herbal teas and as a flavoring agent for
foods and beverages. The traditional use of L. verbena in
medicine is to alleviate fever, gastrointestinal disorders,
spasms, asthma, and anxiety attacks [3]. The main
components of L. verbena are flavonoids, iridoid glycosides,
and phenylpropanoids with verbascoside as the most
abundant constituent [4].

Extraction is considered to be the most critical step in
various analytical approaches of chemistry. The extraction
process is affected by several factors, such as
capital/operating costs, operation simplicity, being
environmentally friendly, the amount and type of the liquid
phase, and the availability and practicality of the standard
procedures [5,6]. Various conventional methods are used to
extract natural compounds from plants; such examples are
hydrodistillation, Soxhlet, and maceration. The principle of
these methods is the selection of a solvent coupled with
heat and/or agitation. Conventional Soxhlet extraction (CSE)
was developed by Franz von Soxhlet in 1879 and is
considered to be the primary reference for evaluating the
performance of other solid-liquid extraction methods [5,7].
In the CSE method, the proper choice of the extraction
solvent for the recovery of the targeted compounds from
plants is essential. The application of various solvents in this
method has resulted in different crude extracts with diverse
compositions.

The knowledge of kinetics of bioactive extraction
processes is of particular technological significance. Kinetic
studies could facilitate the estimation of the dynamic
extraction time for the complete recovery of the targeted
compounds from a natural matrix. The Peleg model is a two-
parameter empirical model, which is used to assess the
kinetics and predict the equilibrium concentrations of
bioactive compounds.

To the best of our knowledge, no prior studies have
attempted to produce a verbascoside-rich extract from L
verbena leaves using environmentally friendly and non-
toxic food grade binary solvent systems, such H,O and
ethanol (EtOH). The present study aimed to evaluate the
effects of various EtOH:H,O solvents (50-90% of EtOH) on
the free radical scavenging capacity and verbascoside
content of L verbena leaf extract. Furthermore, the kinetic
studies were carried out using the Peleg model to obtain a
better understanding of the mass transfer behavior of
verbascoside recovery during the extraction process.

2. Materials and Methods
2.1. Materials and Chemicals

L. verbena leaves were collected from a botanical garden
in the Modern Biological Techniques Research Center in
Zanjan, Iran. Pure EtOH (analytical grade) and methanol
(chromatography grade) were purchased from Scharlau
Chemical (European Union). Potassium persulfate, 2,2-
diphenyl-1-picrylhydrazyl (DPPH), and verbascoside
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standard were purchased from Sigma-Aldrich (Kappelweg,
Schnelldorf, Germany).

2.2. Binary Solvent Extraction

The leaves were washed with distilled water and dried at
the temperature of 40°C for 24 h and processed using a
grinder mill (MX-335, Panasonic, KL, Malaysia) before
extraction. The approximate size of the samples was
1.5-2.5 mm. The binary solvent extraction (BSE) was
performed using the EtOH-HO solvent and a Soxhlet
apparatus. In brief, 3 g of the L verbena leaf samples was
placed in a thimble and inside the main chamber of the
Soxhlet extractor. The vessel was attached to a distillation
flask and filled with the binary solvent. Approximately
150 ml of a hydroethanolic solvent containing EtOH and
H>O at various ratios (50:50%, 60:40%, 70:30%, 80:20%, and
90:10% v/v, respectively) were added to each container. The
range of the hydroethanolic solvent concentration and ratio
of the meal to the EtOH:H20 binary solvent (1:30) were
determined based on the primary observations.

Each extraction process was performed in triplicate for
six hours. After extraction, the solvent was removed
through vacuum rotary evaporation (RV10, IKA, Staufen,
Germany), and the samples were placed in an oven (KM-85,
Pars Azma Co., Tehran, Iran) at the temperature of 40°C to
reach the constant weight. Finally, the samples were
preserved at the temperature of -18°C for further chemical
analysis. Following that, extraction was performed using
the optimal hydroethanolic concentration for the modeling
of the mass transfer kinetics of verbascoside recovery. In
total, 10 ml of the samples was maintained at 30-min
intervals during extraction for the reversed-phase high-
performance liquid chromatography (RP-HPLC) analysis.

2.3. Free Radical Scavenging Assays
2.3.1. DPPH Assay

The DPPH radical scavenging ability of the extracts was
measured using the procedure suggested by Yen and Chen
(1995) [8]. In brief, DPPH (100 uM) was dissolved in 96%
EtOH, and fresh radical stock solution was prepared daily.
One milliliter of the prepared solution was mixed with one
milliliter of the extract and three milliliters of EtOH. After
vortexing for one minute, the absorbance of the samples
was read at 517 nm in a one-centimeter quartz cell after 1-
60 min at 10-min intervals using a UV-Vis
spectrophotometer (SPECORD 250, Analytik Jena, Jena
Germany). The inhibition rate of the scavenged DPPH free
radicals (%DPPH'sc) was calculated using Equation 1:

%DPPH'sc = (Ap-As) | Apx 100 (1)

where A, shows the absorbance of the blank, and A
represents the absorbance of the samples.

2.3.2. Hydrogen Peroxide Assay

The hydroxyl radical (HO') scavenging activity of the
extracts was determined based on the procedure proposed
by Poodi et al. (2018) with some modifications [9]. Initially,
monopotassium phosphate (0.24 g), disodium (1.44 g),
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sodium chloride (7.9 g), and potassium chloride (0.2 g) were
dissolved in distilled water (1,000 ml) in order to prepare
phosphate buffer saline (0.01 M) with the pH of 7.4.
Afterwards, 1,10-phenanthroline monohydrate (27.03 g)
was dissolved in 200 ml of EtOH to prepare 0.75
phenanthroline. To prepare ferrous sulfate (0.75 mM),
ferrous sulfate.2H,0 (0.114 g) was dissolved in 1,000 ml. At
the next stage, phenanthroline (2 mL) was added to
phosphate buffer (4 ml), ferrous sulfate (2 ml), and the
sample solution (2 ml). The prepared solution was shaken,
and hydrogen peroxide (2 ml; 0.01% w/v) was mixed with
the solution. The sample absorbance was read at 536
nanometers after incubation at the temperature of 37°C for
60 min. Finally, both the sample solution and hydrogen
peroxide were replaced by the same volume of distilled
water, and the absorbance was obtained. In addition, the
inhibition rate of the scavenged hydroxyl radicals (¥HOs)

was determined using Equation 2:
%HOsc = (Ap-As) [ Apbx 100 (2)

where Ay is the absorbance of the blank, and As shows the
absorbance of the samples.

24, Reversed-Phase
Chromatography (RP-HPLC)

High-Performance Liquid

The samples were analyzed using the RP-HPLC system,
which was composed of a UV-Vis detector (model: Varian
9050; Runcorn, Cheshire, UK) and an HPLC pump (model:
Varian 9012; CA, USA). Analytical separation was carried
out using an Eclipse reverse phase-C18 column
(25 cm x 4.6 mm x 5 pm; Supelco, Bellefonte, PA, USA). The
column temperature remained ambient, and the injection
volume was set at 20 microliters. The solvents were
composed of water (solvent A) and methanol (solvent B),
and the elution mode was selected as the gradient for the
better separation of verbascoside (Table 1). Standard
verbascoside was dissolved in the HPLC-grade methanol,
and quantitative analysis was performed based on standard
linear calibration curves [10].

2.5. Statistical Analysis and Modeling of the Mass Transfer
Kinetics

In the present study, the effect of hydroethanolic
concentration was investigated on the verbascoside
recovery and free radical scavenging activity (FRSA) of the
products in terms of ¥HOsc and %DPPHsc. The significance of
the effects of the process parameters (< 0.05) was assessed
using the one-way analysis of variance (ANOVA) in the
Minitab software version 17 (State College, PA, USA). The
experimental data were observed by triplicate analysis and
expressed as mean and standard deviation (SD).
Furthermore, Pearson's correlation-coefficient was used to
distinguish the between FRSA and verbascoside content of
the extracts. For the modeling of the mass transfer kinetics,
non-linear regression was performed using the Levenberg-
Marquardt method to fit the database to the Peleg equations
in the STATISTICA software version 6.0 (StatSoft, Inc., Tulsa,
OK, USA).
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Table 1: Gradient Elution Program of RP-HPLC Mobile Phase for Analysis
of Verbascoside in L. verbenalLeaves

Time (min) Flow rate (mL/min) A% B%
0 1.40 100 0

5 1.40 90 10
10 1.40 85 15

15 1.40 80 20
20 1.40 70 30
25 1.40 60 40
30 1.40 50 50
35 1.40 40 60
40 1.40 0 100

The equation of the Peleg model expressing the kinetics
of the verbascoside recovery has been presented in
Equation 3:

Ce=Co+ ﬁ 3)

where C; is the verbascoside content at time t (mg of
verbascoside/g), K; shows the Peleg rate constant
(min/g/mg), K» is the Peleg capacity constant (g/mg), and Co
represents the primary verbascoside content, which was
equal to zero due to the use of the fresh solvent.

Extraction is often performed in two phases with the first-
order behavior in the first phase of the process and zero-
order behavior in the second phase. The modified Peleg
equation that revealed the content of the target solute in the
surrounded medium versus time could be described as
Equation 4:

t

G = “)

The curve between 1/C; against (Peleg rate constant) 1/t
could be drawn to determine the K; and K values from the
slope and intercept, respectively. Furthermore, C; was
calculated using Equation 4 at various extraction times in
order to determine the fitting of the proposed model [11].

When t tends to «, Equation 4 provides the relations

between the equilibrium content of the target solute, and
K2 could be determined using Equation 5.

€ =Coq= (5)

The developed model was evaluated based on various
parameters, including the coefficient of determination (Rz),
root mean square error (RMSE), and mean relative
percentage deviation modulus (E). These values were
calculated using Equations 6-8:

2
RZ — Zi(vexp_Ypre)z (6)
Zi(vexp_vpre)
1 210.5
RMSE = ;[ inzl(vexp - Vpre) ] (7)
100 Vexp—Vpre
B) = 2y, Feo~tord (8)

where Veyp is the experimental/observed data, Ve shows
the predicted data, n is the number of the observed data,
and V pre represents the mean of the observed data. Notably,
a model is considered acceptable with the highest R2 value
and the lowest E and RMSE values [12].
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3. Results and Discussion

3.1. Effect of the Hydroethanolic Solvent Concentration on
the Free Radical Scavenging Activity of the Extracts

In the current research, the binary solvent extraction
system composed of EtOH and H,0 was used to obtain the
extract of the L verbena leaves, which could be safely
introduced into the food, pharmacy, and cosmetic
industries. The FRSA of the extracts was assessed using the
DPPH and HO assays. Several methods are available to
measure the antioxidant capacity of extracts in terms of the
FRSA, while no single assay has been recommended for the
evaluation of antioxidant capacity due to the variety of the
reaction mechanisms. The DPPH and HO radical scavenging
activity assays have successfully been employed in
numerous studies for the evaluation of the antioxidant
activity of natural sources [13-15].

Among reactive oxygen species, hydrogen peroxide
(H202) is stable at physiological temperatures and pH and
has the ability to diffuse the membrane and penetrate to
long distances, which is indicative of its critical effect in the
pathogenesis of various disorders [16]. Furthermore, H,02 is
not considered toxic and could change into other more toxic
hydroxyl radicals, which interfere with cellular damages.
H20, could also produce singlet oxygen through reaction
with hypochlorous acid, superoxide anion or chloramines in
living systems [17,18]. Therefore, the measurement of H,0;
scavenging ability is an important stage in the evaluation of
the antioxidant capacity of bioactive extracts.

DPPH radical scavenging capacity is a rapid, simple, and
inexpensive method used for the assessment of the free
radical scavenging capacity of numerous natural extracts.
DPPH generates stable organic nitrogen radicals, which are
detected by a dark purple color within the range of 515-520
nanometers [19]. The DPPH radical is one of the few stable
radicals that acts in hydrogen atom transfer and single
electron transfer systems, making it possible to detect a
substance or a complex mixture and donate the electrons or
hydrogen atoms in a homogeneous system [9].

According to the findings of the current research, the L
verbena leaf extract with various ratios of the EtOH:H,0
binary solvent system (50:50-90:10% v/v) possessed DPPH-
(inhibition range: 13.10 * 1.35-46.26 + 1.10%) and HO
scavenging activity (inhibition range: 10.19 + 1.55-33.20
1.30%). Table 2 shows the FRSA of the L. verbenaleaf extract
in terms of %DPPHsc and %HOsc.

The results of the present study indicated the ability of
the L. verbena leaf extract to neutralize free radicals, which
have been reported to cause various clinical diseases, such
as renal failure, cancer, diabetes mellitus, liver disorders,

Table 2: Results of Scavenging Activity of DPPH" and HO Free Radicals of
L. verbena Leaf Extract Obtained by Different Ratios of EtOH:H,0

EtOH:H.0 ratio (% v/v) %DPPH, %HO.

50:50 13.10 £1.357 10.19 £ 1.55P
60:40 24.57 +1.20° 17.80 + 1.10¢
70:30 37.24£1.30° 26.60 + 1.40°
80:20 4525 +0.95 31.17 £1.204
90:10 46.26 +1.10% 32.20 £ 1.30*

2 Data are expressed as the mean + SD.
Different capital letters in each column indicate a significant difference
among different treatments (< 0.05).
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and degenerative diseases [20,21]. The obtained results
also demonstrated that the highest FRSA values of the
extract were achieved using the binary solvent system
composed of the 90:20% v/v ratio of EtOH:H,0 (46.26 *
1.10% DPPHsc and 32.20 £ 1.30 HOsc), while no significant
changes were observed with the binary solvent system
composed of the 80:20% v/vratio (P> 0.05) (Table 2). In a
study in this regard, Waszkowiak and Gliszczynska-Swiglo
(2016) reported that the percentage of EtOH in a binary
extraction solvent had a significant effect on the antioxidant
activity of the extract (2 < 0.05) [22]. Furthermore, the
mentioned study indicated that the highest antioxidant
activity of the flaxseed extract could be achieved using the
binary system composed of EtOH:H,0 (90:10% v/v). Figure
1-A, B shows the FRSA of the hydroethanolic extract in
terms of DPPH" and HO" free radical scavenging during the
reaction time (60 and 10 minutes, respectively). These
findings confirmed the accuracy of the FRSA result.

3.2, Effect of the Binary Solvent System on the Verbascoside
Recovery

According to the literature, nutraceutical compounds are
the important antioxidants that have emerged in the
research conducted in recent decades in food science and
technology. Verbascoside is a caffeoyl phenylethanoid
glycoside, which is found in medicinal plants. In various
studies, it has been stated that verbascoside is the main
phenolic compound in L. verbena leaf[3,4,23]. The chemical
structure of this compound is depicted in Figure 2.

Figure 3 depicts a typical RP-HPLC chromatogram of the
hydroethanolic extract of L. verbena. Figure 4 shows the
concentration of verbascoside as quantified directly from
the RP-HPLC chromatograms. According to the results of the
present study, L. verbena leaf was a potential source of
valuable verbascoside compounds, which could be
extracted using a proper solvent. A solvent is a substance
that dissolves a solute to create a solution. The solubility of
the solute in the solvent is affected by molecular polarity. In
other words, polar molecules are desirably dissolved by
polar solvent molecules and vice versa. Therefore, we
examined various ratiod of EtOH and H;O to select the
optimal extraction solvent. According to the findings of the
current research, the verbascoside recovery enhanced with
the increased EtOH concentration up to the thresholds
value, while no significant changes were observed at the
higher concentrations. Our findings also demonstrated the
correlations between the verbascoside content and the
surrounding medium during the extraction process. As is
shown in Figure 4, the verbascoside content had no
significant changes with the increased EtOH concentration
in the extraction solvent from 80% to 90% (7> 0.05). On the
other hand, the increased EtOH concentration to 80% could
significantly enhance the verbascoside recovery as the
highest content was obtained using 80% EtOH with 20% H,O
(P<0.05).
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=t 50:50 (%V/V)
e 70:30 (%V/V)
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DPPH scavenging activity (%)

2 10 20 30 40 50 60
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e 70:30 (%V/V)
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HO radical scavenging activity (%0)

Reaction time (min)

Figure 1: Effect of Reaction Time on Radical Scavenging Activity of L
verbena Leaf Extract Obtained by Hydroethanolic Solvent (EtOH:H,0) at
Various Ratios; a) DPPH Free Radicals and B) HO Free Radicals

The yield of bioactive compounds recovery largely
depends on the solvent type. According to the literature,
less polar solvent is less efficient in verbascoside recovery.
Similar findings have been reported by Waszkowiak and
Gliszczynska-Swiglo (2016) in the assessment of the effects
of binary EtOH-H;0 solvents on the antioxidant activity and
phenolic composition of flaxseed extract [22]. Accordingly,
the total phenolic content (TPC) of the extract in terms of
phenolic acids, secoisolariciresinol diglucoside, and their
glucosides reduced with the increased EtOH concentration
within the range of 60-90%.

In a study in this regard, Taha et a/ (2011) investigated
the effect of various EtOH concentrations on the TPC of
sunflower meal extract [24], and the obtained results
revealed that 60% EtOH was the most effective
concentration. In another study, the EtOH concentration
range of 50-60% was reported to be most efficient in the
preparation of the extracts from defatted borage meal [25].
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Figure 2: Chemical Structure of Verbascoside (Source: adapted from [36])

Furthermore, Zhang et al. (2007) investigated the effects
of extraction parameters, including temperature (20-60°C),
EtOH concentration (50-100%), and time on yield [26],
observing that the EtOH concentration range of 56-80% had
the highest efficacy.

In another study, Lau et al. (2014) evaluated the effect of
EtOH concentration on the recovery of rosmarinic acid from
Orthosiphon stamineus [12], reporting that the content of
rosmarinic acid increased with the EtOH concentration
range of 0-70% v/v. Afterwards, the rosmarinic acid content
reduced with the further increment of the EtOH
concentration from 70% to 100% v/v.

3.3. Correlation of FRSA and Verbascoside Recovery

The results of the present study showed a significant
correlation between %DPPHsc and %HOsc (Pearson's
correlation-coefficient=0.928), which reflected the
reliability of the FRSA results. Several studies have also
demonstrated the correlation between FRSA results
[27-29].
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Verbascoside

600 /

500
400
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100 \
s i N P

0 : v L il
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Figure 3: Typical RP-HPLC Chromatogram of Extract Obtained by Binary Solvent
System for Verbascoside Analysis
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Figure 4: Verbascoside Recovery Using Binary Solvent System
(EtOH:H,0) Mean (n=3) + SD; error bars representing 95% confidence
interval for means; different letters indicate significant difference in
various treatments (< 0.05)

Furthermore, the association between the FRSA and the
verbascoside content of L. verbena leaf extract has been
evaluated at various EtOH:H,O solvent ratios, indicating
that the FRSA changes were parallel to the variations in the
verbascoside recovery.

According to the results of the present study, the
Pearson's correlation-coefficients of the verbascoside
content with ¥DPPHsc and %HOsc were 0.988 and 0.984,
respectively. Therefore, it could be inferred that
verbascoside possessed potent radical scavenging abilities,
which rendered it a valuable bioactive compound.
Therefore, L. verbena leaf is a valuable agricultural product
as a potential and natural source of verbascoside. In this
regard, Goulas (2012) reported a close correlation between
phenolic compounds (verbascoside and dimethoxy-
quercetin) and radical scavenging activity [30].
Furthermore, significant, positive correlations have been
observed between phenolic compounds and antioxidant
capacity [31] and catechins and antioxidant activity [32].

3.4. Modeling of the Release Kinetics of Verbascoside from
L. verbena Leaves

To gain further knowledge regarding the mass transfer
mechanism of verbascoside from L. verbena leaves into the
surrounded binary solvent during extraction, the kinetic
curves were analyzed using the Peleg model (Figure 5). The
kinetic parameters of K; (Peleg rate constant; min/g/mg)
and K, (Peleg capacity constant; g/mg) were determined
through the non-linear regression in Equation 3. In addition,
the equilibrium concentration of verbascoside (Ceq) during
the extraction process was determined using Equation 5.
According to the findings, the values of Kj, K3, and Ceq were
estimated at 0.027 min/g/mg, 0.047 g/mg, and 20.936 mg/g,
respectively. The experimental results were also plotted
using the non-linear Peleg model versus the extraction time
(Figure 5). According to the findings, the proposed
mathematical Peleg model was consistent with the
experimental data. Figure 5 shows that the extraction rate
of verbascoside was rapid at the initial stages of the process,
while they slowed-down until the completion of the
extraction process.
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5 = 3 » 8
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Figure 5: Kinetic Study Verbascoside Recovery from L. verbena Leaves
Using Peleg Model

According to the results of the present study, the changes
in the solute content in the surrounding binary solvent
phase influenced the mass transfer of the extraction process
[33, 34]. Therefore, it could be inferred that the verbascoside
recovery from the L. verbenaleaves occurred in two stages.
At the first stage (from the beginning until approximately
two hours), the solute concentration in the surrounding
binary solvent was relatively low, causing the verbascoside
to diffuse rapidly from the solid phase (L. verbenaleaves) to
the liquid phase. Furthermore, the verbascoside on the
surface layers of the L. verbena leaves was solubilized as the
sample was exposed to the fresh binary solvent [35].

During the second phase of extraction, the diffusion rate
of the target compound reduced with the increased
extraction time; this phenomenon might have been caused
by the high concentration of the target solute in the liquid
phase. After a period of time extraction, the solute
concentration in the bulk solution reached equilibrium with
that of the herbal matrix [12]. However, the extraction time
in the present study was prolonged after the extraction of
the maximum verbascoside. Moreover, no significant
changes were observed in the amount of the extracted
verbascoside. Therefore, it could be concluded that the
verbascoside content tended to be in equilibrium or
saturated after approximately 120 minutes of the extraction
process. As a result, the time of the extraction process for
thermolabile compounds should be reduced. The statistical
results also revealed that the observed data could fit
successfully to the Peleg model with the R? value of 0.999
and RMSE and E values of 0.093 and 0.968, respectively. It
has been documented that higher R? values are associated
with the better fit of the actual data with the model data.
RMSE and E values are also frequently applied to assess the
accuracy of the prediction of models, and lower RMSE and E
values are associated with the higher accuracy of the model
data [12]. In the present study, the values of R2, RMSE, and
E showed that the kinetics of the verbascoside recovery
from the L. verbena leaves could be successfully described
by the Peleg model. In the study conducted by Lau et al.
(2014), the Peleg model could be successfully investigated
to describe the kinetics of rosmarinic acid extraction from
Orthosiphon stamineus [12].
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4. Conclusion

In this study, binary solvents composed of various ratios
of EtOH and H,0 were applied for verbascoside recovery
from L. verbena leaves. According to the results, the
increased EtOH concentration in the binary solvent system
significantly changed the yield of the verbascoside recovery
and FRSA of the extract obtained from the L. verbena leaves.
Therefore, the combination of EtOH and H,O could be
recommended as a proper binary solvent owing to their
different polarities, possibility of mixing at any proportion,
and acceptability for human consumption. Our findings also
indicated that the plant extract composition and its FRSA
largely depended on the type of the extraction solvent. On
the other hand, the combination of miscible polar solvents
has been observed to improve the extraction yield of the
target compound. The results of this study confirmed that L.
verbena leaf is a potential source of verbascoside and
antioxidants. Furthermore, it could be stated that the
application of the binary solvent extraction composed of
80% EtOH and 20% H20 was a successful and safe procedure
for verbascoside recovery from L. verbena leaves. The
results of the kinetic studies implied that the proposed
kinetics model was valid with the R2, RMSE, and E values of
0.999, 0.093, and 0.968, respectively. As such, the purposed
model could be used for the up-scaling and process design
of verbascoside extraction from L. verbenaleaves.
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