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1. Remarks: “To explore the use effect of ionic liquid as a green solvent in the polyphenolics extraction from Peperomia | Page no. 1 and

Grammatical | pellucida (L.) Kunth using 1-buthyl-3-methylimidazolium bromide ([BMIM]Br) and 1-buthyl-3- | line no. 16-18
errors need | methylimidazolium chloride ([BMIM]CI) with ionic liquid based microwave-assisted extraction (IL-MAE)
to be method.” replaced with “The aims of the study was to explore the application effect of ionic liquid as a green
corrected. solvent in the polyphenolics content extraction from Peperomia pellucida (L.) Kunth herbs using 1-butyl-3-
methyl imidazolium bromide ([BMIM]Br) and 1-butyl-3-methyl imidazolium chloride ([BMIM]CI).”

“Based on the result was obtained the highest of total polyphenolic content including 18.287 ug GAE/g | Page no. 1 and
([BMIM]CI), 15.734 ug GAE/g ([BMIM]Br), 7.823 ug GAE/g (ethyl acetate), and 3.408 (n-hexane). Scanning | line no. 24-28
electron microscopy demonstrated the extraction mechanism with significant physical changes in plant tissue
residue after extraction treatment with different solvents.” Replaced with “The results showed that the effect
of ionic liquid on the yield of total polyphenolics content, including 18.287 ug GAE/g (0.7 mol/l [BMIM]CI
concentration, 14 ml/l liquid-solid ratio, and 270 Watts microwave power for 10 minutes), and 15.734 pug
GAE/g (0.7 mol/I [BMIM]Br concentration, 14 ml/I liquid-solid ratio, and 270 Watts microwave power for 15
minutes), whereas the SEM demonstrated the extraction mechanism with significant physical changes in
matrix sample after treatment using different solvents.”

“Peperomia pellucida (L.) Kunth herbs (Piperaceae family) could be found in humid environments throughout | Page no. 3 and
the territory of Indonesia and traditionally used as an analgesic, anti-hyperuricemic, diabetes mellitus, and | line no. 3-9

antihypertension.[!! Some study has reported pharmacological properties from this plant such as
antihyperglycemic oxidative stress, dyslipidemia in diabetic rats,?! anti-inflammatory, analgesic activity, and
antihypertension./” The herbs contain a secondary metabolite including essential oil, terpenes, alkaloid,
phenols, and flavonoids.”! Some compounds were isolated such as quercetin,” chromenes,® dillapiole,!”
xanthone patulosida A,'®! peperomins,”® and pellucidin A.1*%! ” replaced with “Peperomia pellucida (L.) Kunth
herbs is a Piperaceae family and can be found in wet environments throughout the territory of Indonesia. It is
traditionally used as an analgesic, anti-hyperuricemic, anti-diabetes mellitus, and antihypertension.™! Some
studies have reported the pharmacological properties of this plant such as antihyperglycemic oxidative stress,
dyslipidemia in diabetic rats,?! anti-inflammatory, analgesic activity,'® and antihypertension.™* Also, reported
the content of secondary metabolites including essential oil, terpenes, alkaloid, phenols, and flavonoids.?




Some polyphenolic compounds such as quercetin,/ chromenes,® dillapiole,”) xanthone patulosida A,®!
peperomins,”® and pellucidin A% were isolated.”

“«

Page no. 3 and

has no economic value and weeds for farmers, especially in palm oil plantations.” line no. 10-11
“The lonic liquid is a green solvent that could be applied because it has the flexibility of ions combination to Page no. 3 and
adjust the physicochemical properties of the target compounds and potential to replace the organic solvents | line no. 14-17

that are flammable, volatile, and toxic. .1*Y! Also, other considerations regarding the entire process, the
economic and environmental impact” Replaced with “The ionic liquid is a green solvent that has the
flexibility of ions combination to adjust the physicochemical properties of the target compounds and
potential to replace the organic solvents that are flammable, volatile, and toxic.[**! In addition, the targeted
compounds can be improved by considering safety, toxicological, economics, and environmental impact
standpoint.”

“The chemicals used in this study,” replaced with “The chemicals were used in this study”

Page no. 4 and

line no. 18
“The equipment used including............ ” replaced with “The equipments were used including........ " Page no. 4 and

line no. 22
“The dried powder of samples (3 g) was macerated with n-hexane 50 ml, allowed to stand for 24 h, filtered Page no. 5 and
and evaporated to obtain a dry extract. Furthermore, the residue was macerated using ethyl acetate with the | line no. 3-5

same procedure.” Replaced with “The dried powder of samples (3 gram) were macerated with 50 ml n-
hexane, allowed to stand for 24 hours, filtered and evaporated to obtain a dry extract. Furthermore, the
residue was remacerated using ethyl acetate with the same procedure.”

“Extraction using ionic liquid based microwave-assisted extraction.” Replaced with “An ionic liquid based
microwave-assisted extraction (IL-MAE) method was used to extracting polyphenolic content based on
literature.”

Page no. 6 and
line no. 7-8

“As can be seen in Table 2 and Table 3, demonstrated the effect of extraction condition combination using
[BMIM]Br and [BMIM]CI with ionic liquid based microwave assisted extraction method. According to the
results in Table 2 obtained the ten highest of yields with the combination of extraction condition factors and
the best yields (15.734 ug GAE/g) using [BMIM]Br as a solvent. Whereas, the results in Table 3 obtained the
ten highest of yields and the best yields (18.287 ug GAE/g) using [BMIM]CI. In Figure 1 demonstrated that
[BMIMI]CI could extract secondary metabolites with the highest of total polyphenolic content compared to
[BMIM]Br solvent and conventional organic solvents (n-hexane and ethyl acetate).” Replaced with “Table 2
and Table 3, demonstrated the combination effect of extraction condition using [BMIM]Br and [BMIM]CI with
ionic liquid based microwave assisted extraction method. According to the results in Table 2 was obtained the
10 highest of yields with the combination of extraction condition factors and the best yields (15.734 pug GAE/g)

Page no. 6 and
line no. 11-16




using [BMIM]Br as a solvent. Whereas, the results in Table 3 was obtained the best yields (18.287 ug GAE/g)
and the 10 highest of yields using [BMIM]CI. Comparison of efficiency level between an ionic liquid as a green
solvent and conventional organic solvent shown in Figure 1.”

“The extraction mechanism was performed using SEM (can be seen in Figure 2), shows significant physical
changes in plant tissue after extraction treatment with different solvents. Based on the result, the cell wall
surface changes in samples that have been extracted IL-MAE compared to the maceration method and the
sample before the extraction process, whereas the changes of cell wall surface before and after the maceration
extraction did not show significant differences.” Replaced with “In Figure 2, showed significant physical
changes in matrix sample after treatment with different solvents. Based on the result, described the changes
of cell wall surface in matrix samples that have been extracted using the IL-MAE compared to the maceration
method.”

Page no. 6 and
line no. 18-20

“P. pellucida is a plant rich in pharmacological properties. However, this herb had not been utilized as raw
materials for drugs produced commercially. Some factors of the causes are among others constrained
regarding cultivation, standardization, optimum yields, optimal extraction methods, and so on. One of the
factors that play a major role in obtaining optimum yields is the development of extraction methods.”
Replaced with “P. pellucida herb is a plant rich in pharmacological properties. However, the plant has not
utilized as raw materials for commercial herbal medicines because it constrained by the various factors such
as cultivation, standardization, optimal results, optimal extraction methods, and so on. Development of
extraction method is one of the factors that play a major role in obtaining the optimum yields.”

Page no. 6-7,
line no. 23-25, 1

“The capability enhancement of extracting certain chemical components could increase with the solvent
hydrophobicity enhancement.!*?! The hydrophobicity of both ionic liquids used in this study was
[BMIM]Br<[BMIM]CI,” replaced with “The solvent hydrophobicity enhancement has the ability to increase
the extraction capability of the targeted secondary metabolite.!*? The hydrophobicity of both ionic liquids
were used in this study, namely [BMIM]Br<[BMIM]CI,”

Page no. 7 and
line no. 14-16

“The scanning electron microscopy (SEM) analysis......... " replaced with “The SEM analysis............

Page no. 7 and
line no. 20
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Application of lonic Liquid as a Green Solvent for Polyphenolics
Content Extraction of Peperomia Pellucid=[L) Kunth Herb
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Department of Pharmaceutical Sciences, Faculty of Pharmacy, Universitas Indonesia, Depok 16424 West Java, INDONESIA
*Department of Chemical Engineering, Faculty of Engineering, Universitas Indonesia, Depok 16424 West Java, INDONESIA

ABSTRACT

Dbjective: The aims of the study was to explore the application effect of
lonic liguid as a green solvent in the polyphenolics content extraction from
Peperomia pellucida (L.) Kunth herbs using 1-butyl-3-methyl imidazolium
bromide (IBMIMIBr) and 1-butyl-3-methyl imidazolium ehloride ([BMIMICI).
Methods: The polyphenclics content extraction was performed by using
the jonic liguid based microwave-assisted extraction (ILMAE) method with
some extraction parameters, including extraction time, microwave power,
ratio liquid-solid, and ionic liquid concentration. The yields of total polyphe-
nolic content were examined using a microplate reader 96 well method,
and the extraction mechamism was analyzed using scanning electron
microscopy (SEM). Results: The results showed that the effect of ionic liquid
on the yield of total polyphenclics content, including 18.287 pg GAE/g
(0.7 mal/l [BMIMICI concentration, 14 mifl liguid-solid ratio, and 270 Watts
microwave power for 10 minutes), and 15.734 ug GAE/g (0.7 molfl [EMIM]
Br concentration, 14 mll liquid-seolid ratio, and 270 Watts microwave power
for 15 minutes), whereas the SEM demonstrated the extraction mechanism
with significant physical changes in matrix sample after treatment using
different sclvents. Conclusion: Application of green chemistry principles

INTRODUCTION

Peperomia pellucida (L.) Kunth herbs is a Piperaceae family and can be
found in wet environments throughout the territory of Indonesia. It is
traditionally used as an analgesic, anti-hyperuricemic, anti-diabetes
mellitus, and antihypertension.' Some studies have reported the phar-
macological properties of this plant such as antihyperglycemic oxidative
stress, dyslipidemia in diabetic rats,” anti-inflammatory, analgesic activity,’
and antihypertension.! Also, reported the content of secondary metabo-
lites including essential oil, terpenes, alkaloid, phenols, and flavonoids.®
Some polyphenolic compounds such as quercetin,’ chromenes,”
dillapiole,” xanthone patulosida A," peperomins,” and pellucidin A™
were isolated.

P pellucida has the potential as a medicinal plant, however, until now,
it has no economic value and weeds for farmers, especially in palm oil
plantations. This plant has not been utilized for commercial purposes
as a raw material of herbal medicine because it has a low yield value.
Application of green extraction for secondary metabolite extraction of
this herbs is expected to be developed and utilized to produce the potential
commercial products. The ionic liquid is a green solvent that has the
flexibility of ions combination to adjust the physicochemical properties
of the target compounds and potential to replace the organic solvents
that are flammable, volatile, and toxic."" In addition, the targeted com-
pounds can be improved by considering safety, toxicological, economics,
and environmental impact standpoint.”* The application of ionic liquid
as a green solvent in extraction process performed a non-conventional

using an jonic liquid as a green solvent for the polyphenolic extraction of
P pellucida herbs to be rapid, easy, and efficient.

Key words: Peperomia pellucida (L) Kunth, total polyphenclic content, ionic
liguid-based microwave-assisted extraction; 1-butyl-3-methyl imidazalium
brormide, 1-butyl-3-methyl imidazohum chloride:

Key message: Application of ionic liquid as a green solvent combined with
microwave assisted extraction for the polyphenclics extraction of Peperomia
pellucida (L.) Kunth herb to be rapid, easy, and efficient.
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extraction method such as microwave, supercritical fluid, ultrasonic,
countercurrent, and so on.”"* However, some studies have reported the
application of ionic liquid-based microwave assisted extraction in
extracting secondary metabolites.'>'*'""* The target compounds have
been successfully increased the yields using an ionic liquid as a solvent,
including trans-resveratrol from Poligani cuspidati,” quercetin from
Psidium guajava,' orientin and vitexin from Trollius chinensis, *orientin
and vitexin were effectively extracted from Trollius chinensis I—s
using ionic liquid-based homogenate extraction (ILHE flavonoids from
Scutellaria baicalensis Georgi," and diosgenin from Rhizoma dioscoreae ®
In previous study, this method has been successfully applied for extracting
secondary metabolites in the herbs."” However, the application of 1-butyl-
3-methyl imidazolium bromide and 1-butyl-3-methyl imidazolium
chloride as a green solvent to extracting the polyphenolic content from
P peliucida herbs has not been reported.

The kinds of ionic liquid were used as a green solvent to extracting a
polyphenolic constituent from plants among others 1-butyl-3-methyl
imidazolium chloride, 1-butyl-3-methyl imidazolium bromide, 1-butyl-
3-methylimidazolium dihydrogen phosphate, 1-butyl-3-methylimidazo-
lium tetrafluoroborate, 1-ethyl-3-methyl imidazolium bromide, 1-hexyl-
3-methyl imidazolium hydrogen sulfate, and 1-octyl-3-methyl imidazolium
brumidel15.16.1?.13.[9-11

Additionally, the use of conventional organic solvents on the secondary
metabolites extraction from plants can produce high residual solvent

This is an open access article distributed under the terms of the Creative Commaons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others
to remix, tweak, and build upen the work non-commercially, as long as the auther is credited and the new creations are licensed under the identical terms.
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Application of lenic Liquid as a green solvent for polyphenolics extraction

and low efficiency. Therefore, the objective of the study was to explore
the effectiveness of the IL-MAE methods using the ionic liquid as a green
solvent.

METHODS

Plants Material

A sample of P pellucida was collected from North Mamuju, West
Sulawesi, Indonesia and was identified at the Herbarium Bogoriense,
Bogor Botanical Garden, Bogor, West Java, Indonesia. The voucher spec-
imen was deposited at Laboratory of Pharmacognosy-Phytochemistry,
Faculty of Pharmacy, Universitas Indonesia, Depok, West Java, Indonesia.

Chemical materials and General Equipment

The chemicals were used in this study, such as methanol for analysis,
aquadest, ethyl acetate, n-hexane were purchased from PT. SmartLab
Indonesia, Indonesia. 1-butyl-3-methyl imidazolium bromide ([BMIM]
Br) and 1-butyl-3-methyl imidazolium chloride ([BMIM]|Cl) were
purchased from Shanghai Chen Jie Chemical, China. Folin-Ciolcalteu
reagent, sodium carbonate, and gallic acid standard were purchased from
Sigma-Aldrich (via PT. Elo Karsa, Indonesia). The equipments were used
including Modena Microwave 900 watts (Buono-MV 3002, USA), Rotary
evaporator (Buchi, Germany), Vortex mixer (Stuart, Germany), Spec-
trophotometer UV-VIS (VersaMax™ ELISA Microplate Reader, USA),
Micropipette, and JOEL scanning electron microscope (JSM-5510LV).

Extraction Process

Conventional extraction method

The dried powder of samples (3 gram) were macerated with 50 ml
n-hexane, allowed to stand for 24 hours, filtered and evaporated to
obtain a dry extract. Furthermore, the residue was remacerated using
ethyl acetate with the same procedure.

lonic Liquid Based Microwave-Assisted Extraction
(IL-MAE) Method

An ionic liquid based microwave-assisted extraction (IL-MAE) method
was used to extracting polyphenolic content based on literature.''"*!
Briefly, the dried powder of samples (3 gram) was mixed with an ionic
liquid solvent then extracted using an IL-MAE (Modena 900 Watt, with
slight modification) which operated under some conditions. The residue
and extract solution were separated by filtering using a cotton swab and
cooled at room temperature. The obtained extract solution was left for
10 to 12 hours to precipitate the desired extract.

Total Polyphenolic Content Determination

Determination of the total polyphenolic content was conducted using a
microplate reader 96 well method based on literature.”*** Briefly, a total
of 20 pl (1000 ppm) of the extract solution or the standard solution was
added to 100 pl reagent 25% Folin-Ciolcalteu solution, homogenized for
one minute, and allowed for 4 minutes. Then a 75 pl sodium carbonate
solution was added and homogenized for one minute. Absorbance was
measured at a 750 nm wavelength using a microplate reader 96 well after
incubated for 2 hours at room temperature in the dark. Gallic acid solu-
tions (200, 100, 50, 25, and 12.5 pg/l, respectively) were used as standards
and the equation was Y= 0.023 + 7.812X (R* = 0.999). Where Y is the
yields of total phenolic content, and X is the concentration of standard
or sample. It was applied to determine the total polyphenolic content
from the samples.

Journal of Young Pharmacists, Vol 9, Issue 4, Oct-Dec, 2017

Extraction Mechanism Analysis

Analysis of the mechanism extraction was performed with a comparison
between morphological of before and after extraction process using
Scanning Electron Microscopy (SEM) based on ]ilerature,zs""leadhﬁ
higher equilibrium flavonoid concentration in the liquid phase at a
flavonoid concentration in the solid phase. As a result, microwave assisted
extraction (MAE Briefly, dried powder of P. pellucida herb was sown on
the carbon plate and was coated with a thin layer of palladium-gold to
form a conductive surface, The preparation was examined using scanning
electron microscopy at an operating voltage of 20 kV and under high
vacuum conditions.

RESULTS

Extraction Process

In Table 1, showed the combination of extraction conditions using four
factors and three levels with a total of 64 combinations. It was consist
of extraction time (10, 15, and 20 minutes), microwave power (90, 270,
and 450 Watts), ionic liquid concentration (0.2, 0.7, and 1.2 mol/l), and
liquid-solid ratio (10, 12, and 14 ml/g) against the yields of total poly-
phenolic content.

Determination of Total Polyphenolics

Table 2 and Table 3, demonstrated the combination effect of extraction
condition using [BMIM]Br and [BMIMICI with ionic liquid based
microwave assisted extraction method. According to the results in Table 2
was obtained the 10 highest of yields with the combination of extraction
condition factors and the best yields (15.734 pg GAE/g) using [BMIM]
Br as a solvent. Whereas, the results in Table 3 was obtained the best
yields (18.287 pg GAE/g) and the 10 highest of yields using [BMIM]CL
Comparison of efficiency level between an ionic liquid as a green solvent
and conventional organic solvent shown in Figure 1.

Extraction Mechanism

In Figure 2, showed significant physical changes in matrix sample after
treatment with different solvents. Based on the result, described the
changes of cell wall surface in matrix samples that have been extracted
using the IL-MAE compared to the maceration method.

DISCUSSION

P, pellucida herb is a plant rich in pharmacological properties. However,
the plant has not utilized as raw materials for commercial herbal medi-
cines because it constrained by the various factors such as cultivation,
standardization, optimal results, optimal extraction methods, and so on.
Development of extraction method is one of the factors that play a major
role in obtaining the optimum yields. Application of ionic liquid as the
green solvent is expected to be a solution in the development of extraction
method by considering the green chemistry principles which to be the
main objective of this study.

The extraction process was performed using IL-MAE method based on
the preliminary research has been reported.”” The yields of total polyphe-
nolic content were examined using a microplate reader 96 well-validated
methods according to the literature that has been reported by Bobo-
Garcia and his colleague.”! The extraction mechanism was analyzed
using SEM.**leading to higher equilibrium flavonoid concentration if—
the liquid phase at a fixed flavonoid concentration in the solid phase. Ag~
a result, microwave assisted extraction (MAE

The IL-MAE method aimed to find and apply the green chemistry
principles in the extraction process of a secondary metabolite from this
herbs. The extraction process was conducted based on the previous
study.”” It was performed using some combinations of the condition
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Application of lonic Liquid as a green solvent for polyphenolics extraction

Table 1: Experimental design based on the combination of extraction condition factor
using ionic liquid based microwave assisted extraction (IL-MAE).

Extraction condition factors unit b inand)
- Low Medium High
Extraction time Minutes 10 15 20
Microwave power Watts 90 270 450
Ionic liquid concentration mol/l 02 0.7 1.2
Liquid-solid ratio ml/g 10 12 14
Table 2: The application of ionic liquid based microwave assisted extraction using 1-buthyl-3-methylimidazolium bromid
([BMIM]Br) as a solvent.
" Exn'(:‘ m t)!m . Mi ro ) vkonlc liquid so'l-:mn A }I v dy Total mh,encll:

power (Watts) ‘""(‘;'ow"'m" (mi/g) Absorbance (ug GAE/g)
1 10 270 0.7 14 1.498 15734
2 15 270 0.7 12 1.289 13.508
3 15 450 1.2 12 1.288 13.491
1 15 90 0.7 10 1.226 12.829
5 15 450 0.7 14 1.183 12.374
6 15 270 12 10 1.097 11.457
7 15 90 1.2 12 1.067 11.133
8 10 270 0.7 10 1.033 10.778
9 15 270 0.7 14 0.980 10.209
10 15 450 0.7 10 0.973 10.130

Table 3: The application of ionic liquid based microwave assisted extraction using 1-buthyl-3-methylimidazolium chloride

([BMIMICI) as a solvent.
auy  Extractiontime  Microwave lonicliauld iquid-solid  Approximately O bernome
(Minute) power (Watts) {mol/l) ration (ml/g)  Absorbance (49 GAE/Q)
1 15 270 0.7 14 1737 18.287
2 15 270 0.7 12 1.492 15.670
3 15 90 0.2 12 1.286 13.472
4 15 90 0.7 14 1.063 11.094
5 10 90 0.7 12 1.046 10.916
6 10 270 0.2 12 1.029 10.731
7 20 450 0.7 12 1.026 10.699
8 10 450 0.7 12 1.012 10.546
9 15 90 0.7 10 0.997 10,394
10 20 270 0.7 14 0.995 10.372

factors, including extraction time (minute), microwave power (Watts),
ionic liquid concentration (mol/l), and the liquid-solid ratio (ml/g) on
the yields of total polyphenolics content compared with maceration or
conventional method. The highest of yields of total polyphenolics
content was obtained from the IL-MAE method using [BMIM]CI with
amount 18.287 ug GAE/g.

The solvent hydrophobicity enhancement has the ability to increase the
extraction capability of the targeted secondary metabolite.”* The hydro-
phobicity of both ionic liquids were used in this study, namely [BMIM]
Br<[BMIM]CL* respectively. Moreover, the hydrogen bonding capa-
bility of ionic liquids was a factor affecting the extraction process with

448

considering anions.**aqueous two-phase systems (AT sed on the
results, application of ionic liquids as a green solvent wis more efficient
than conventional organic solvents. Some studies have reported the
success of ionic liquids in extracting polyphenolic compounds from
natural products, 5194718 1221

The SEM analysis aimed to determine the surface changes and cell wall
matrix (sample) caused by the extraction process either by maceration or
ILM thod. Some studies have reported the effect of surface changes
and ¢ matrix by using ionic liquid solvents.'*****aqu -phase
systems (ATPS The microstructures of the samples were cl pparent
changes after extraction using IL-MAE compared with conventional
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Figure 1: The yields of total polyphenolics content from P. pe!lucl
using ionic liquid and conventional organic solvent
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Figure 2: Scanning electron micrographs of P. Pellucidd——) samples:

(@) Untreated P. Pelluaﬁnjple (alis the 100 ym nmag ; is t um
image); (b) after macera b1 is the 100 um image, b2 is the 1 mage);
and (c) after IL-MAE (c1 is the 100 pm image, €2 is the 10 pm image).

methods. The efficiency of IL-MAE extraction could be attributed to
the ability of the microwave to cause damage to the cell wall surface,
thus facilitate the release of the solute in the sample matrix into solution
(solvent).” Furthermore, the changes have a correlation with the yields

Journal of Young Pharmacists, Vol 9, Issue 4, Oct-Dec, 2017

of total polyphenol content was produced by the maceration and the
IL-MAE method. The efficiency of the IL-MAE method was much higher
than the maceration method that caused damage to the cell wall surface
of the sample matrix.

The role of ionic liquids in the extraction process of medicinal plants is
limited to the increased interaction between solutes and
solvents but may also be associated with the solvents used which cause
modification of changes in the interaction of the permeability of the
plant matrix.” Therefore, the characteristic of ionic liquids to influence
the conformation of carbohydrates through hydrogen bonding and can

not only

be considered as viable substituents to be value-added solvents when
compared to classical extraction methods. While the use of microwave-
assisted extraction is known to cause a cells tissue interference by a
microwave irradiation will contribute additionally to facilitate the overall
process.

CONCLUSION

Based on the above results, the use of ionic liquid as a green solvent
([BMIM]Br and [BMIM]CI) can be applied to extracting polyphenolic
compounds from P pellucida herb. The extraction of a secondary
metabolite targeted from this herb becomes more efficient, easy, and
rapid. For further research, it is necessary to optimize the extraction
methods to obtain target secondary metabolites.
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