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Quantification of chlorogenic acid in Pluchea indica L.
stem ethanolic extracts and its antioxidant activities
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Abstract (in English)

Chlorogenic acid (CA) is an important phenolic acid antioxidant. It is found in Pluchea indica L.
(Asteraceae). It has been extensively studied in the leaves, while studies on the stems have not been
reported. This study aimed to identify and measure the levels of CA in the stem extract of P. indica.
The extract was also determined for its antioxidant activities. P. indica stems powder was extracted
using the UAE technique using 50% ethanol as solvent directly and sequentially. The extract was then
measured for total phenolic content (TPC) and CA content using RP-HPLC. Meanwhile, antioxidant
activities were determined by the DPPH, ABTS, and reducing power (RP) methods. TPC in the
sequential and the direct of P. indica stems ethanol extracts were 1.4694+0.0228 and 1.9314+0.0318
mgGAE/g DW, respectively. Nevertheless, the CA content of 50% ethanol extract of P. indica stems
from sequential extraction (0.2045+0.0128 %, w/w) was higher than 50% ethanol extract from direct
extraction (0.1984+0.0113 %, w/w). The two extracts demonstrated good antioxidant capacity, while
the ethyl acetate and n-hexane extracts did not. Identifying of the other types of antioxidants phenolics
using other methods of these extracts still needs to be studied further.
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Quantification of chlorogenic acid in Pluchea indica L. stem ethanolic

extracts and its antioxidant activities

ABSTRACT

Chlorogenic acid (CA) is an important phenolic acid antioxidant. It is found in Pluchea indica
L. (Asteraceae). It has been extensively studied in the leaves, while studies on the stems have
not been reported. This study aimed to identify and measure the levels of CA in the stem
extract of P. indica. The extract was also determined for its antioxidant activities. P. indica
stems powder was extracted using the UAE technique using 50% ethanol as solvent directly
and sequentially. The extract was then measured for total phenolic content (TPC) and CA
content using RP-HPLC. Meanwhile, antioxidant activities were determined by the DPPH,
ABTS, and reducing power (RP) methods. TPC in the sequential and the direct of P. indica
stems ethanol extracts were 1.4694+0.0228 and 1.9314+0.0318 mgGAE/g DW, respectively.
Nevertheless, the CA content of 50% ethanol extract of P. indica stems from sequential
extraction (0.204510.0128 %, w/w) was higher than 50% ethanol extract from direct extraction
(0.1984+0.0113 %, w/w). The two extracts demonstrated good antioxidant capacity, while the
ethyl acetate and n-hexane extracts did not. Identifying of the other types of antioxidants

phenolics using other methods of these extracts still needs to be studied further.

Key-words: Beluntas; Chlorogenic acid; DPPH; Ultrasonic-assisted extraction; Sequential

extraction

INTRODUCTION

CA is an important phenolic derivative of caffeoylquinic acid (CQA). CA is applicable as
an antioxidant, anti-inflammatory, antidiabetic, anti-obesity, anti-hypertensive, antimicrobial,
etc.(1). CA can be extracted from plant materials using ultrasound-assisted extraction
(UAE)(2). CA can be analyzed qualitatively or quantitatively using High-performance liquid

chromatography (HPLC) (3) with a C18 column with a UV or DAD detector (3).
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CA is found in many plants(2). One source of CA from plants is Pluchea indica L.
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(Asteraceae), especially the leaves(4-7). The P. indica leaves were more explored than other
plant parts. P. indica stems contained a relatively high total phenolic content after leaves in
50% ethanol extract compared to flowers and roots (8). The importance of CA compounds as
a source of antioxidants that can reduce free radicals needs to be explored. The quantification
of CA in 50%-ethanol extract of P. indica stems has never been reported. In the present study,
guantification of the compound in P. indica stems was carried out on the ethanol extract
(obtained directly and sequentially) using RP-HPLC analysis. In addition, the antioxidant

activities of the extracts were also studied.
MATERIALS AND METHODS
1. Chemicals

CA and gallic acid as reference were purchased from MarkHerb, Institut Teknologi Bandung
(ITB), Bandung, Indonesia. Ethanol, ethyl acetate, and n-hexane (PT. Brataco, Indonesia)
were used as extraction solvents. Methanol, acetic acid, and water for HPLC grade (Merck,

Germany) were used for HPLC analysis.
2. Plant material

P. indica stems were collected on November 2021 from Biopharmaceutical Cultivation
Conservation Unit, Tropical Biopharmaca Research Center (TropBRC), Institut Pertanian
Bogor (IPB), Bogor, Indonesia, with voucher number: BMK0188092016. The stems are
cleaned and air-dried. The dried stems are then powdered and stored in a dry container

protected from light.
3. Extraction

Extraction is divided into two ways, namely direct extraction and sequential extraction. Each
five g of stem-dried powder was extracted with 50 mL of solvent. In summary, the extraction
procedure is presented in Fig. 1. The extraction process was carried out using the UAE

technique following the protocol in Kongkiatpaiboon et al., (2018)(5). Extraction was performed
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in an ultrasonic bath (Branson 5510) 40 kHz at 40 °C for 15 min. The filtrate is separated from
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the residue by filtration. The residue was re-extracted using a new solvent 3 times. Each filtrate
was collected and made up to 50 mL, after this referred to as liquid extract. Extraction of each

sample was carried out for 5 replications.
4. Polyphenol Screening

Screening of phenolic compounds was carried out qualitatively using a 5% FeCls reagent. The

positive result of the reaction is indicated by the formation of a blue-black colour(9).
5. Total Phenolic Content Assay

Colorimetry was used to determine total phenolic content following the Hikmawanti et al.,
(2020)(10) procedure with slight modifications. Gallic acid was used as a standard. For
calibration, the gallic acid solution was prepared with variation concentrations: 1.1x107?,
1.7x102, 2.3x102, 2.9x102, and 3.5x102 mg/mL. Each extract was diluted 20 times using
ethanol. Both extract and standard (0.3 mL) were mixed with 1.5 mL of the Folin-ciocalteu
(2:10 in water) and left for 3 min. After that, the mixture was added with 1.2 mL of sodium
carbonate solution (7.5%), homogenized, and then incubated at room temperature for 110 min.
The absorbance was measured at 765.10 nm with a spectrophotometer UV-Vis (UV-1900i
Series, Shimadzu, Kyoto, Japan). The total phenolic content was expressed as gallic acid

equivalent (mg GAE/g of the dried sample). The test was carried out triplets (mean + SD).
6. HPLC condition for analysis of CA

CA analysis was carried out following the protocol of Kongkiatpaiboon et al., (2018)(5) with
slight modification at The Advanced Characterization Laboratories Cibinong—Integrated
Laboratory of Bioproduct, National Research and Innovation Agency (BRIN), Indonesia. CA
(as an external standard) was prepared at a concentration of 10 mg/mL in ethanol. The
standard solution was then diluted to 1.0, 2.0, 6.0, and 7.5 mg/mL. Each solution was filtered
using a 0.45 um filter and injected into the HPLC system. The injection volume of the sample

was 5 pL. The HPLC system (Shimadzu Prominence-i LC-2030C 3D Plus), which includes a
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guaternary pump, a degasser, and an autosampler, is combined with a photodiode array (PDA)
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detector in the HPLC apparatus. Separation system with HPLC was performed using Shim
Pack GIST C18 column (150 mmL. x 4.6 mm 1.D., 4 um) as the stationary phase at 25 °C.
Acetic Acid 0,5% in Water (A) and methanol (B) was used as a mobile phase by gradient
elution (as stated in Kongkiatpaiboon et al., (2018)(5)). The flow rate was 1.0 mL/min.

Separation was monitored at 326 nm.
7. DPPH assay

A 0.1 mM DPPH solution was prepared in methanol. Quercetin (1x102 mg/mL) in methanol
was used as a reference. Initially, each sample of both extract and quercetin (1 mL) was
separately reacted with 0.1 mM DPPH (4 mL). After incubation for 30 min at room temperature
in the dark, the reaction of the mixture was measured at 516 nm against an ethanol blank using
a UV-Vis spectrophotometer (UV-1900 Series, Shimadzu, Kyoto, Japan)(11).

8. ABTS assay

Antioxidant activity assay against ABTS radicals was carried out by microtiter assay. As much
as 180 pl of ABTS radical (ABTS™), prepared 12-16 h beforehand, was reacted with 20 ul of
the extract test solution in a 96-well flat-bottom microplate. After 5 min of incubation, the
absorbance was measured at 750 nm using an iMark microplate reader (BioRad, Shanghai,
China) (12). Trolox was used as a reference (0.1-0.8 mmol/L). The results are expressed as

umol Trolox equivalent per g dry weight sample (umol TE/g DW).
9. RP assay

The ability of antioxidants to reduce iron was determined by reducing power assay following
the protocol of Khatua et al. (2017) (12). The tests were carried out in 96-well flat-bottom
microplates. A total of 10 ul of the extract test solution was reacted with 25 pl of 0.2 M
phosphate buffer (pH 6.6), and 25 pl of potassium ferricyanide (1%, w/v). After 20 min
incubated (at room temperature), 25 ul of TCA 10% (w/v) was added. Then, the mixture was

added with 85 pl of distilled water and 8.5 pl of Iron (lll) chloride. The mixture was shaken for
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10 s at medium speed, then incubated at room temperature for 15 min. The absorbance was
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measured at 750 nm using the iMark microplate reader (BioRad, Shanghai, China) (12). Trolox
was used as a reference (0.1-0.8 mmol/L). The results are expressed as pmol Trolox

equivalent per g dry weight sample (umol TE/g DW).
RESULTS

Based on the results, the 50%-ethanol extracts of P. indica stems, both obtained from
direct and sequential extraction, were detected to contain phenolics based on the test with a
5% FeCls reagent (Fig. 2). The two extracts were then analysed for the total phenolics content
using a UV-Visible spectrophotometer. Total phenolics content in the sequential and the direct
P. indica stems ethanol extracts were 1.4694+0.0228 and 1.9314+0.0318 mgGAE/g dried

powder, respectively.

Analysis of CA in ethanol extracts of P. indica stems was performed using RP-HPLC at
326 nm as the maximum wavelength (5). Fig. 3 shows the HPLC chromatograms of the
standard CA (A, retention time = 23.042 min), the sequential-ethanol extract (B), and the direct-
ethanol extract (C) of P. indica stems. The chromatogram showed the presence of CA in the
sequential-ethanol extract and the direct-ethanol extract of P. indica stems at retention times
of 22.702 dan 22.946 min, respectively. The equation of the line obtained from the CA
calibration curve is y=1628x—-3E+06 (R? = 0.9991). The quantification of CA in the sequential-
ethanol extract and the direct-ethanol extract of P. indica stems were 0.2045+0.0128 and

0.1984+0.0113% (w/w), respectively.

The antioxidant activity of the stem extract of P. indica was tested using the DPPH, ABTS,
and RP methods. Tab. 1 shows the summary of the antioxidant activity of the extracts. The
two ethanol extracts (direct and sequential) provide an overview of the activity of reducing
radicals (both DPPH+ and ABTS++) and metal ions (through iron reduction). Meanwhile, the

ethyl acetate and n-hexane extracts did not provide an overview of antioxidant capacity.
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DISCUSSION

Extraction is the initial step in separating metabolites from the plant matrix for
identification (13). In this study, phenolic extraction was performed using 50% ethanol solvent,
directly and sequentially, by the UAE technique. Direct extraction allows metabolites with a
polarity corresponding to 50% ethanol to be extracted in it (crude), so the concentration of the
target compound in this extract is lower. Meanwhile, through sequential extraction, it is
expected that other compounds extracted sequentially in n-hexane and ethyl acetate are not
found in the 50% ethanol extract. With the elimination of these compounds (such as
components of fat, chlorophyll, etc.), it is hoped that phenolics (especially CA) can be extracted

well in 50% ethanol solvent (14).

According to Kongkiatpaiboon et al. (2018), to ensure the quality of P. indica extract and
its nutritional components, the HPLC technique might be used for routine analysis(5). This
method is proven to be fast, precise, and accurate. In the study, it was reported that CA, as
one of the phenolics of P. indica leaves, can be extracted well using 50% ethanol solvent with
UAE. Meanwhile, in this study, CA was detected and quantified in 50% ethanol extract (both
obtained from direct and sequential extraction). Compared with the levels of CA in P. indica
leaves in the study of Kongkiatpaiboon et al. (2018)(5), the content of this compound in the
ethanol extract of P. indica stems was lower. The levels of CA in P. indica leaves were in the
range of 2.67% (w/w), while in stem extracts were in the range of 0.19-0.2% (w/w). CA is a
compound biosynthesized through the shikimate pathway in plants from various families,
including Asteraceae (15). It is accumulated in leaves, stems, roots, fruits, and other organs at

different levels (16).

In this study, the high phenolic content in the extract was linear with its antiradical DPPH
activity. The direct 50% ethanol extract had high phenolic content and the DPPH radical
scavenging activity better than other extracts. The extract had a lower CA content than the
sequential 50% ethanol extract. Thus, it is suspected that CA is not the only phenolic in P.

indica stems that plays a role in scavenging DPPH radicals. The presence of other phenolic
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compounds, or other natural compounds that are synergistic in the 50% ethanol extract, is
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suspected of playing a role in providing better antiradical activity than the graded 50% ethanol
extract. Different things happened in the ABTS and RP tests. In both tests, 50%-ethanol

(sequential) gave better antioxidant activity.

There are several chemical approaches for measuring plant antioxidant capacity. The
antioxidant chemical-based assay's mode of action, namely electron transfer, hydrogen
transfer, and metal reduction (17). The DPPH and ABTS methods are included in reactions
based on electron and hydrogen transfer. The DPPH technique is an in vitro approach that is
simple, inexpensive, and frequently used to assess the antioxidant activity of natural materials
(18). This method describes the antiradical activity of the sample more than as an antioxidant
activity. Antiradical activity refers to a compound's capacity to react with a free radical, whereas
antioxidant activity refers to a compound's ability to block the oxidation process (19).
Meanwhile, ABTS is capable of measuring the capacity of both lipophilic and hydrophilic
antioxidants. ABTS radicals are more reactive than DPPH radicals. The chemical interaction
between antioxidants and ABTS radicals is relatively quick (20). Another method, RP, is based
on an increase in absorbance from the reaction between the antioxidant and a mixture of
potassium ferricyanide, trichloro acetic acid, and ferric chloride reagents, which demonstrating
the strength of antioxidants in reducing metals (18). However, measuring antioxidant activity
in vitro has limitations since DPPH and ABTS are not naturally occurring oxidants in the body.
The radical quenching reactions that occur in these assays are often quick, unlike in the
occurrence of a slower reaction in the body. In addition, whereas antioxidants have significant
antioxidant effects in chemical tests, they can function as pro-oxidants in dietary and biological
systems (17).

The variety of phenolic types and the complexity of the composition of these chemicals
in plants make the separation of antioxidants phenolic inefficient and expensive (14). Other
compounds that can also act as antioxidants are phytosterols (21), flavonoids, minerals,

organosulfur, vitamins, carotenoids, etc.(22). The crude often provides more significant
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antioxidant benefits than the individual forms. In addition, the measurement of antioxidant
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activity with specific methods was only carried out under adjusted conditions. Determining the
overall antioxidant capacity of the sample should also be done using additional techniques,
exceptionally those capable of evaluating the efficiency of antioxidants against specific
ROS/RNS (14). Studying the types of other phenolic compounds in P. indica stems is still
possible. Thus, the use of P. indica stems as a source of antioxidants can continue to be
developed, for example, in the therapy of metabolic syndrome, as a preservative, and as

natural food supplements.
CONCLUSIONS

Based on this research, CA in P. indica stems can be extracted well using 50% ethanol
solvent either by direct or sequential extraction. The sequential-ethanol extract contains more
CA than the ethanol extract obtained from direct extraction. Meanwhile, more phenolic content
was found in extracts produced from direct extraction. The extracts also provided better
antioxidant activity. It is still important to search for phenolic substances besides CA, which

functions as an antioxidant in P. indica stems.
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Tab. 1. Antioxidant activity from P. indica stem extracts.

Antioxidant activities

Samples DPPH (mg QE/100 ABTS (umol TE/g  RP (umol TE/g
g DW) DW) DW)
50%-ethanol extract 189.210+£0.01 17.624+0.345 40.069+0.214

(direct)

50%-ethanol extract

143.198+0.02

34.837+0.126

42.854+0.909

(sequential)
Ethyl acetate extract 1.209+0.05 nd nd

(sequential)
n-hexane extract 0.597+0.03 nd nd

(sequential)

Note: DW = dry weight; nd = not detected; QE = quercetin equivalent; TE = Trolox equivalent
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279 Fig. 2. The results of phenolic compounds screening in P. indica stem extracts with 5%
280 FeCls reagent. A = 50%-ethanol extract (direct); B = 50%-ethanol extract (sequential); C =
281 ethyl acetate extract (sequential); D = n-hexane extract (sequential)
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Tab. 1. Antioxidant activity from P. indica stem extracts.

Antioxidant activities

Samples DPPH (mg QE/100 ABTS (umol TE/g  RP (umol TE/g
g DW) DW) DW)
50%-ethanol extract 189.210+0.01 17.62410.345 40.06910.214
(direct)
50%-ethanol extract 143.198+0.02 34.837+0.126 42.854+0.909
(sequential)
Ethyl acetate extract 1.209+0.05 nd nd
(sequential)
n-hexane extract 0.597+0.03 nd nd
(sequential)

Note: DW = dry weight; nd = not detected; QE = quercetin equivalent; TE = Trolox
equivalent
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Quantification of chlorogenic acid in Pluchea indica L. stem ethanolic
extracts and its antioxidant activity

ABSTRACT

Chlorogenic acid (CA) is an important phenolic acid antioxidant. It is found in Pluchea indica
L. (Asteraceae). It has been extensively studied in the leaves, while studies on the stems have
not been reported. This study aimed to identify and measure the levels of CA in the stem
extract of P. indica. The extract was also determined for its antioxidant activities. P. indica
stems powder was extracted using the ultrasonic-assisted extraction (UAE) technique using
50% ethanol as solvent directly and sequentially. The extract was then measured for total
phenolic content (TPC) and CA content using RP-HPLC. Meanwhile, antioxidant activities
were determined by the DPPH, ABTS, and reducing power (RP) methods. TPC in the
sequential and the direct of P. indica stems ethanol extracts were 1.4694+0.0228 and
1.9314+0.0318 mgGAE/g DW, respectively. Nevertheless, the CA content of 50% ethanol
extract of P. indica stems from sequential extraction (0.2045+0.0128 %, w/w) was higher than
50% ethanol extract from direct extraction (0.1984+0.0113 %, w/w). The two extracts
demonstrated good antioxidant capacity, while the ethyl acetate and n-hexane extracts did not.
Identifying of the other types of antioxidants phenolics using other methods of these extracts

still needs to be studied further.

Key-words: Beluntas; Chlorogenic acid; DPPH; Ultrasonic-assisted extraction; Sequential

extraction

INTRODUCTION

Chlorogenic acid (CA) is an important phenolic derivative of caffeoylquinic acid (CQA).
In chemical structure, CA (or 5-CQA) consists of a quinic acid core which is acylated with one
moiety of caffeic acid at the C-5 (1) (Fig. 1). CA is applicable as an antioxidant, anti-

inflammatory, antidiabetic, anti-obesity, anti-hypertensive, antimicrobial, etc.(1). The caffeic



acid group in CA plays critical role in its activity as an antioxidant. According to Kritsi et al.
(2022), CA has antioxidant activity through the interaction of hydrogen bonds on the receptor
binding sites of NADPH oxidase, cytochrome P450, and myeloperoxidase (2). CA can be
extracted from plant materials using ultrasound-assisted extraction (UAE)(3). CA can be
analyzed qualitatively or quantitatively using High-performance liquid chromatography (HPLC)

(4) with a C18 column with a UV or DAD detector (4).

CA is found in many plants(3). One source of CA from plants is Pluchea indica L.
(Asteraceae), especially the leaves(5-8). The P. indica leaves were more explored than other
plant parts. P. indica stems contained a relatively high total phenolic content after leaves in
50% ethanol extract compared to flowers and roots (9). The importance of CA compounds as
a source of antioxidants that can reduce free radicals needs to be explored. The quantification
of CA in 50%-ethanol extract of P. indica stems has never been reported. In the present study,
guantification of the compound in P. indica stems was carried out on the ethanol extract
(obtained directly and sequentially) using RP-HPLC analysis. In addition, the antioxidant

activities of the extracts were also studied.

MATERIALS AND METHODS

1. Chemicals

CA and gallic acid as reference were purchased from MarkHerb, Institut Teknologi Bandung
(ITB), Bandung, Indonesia. Ethanol, ethyl acetate, and n-hexane (PT. Brataco, Indonesia)

were used as extraction solvents. Methanol, acetic acid, and water for HPLC grade (Merck,

Germany) were used for HPLC analysis.
2. Plant material

P. indica stems were collected on November 2021 from Biopharmaceutical Cultivation
Conservation Unit, Tropical Biopharmaca Research Center (TropBRC), Institut Pertanian

Bogor (IPB), Bogor, Indonesia, with voucher number: BMK0188092016. The stems are



cleaned and air-dried. The dried stems are then powdered and stored in a dry container

protected from light.
3. Extraction

Extraction is divided into two ways, namely direct extraction and sequential extraction. Each
five g of stem-dried powder was extracted with 50 mL of solvent. In summary, the extraction
procedure is presented in Fig. 2. The extraction process was carried out using the UAE
technique following the protocol in Kongkiatpaiboon et al., (2018)(6). Extraction was performed
in an ultrasonic bath (Branson 5510) 40 kHz at 40 °C for 15 min. The filtrate is separated from
the residue by filtration. The residue was re-extracted using a new solvent 3 times. Each filtrate
was collected and made up to 50 mL, after this referred to as liquid extract. Extraction of each

sample was carried out for 5 replications.
4. Polyphenol Screening

Screening of phenolic compounds was carried out qualitatively using a 5% FeCls reagent. The

positive result of the reaction is indicated by the formation of a blue-black colour(10).
5. Total Phenolic Content Assay

Colorimetry was used to determine total phenolic content following the Hikmawanti et al.,
(2020)(11) procedure with slight modifications. Gallic acid was used as a standard. For
calibration, the gallic acid solution was prepared with variation concentrations: 1.1x107,
1.7x107?, 2.3x102, 2.9x1072, and 3.5x102 mg/mL. Each extract was diluted 20 times using
ethanol. Both extract and standard (0.3 mL) were mixed with 1.5 mL of the Folin-ciocalteu
(1:10 in water) and left for 3 min. After that, the mixture was added with 1.2 mL of sodium
carbonate solution (7.5%), homogenized, and then incubated at room temperature for 110 min.
The absorbance was measured at 765.10 nm with a spectrophotometer UV-Vis (UV-1900i
Series, Shimadzu, Kyoto, Japan). The total phenolic content was expressed as gallic acid

equivalent (mg GAE/g of the dried sample). The test was carried out triplets (mean = SD).

6. HPLC condition for analysis of CA



CA analysis was carried out following the protocol of Kongkiatpaiboon et al., (2018)(6) with
slight modification at The Advanced Characterization Laboratories Cibinong—Integrated
Laboratory of Bioproduct, National Research and Innovation Agency (BRIN), Indonesia. CA
(as an external standard) was prepared at a concentration of 10 mg/mL in ethanol. The
standard solution was then diluted to 1.0, 2.0, 6.0, and 7.5 mg/mL. Each solution was filtered
using a 0.45 um filter and injected into the HPLC system. The injection volume of the sample
was 5 pL. The HPLC system (Shimadzu Prominence-i LC-2030C 3D Plus), which includes a
guaternary pump, a degasser, and an autosampler, is combined with a photodiode array (PDA)
detector in the HPLC apparatus. Separation system with HPLC was performed using Shim
Pack GIST C18 column (150 mmL. x 4.6 mm 1.D., 4 um) as the stationary phase at 25 °C.
Acetic acid 0,5% in water (A) and methanol (B) was used as a mobile phase by gradient elution
(20% B to 50% B in A for 40 min and 100% B for 10 min) as stated in Kongkiatpaiboon et al.,

(2018)(6). The flow rate was 1.0 mL/min. Separation was monitored at 326 nm.
7. DPPH assay

A 0.1 mM DPPH solution was prepared in methanol. Quercetin (1x102 mg/mL) in methanol
was used as a reference. Initially, each sample of both extract and quercetin (1 mL) was
separately reacted with 0.1 mM DPPH (4 mL). After incubation for 30 min at room temperature
in the dark, the reaction of the mixture was measured at 516 nm against a methanol blank
using a UV-Vis spectrophotometer (UV-1900 Series, Shimadzu, Kyoto, Japan)(12).

8. ABTS assay

Antioxidant activity assay against ABTS radicals was carried out by microtiter assay. As much
as 180 ul of ABTS radical (ABTS™), prepared 12-16 h beforehand, was reacted with 20 pl of
the extract test solution in a 96-well flat-bottom microplate. After 5 min of incubation, the
absorbance was measured at 750 nm using an iMark microplate reader (BioRad, Shanghai,
China) (13). Trolox was used as a reference (0.1-0.8 mmol/L). The results are expressed as

umol Trolox equivalent per g dry weight sample (umol TE/g DW).



9. RP assay

The ability of antioxidants to reduce iron was determined by reducing power assay following
the protocol of Khatua et al. (2017) (13). The tests were carried out in 96-well flat-bottom
microplates. A total of 10 pl of the extract test solution was reacted with 25 pl of 0.2 M
phosphate buffer (pH 6.6), and 25 ul of potassium ferricyanide (1%, wi/v). After 20 min
incubated (at room temperature), 25 ul of TCA 10% (w/v) was added. Then, the mixture was
added with 85 pl of distilled water and 8.5 ul of Iron (Ill) chloride. The mixture was shaken for
10 s at medium speed, then incubated at room temperature for 15 min. The absorbance was
measured at 750 nm using the iMark microplate reader (BioRad, Shanghai, China) (13). Trolox
was used as a reference (0.1-0.8 mmol/L). The results are expressed as umol Trolox

equivalent per g dry weight sample (umol TE/g DW).
RESULTS

Based on the results, the 50%-ethanol extracts of P. indica stems, both obtained from
direct and sequential extraction, were detected to contain phenolics based on the test with a
5% FeCls reagent (Fig. 3). The two extracts were then analysed for the total phenolics content
using a UV-Visible spectrophotometer. Total phenolics content in the sequential and the direct
P. indica stems ethanol extracts were 1.4694+0.0228 and 1.9314+0.0318 mgGAE/g dried

powder, respectively.

Analysis of CA in ethanol extracts of P. indica stems was performed using RP-HPLC at
326 nm as the maximum wavelength (6). Fig. 4 shows the HPLC chromatograms of the
standard CA (A, retention time = 23.042 min), the sequential-ethanol extract (B), and the direct-
ethanol extract (C) of P. indica stems. The chromatogram showed the presence of CA in the
sequential-ethanol extract and the direct-ethanol extract of P. indica stems at retention times
of 22.702 dan 22.946 min, respectively. The equation of the line obtained from the CA

calibration curve is y=1628x—-3E+06 (R? = 0.9991). The quantification of CA in the sequential-



ethanol extract and the direct-ethanol extract of P. indica stems were 0.2045+0.0128 and

0.1984+0.0113% (w/w), respectively.

The antioxidant activity of the stem extract of P. indica was tested using the DPPH, ABTS,
and RP methods. Tab. 1 shows the summary of the antioxidant activity of the extracts. The
two ethanol extracts (direct and sequential) provide an overview of the activity of reducing
radicals (both DPPH+ and ABTS++) and metal ions (through iron reduction). Meanwhile, the

ethyl acetate and n-hexane extracts did not provide an overview of antioxidant capacity.

DISCUSSION

CA is a compound biosynthesized through the shikimate pathway in plants from various
families, including Asteraceae (14). It is accumulated in leaves, stems, roots, fruits, and other
organs at different levels (15). Extraction is the initial step in separating metabolites from the
plant matrix for identification (16). To measure the quantity of CA in P. indica extract, the HPLC
technique might be used for routine analysis (6). This method is proven to be fast, precise, and
accurate. In previous study, it was reported that CA, as one of the phenolics of P. indica leaves,
can be extracted well using 50% ethanol solvent with UAE (6). In the present study, phenolic
extraction was performed using 50% ethanol solvent, directly and sequentially, by the UAE
technique. CA was detected and quantified in 50% ethanol extract (both obtained from direct
and sequential extraction). Compared with the levels of CA in P. indica leaves in the study of
Kongkiatpaiboon et al. (2018)(6), the content of this compound in the ethanol extract of P.
indica stems was lower. The levels of CA in P. indica leaves were in the range of 2.67% (w/w)
(6), while in stem extracts (in present study) were in the range of 0.19-0.2% (w/w). Direct
extraction allows metabolites with a polarity corresponding to 50% ethanol to be extracted in it
(crude), so the concentration of the target compound in this extract is lower. Meanwhile,
through sequential extraction, it is expected that other compounds extracted sequentially in n-

hexane and ethyl acetate are not found in the 50% ethanol extract. With the elimination of



these compounds (such as components of fat, chlorophyll, etc.), it is hoped that phenolics
(especially CA) can be extracted well in 50% ethanol solvent (17). In general, CA is soluble in
low concentrations of alcohol or alcohol-water mixtures. This compound is insoluble in non-
polar solvents, such as benzene, chloroform, or ether. The high solubility in an alcohol-water

mixture is related to the large number of free hydroxyl groups (18).

In this study, the high phenolic content in the extract was linear with its antiradical DPPH
activity. The direct 50% ethanol extract had high phenolic content and the DPPH radical
scavenging activity better than other extracts. The extract had a lower CA content than the
sequential 50% ethanol extract. Thus, it is suspected that CA is not the only phenolic in P.
indica stems that plays a role in scavenging DPPH radicals. The presence of other phenolic
compounds, or other natural compounds that are synergistic in the 50% ethanol extract, is
suspected of playing a role in providing better antiradical activity than the graded 50% ethanol
extract. Different things happened in the ABTS and RP tests. In both tests, 50%-ethanol

(sequential) gave better antioxidant activity.

There are several chemical approaches for measuring plant antioxidant capacity. The
antioxidant chemical-based assay's mode of action, namely electron transfer, hydrogen
transfer, and metal reduction (19). The DPPH and ABTS methods are included in reactions
based on electron and hydrogen transfer. The DPPH technique is an in vitro approach that is
simple, inexpensive, and frequently used to assess the antioxidant activity of natural materials
(20). This method describes the antiradical activity of the sample more than as an antioxidant
activity. Antiradical activity refers to a compound's capacity to react with a free radical, whereas
antioxidant activity refers to a compound's ability to block the oxidation process (21).
Meanwhile, ABTS is capable of measuring the capacity of both lipophilic and hydrophilic
antioxidants. ABTS radicals are more reactive than DPPH radicals. The chemical interaction
between antioxidants and ABTS radicals is relatively quick (22). Another method, RP, is based
on an increase in absorbance from the reaction between the antioxidant and a mixture of

potassium ferricyanide, trichloro acetic acid, and ferric chloride reagents, which demonstrating



the strength of antioxidants in reducing metals (20). However, measuring antioxidant activity
in vitro has limitations since DPPH and ABTS are not naturally occurring oxidants in the body.
The radical quenching reactions that occur in these assays are often quick, unlike in the
occurrence of a slower reaction in the body. In addition, whereas antioxidants have significant
antioxidant effects in chemical tests, they can function as pro-oxidants in dietary and biological
systems (19).

The variety of phenolic types and the complexity of the composition of these chemicals
in plants make the separation of antioxidants phenolic inefficient and expensive (17). Other
compounds that can also act as antioxidants are phytosterols (23), flavonoids, minerals,
organosulfur, vitamins, carotenoids, etc.(24). The crude often provides more significant
antioxidant benefits than the individual forms. In addition, the measurement of antioxidant
activity with specific methods was only carried out under adjusted conditions. Determining the
overall antioxidant capacity of the sample should also be done using additional techniques,
exceptionally those capable of evaluating the efficiency of antioxidants against specific
ROS/RNS (17). Studying the types of other phenolic compounds in P. indica stems is still
possible. Thus, the use of P. indica stems as a source of antioxidants can continue to be
developed, for example, in the therapy of metabolic syndrome, as a preservative, and as

natural food supplements.
CONCLUSIONS

Based on this research, CA in P. indica stems can be extracted well using 50% ethanol
solvent either by direct or sequential extraction. The sequential-ethanol extract contains more
CA than the ethanol extract obtained from direct extraction. Meanwhile, more phenolic content
was found in extracts produced from direct extraction. The extracts also provided better
antioxidant activity. It is still important to search for phenolic substances besides CA, which

functions as an antioxidant in P. indica stems.
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Tab. 1. Antioxidant activity from P. indica stem extracts.

Antioxidant activities

Samples DPPH (mg QE/100 ABTS (umol TE/g  RP (umol TE/g

g DW)

DW)

DW)

50%-ethanol extract

(direct)

189.210+0.01

17.624+0.345

40.069+0.214

50%-ethanol extract

143.198+0.02

34.837+0.126

42.854+0.909

(sequential)
Ethyl acetate extract 1.209+0.05 nd nd

(sequential)
n-hexane extract 0.597+0.03 nd nd

(sequential)

Note: DW = dry weight; nd = not detected; QE = quercetin equivalent; TE = Trolox equivalent
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Fig 1. Chlorogenic acid (5-CQA)
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Fig. 2. Extraction procedures of P. indica dried stem



Fig. 3. The results of phenolic compounds screening in P. indica stem extracts with 5%
FeCls reagent. A = 50%-ethanol extract (direct); B = 50%-ethanol extract (sequential); C =

ethyl acetate extract (sequential); D = n-hexane extract (sequential)
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ARTICLE INFO ABSTRACT

Received 17 March 2023 Chlorogenic acid (CA) is an important phenolic acid antioxidant. It is found in Pluchea
Accepted 28 August 2023 indica L. (Asteraceae). However, it has only been extensively studied in the leaves, while
Keywords: studies on the stems have not been reported. This study aimed to identify and measure
Beluntas, the levels of CA in the stem extract of P. indica. The extract was also determined for its
glfl)%rggenic acid, antioxidant activities. In the course of the work, P. indica stems powder was extracted using

ultrasonic-assisted extraction,

sequential extraction.

the ultrasonic-assisted extraction (UAE) technique employing 50% ethanol as solvent
directly and sequentially. The extract was then measured for total phenolic content (TPC)
and CA content using RP-HPLC. Meanwhile, antioxidant activities were determined by
the DPPH, ABTS, and reducing power (RP) methods. TPC in the sequential and the direct
of P indica stems ethanol extracts were 1.4694+0.0228 and 1.9314+0.0318 mgGAE/g DW,
respectively. We found that the CA content of 50% ethanol extract of P. indica stems
from sequential extraction (0.2045+0.0128 %, w/w) was higher than 50% ethanol extract
from direct extraction (0.1984+0.0113%, w/w). The two extracts demonstrated good
antioxidant capacity, while the ethyl acetate and n-hexane extracts did not. Identifying
of other antioxidants phenolics using other extracting methods still needs further study.

INTRODUCTION

Chlorogenic acid (CA) is an important phenolic deriva-
tive of caffeoylquinic acid (CQA). CA (or 5-CQA) consists
of a quinic acid core which is acylated with one moiety
of caffeic acid at the C-5 (Figure 1) [1]. CA is applicable
as an antioxidant, anti-inflammatory, antidiabetic, anti-obe-
sity, anti-hypertensive, antimicrobial, etc.[1]. The caffeic
acid group in CA plays a critical role in its activity as an
antioxidant. According to Kritsi e al., CA has antioxidant
activity through the interaction of hydrogen bonds on the
receptor binding sites of NADPH oxidase, cytochrome P450,
and myeloperoxidase [2]. CA can be extracted from plant
materials using ultrasound-assisted extraction (UAE) [3].
CA can be analyzed qualitatively or quantitatively using
High-performance liquid chromatography (HPLC) [4]
with a C18 column with a UV or DAD detector [4].

CA is found in many plants [3]. One source of CA
from plants is Pluchea indica L. (Asteraceae), especially
the leaves [5-8]. The P. indica leaves were more explored
than other plant parts. P, indica stems also contained a rela-
tively high total phenolic content in 50% ethanol extract
compared to flowers and roots [9]. The importance of CA

* Corresponding author
e-mail: ermy0907@uhamka.ac.id

Vol. 37, No. 1, Pages xx

compounds as a source of antioxidants that can reduce free
radicals needs to be explored. Indeed, the quantification of
CA in 50%-ethanol extract of P. indica stems has never
been reported. In the present study, quantification of the
compound in P, indica stems was carried out as an ethanol
extract (obtained directly and sequentially), using RP-HPLC
analysis. Subsequently, the antioxidant activities of the
extracts were studied.

0] OH
HW\ OH CH
OH O ™ OH
(e}
Figure 1. Chlorogenic acid (5-CQA)

MATERIALS AND METHODS

Chemicals

CA and gallic acid as reference were purchased from
MarkHerb, Institut Teknologi Bandung (ITB), Bandung,
Indonesia. Ethanol, ethyl acetate, and n-hexane (PT. Brataco,
Indonesia) were used as extraction solvents. Methanol,
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acetic acid, and water for HPLC grade (Merck, Germany)
were used for HPLC analysis.

Plant material

P, indica stems were collected on November 2021 from
the Biopharmaceutical Cultivation Conservation Unit,
Tropical Biopharmaca Research Center (TropBRC), Institut
Pertanian Bogor (IPB), Bogor, Indonesia, with voucher
number: BMKO0188092016. The stems were cleaned and
air-dried. The dried stems were then powdered and stored
in a dry container protected from light.

Extraction

Extraction is divided into two ways, namely direct extrac-
tion and sequential extraction. In our work, each five g of
stem-dried powder was extracted with 50 mL of solvent. In
summary, the extraction procedure is presented in Figure 2.
The extraction process was carried out using the UAE tech-
nique following the protocol in Kongkiatpaiboon et al., [6],
and was performed in an ultrasonic bath (Branson 5510)
40 kHz at 40°C for 15 min, with the filtrate being sepa-
rated from the residue by filtration. The residue was then
re-extracted using new solvent 3 times. Each filtrate was
subsequently collected and made up to 50 mL (here-to-after,
referred to as ‘liquid extract’). Extraction of each sample
was carried out for 5 replications.

R indica
dried stem . g
Direct Extraction Sequential extraction
Extraction using Extraction using
50% ethanol rHexane
Residue Direct-50% Residue nHexane
ethanol o | extract
raction wsing
m ethyl acetate
Residue Ethyl acetate
] extract
Extraction using
50% ethancl
Residue Sequential-50%
ethanol extract

Figure 2. Extraction procedures of P, indica dried stem material

Polyphenol Screening

Screening of phenolic compounds was carried out quali-
tatively using a 5% FeCl, reagent. The positive result of
the reaction is indicated by the formation of a blue-black
colour [10].

Total Phenolic Content Assay

Colorimetry was used to determine total phenolic content
following the Hikmawanti ef al., [11] procedure with slight
modifications. Gallic acid was used as a standard. For cali-
bration, the gallic acid solution was prepared with variation
concentrations: 1.1x102, 1.7x102, 2.3x1072, 2.9x107, and
3.5x10? mg/mL. Each extract was diluted 20 times using
ethanol. Both extract and standard (0.3 mL) were mixed
with 1.5 mL of the Folin-ciocalteu (1:10 in water) and left
for 3 min. Afterwards, 1.2 mL of sodium carbonate solution
(7.5%) was added to the mixture, homogenized, and then
incubated at room temperature for 110 min. The absorbance

was measured at 765.10 nm with a spectrophotometer
UV-Vis (UV-1900i Series, Shimadzu, Kyoto, Japan). The
total phenolic content was expressed as gallic acid equiva-
lent (mg GAE/g of the dried sample). The test was carried
out in triplet (mean + SD).

HPLC condition for analysis of CA

CA analysis followed the protocol of Kongkiatpaiboon e?
al., (2648)6)-with slight modification, and was undertaken
at The Advanced Characterization Laboratories Cibinong-
Integrated Laboratory of Bioproduct, National Research
and Innovation Agency (BRIN), Indonesia. CA (as an
external standard) was prepared at a concentration of 10
mg/mL in ethanol. The standard solution was then diluted
to 1.0, 2.0, 6.0, and 7.5 mg/mL. Each solution was filtered
using a 0.45 um filter and injected into the HPLC system.
The injection volume of the sample was 5 pL.. The HPLC
system (Shimadzu Prominence-i LC-2030C 3D Plus), which
includes a quaternary pump, a degasser and an autosampler,
is combined with a photodiode array (PDA) detector in the
HPLC apparatus. HPLC separation was performed using a
Shim Pack GIST C18 column (150 mmL. x 4.6 mm L.D.,
4 pm) as the stationary phase at 25°C. Acetic acid 0,5% in
water (A) and methanol (B) was used as the mobile phase
via gradient elution (10% B to 50% B in A for 40 min and
100% B for 10 min), as stated in Kongkiatpaiboon et al., [6].
The flow rate was 1.0 mL/min. Separation was monitored
at 326 nm.

DPPH assay

A 0.1 mM DPPH solution was prepared in methanol.
Quercetin (1x10> mg/mL) in methanol was used as a refer-
ence. Initially, each sample of both extract and quercetin
(1 mL) was separately reacted with 0.1 mM DPPH (4 mL).
After incubation for 30 min at room temperature in the
dark, the reaction of the mixture was measured at 516 nm
against a methanol blank, using a UV-Vis spectrophotometer
(UV-1900 Series, Shimadzu, Kyoto, Japan) [12].

ABTS assay

Antioxidant activity assay against ABTS radicals was
carried out by microtiter assay. Accordingly, 180 ul of ABTS
radical (ABTS"), prepared 12-16 h beforehand, was reacted
with 20 pl of the extract test solution in a 96-well flat-bot-
tom microplate. After 5 min of incubation, the absorbance
was measured at 750 nm, using an iMark microplate reader
(BioRad, Shanghai, China) [13]. Trolox was employed
as a reference (0.1-0.8 mmol/L). The results are expressed
as umol Trolox equivalent per g dry weight sample (umol
TE/g DW).

RP assay

The ability of antioxidants to reduce iron was determined
by reducing power assay following the protocol of Khatua
et al. [13]. The tests were carried out in 96-well flat-bottom
microplates. A total of 10 pul of the extract test solution was
reacted with 25 ul of 0.2 M phosphate buffer (pH 6.6), and
25 pl of potassium ferricyanide (1%, w/v). After 20 min
incubated (at room temperature), 25 pl of TCA 10% (w/v)
was added. Subsequently, 5 pl of distilled water and 8.5 pul of
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Iron (IIT) chloride was added in. The mixture was shaken for
10 s at medium speed, then incubated at room temperature
for 15 min. The absorbance was measured at 750 nm using
a iMark microplate reader (BioRad, Shanghai, China) [13].
Trolox was employed as a reference (0.1-0.8 mmol/L). The
results are expressed as pmol Trolox equivalent per g dry
weight sample (pmol TE/g DW).

RESULTS

The 50%-cthanol extracts of P. indica stems, both
obtained from direct and sequential extraction, were detected
to contain phenolics based on the test with a 5% FeCl,
reagent (Figure 3). The two extracts were then analysed for
the total phenolics content via a UV-Visible spectropho-
tometer. Total phenolics content in the sequential and the
direct P. indica stems ethanol extracts were 1.4694+0.0228
and 1.9314+0.0318 mgGAE/g dried powder, respectively.

il

A - 50%-ethanol extract (direct); B - 50%-ethanol extract (sequential);
C - ethyl acetate extract (sequential); D - n-hexane extract (sequential)

Figure 3. The results of phenolic compounds screening in P, indica
stem extracts with 5% FeCl3 reagent

Analysis of CA in ethanol extracts of P. indica stems
was performed using RP-HPLC at 326 nm as the maximum
wavelength [6]. Figure 4 shows the HPLC chromatograms
of the standard CA (A, retention time = 23.042 min), the
sequential-ethanol extract (B), and the direct-ethanol extract
(C) of P. indica stems. The chromatogram showed the
presence of CA in the sequential-ethanol extract and the
direct-ethanol extract of P. indica stems at retention times
0f 22.702 dan 22.946 min, respectively. The equation of the
line obtained from the CA calibration curve is y=1628x—
3E+06 (R*=0.9991). The quantification of CA in the sequen-
tial-ethanol extract and the direct-ethanol extract of P. indica
stems were 0.2045+0.0128 and 0.1984+0.0113% (w/w),
respectively.

The antioxidant activity of the stem extract of P. indica
was tested by way of application of the DPPH, ABTS and
RP methods. Table 1 shows the summary of the antioxidant
activity of the extracts. The two ethanol extracts (direct and
sequential) provide an overview of the activity of reducing
radicals (both DPPH' and ABTS"") and metal ions (through
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Figure 4. RP-HPLC Chromatogram of chlorogenic acid (CA) as
a standard (at 2.0 mg/mL) and ethanolic extracts of P. indica stem

iron reduction). The ethyl acetate and n-hexane extracts did
not provide an overview of antioxidant capacity.

Table 1. Antioxidant activity from P, indica stem extracts

Antioxidant activities
ABTS RP

Samples DPPH

(mg QE/100 g DW)

(p_mol TE/g DW)

(p_mol TE/g DW)

50%-ethanol
extract (direct)

189.210+0.01

17.624+0.345

40.069+0.214

50%-ethanol
extract (sequential)

143.198+0.02

34.837+0.126

42.854+0.909

Ethyl acetate
extract (sequential)

1.209+0.05

nd

nd

n-hexane extract
(sequential)

0.597+0.03

nd

nd

Note: DW - dry weight; nd - not detected; QE - quercetin equivalent;
TE - Trolox equivalent

DISCUSSION

CA is a compound biosynthesized through the shikimate
pathway in plants from various families, including Astera-
ceae [14]. It is accumulated in leaves, stems, roots, fruits
and other organs at different levels [15]. Extraction is the
initial step in separating metabolites from the plant matrix
for identification [16]. To measure the quantity of CA in
P indica extract, the HPLC technique might be used for
routine analysis [6]. This method is proven to be fast, precise
and accurate. In previous study, it was reported that CA, as
one of the phenolics of P. indica leaves, can be efficently
extracted using 50% ethanol solvent with UAE [6]. In the
present study, phenolic extraction was performed using 50%
ethanol solvent, directly and sequentially, by way of use of
the UAE technique. CA was detected and quantified in 50%
ethanol extract (both obtained from direct and sequential
extraction). Compared with the levels of CA in P. indica
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leaves in the study of Kongkiatpaiboon ef al. [6], the content
of this compound in the ethanol extract of P. indica stems
was lower. The levels of CA in P, indica leaves were in the
range of 2.67% (w/w) [6], while that in stem extracts (in the
present study) were in the range of 0.19-0.2% (w/w). Direct
extraction allows metabolites with a polarity corresponding
to 50% ethanol to be extracted in it (crude), thus the con-
centration of the target compound in this extract is lower.
Through sequential extraction, it is expected that other
compounds extracted sequentially in n-hexane and ethyl
acetate are not found in the 50% ethanol extract. With the
elimination of these compounds (such as components of fat,
chlorophyll, etc.), it is hoped that phenolics (especially CA)
can be effectively extracted in 50% ethanol solvent [17].
In general, CA is soluble in low concentrations of alcohol
or alcohol-water mixtures. This compound is insoluble in
non-polar solvents, such as benzene, chloroform, or ether.
The high solubility in an alcohol-water mixture is related to
the large number of free hydroxyl groups [18].

In this study, the high phenolic content in the extract was
linear with its antiradical DPPH activity. The direct 50%
ethanol extract had high phenolic content and the DPPH
radical scavenging activity was better than that with other
extracts. The extract had, however, a lower CA content than
the sequential 50% ethanol extract. Thus, it is suspected
that CA is not the only phenolic in P. indica stems that
plays a role in scavenging DPPH radicals. The presence of
other phenolic compounds, or other natural compounds that
are synergistic in the 50% ethanol extract, is suspected of
playing a role in providing better antiradical activity than
the graded 50% ethanol extract. In the ABTS and RP tests,
50%-ethanol (sequential) gave better antioxidant activity.

There are several chemical approaches for measuring
plant antioxidant capacity. The antioxidant chemical-based
assay's mode of action is that of electron transfer, hydrogen
transfer and metal reduction [19]. The DPPH and ABTS
methods are included in reactions based on electron and
hydrogen transfer. The DPPH technique is an in vitro
approach that is simple, inexpensive and frequently used to
assess the antioxidant activity of natural materials [20]. This
method describes the antiradical activity of the sample more
than as an antioxidant activity. Antiradical activity refers to
a compound's capacity to react with a free radical, whereas
antioxidant activity refers to a compound's ability to block
the oxidation process [21]. Meanwhile, ABTS is capable of
measuring the capacity of both lipophilic and hydrophilic
antioxidants. ABTS radicals are more reactive than DPPH
radicals. The chemical interaction between antioxidants and
ABTS radicals is relatively quick [22]. Another method,
RP, is based on an increase in absorbance from the reaction
between the antioxidant and a mixture of potassium fer-
ricyanide, trichloro acetic acid and ferric chloride reagents,
which demonstrates the strength of antioxidants in reducing
metals [20]. However, measuring antioxidant activity in vitro
has limitations, since DPPH and ABTS are not naturally
occurring oxidants in the body. The radical quenching reac-
tions that occur in these assays are often quick, unlike in
the occurrence of a slower reaction in the body. In addition,
whereas antioxidants have significant antioxidant effects in

chemical tests, they can function as pro-oxidants in dietary
and biological systems [19].

The variety of phenolic types and the complexity of the
composition of these chemicals in plants make the separa-
tion of antioxidants phenolic inefficient and expensive [17].
Other compounds that can also act as antioxidants are phy-
tosterols [23], flavonoids, minerals, organosulfur, vitamins,
carotenoids, etc. [24]. Moreover, the crude often provides
more significant antioxidant benefits than the individual
forms. In addition, the measurement of antioxidant activity
with specific methods is usually only carried out under
adjusted conditions. Determining the overall antioxidant
capacity of the sample should, therefore, be also done using
additional techniques, exceptionally those capable of evalu-
ating the efficiency of antioxidants against specific ROS/
RNS [17]. Studying the types of other phenolic compounds
in P. indica stems is still possible. Thus, the use of P. indica
stems as a source of antioxidants can continue to be devel-
oped, for example, in the therapy of metabolic syndrome, as
a preservative, and as natural food supplements.

CONCLUSIONS

Based on this research, CA in P. indica stems can be
efficently extracted using 50% ethanol solvent either by
direct or sequential extraction. The sequential-ethanol
extract contains more CA than the ethanol extract obtained

from direct extraction. Meanwhile, morephenelic-eentent
was-found-in-extraets-produced-from-direet-extraetion—The

extracts also provided better antioxidant activity. It is impor-
tant, therefore, to search for phenolic substances besides CA
that function as antioxidants in P. indica stems.
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ARTICLE INFO ABSTRACT

Received 17 March 2023 Chlorogenic acid (CA) is an important phenolic acid antioxidant. It is found in Pluchea
Accepted 28 August 2023 indica L. (Asteraceae). However, it has only been extensively studied in the leaves, while
Keywords: studies on the stems have not been reported. This study aimed to identify and measure
Beluntas, the levels of CA in the stem extract of P. indica. The extract was also determined for its
glfl)%rggenic acid, antioxidant activities. In the course of the work, P. indica stems powder was extracted using

the ultrasonic-assisted extraction (UAE) technique employing 50%-ethanol as solvent
directly and sequentially. The extract was then measured for total phenolic content (TPC)
and CA content using RP-HPLC. Meanwhile, antioxidant activities were determined by
the DPPH, ABTS, and reducing power (RP) methods. TPC in the sequential and the direct
of P indica stems ethanol extracts were 1.4694+0.0228 and 1.9314+0.0318 mgGAE/g DW,
respectively. We found that the CA content of 50%-ethanol extract of P. indica stems
from sequential extraction (0.2045+0.0128%, w/w) was higher than 50%-ethanol extract
from direct extraction (0.1984+0.0113%, w/w). The two extracts demonstrated good
antioxidant capacity, while the ethyl acetate and n-hexane extracts did not. Identifying
of other antioxidants phenolics using other extracting methods still needs further study.

ultrasonic-assisted extraction,
sequential extraction.

INTRODUCTION

Chlorogenic acid (CA) is an important phenolic deriva-
tive of caffeoylquinic acid (CQA). CA (or 5-CQA) consists
of a quinic acid core which is acylated with one moiety
of caffeic acid at the C-5 (Figure 1) [1]. CA is applicable as
an antioxidant, anti-inflammatory, antidiabetic, anti-obesity,
anti-hypertensive, antimicrobial, etc.[1]. The caffeic acid
group in CA plays a critical role in its activity as an anti-
oxidant. According to Kritsi et al. [2], CA has antioxidant
activity through the interaction of hydrogen bonds on the
receptor binding sites of NADPH oxidase, cytochrome P450,
and myeloperoxidase [2]. CA can be extracted from plant
materials using ultrasound-assisted extraction (UAE) [3].
CA can be analyzed qualitatively or quantitatively using
High-performance liquid chromatography (HPLC) [4]
with a C18 column with a UV or DAD detector [4].

CA is found in many plants [3]. One source of CA
from plants is Pluchea indica L. (Asteraceae), especially
the leaves [5-8]. The P. indica leaves were more explored
than other plant parts. P, indica stems also contained a rela-
tively high total phenolic content in 50%-ethanol extract
compared to flowers and roots [9]. The importance of CA

* Corresponding author
e-mail: ermy0907@uhamka.ac.id

compounds as a source of antioxidants that can reduce free
radicals needs to be explored. Indeed, the quantification
of CA in 50%-ethanol extract of P. indica stems has never
been reported. In the present study, quantification of the
compound in P, indica stems was carried out as an ethanol
extract (obtained directly and sequentially), using RP-HPLC
analysis. Subsequently, the antioxidant activities of the
extracts were studied.

0] OH
H OH OH
OH O ™
e}
Figure 1. Chlorogenic acid (5-CQA)

OH

MATERIALS AND METHODS

Chemicals

CA and gallic acid as reference were purchased from
MarkHerb, Institut Teknologi Bandung (ITB), Bandung,
Indonesia. Ethanol, ethyl acetate, and n-hexane (PT. Brataco,
Indonesia) were used as extraction solvents. Methanol,
acetic acid, and water for HPLC grade (Merck, Germany)
were used for HPLC analysis.

© 2023 Author(s). This is an open access article distributed under the Creative Commons Attribution-NonComercial-No Derivs licence

(http://creativecommons.org/licenses/by-nc-nd/3.0/)
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Plant material

P, indica stems were collected on November 2021 from
the Biopharmaceutical Cultivation Conservation Unit,
Tropical Biopharmaca Research Center (TropBRC), Institut
Pertanian Bogor (IPB), Bogor, Indonesia, with voucher
number: BMKO0188092016. The stems were cleaned and
air-dried. The dried stems were then powdered and stored
in a dry container protected from light.

Extraction

Extraction is divided into two ways, namely direct extrac-
tion and sequential extraction. In our work, each five g
of stem-dried powder was extracted with 50 mL of solvent. In
summary, the extraction procedure is presented in Figure 2.
The extraction process was carried out using the UAE tech-
nique following the protocol in Kongkiatpaiboon et al. [6],
and was performed in an ultrasonic bath (Branson 5510)
40 kHz at 40°C for 15 min, with the filtrate being sepa-
rated from the residue by filtration. The residue was then
re-extracted using new solvent 3 times. Each filtrate was
subsequently collected and made up to 50 mL (here-to-after,
referred to as ‘liquid extract’). Extraction of each sample
was carried out for 5 replications.

R indica
dried stem . g
Direct Extraction Sequential extraction
Extraction using Extraction using
50% ethanol rHexane
Residue Direct-50% Residue nHexane
ethanol o | extract
raction wsing
m ethyl acetate
Residue Ethyl acetate
] extract
Extraction using
50% ethancl
Residue Sequential-50%
ethanol extract

Figure 2. Extraction procedures of P, indica dried stem material

Polyphenol Screening

Screening of phenolic compounds was carried out
qualitatively using a 5% FeCl, reagent. The positive result
of the reaction is indicated by the formation of a blue-black
colour [10].

Total Phenolic Content Assay

Colorimetry was used to determine total phenolic content
following the Hikmawanti ef al. [11] procedure with slight
modifications. Gallic acid was used as a standard. For cali-
bration, the gallic acid solution was prepared with variation
concentrations: 1.1x102, 1.7x102, 2.3x1072, 2.9x107, and
3.5x10? mg/mL. Each extract was diluted 20 times using
ethanol. Both extract and standard (0.3 mL) were mixed
with 1.5 mL of the Folin-ciocalteu (1:10 in water) and left
for 3 min. Afterwards, 1.2 mL of sodium carbonate solution
(7.5%) was added to the mixture, homogenized, and then
incubated at room temperature for 110 min. The absor-
bance was measured at 765.10 nm with a spectrophotom-
eter UV-Vis (UV-1900i Series, Shimadzu, Kyoto, Japan).

34

The total phenolic content was expressed as gallic acid
equivalent (mg GAE/g of the dried sample). The test was
carried out in triplet (mean + SD).

HPLC condition for analysis of CA

CA analysis followed the protocol of Kongkiatpaiboon
et al. [6] with slight modification, and was undertaken
at The Advanced Characterization Laboratories Cibinong-
Integrated Laboratory of Bioproduct, National Research
and Innovation Agency (BRIN), Indonesia. CA (as an
external standard) was prepared at a concentration of 10
mg/mL in ethanol. The standard solution was then diluted
to 1.0, 2.0, 6.0, and 7.5 mg/mL. Each solution was filtered
using a 0.45 um filter and injected into the HPLC system.
The injection volume of the sample was 5 pL.. The HPLC
system (Shimadzu Prominence-i LC-2030C 3D Plus), which
includes a quaternary pump, a degasser and an autosampler,
is combined with a photodiode array (PDA) detector in the
HPLC apparatus. HPLC separation was performed using a
Shim Pack GIST C18 column (150 mmL. x 4.6 mm L.D.,
4 pm) as the stationary phase at 25°C. Acetic acid 0,5% in
water (A) and methanol (B) was used as the mobile phase
via gradient elution (10% B to 50% B in A for 40 min and
100% B for 10 min), as stated in Kongkiatpaiboon et al. [6].
The flow rate was 1.0 mL/min. Separation was monitored
at 326 nm.

DPPH assay

A 0.1 mM 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
solution was prepared in methanol. Quercetin (1x10% mg/
mL) in methanol was used as a reference. Initially, each
sample of both extract and quercetin (1 mL) was sepa-
rately reacted with 0.1 mM DPPH (4 mL). After incubation
for 30 min at room temperature in the dark, the reaction
of the mixture was measured at 516 nm against a methanol
blank, using a UV-Vis spectrophotometer (UV-1900 Series,
Shimadzu, Kyoto, Japan) [12].

ABTS assay

Antioxidant activity assay against 2,2'-azino-bis(3-eth-
ylbenzothiazoline-6-sulfonic acid) (ABTS) radicals was
carried out by microtiter assay. Accordingly, 180 uL of ABTS
radical (ABTS""), prepared 12-16 h beforehand, was reacted
with 20 pL of the extract test solution in a 96-well flat-
bottom microplate. After 5 min of incubation, the absorbance
was measured at 750 nm, using an iMark microplate reader
(BioRad, Shanghai, China) [13]. Trolox was employed
as a reference (0.1-0.8 mmol/L). The results are expressed
as umol Trolox equivalent per g dry weight sample (umol
TE/g DW).

RP assay

The ability of antioxidants to reduce iron was determined
by reducing power (RP) assay following the protocol of
Khatua et al. [13]. The tests were carried out in 96-well
flat-bottom microplates. A total of 10 pL of the extract
test solution was reacted with 25 pL of 0.2 M phosphate
buffer (pH 6.6), and 25 uL of potassium ferricyanide (1%,
w/v). After 20 min incubated (at room temperature), 25 uL
of Trichloroacetic Acid (TCA) 10% (w/v) was added.
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Subsequently, 5 puL of distilled water and 8.5 pL of Iron
(IIT) chloride was added in. The mixture was shaken for 10 s
at medium speed, then incubated at room temperature for
15 min. The absorbance was measured at 750 nm using
a iMark microplate reader (BioRad, Shanghai, China) [13].
Trolox was employed as a reference (0.1-0.8 mmol/L).
The results are expressed as umol Trolox equivalent per g
dry weight sample (umol TE/g DW).

RESULTS

The 50%-cthanol extracts of P. indica stems, both
obtained from direct and sequential extraction, were detected
to contain phenolics based on the test with a 5% FeCl,
reagent (Figure 3). The two extracts were then analysed for
the total phenolics content via a UV-Visible spectropho-
tometer. Total phenolics content in the 50%-cthanol extract
of P, indica stems from sequential and direct extraction were
1.4694+0.0228 and 1.9314+0.0318 mgGAE/g dried powder,
respectively.

A - 50%-ethanol extract (direct); B - 50%-ethanol extract (sequential);
C - ethyl acetate extract (sequential); D - n-hexane extract (sequential)

Figure 3. The results of phenolic compounds screening in P, indica
stem extracts with 5% FeCl, reagent

Analysis of CA in ethanol extracts of P. indica stems
was performed using RP-HPLC at 326 nm as the maximum
wavelength [6]. Figure 4 shows the HPLC chromatograms
of the standard CA (A, retention time = 23.042 min),
the 50%-ethanol extract (sequential) (B), and the 50%-
ethanol extract (direct) (C) of P. indica stems. The chro-
matogram showed the presence of CA in the 50%-ethanol
extract (sequential) and the 50%-ethanol extract (direct)
of P. indica stems at retention times of 22.702 dan 22.946
min, respectively. The equation of the line obtained from the
CA calibration curve is y=1628x—3E+06 (R*=0.9991). The
quantification of CA in the 50%-cthanol extract (sequential)
and the 50%-ethanol extract (direct) of P, indica stems were
0.2045+0.0128 and 0.1984+0.0113% (w/w), respectively.

The antioxidant activity of the stem extract of P. indica
was tested by way of application of the DPPH, ABTS and
RP methods. Table 1 shows the summary of the antioxidant
activity of the extracts. The two ethanol extracts (direct and
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Figure 4. RP-HPLC Chromatogram of chlorogenic acid (CA) as
a standard (at 2.0 mg/mL) and ethanolic extracts of P. indica stem

sequential) provide an overview of the activity of reducing
radicals (both DPPH" and ABTS"") and metal ions (through
iron reduction). The ethyl acetate and n-hexane extracts did
not provide an overview of antioxidant capacity.

Table 1. Antioxidant activity from P, indica stem extracts

Antioxidant activities
ABTS RP

Samples DPPH

(mg QE/100 g DW),

(pmol TE/g DW)

(pmol TE/g DW)

50%-ethanol
extract (direct)

189.210+0.01

17.624+0.345

40.069+0.214

50%-ethanol

143.198+0.02

34.837+0.126

42.854+0.909

extract (sequential)
Ethyl acetate
extract (sequential)
n-hexane extract 0.59740.03 nd nd
(sequential)

Note: DW - dry weight; nd - not detected; QE - quercetin equivalent;
TE - Trolox equivalent

1.209+0.05 nd nd

DISCUSSION

CA is a compound biosynthesized through the shiki-
mate pathway in plants from various families, including
Asteraceae [14]. It is accumulated in leaves, stems, roots,
fruits and other organs at different levels [15]. Extraction
is the initial step in separating metabolites from the plant
matrix for identification [16]. To measure the quantity of CA
in P, indica extract, the HPLC technique might be used for
routine analysis [6]. This method is proven to be fast, precise
and accurate. In previous study, it was reported that CA,
as one of the phenolics of P, indica leaves, can be efficently
extracted using 50%-ethanol solvent with UAE [6]. In the
present study, phenolic extraction was performed using
50%-ethanol solvent, directly and sequentially, by way of
use of the UAE technique. CA was detected and quantified
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in 50%-ethanol extract (both obtained from direct and
sequential extraction). Compared with the levels of CA
in P. indica leaves in the study of Kongkiatpaiboon ef al.
[6], the content of this compound in the ethanol extract of
P indica stems was lower. The levels of CA in P, indica
leaves were in the range of 2.67% (w/w) [6], while that in
stem extracts (in the present study) were in the range of
0.19-0.2% (w/w). Direct extraction allows metabolites with
a polarity corresponding to 50%-ethanol to be extracted in
it (crude), thus the concentration of the target compound
in this extract is lower. Through sequential extraction, it
is expected that other compounds extracted sequentially
in n-hexane and ethyl acetate are not found in the 50%-
ethanol extract. With the elimination of these compounds
(such as components of fat, chlorophyll, etc.), it is hoped
that phenolics (especially CA) can be effectively extracted
in 50%-ethanol solvent [17]. In general, CA is soluble
in low concentrations of alcohol or alcohol-water mixtures.
This compound is insoluble in non-polar solvents, such as
benzene, chloroform, or ether. The high solubility in an
alcohol-water mixture is related to the large number of free
hydroxyl groups [18].

In this study, the high phenolic content in the extract was
linear with its antiradical DPPH activity. The 50%-ethanol
extract (direct) had high phenolic content and the DPPH
radical scavenging activity was better than that with other
extracts. The extract had, however, a lower CA content than
the 50%-ethanol extract (sequential). Thus, it is suspected
that CA is not the only phenolic in P. indica stems that
plays a role in scavenging DPPH radicals. The presence
of other phenolic compounds, or other natural compounds
that are synergistic in the 50%-ethanol extract, is suspected
of playing a role in providing better antiradical activity than
the 50%-ethanol extract (sequential). In the ABTS and RP
tests, 50%-ethanol extract (sequential) gave better antioxi-
dant activity.

There are several chemical approaches for measuring
plant antioxidant capacity. The antioxidant chemical-based
assay's mode of action is that of electron transfer, hydrogen
transfer and metal reduction [19]. The DPPH and ABTS
methods are included in reactions based on electron and
hydrogen transfer. The DPPH technique is an in vitro
approach that is simple, inexpensive and frequently used to
assess the antioxidant activity of natural materials [20]. This
method describes the antiradical activity of the sample more
than as an antioxidant activity. Antiradical activity refers to
a compound's capacity to react with a free radical, whereas
antioxidant activity refers to a compound's ability to block
the oxidation process [21]. Meanwhile, ABTS is capable
of measuring the capacity of both lipophilic and hydrophilic
antioxidants. ABTS radicals are more reactive than DPPH
radicals. The chemical interaction between antioxidants and
ABTS radicals is relatively quick [22]. Another method,
RP, is based on an increase in absorbance from the reaction
between the antioxidant and a mixture of potassium fer-
ricyanide, trichloro acetic acid and ferric chloride reagents,
which demonstrates the strength of antioxidants in reducing
metals [20]. However, measuring antioxidant activity in
vitro has limitations, since DPPH and ABTS are not natu-
rally occurring oxidants in the body. The radical quenching
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reactions that occur in these assays are often quick, unlike
in the occurrence of a slower reaction in the body. In addition,
whereas antioxidants have significant antioxidant effects
in chemical tests, they can function as pro-oxidants
in dietary and biological systems [19].

The variety of phenolic types and the complexity of the
composition of these chemicals in plants make the separa-
tion of antioxidants phenolic inefficient and expensive [17].
Other compounds that can also act as antioxidants are phy-
tosterols [23], flavonoids, minerals, organosulfur, vitamins,
carotenoids, etc. [24]. Moreover, the crude often provides
more significant antioxidant benefits than the individual
forms. In addition, the measurement of antioxidant activity
with specific methods is usually only carried out under
adjusted conditions. Determining the overall antioxidant
capacity of the sample should, therefore, be also done using
additional techniques, exceptionally those capable of evalu-
ating the efficiency of antioxidants against specific ROS/
RNS [17]. Studying the types of other phenolic compounds
in P. indica stems is still possible. Thus, the use of P. indica
stems as a source of antioxidants can continue to be devel-
oped, for example, in the therapy of metabolic syndrome,
as a preservative, and as natural food supplements.

CONCLUSIONS

Based on this research, the total phenolic content in the
50%-ethanol extract of P, indica stems from direct extrac-
tion is more than the 50%-ethanol extract obtained from
sequential extraction. Meanwhile, the 50%-cthanol extract
from sequential extraction contains more CA than the 50%-
ethanol extract obtained from direct extraction. The extracts
also provided better antioxidant activity. It is important,
therefore, to search for phenolic substances besides CA that
function as antioxidants in P. indica stems.
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