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Abstract The chlorophyll content of the methanolic extract of Crotalaria medicaginea without
chlorophyll removal ranged from 0.50240.03 to 1.2440.06 mg/g extract, and with chlorophyll
removal ranged from 0.0940.01 to 0.18240.00 mg/g extract. The highest total phenolic content
using the Folin-Ciocalteu method was presented in the leaves extract without chlorophyll
removal as 48.3340.51 mg GEA/g extract. Moreover, the leaves extract without chlorophyll
removal showed the lowest antioxidant activity with 50% inhibitory concentration (ICsg) in
DPPH radical scavenging assay at 344.76 pg/ml. Besides, the root extract exhibited rich
potential for gram-positive bacteria, including Bacillus cereus, Bacillus subtilis, Kocuria
rhizophila, Staphylococcus aureus and Staphylococcus epidermidis. The overall results showed
that the extracts without chlorophyll removal had more efficiency than those with chlorophyll
removal. Hence, the phytochemical screening was investigated only in the methanolic extract
without chlorophyll removal. All extracts found alkaloids and coumarins, while tannins were
found only in roots and did not display saponins. The current study suggested that the extracts
of C. medicaginea Lam. gave the potential source of natural bioactive compounds.

Keywords: Antioxidant, Chlorophyll removal, Crotalaria medicaginea, Phytochemical, Total
phenolic content

Introduction

Medicinal plants are important in various ailments due to the bioactive
compounds hidden in those plants, such as alkaloids, flavonoids, coumarins and
tannins. These are mostly phenolic compounds, essential bioactive compounds
in plants presented as antimicrobial, antioxidant, anticarcinogen and anti-
inflammatory (Elangovan et al., 1994; Stavric, 1994; Ngoci et al., 2011).
Therefore, drug research is essential to evaluate biological activities and
identify and isolate natural bioactive or secondary metabolized compounds
from plant materials.
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Crotalaria medicaginea Lam. commonly known in Thai as Phak Wan
Ton, is a folk medicinal plant belonging to the genus Crotalaria and the family
Fabaceae. The distribution of this genus has been displayed in India, China and
Southeast Asia, such as Malaysia and Thailand (Niyomdham, 1978; Yadava
and Vishwakarma, 2014; Ninkaew et al., 2018). Most medicinal attributes have
been presented in the whole plant, traditionally used as an analeptic for
rheumatism and myofascial pain syndrome treatment (Ninkaew et al., 2018),
impetigo skin, and used as a blood tonic in anemia (Jain et al., 2009). Besides,
C. medicaginea contained bioactive compounds, including alkaloids, phenolics
and flavonoids, that highly presented antioxidant and antibacterial activities in
vivo and in vitro from ethanolic extract (Devendra et al., 2012). In addition,
bioactive compounds such as quercitrin, acacetin, isorhamnetin and new
allelochemicals have been isolated from methanolic extract of the stems of
C. medicaginea (Yadava and Vishwakarma, 2014). Those new allelochemicals
exhibited antimicrobial activities against various bacteria and inhibited the
growth of pathogenic fungi such as Aspergillus niger, Candida albican and
Mucor indicus.

Chlorophyll is almost present in green color, found in the chloroplast of
the leaves, stems and various parts of any green plants (Kwartiningsih et al.,
2021). Chlorophyll is an important component for the absorption of sunlight in
photosynthesis to provide energy (HGtensteiner and Kréautler, 2011).
Chlorophyll contains anti-inflammatory, antibacterial, antifungal, antioxidant,
wound healing, anticarcinogenic activity and detoxification activity (Breinholt
et al., 1995; Yin and Cheng, 1998; Ferruzzi and Blakeslee, 2007). Hence,
chlorophyll is widely used as alternative medicine, supplementary food, natural
food colorant, beverage and food industries. The plant leaves contain some
pharmacologically active. However, chlorophyll in the crude extract may
reduce the interest in products (Phaisan et al., 2020). Chlorophyll can dissolve
in a wide range of organic solvents (Phaisan et al., 2020) such as ethanol,
methanol, ethyl ester, petroleum ether, acetone and chloroform. Likewise,
chlorophyll can be inevitably contained in the processing of plant extraction at
various concentrations, presents the dark-greenish color of the extracts and
might interfere with the analysis or resulting extract. Therefore, the use of
extract was limited, especially in food applications, because the dark-greenish
color causes a change in color in food or hides other colors (Namal
Senanayake, 2013; Olatunde et al., 2018). Additionally, chlorophyll pigments
have wavelengths absorption between 400 and 700 nm. There is the
measurement range used to indicate biological endpoints. Thus, a greenish
color might interfere with in vitro and in vivo bioassay readings on
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fluorescence measurements, cause to inaccurate analysis (Denizot and Lang,
1986; DeGraff and Mitchell, 1987).

A previous study reported the ethanolic extracts  with
dechlorophyllization by sedimentation process had higher antioxidant activity
potential than those without dechlorophyllization (Tagrida and Benjakul, 2020).
Another method was reported as the effective method for chlorophyll removal
from Chromolaena odorata using various oils. Palm oil and soybean oil
showed high total phenolic and flavonoid content and high efficiency for
chlorophyll removal (Phaisan et al., 2020). Therefore, the study aimed to
investigate the phytochemicals, total phenolic contents, antioxidant and
antibacterial activities of C. medicaginea with and without chlorophyll
removal.

Materials and methods
Extraction of Crotalaria medicaginea

C. medicaginea was collected from Suphanburi province, Thailand. The
plants were separated into roots, stems and leaves. These were dried at 40C
and ground to powder. The maceration method was prepared for extraction in
one week. The mixture was filtrated and concentrated to obtain the methanolic
extract of roots, stems and leaves of C. medicaginea.

Chlorophyll removal

The method of chlorophyll removal from the extract has modified the
method of Phaisan et al. (2020) using palm oil by the liquid-liquid extraction
method. The crude extract of the stems and leaves without chlorophyll removal
was dissolved in methanol at the ratio of 1:20 (w/v). The mixtures were mixed
with palm oil and centrifuged at 5000 rpm for 25 min. The upper phase was
collected and concentrated to obtain crude extract with chlorophyll removal.

Determination of chlorophyll content

The stems and leaves were used to determine the chlorophyll content
following the method of Olatunde et al. (2018). The crude extracts were
dissolved with methanol to a concentration of 2 mg/ml, and measured
absorbance of wavelengths at 645 and 663 nm using a microplate reader. The
chlorophyll a, chlorophyll b and total chlorophyll content were calculated using
the below equations: Chlorophyll a (mg/ml) = 12.7 (Ass3) - 2.69 (Aess),
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Chlorophyll b (mg/ml) = 22.9 (Asss) - 4.68 (Ass3) and Total chlorophyll
(mg/ml) =20.2 (A645) + 8.02 (A553).

Determination of total phenolic content

Five different extracts of C. medicaginea consisted of roots, stems and
leaves without chlorophyll removal and stems and leaves with chlorophyll
removal. All extracts were estimated with the total phenolic content using the
Folin-Ciocalteu method modified from Chantarasaka et al. (2022). The reaction
was 10% Folin-Ciocalteu reagent, 7.5% sodium carbonate (Na,CO3), and gallic
acid was used as standard. The total phenolic content was presented as mg of
gallic acid equivalent (GAE)/g extract.

Determination of antioxidant activity

All extracts estimated the antioxidant activity using DPPH free radical
scavenging assay following the method of Armania et al. (2013) with few
modifications. The extract concentrations ranged from 125 to 2000 pg/ml. 0.1
mM methanolic DPPH was used as a reaction. The Trolox was used as
standard. Methanol was used instead of samples for control. The percentage of
DPPH radical scavenging activity was estimated following the below equations,
and antioxidant activity with 50% inhibitory concentration (1Cso) was examined
by GraphPad Prism 5.0 program.

Where A control IS the absorbance of the control and A sampie is the absorbance of
a sample or standard.

Evaluation of antibacterial activity

Five different extracts of C. medicaginea were evaluated for their
antibacterial activity against gram-positive bacteria, including Bacillus cereus,
Bacillus  subtilis, Kocuria rhizophila, Staphylococcus aureus and
Staphylococcus epidermidis and gram-negative bacteria, including Escherichia
coli and Pseudomonas aeruginosa. The antibacterial activity was estimated
using Kirby-Bauer's disc diffusion method, according to the CLSI adopted in
2012. The bacteria were cultured into Mueller- Hinton Broth (MHB). The
tested extract concentration was 2 mg/disc. One pg/disc of Gentamicin was
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used as a positive control, while methanol and Dimethyl sulfoxide (DMSO)
was used as the negative control.

Phytochemical screening

The primary phytochemical activity of methanolic extracts of
C. medicaginea was determined according to Lordkhem (2016), Sreeprasert
(2016), and Thiankathet et al. (2019)

Test of alkaloids

Each extract was prepared in 1% hydrochloric acid solution (HCI). The
mixtures were filtered and tested with three different reagents: Dragendorff's,
Mayer's, and Wagner's. The precipitates of the mixture solution were observed
and compared with the colchicine as a standard.

Test of tannins

Each extract was dissolved in distilled water, and 10% sodium
hydroxide (NaCl) was added. Three different reagents were used for testing,
including gelatin solution, gelatin salt solution, and 1% ferric chloride (FeCls).
The white residues of the mixture solution were observed on the test tubes,
which added gelatin solution and gelatin salt solution. The brownish-green or
dark blue precipitates were observed on the test tubes, adding 1% FeCls. Tannic
acid was used as a standard.

Test of coumarins

Each extract was dissolved in 50% ethanol and filtered by Whatman
paper no. 1. 6M NaOH was added. The dark green or dark yellow color was
compared with warfarin as a standard.

Test of saponins

The froth test was examined by dissolving the extracts in distilled water.
The mixtures were filtered and shaken. The stable foam was observed for about
30 min. The saponin solution was used as a standard.

Statistical analysis
The information was with the one-way analysis of variance (ANOVA)
by using the IBM SPSS Statistics program version 26 (SPSS Inc., USA).). The

multiple range tests were compared by Duncan's at the significant differences
(P<0.05). The GraphPad Prim 5.0 program was used to determine the ICxsp.
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Results
Extraction and chlorophyll removal

The extraction yield of roots was 3.70%, and stems and leaves without
chlorophyll removal were 4.02 and 16.96%, respectively. Stems and leaves
with chlorophyll removal were 0.33 and 0.44%, respectively. The methanolic
extracts of roots showed yellow color and powdered solid. Leaves without
chlorophyll removal showed a rather greenish-dark color than stems without
chlorophyll removal; both were viscous textures. However, the extract of the
leaves with chlorophyll removal showed a slightly greenish color when
compared with leaves without chlorophyll removal extracts. Stems with
chlorophyll removal showed brown-yellow color; both textures were powdered
solid.

Chlorophyll content in methanolic extracts

Chlorophyll a, chlorophyll b, and total chlorophyll content in
methanolic of stems and leaves extract without chlorophyll removal and with
chlorophyll removal were determined (Table 1). As a result, chlorophyll a,
chlorophyll b, and total chlorophyll in the extracts without chlorophyll removal
exhibited the highest chlorophyll content, especially in the leaves. However, the
chlorophyll content in stems and leaves with chlorophyll removal decreased.

Table 1. Chlorophyll content in methanolic extracts of C. medicaginea

Sample Chlorophylla  Chlorophyllb  Total chlorophyll
(mg/g) (mg/g) (mg/g)
Roots nd nd nd
Stems without chlorophyll removal 0.3540.02 0.1540.01 0.5040.03
Leaves without chlorophyll removal 0.7840.03 0.4610.03 1.2440.06
Stems with chlorophyll removal 0.0340.01 0.0640.00 0.0940.01
Leaves with chlorophyll removal 0.08490.00 0.1040.00 0.1840.00

nd = not determined

Determination of total phenolic content

The total phenolic content was calculated by a linear equation of
y = 0.0176X, R* = 0.9993, a linear calibration curve of gallic acid. The
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methanolic extract from leaves without chlorophyll removal and with
chlorophyll removal exhibited a high value of total phenolic content. However,
the results exhibited the highest total phenolic content in the leaves extracts
without chlorophyll removal as 48.33#0.51 mg GEA/g extract. The amount of
total phenolic content compared with stems (17.52 and 18.56 mg GEA/g
extract) and roots extract (19.62 mg GEA/g extract) showed no significant
differences in the extraction (Table 2).

Table 2. Total phenolic content and antioxidant activity in methanolic extracts
of C. medicaginea

Sample TPC DPPH

(mg GEA/g extract) (1Csp, g/ml)
Roots 19.6240.55 479.21
Stems without chlorophyll removal 18.560.40 881.50
Leaves without chlorophyll removal 48.334).51 344.76
Stems with chlorophyll removal 17.5240.75 1552.52
Leaves with chlorophyll removal 22.7840.35 532.98

ICso = 50% inhibitory concentration
Determination of antioxidant activity

Five different samples of methanolic extracts of C. medicaginea were
investigated for antioxidant activity using DPPH free radical scavenging assay.
All extracts exhibited high activity at the maximum concentration (2000 g/ml)
(Figure 1). Leaves extract without chlorophyll removal exhibited higher activity
than other extracts, which showed a percentage of DPPH radical scavenging
activity in the maximum concentration was 94.88+40.57%, followed by roots
extract (91.2340.74%). A percentage of DPPH radical scavenging activity of
stems and leaves with chlorophyll removal was reduced from those without
chlorophyll removal from 83.69#0.1 to 61.154#).78% and 94.884).57 to
80.9740.74%, respectively. It showed ICs, values in the extraction's DPPH
radical scavenging activity assay (Table 2). The leaves without chlorophyll
removal exhibited the highest antioxidant activity with an ICsy of 344.76 ug/ml.

Evaluation of antibacterial activity

The result showed roots extract exhibited more efficiency against five
gram-positive bacteria, including B. cereus, B. subtilis, K. rhizophila, S. aureus,
and S. epidermidis, as 10.03#0.03, 8.93#0).36, 9.6140.66, 7.33#0.24 and
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9.3440.80 mm, respectively. Stems without chlorophyll removal showed
antibacterial activity against B. cereus, B. subtilis, and K. rhizophila at
9.1240.23, 7.1040.15 and 7.8840.3 mm, respectively. The extraction from
leaves both with and without chlorophyll removal showed antibacterial activity
against only B. cereus and B. subtilis as 7.3940.22, 8.3840.35 mm and
8.4940.73, 9.9540.39 mm, respectively. Nonetheless, all extracts were unable
to against E. coli and P. aeruginosa.

100 DPPH scavenging assay

Q!

o2}
[=]

% Radical scavenging activity

0 500 1000 1500 2000 2500
Concentration (pg/ml)
—e—Roots Stems without chlorophy 1l removal
—#—TLeaves without chlorophyll removal Stems with chlorophyll removal

—#&—1 eaves with chlorophyll removal

Figure 1. The percentage of DPPH radical scavenging activity from different
parts of C. medicaginea at different concentrations

Phytochemical screening

The result showed that all extracts presented positive precipitation to
Dragendorff's, Mayer's, Wagner's reagents and color changed to green-yellow
or dark yellow when added 6M NaOH. The tannins test was examined using
gelatin solution, gelatin salt solution, and 1% FeCl;. The precipitation was
shown with roots extract and slightly with leaves when added 1% FeCls,
However, all extracts did not display saponin on the froth test (Table 3).
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Table 3. Phytochemical screening for different methanolic extracts of
C. medicaginea

Phytochemical Test/ Reagent Roots Stems Leaves
Dragendorffs's + + +
Alkaloid Mayer's + + +
Wagner's + + +
Gelatin solution + - -
Tannin Gelatin salt solution + - -
1% FeCI3 + - +
Coumarin 6M NaOH + + +
Saponin Froth test - -

Where + = presences and - = absent
Discussion

Presently, the plant genus of Crotalaria is wildly used in traditional
medicine. C. medicaginea, that local name is Phak Wan Ton, is one of the
species which has never been reported for its biological activities of methanolic
extract. Therefore, the study focused on the phytochemical activity, total
phenolic content, antioxidant and antibacterial activities of different parts of
C. medicaginea.

According to the results, the maceration method extracted three parts
(roots, stems and leaves) of samples. Only stems and leaves were applied to
remove chlorophyll using palm oil by liquid-liquid extraction because these
presented a greenish-dark color which interfered with the resulting analysis
(Namal Senanayake, 2013; Olatunde et al., 2018). The chlorophyll content in
stems and leaves with chlorophyll removal of C. medicaginea was determined
and compared to those of the extracts without chlorophyll removal. The stems
and leaves with chlorophyll removal exhibited lower chlorophyll a, chlorophyll
b and total chlorophyll content. Our results are related to a previous study that
reported the dechlorophyllization of guava leaf extracts showed that the
chlorophyll a, chlorophyll b and total chlorophyll content were reduced
(Olatunde et al., 2018). Our results were consistent with those previously
reported of Piper betle and Piper sarmentosum extracts with chlorophyll
removal using a sedimentation method, exhibited a total chlorophyll content
reduction by 23.08 and 10.19%, as documented by Tagrida and Benjakul
(2020).

The total phenolic content in this study was determined using the Folin-
Ciocalteu method. The leaves extract without chlorophyll removal showed
higher total phenolic content of 48.33#.51 mg GEA/g extract than other
extracts. Our result was similar to the same species (Crotalaria verrucosa
leaves extract), which exhibited a total phenolic content of approximately 41+
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1.1 mg GEA/g extract (Sana et al., 2020). Likewise, the ethanolic extract of
Crotalaria spectabilis exhibited total phenolic content of 40.84+1.1 mg GEA/g
extract (Suwanchaikasem et al., 2013). This study found that the stems and
leaves extracted with chlorophyll removal presented lower than those without
chlorophyll removal. According to Olatunde et al. (2018), the total phenolic
content of ethanolic guava leaf extract with decholophyllization was decreased.
Phaisan et al. (2020) described that the total phenolic content of Chromolaena
odorate extract that removed chlorophyll from palm oils was lower than the
control (without chlorophyll removal). It is similar to the decrease of total
phenolic content in lead seed extracts treated by chlorophyll removal (Benjakul
etal., 2014).

Furthermore, the result of the antioxidant activity is implicated in their
total phenolic content. The leaves extract without chlorophyll removal showed
the highest percentage of DPPH radical scavenging activity and exhibited the
lowest 1Cso in DPPH radical scavenging assay. Although the result of
antioxidant activity from roots extract and leaves extract with chlorophyll
removal showed slightly different total phenolic content. The free radical
inhibition values remained nearby not only phenolic compounds that provided
antioxidant activity but which non-phenolic antioxidants also donated to an
activity (Banerjee et al., 2005). In previous studies, Devendra et al. (2012)
reported the antioxidant activity of ethanolic leaf extracts from Crotalaria
species. As a result, presented C. medicaginea showed ICsy at 74.0 pg/ml,
which is lower activity than the extracts from this study. The low ICs, presented
a more effective antioxidant, possibly the factors caused by the extraction
solvents. In agreeing with Borges et al. (2020), who reported ethanol proved to
be the best solvent to extract bioactive compounds with antioxidant properties
of Acacia dealbata and Olea europaea compared with methanol.

On the other hand, the extracts may contain different phenolic
compounds, which have different activities depending on the structure
(Rahiman et al., 2012). The extracts with chlorophyll removal found that the
percentage of DPPH radical scavenging activity was reduced in this finding. In
contrast, Phaisan et al. (2020) reported using oils for the dechlorophyllization
of Chromolaena odorata, indicating that palm oil and soybean oil gave high
antioxidant activity compared with the control. However, our results were
similar to the document of Tzima et al. (2020), they reported the antioxidant
activity of rosemary and thyme with chlorophyll removal was examined with
DPPH, ABTS and FRAP assays. They found the antioxidant activity of
chlorophyll removal extracts was lower than the control in all assays.

In this study, the methanolic extract from the roots of C. medicaginea
presented a higher potential for antibacterial activity with gram-positive
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bacteria. In contrast, the extracts with chlorophyll removal exhibited lower
antibacterial activity when compared to their extracts without chlorophyll
removal. In a previous study, similar to our result, the ethanol and chloroform
extracts of C. medicaginea exhibited high activity against S. aureus, B. subtilis,
E. coli and P. aeruginosa at a concentration of 2.5 mg/disc (Devendra et al.,
2012). In addition, Yadava and Vishwakarma (2014) reported the new
allelochemicals from the methanolic extract from stems of C. medicaginea
exhibited antibacterial activity against E. coli and B. subtilis. In comparison,
our study presented that all extracts were unable to against gram-negative
bacteria. Nevertheless, new allelochemical compounds had not inhibited S.
aureus, which showed the same result in the stem extract of this study.

The phytochemical activity was investigated to screen the primary
bioactive compounds in methanolic extracts from roots, stems and leaves
without chlorophyll removal of C. medicaginea. This study showed all extracts
presented alkaloid and coumarin compounds. The roots extract exhibited strong
tannins. However, all extracts did not display saponins on the froth test.
Besides, Devendra et al. (2012) found that both ethanol and chloroform extracts
from leaves of C. medicaginea presented alkaloids and tannins. In addition, a
previous study found alkaloids, tannins and coumarins in a methanolic extract
with chlorophyll removal and without chlorophyll removal from the whole
plant extracts of C. medicaginea. (Natsakulmong and Suwanmek, 2021).
Therefore, our result is in accordance with both mentioned documents.

This study is the first report of biological activity from different parts of
the methanolic extracts of C. medicaginea. The extract without chlorophyll
removal had higher potential biological activity to total phenolic content,
antioxidant and antibacterial activities compared to their extract with
chlorophyll removal. However, antibacterial activity from the methanolic
extract of C. medicaginea did not affect gram-negative bacteria. Therefore,
C. medicaginea should be evaluated for biological activity with different
solvents partition in further studies, which may help to develop food products,
medicine and cosmetic applications.
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