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ABSTRACT

Alyxia reinwardtii Blume (Pulasari) Apocynaceae is being widely used as a traditional medicine in treating various
illnesses due to its phenolic, coumarins, lignans, iridoid glycosides alkaloids and flavonoids content. These
compounds in A. reinwardtii were reported to be useful as medicinal and agricultural potentials. Hence, A. reinwardlii
meets the rationale for antioxidant and antibacterial studies to replace synthetic substances using different solvents
on the leaves and stem of A. reinwardtii using cold maceration. The Folin-Ciocalteu reagent assay was used to
estimate the phenolic content of extracts. The total flavonoid content was determined using aluminum chloride. The
antioxidant capacity of the samples was evaluated by 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical and Ferric
Reducing Antioxidant Power (FRAP) assay. Disc Diffusion Assay (DDA), Minimum Inhibitory Concentration (MIC),
and Minimum Bactericidal Concentration (MBC) were conducted to evaluate the antibacterial activity of Escherichia
coli and Bacillus cereus growth. Methanol was determined as the most effective solvent due to the highest crude
yield obtained, (19.47 + 2.80 %). Acetone showed the highest TPC content (170.44 + 10.99 mg GAE/g) while
hexane showed the highest TFC content (2957 + 91.24 mg QE/g). Moreover, for DPPH, methanol inhibited the
highest antioxidant (75.81 + 12.62 %) and hexane for FRAP assay (2278.89 + 69.47 mg AAE/g). Hexane extract
is potentially effective with variable efficiency with DDA (11.17 + 4.48 mm) while methanol extracts with MIC (0.63
pg/mL) and MBC (2.50 pg/mL) against E. coli. The results indicated that methanolic and hexane extract using cold
maceration showed optimum antioxidant and antibacterial activity. The present study advocates that A. reinwardltii
was a source of substantial antioxidant and antibacterial agents for potential pharmaceutical applications.
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INTRODUCTION

Oxidative stress plays an important role in human diseases.
The phrases "free radicals" and "antioxidants" are widely
known for the health-conscious individual. Active oxygen
and free radicals are causing tissue harm leading to various
diseases including cardiovascular disorders, aging, cancer,
and neurodegenerative sickness (Pham-Huy et al., 2008).
In recent years, natural antioxidants have been used as an
alternative to replace synthetic drugs using medicinal plants
(Ortega-Ramirez et al., 2014). Reactive oxygen species
(ROS) including singlet oxygen, superoxide ion, hydroxyl
ion, and hydrogen peroxide are highly reactive and toxic
molecules that cause various human diseases such as cancer,
atherosclerosis, diabetic mellitus, hypertension, and aging
(Nadia & Rachid, 2013). Hence, combating such a situation
has been so far dependent on natural antioxidants because
of their ability to scavenge free radicals to donate hydrogen
atoms or electrons (Anokwuru et al., 2011). Plant includes
considerable extents of phytochemicals antioxidants such
as ascorbic acid, phenolic compounds including flavonoids,
phenolic acids, and volatile compounds to prevent oxidation
biomolecules (Hadadi et al., 2020).
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Moreover, pathogenic microorganisms are also infectious disease-causing serious illnesses to
public health in both developing and developed countries. Microbes nowadays are resistant to drugs
and cause infectious diseases to get worse (Anwar et al., 2015). On the other hand, researchers have
also reported the emergence of multi-drug resistant (MDR) bacteria that caused treatment failure in
many infectious diseases (Mohamed et al., 2013; Nadia & Rachid, 2013). MDR bacterial infections
often lead to morbidity and mortality in humans (Marasini et al., 2015). Due to the increase in resistance
to antibiotics and these negative effects, there is an urge to develop new and effective antimicrobial
agents against microorganisms (Saiah et al., 2016). Hence, plant extracts are used to replace synthetic
drugs as antimicrobials based on substances that kill or inhibit the growth of causative pathogens
(Mahasneh & Al-Hussaini, 2011).

Generally, medicinal plants contain phytochemicals that play vital roles in determining the
pharmacological properties existing in plants especially Alyxia reinwardtii Blume (Pulasari) which is
a plant belonging to the family Apocynaceae shown in Figure 1. It is considered one of the potential
Malaysian herbal products because of its bioconstituents such as; phenolic, coumarins, lignans,
iridoid glycosides, alkaloids, and flavonoids content (Sugijanto et al., 2009). This plant contains three
classes of secondary metabolites which were identified as coumarin and its derivatives, trimeric-iridoid
diglucoside, and iridolactone (Peng-ngummuang et al., 2015). Reportedly, eight compounds have been
isolated from stems of this plant namely, (1) coumarin, (2) 3-hydroxycoumarin, (3) 6-hydroxycoumarin,
(4) 8-hydroxycoumarin, (5) scopoletin, (6) (+)-pinoresinol, (7) zhebeiresinol and (8) p-hydroxybenzoic
acid as shown in Figure 2 (Rattanapan et al., 2012). The high content of 3-hydroxycoumarin derivatives
in A. reinwardtii stem bark exhibits antioxidative activities by scavenging free radicals and inhibiting
human low-density lipoprotein peroxidation (Nugroho et al., 2016). According to Topgu et al. (1990),
two iridolactone was isolated namely alyxialactone and 4-epi-alyxialactone from the leaves of A.
reinwardtii as shown in Figure 3. Although A. reinwardltii is widely used in traditional Thai medicine
its pharmacognostic specification has yet to be established. Hence, it is very important to provide
preliminary data on the biological activity of Alyxia reinwardltii.

Rz N R1  Coumarin (R1, R2, R3, R4 = H)
3-hydroxycoumarin (R2, R3, R4 = H; R1 = OH)
R3 (0] O  6-hydroxycoumarin (R1, R3, R4 = H; R2 = OH)
R4 8-hydroxycoumarin (R1, R2, R3 = H; R4 = OH)
Scopoletin (R1, R4 = H; R2 = OCH3; R3 = OH)
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Fig. 2. Compounds isolated from Alyxia reinwardtii stems
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Fig. 3. Compounds isolated from Alyxia reinwardtii leaves

Moreover, the need for widely usable and easily available natural antioxidant and antibacterial
continue to grow. Hence, it is important to evaluate the antioxidant and antibacterial activity of this plant
as it contains bioactive compounds (Anwar et al., 2015). The most common and simplest method of
obtaining bioactive compounds from plant material is extraction. As phenolic compounds are dependent
on the polarity of the solvents used, selecting the best solvent affects the quality and quantity of extracted
phenolic compounds (Sepahpour et al., 2018). Therefore, this study proposed the most efficient solvent
for the extraction of crude yield that produces optimum phenolic, flavonoid, antioxidant, and antibacterial
activities on the stem and leaves of A. reinwardlii to provide preliminary data on its biological activity.

MATERIALS AND METHODS

Chemicals

The chemicals used in the study include absolute methanol, acetone, and hexane, sterile
distilled water, Sodium bicarbonate, Folin-Ciocalteu reagent, Gallic acid, 5% Sodium nitrate, 10%
Aluminium chloride, 1M Sodium hydroxide, Quercetin, 2,2-diphenyl-1-pycrylhydrazyl (DPPH), Ascorbic
acid, Acetate buffer (pH 3.6), 2,4,6-tripyridyltriazine (TPTZ) solution, Nutrient broth, Mueller-Hinton Agar
(MHA), Mueller-Hinton Broth (MHB), Ciproflaxin, Dimethyl sulfoxide (DMSO).

Preparation of crude extract

The whole plant A. reinwardtii was collected from Fraser Hill, Pahang, Malaysia, and a voucher
specimen (MK884, 29.03.2019) was deposited at the Department of Biology, UPM. Plant parts were
air-dried at 27 °C for 4 weeks on a plank board after being spread evenly. The dried stems and leaves
were crushed and ground using a crusher and mill separately. The powdered form sample was kept
separately in nylon pouches and kept in a freezer before extraction (Justine et al., 2019).

Cold maceration

Triplicates of 10 g of stems and leaves powder samples were soaked in 100 mL of 4 different
solvents, respectively. Solvents that were used include absolute methanol, hexane, acetone, and sterile
distilled water. All the extracts were shaken at 150 rpm in an incubator shaker continuously for 24 h at
25 °C(Obeidat et al., 2012).

Determination of extract yield

Stems and leaves liquid extracts obtained were separated from solid residue by vacuum
filtration through Whatman No. 1 filter paper. Extracts were concentrated using a rotary evaporator
and dried in a cooled vacuum oven at 40 °C until a constant mass was obtained before being weighed
using an electronic balance. Meanwhile, for aqueous filtrates, lyophilized using a freeze-dryer till the
dry powder is obtained and weighed (Adam et al., 2019). The weight of crude yield obtained by simple
calculation as below,
-Equation 1

__ (Mass of vial + extract, g)—(Mass ofvial, g)

Extract Yield (%) = T0g (OW) X 100 %

Total phenolic content
About 200 pg of crude sample and 1.5 mL of sodium bicarbonate were added with 1.5 mL
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Folin-Ciocalteu reagent and incubated for 2 hr in a dark place. A spectrometer was used to measure
the absorbance at 750 nm. Test samples were run together with gallic acid in the concentration ranging
from O to 200 pg/mL. Standard curve of Gallic acid solution with the equation y= 0.0057x + 0.0025
where R?= 0.9929 and the results were expressed as mg Gallic Acid Equivalent (GAE) per g of dry
weight (DW) (Hossain et al., 2021).

Total flavonoid content

Total flavonoid content will be determined using the method proposed by (Hossain et al., 2021).
1 mL of extract, 4 mL of distilled water, and 0.3 mL of 5% sodium nitrate solution were mixed. 0.3 mL
of 10% aluminum chloride, 2 mL of 1 M sodium hydroxide, and 2.4 mL of water were added to the
mixture and left to incubate for 15 min. Absorbance was measured using a spectrophotometer at 510
nm. Test samples were run with standard quercetin with 25 mg of quercetin in 50 mL of ethanol in
the concentration ranging from 0 to 100 pg/mL. Measurements were plotted into a standard curve of
Quercetin with the equation y = 0.0002x + 0.0286 where R? = 0.9985 and the results were expressed
as mg Quercetin Equivalent (QE) per g of dry weight (DW).

Antioxidant capacity evaluation

DPPH radical scavenging activity

A method performed by (Abu Bakar et al., 2015). 2,2-diphenyl-1-pycrylhydrazyl (DPPH) was
used as a free radical model to measure the antioxidant activity of the extract. DPPH solution (4 mg of
DPPH in 100 mL of methanol) and crude extract (1 mg in 1 mL methanol) were prepared in a 96-well
plate using 2 - the 2-fold dilution method. Ascorbic acid is used as the standard. The absorbance was
read at 517 nm after incubating in the dark for 30 min at room temperature. The test was conducted
three times. Radical scavenging activity was calculated using the equation:

- Equation 2

Aplank(s17nm)~Asample(517nm) x 100 %

Scavenging effect (%) =

Aplank(s17nm)

A blank is the absorbance of DPPH and A sample is the absorbance of the sample with DPPH. Each
sample was analyzed in triplicates.

Ferric Reducing Antioxidant Potential (FRAP) assay

This method was done according to (Ghasemzadeh et al., 2015). Stock solutions of 10 mL
of acetate buffer with pH 3.6, 1 mL TPTZ (2,4,6-tripyridyltriazine) solution in HCL, and 1 mL of FeCl,
solution were prepared. Crude extracts (100 pL) and deionized water (300 L) were added to 3 mL of
FRAP solution. The solution was mixed and incubated for 30 min in a water bath at 37 °C. Ascorbic acid
was used as a positive control in this study. The absorbance of the resultant solution was measured at
593 nm using a spectrophotometer with acetate buffer as blank. A standard curve was prepared using
different concentration values of FeSO, - 7H,0O with the equation y = 0.0003x + 0.098 (R? = 0.9961).
The FRAP results were expressed as milligram Ascorbic Acid Equivalent (AAE) per g dry weight (DW).

Antibacterial activity

Disc Diffusion Assay (DDA)

This test was done according to the method described by (Inglin et al., 2015). Gram-positive
bacteria strain, Bacillus cereus, and gram-negative bacteria strain, Escherichia coli were used to test
the antibacterial properties of the crude. Bacteria were inoculated in nutrient broth and incubated for 24
h at 37 °C. A sterile cotton swab was used to spread the bacteria on Mueller-Hinton Agar (MHA). The
sample disc (6 mm) was soaked in the sample-prepared MHA plate. It was then incubated at 37 °C for
24 h. Ciprofloxacin and DMSO were used as positive and negative controls respectively. The inhibition
zone was observed and measured.

Minimum Inhibitory Concentration (MIC)

This test was conducted on a sterile 96-well microtitre plate by microdilution method described
by Balouiri et al. (2016). A stock solution of crude extract (100 yL) was prepared by serial dilution in
Muller-Hinton Broth (MHB) on a microlitre plate from columns 3-12. Microbial suspension (100 uL)
was added to each well except for column 1 which contains broth only while column 2 was filled with
bacteria and broth only (negative control). DMSO was used as a positive control in this experiment. The
plate was left to incubate at 37 °C for 24 h. The lowest concentration of the extracts with no colony was
observed after the incubation period.
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Minimum Bactericidal Concentration (MBC)

A small amount (10 pL) of the sample was taken from the microplates pipetted on MBA plates.
The plates were then incubated at 37 °C for 24 h. The MBC was determined as the lowest concentration
of extract that inhibits 99.9% of bacteria. All the samples/ extracts were triplicated.

Statistical analysis

Results were expressed as mean * SD of triplicates and data were analyzed using SPSS
version 25. Pearson Correlation and ANOVA were carried out to test the relationship and difference
between tests, respectively.

RESULTS AND DISCUSSION

Extract yields

According to Figure 4, methanolic extract showed the highest yield on leaf extracts (19.47 +
2.80 %). The efficiency or optimization of crude yield is affected by a few conditions such as extraction
method, temperature, extraction time, the composition of phytochemicals, and the solvent used (Hien et
al., 2019). Alcohol is used because of its neutrality and extracts products obtained were compatible with
other products. Polar solvents were one of the best solvents used because they can extract more active
compounds from the plant (Sankeshwari et al., 2018). Some of the solvents that have low viscosity
and density were very helpful because can diffuse easily into the pores of the plant material to extract
bioactive compounds. In most studies, highly polar solvents were more efficient in extraction because
the plant contained more polar compounds that are soluble such as in water, methanol, and ethanol
(Hien et al., 2019). However, differences in the polarity of solvents also affect the bioactive compounds
that will be extracted from the plants. According to the polarity of solvents, water (1.000) should show a
higher extract yield compared to methanol (0.762), somehow, the results were the opposite. This shows
that the chemical compounds of A. reinwardtii are more soluble in alcohol compared to water.

More so, according to the result obtained, leaves show higher extract yield compared to stem.
Phenolic compounds were synthesized by pentose phosphate pathway, shikimic acid pathway, and
aromatic amino acid through phenylpropanoid metabolization (Lin et al., 2016). Phenolic compounds
are produced through photosynthesis to protect the plant against wounding, infection, and exposure
to UV radiation, or as a defense mechanism (Cosmo et al., 2020). The shikimic pathway in plants is
localized in the chloroplast which is found in leaves. This explains that more phenolic compounds are
produced in leaves showing a higher extract yield compared to stem.
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Fig. 4. Effect of solvents on extraction yields of Alyxia reinwardtii leaves and stems crude extracts

Total Phenolic Content (TPC)

The highest TPC was recovered with acetone on stem extracts (170.44 + 10.99 mg GAE/g) as
shown in Figure 5. Phenolic content increases as the polarity of the solvent increases, which supports
the result shown above. Somehow, distilled water showed low phenolic content even though the
polarity was the highest compared to methanol and acetone. This is because TPC was found to be
decreased with the increased amount of water content in the aqueous solvent. This happens because
the compounds were more soluble in absolute methanol, acetone, and ethanol (Do et al., 2014). For
example, extracts of Bauhinia vahlii showed the highest polyphenolic content in methanol followed by
acetone, hot water, and chloroform (Zlotek et al., 2016). Different solvents are used to extract different
compounds such as acetone for proanthocyanidins and tannins extraction; ethanol for flavonoids and
their glycosides, catechols, and tannins; while methanol for phenolic acids and catechin (Tan et al.,
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2013). Since methanol and acetone showed higher phenolic content, hence extracted compounds
could be phenolic acids, catechin, proanthocyanidins, and tannins.

Meanwhile, for the plant part, leaves extract of methanol and distilled water using cold
maceration showed higher phenolic content than the stem. As the phenolic compounds are synthesized
in chloroplast through the shikimate pathway, leaves contain high phenolic compounds (lloki-Assanga et
al., 2015). According to (Rafat et al., 2010), the methanolic extract of Andrographis paniculate showed
higher phenolic compounds in leaves than stems which is the same relation to the result. However, due
to differential gene expression, different plant part synthesizes and accumulate different compounds
(Santo-Sanchez et al., 2019). For hexane and acetone crude, stem extracts showed higher TPC content
compared to leaves. Polyphenol synthesized depends on plant species, type of organs, and growth
stage (Stankovic et al., 2011). This is because, during the flowering stage, phenolic compounds were
higher in leaves than stem. TPC decreases 2 times lower during the non-flowering stage compared
to leaves collected at the flowering stage except for the stem which remains with the same amount of
phenolic in both stages (Feduraev et al., 2019). Supporting the result shown for Total Phenolic Content
(TPC).
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Fig. 5. Effect of solvents on Total Phenolic Content (TPC) of Alyxia reinwardtii leaves and stems crude extracts

Total Flavonoid Content (TFC)

Hexane showed the highest TFC on leave extracts (2957 + 91.24 mg QE/g) (Figure 6). This is
because different polarities of compounds are soluble in different solvents which affects the extraction
of flavonoids (Ngo et al., 2017). Flavonoids contain hydroxyl groups that affect the biological activity of
plants due to their structure and substitution (Dirar et al., 2018). Flavonoids can be highly polar or less
polar as they vary in polarity. Aless polar solvent is used to extract aglycones while a more polar solvent
is used to extract glycosides and anthocyanin (Routray & Orsat, 2012). However, in this study, non-
polar solvents showed higher flavonoid content, maybe because the compounds extracted are non-
polar such as aglycones. Meanwhile, distilled water extract showed no TFC content. This is because
several studies showed that flavonoids are best extracted using organic solvent due to the polarity of
flavonoids (Chaves et al., 2020). Hence, organic solvents such as hexane, acetone, and methanol are
more efficient in extracting flavonoids compared to distilled water in this study.

Consequently, both plant parts showed flavonoid content using the organic solvents. Flavonoids
are produced to protect plants from biotic and abiotic stresses, as well as UV protection (Mathesius,
2018). Flavonoids are produced in the cytosol of the cell and are held in the endoplasmic reticulum
membrane which is later collected in different places including the vacuole (Samanta et al., 2011). A
vacuole is a cell that is found in the leaves of plants where biosynthesis of flavonoids occurs. Hence
this may be a reason why more flavonoids are extracted from this plant part compared to the stem.
However, for acetone extraction, the stem showed higher TFC than the leaves. According to (Panche
et al., 2016), flavonoids are also found in bark, stem, root, and flower. Since leaves are attached to the
stem at the areas called nodes, flavonoids can also be found in the stem of A. reinwardfii.

Scavenging activity on 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical

The highest DPPH activity was showed by methanol on leave extract (75.81 £ 12.62 %) as
shown in Figure 7. Phenolic compounds are vital antioxidative plant components that are found well
correlated in plant's antioxidant activity. It is the ability to scavenge the reactive oxygen species by
donating a hydrogen atom or by single-electron transfer (Banjarnahor & Artanti, 2014). Flavonoid
is one of the compounds that consist of hydroxyl functional groups, configuration, and substitution
that affect some mechanisms in antioxidant capacity (Kumar & Pandey, 2013). Distinctive chemical
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structures such as ortho-dihydroxy arrangement in the B ring, C2-C3 unsaturated bond combined with
C-4 carbonyl group in the C skeleton, and O-methylation are required for efficient radical scavenging
(Prochazkova et al., 2011).

Since, plant parts contain both phenolics and flavonoid contents, that contributes to antioxidant
activity in A. reinwardtii. Thus, leaves and stems showed almost a similar result. A few other criteria that
affect antioxidant activity are the type of solvent used, extraction method, and conditions that include
temperature and time (Do et al., 2014). According to the result obtained, absolute methanol and acetone,
as well as distilled water, showed high antioxidant activity. Some Bangladeshi legumes of acetone and
methanol extracts showed high antioxidant activity (Hossain et al., 2021). According to (Boeing et al.,
2014), methanol and water are considered some of the efficient solvents for extraction due to the
better solvation of antioxidant compounds. This may be due to interactions (hydrogen bonds) between
polar sites of the antioxidant molecules and solvent. The polar phase of these extracts contributes to
the inhibition of free radicals through sample electron transfer and proton transfer (Herrera-Pool et al.,
2021). High polar solvent proves to be better for inhibition of DPPH radicals in this study.
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Fig. 6. Effect of solvents on total flavonoid content (TFC) of Alyxia reinwardltii leaves and stems crude extracts.
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Ferric Reducing Antioxidant Power (FRAP) activity

The effect of solvents on ferric-reducing antioxidant power activity is shown in Figure 8. Hexane
extract showed the highest FRAP value on leaves extract (2278.89 + 69.47 mg AAE/g). Phenolic
compounds are responsible for antioxidant activity in FRAP assay due to their capability to scavenge
free radicals by donating their electrons or H (Aryal et al., 2019). The degree of hydroxylation in these
compounds plays a major role in redox potential (Kumar & Pandey, 2013). A few aspects affect the
FRAP value such as solvent polarity, vapor pressure, and viscosity, the type of antioxidant compound
extracted differs as well (Shahidi & Zhong, 2015). Supporting the result where hexane shows the highest
FRAP value because of its low viscosity (0.330 Pa-s) compared to methanol (0.797 Pa-s) and distilled
water (1.002 Pa-s). Low-viscosity solvents help to diffuse bioactive constituents from extracts better
because of low density and high diffusivity (Wijekoon et al., 2011). Distilled water and methanol extract
from A. reinwardtii showed no FRAP value in this study. According to Njoya (2021), phenolic structures
with an ortho-dihydroxy moiety such as hydroxytyrosol could chelate Fe?* whereas the tyrosol that has
only one OH does not show that ability to reduce Fe®*to Fe?*. Hence, the extracted compounds by these
solvents might contain one OH group in its structure which has no reducing power. Hence, this proves
that hexane extracts showed the highest FRAP value from A. reinwardtii.

Correlation between extract yield, phenolic compounds, and antioxidant activities

The correlation study analysis of Alyxia reinwardtii plant part and solvent crude extracts is
presented in Table 1 and Table 2, respectively. A strong correlation coefficient is shown between TFC
and FRAP in leaves (r=0.940). High flavonoid content in leaves may contribute to the high FRAP
potential as compared to other phenolic compounds. These free radicals are generated naturally in
living cells during metabolism processes (Choudhary & Swarnkar, 2011). This result is supported by
Wang et al. (2012), showing strong correlation between antioxidant activity and flavonoid compounds in
42 blueberries tested. A strong correlation is shown in the table below for the solvent system between
DPPH with extract yield (=0.971), DPPH with FRAP (r=-0.991), and FRAP with extract yield (r=-
0.971). Plant phenolic compounds show a huge impact on the biological properties of plants such as
antioxidant properties as it appears to correlate between both (Zlotek et al., 2016). More extract yields
were accumulated in high extract yield hence this indicates higher phenolic compound and strong
antioxidant activity. According to (Anwar et al., 2013), there is a direct correlation between phenolic
compound, extract yield, and antioxidant activity which is by the result shown. Somehow, this plant
showed a poor correlation between phenolic compounds and antioxidant activity using distilled water
extract. Some authors claimed that phenolics are the main contributors to antioxidant activity, but
some studies proved that the carotenoid compound affects antioxidant activity (Monteiro et al., 2020).
Hence, other phenolic compounds such as phenolic acids, coumarins, carotenoids, tannins, and others
contribute to the antioxidant activity of A. reinwardltii.
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Fig. 8. Effect of extraction method and solvents on Ferric Reduce Antioxidant Power (FRAP) of Alyxia reinwardtii leaves and
stems crude extracts.
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Disc Diffusion Assay (DDA)

The standard antibiotic ciprofloxacin exhibited the highest inhibition zone (mm) in B. cereus
(11.67 £ 0.23 mm) and E. coli (12.00 £ 0.10 mm). As expected, the negative control (DMSO) did not
show any activity against any of the bacterial strains. Hexane on leaves extract showed the largest
inhibition zone against E. coli (11.17 + 4.48 mm) as shown in Table 3. According to (Asghar et al.,
2016), ethanolic and methanolic showed the best antibacterial activity against both gram-positive and
gram-negative bacteria. This proves its ability in extracting polyphenolic and phytochemicals from
natural resources compared to water extract which acts as a domain driver of antibacterial activities
since it is hydrophobicity. Several mechanisms cause solvents to show no antibacterial activity that
involves modification of cell membrane components, decreasing cell surface hydrophobicity which
reduces solvent permeability. Gram-negative minimize the accumulation of solvent molecules inside
of the membrane by discarding them from the lipid bilayer using active efflux pumps (Breijyeh et al.,
2020). This could be the reason why there is no inhibition zone shown by hexane, methanol, and
distilled water against B. cereus. According to According to Dyrda et al. (2019), methanol is toxic to
bacterial cells compared to acetone as the membrane of cells cultured in the presence of alcohol is
more rigid. The tolerance of bacteria against organic solvents can be also due to stress caused by
solvents and also when the microbes have been fit with enzymes that do not lose their activity in the
presence of organic media. Bacillus cereus produces a solvent-resistant protease that retains at least
95% of its initial activity especially when bacteria is treated by methanol or DMSO. Chemical interaction
between solvent with enzymes causes structural deformation and blocks the enzyme’s active site,
which suppresses the cell’s immunity under stressful conditions (Dyrda et al., 2019). Somehow, the
high zone of inhibition (mm) shown by the extracts only failed to indicate that it possessed the best
antibacterial activity. Hence, it is important to test the extracts on MIC and MBC to get precise results.

Table 1. Correlation analysis between extraction yield, phenolic compounds, and antioxidant activity from leaves and stems of
Alyxia reinwardtii

Plant Parts Leaves Stems
Variables TPC TFC DPPH FRAP TPC TFC DPPH FRAP
TFC -0.534 0.247
DPPH 0.557 -0.377 0.712* -0.164
FRAP -0.452 0.940** -0.397 -0.200 0.810 -0.242
Yield 0.300 -0.645 0.531 -0.581 0.047 -0.700 0.368 -0.729

*Correlation is significant at the 0.01 level (2-tailed)
**Correlation is significant at the 0.05 level (2-tailed)

Table 2. Correlation analysis between extraction yield, phenolic compounds, and antioxidant activity of Alyxia reinwardftii solvent
extracts

Solvent Acetone Methanol Hexane Distil Water

Variables TPC TFC DPPH FRAP TPC TFC DPPH FRAP TPC TFC DPPH FRAP TPC TFC DPPH FRAP

TFC 0.793 0.227 -0.624 -0.243
DPPH  -0.262 -0.485 0.913 0.114 -0.403 0.707 -0.383 0.839
FRAP  0.007 -0.002 0.855 0.978* 0.054 0.955" -0.330 0.940 0.691 0.258 -0.826 -0.991*

Yield -0.840 -0.352 0.125 0.152 -0.469 0.245 -0.142 -0.429 -0.820 0.098 -0.157 -0.204 -0.358 -0.358 0.971* -0.971

*Correlation is significant at the 0.01 level (2-tailed)
**Correlation is significant at the 0.05 level (2-tailed)

Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC)

Methanol showed the lowest MIC value for leaves, E. coli (0.63 ug/mL). MIC value for standard
was 1.57 pg/mL for (B. cereus) and 4.17 pg/mL (E. coli). Methanol extract showed the lowest MBC
value which is 2.50 pg/mL against E. coli for leaves. The MBC value for the standard was 3.13 ug/mL
for (B. cereus) and 6.25 ug/mL (E. coli) as shown in Table 3. Few solvents did not show an inhibition
zone but there are MBC and MIC values. This could be explained by a few mechanisms and properties
of natural products such as pH, volatility, solubility, and diffusion in agar which influence the results of
agar diffusion assay without affecting broth microdilution assay. If the active compound of the extract is
a combination of a few compounds, it causes one of the compounds to lack antibacterial activity when
using diffusion assay. There are a few other reasons for such results like extracts poorly soluble in
water, too large to move through agar matrix or interact directly with agar polymer and become stuck in
place (Balouiri et al., 2016).
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Table 3. Disc Diffusion Assay (DDA), Minimum Inhibitory Concentration (MIC), and Minimum Bactericidal Concentration (MBC)
activity of Alyxia reinwardtii stems and leaves crude extracts

Stem extracts Leave extracts

A2 He Me Dwsd Az He Me Dwd
DDA Diameter of Inhibition Zone (mm + SD)
E.coli 867+141 967141 9671094 8.17+0.71 1017212 11.17+448 917+1.18 9é5(5)301
B, 7.00+0.00 - - - 9.17 £ 0.71 - - -
cereus
MIC Concentration (ug/mL)
E. coli 34.25 1.13 1.75 3.75 58.38 1.75 0.63 3.13
B 68.50 2.25 NV NV NV NV 1.25 6.25
cereus
MBC Concentration (ug/mL)
E. coli 233.50 7.00 2.50 6.25 137.00 9.00 14.00 30.00
B. 116.75 3.50 NV NV NV NV 7.00 7.50

cereus
2Acetone, "Hexane, “Methanol, “Distilled Water
(-): Not Evaluated
(NV): Not Valid

Nevertheless, water extracts usually show higher yields compared to ethanolic extracts of
plants due to their high polarity. It helps to rupture plant cell walls to induce the release of compounds
and molecules into the solvent. According to Nagwa et al. (2019), water and methanol extracts of
Matricaria oleifera and Matricaria recutita showed better activity against sensitive and resistant isolates
compared to aqueous extract. MIC value should be equal to MBC (bactericidal) or lower than MBC value
(bacteriostatic). This is because more amount (concentration) is needed to completely kill a bacterium
than to just inhibit its growth. Hence, a MIC value greater than the MBC value is considered as not valid
in this study. From the result shown, the MBC value is higher than the MIC value because the extracts
could only act as bacteriostatic agents rather than bactericidal. At the concentration used, the bioactive
compound was unable to kill bacteria or sustain the activity. As reported by Muskhazli et al. (2009), this
happens because the bioactive compound is not adequate to cause significant mortality or due to the
sensitivity of bioactive compound towards certain types of solvent.

Correlation between plant parts and solvents for Disc Diffusion Assay (DDA)

The correlation study analysis between plant parts and solvents of Alyxia reinwardltii for Disc
Diffusion Assay (DDA) against Eschericia coli is presented in Table 4. The correlation studies suggest
that A2-Me, H°-Me, HP-DW? for leaves, and A3-DW¢ for stems are highly correlated. This indicates the
solvents used exhibited pronounced activity towards the tested microorganism. Meanwhile, the other
solvents showed an appreciable positive correlation though not high. Besides, a strong correlation
coefficient was also found between plant parts which is 0.542" and 0.866™ against E. coli and B. cereus
respectively. The results could be attributed to the flavonoid compound found in the leaves and stems
of A. reinwardtii as proven in this study by the DPPH and FRAP assay (Sumayya & Gopinathan, 2022).
Flavonoids function as growth inhibitory activity of the plant antibacterial. As shown in Figure 2, stems
of A. reinwardtii contains p-hydroxybenzoic acid which is a type of phenolic acid. This phenolic acid
are recognized due to their antibacterial activities as they contain -OH and methoxy (-OCH,) structure
to diffuse through the bacterial membrane (Alibi et al., 2021). Besides, coumarins and its derivatives
such as 3-hydrocycoumarin glycoside and scopoletin found in stems of A. reinwardtii shown in Figure
2 also found to be a potential pharmacophore-based drug against bacterial disease (Sahoo et al.,
2021). Hence, the various polyphenolic constituents found in leaves and stems of A. reinwardtii were
well extracted by the solvents used against the tested bacteria. According to Table 4, all the solvents
extracts from leaves showed a higher correlation compared to stems. This shows that leaves of A.
reinwardtii contain a considerable quantity of phenolic compounds that were found to be the major
contributor to their antibacterial activity.

CONCLUSIONS

Results suggested that A. reinwardtii is a potential source of antioxidant and antibacterial agents.
Methanolic and hexane were good solvents as they showed the highest crude yield for both antioxidant
and antibacterial activity. However, further studies are needed to identify the active ingredients for
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profiling to substantiate the true potential of this species as a candidate source of quality antioxidant or
antibacterial candidate drugs.

Table 4. Correlation analysis between plant parts and solvents of Alyxia reinwardtii for Disc Diffusion Assay (DDA) against
Eschericia coli

Plant parts Solvents Correlation coefficient
Leaves A? Hp 0.89
Me 0.999
Dwd 0.693
He A2 0.89
Me 0.932
Dwd 0.978
Me A2 0.999
Hp 0.932
Dwd 0.759
Dwd A2 0.693
Hp 0.978
Me 0.759
Stems A2 He 0.749
Me 0.343
Dwd 0.988
He A2 0.749
Me 0.879
Dw 0.561
Me A2 0.343
HP 0.879
Dwd 0.217
Dwd A2 0.988
He 0.561
Me 0.217

aAcetone, "Hexane, “Methanol, “Distilled Water

ACKNOWLEDGMENTS

We sincerely acknowledge the efforts rendered by both UPM and the Korea Research Institute of
Biosciences and Biotechnology in providing us with the necessary support in the course of this research.
This research was funded by Universiti Putra Malaysia, Serdang supported the works through UPM-
KRIBB (Korea Research Institute of Biosciences and Biotechnology) research collaboration grant Vot.
No. 6384300.

CONFLICTS OF INTEREST
The authors declared no conflict of interest.

ETHICAL STATEMENT
Not applicable.

REFERENCES

Abu Bakar, M.F., Abdul Karim, F. & Perisamy, E. 2015. Comparison of phytochemicals and antioxidant
properties of different fruit parts of selected Artocarpus species from Sabah, Malaysia. Sains
Malaysiana, 44(3): 355-363. https://doi.org/10.17576/jsm-2015-4403-06

Adam, O.A.O., Abadi, R.S.M. & Ayoub, S.M.H. 2019. The effect of extraction method and solvents
on yield and antioxidant activity of certain Sudanese medicinal plant extracts. The Journal of
Phytopharmacology, 8(5): 248-252. https://doi.org/10.31254/phyt0.2019.8507

Alibi, S., Crespo, D. & Navas, J. 2021. Plant-derivatives small molecules with antibacterial activity.



78 Sitthan et al., 2023

Antibiotics, 10: 231. https://doi.org/10.3390/antibiotics 10030231

Anokwuru, C.P., Anyasor, G.N., Ajibaye, O. & Okebugwu, P. 2011. Effect of extraction solvents on
phenolic, flavonoid and antioxidant activities of three Nigerian medicinal plants. Nature and Science
of Sleep, 9(7): 53-61.

Anwar, F., Kalsoom, U., Sultana, B., Mushtaq, M., Mehmood, T. & Arshad, H.A. 2013. Effect of drying
method and extraction solvent on the total phenolics and antioxidant activity of cauliflower (Brassica
oleracea L.) extracts. International Food Research Journal, 20(2): 653-659.

Anwar, M.M., Parveen, A., Hossain, M.M., Mahamud, N.U. & Roy, R.K. 2015. Efficacy of fungicides
in controlling late blight of potato. Progressive Agriculture, 26: 103-108. https://doi.org/10.3329/
pa.v26i2.25963

Aryal, S., Baniya, M.K., Danekhu, K., Kunwar, P., Gurung, R. & Koirala, N. 2019. Total phenolic content,
flavonoid content and antioxidant potential of wild vegetables from Western Nepal. Plants, 8(4): 96.
https://doi.org/10.3390/plants8040096

Asghar, N., Naqgvi, S.A.R., Hussain, Z., Rasool, N., Khan, Z.A., Shahzad, S.A., Sherazi, T.A., Janjua, M.
R. S.A,, Nagra, S.A., Zia-Ul-Haq, M. & Jaafar, H.Z. 2016. Compositional difference in antioxidant
and antibacterial activity of all parts of the Carica papaya using different solvents. Chemistry Central
Journal, 10: 5. https://doi.org/10.1186/s13065-016-0149-0

Balouiri, M., Sadiki, M. & Ibnsouda, S.K. 2016. Methods for in vitro evaluating antimicrobial activity:
A review. Journal of Pharmaceutical Analysis, 6: 71-79. https://doi.org/10.1016/j.jpha.2015.11.005

Banjarnahor, S.D. & Artanti, N. 2014. Antioxidant properties of flavonoids. Medical Journal of Indonesia,
23(4): 239-44. https://doi.org/10.13181/mji.v23i4.1015

Boeing, J.S., Barizdo, E.O., e Silva, B.C., Montanher, P.F., de Cinque Almeida, V. & Visentainer,
J.V. 2014. Evaluation of solvent effect on the extraction of phenolic compounds and antioxidant
capacities from the berries: Application of principal component analysis. Chemistry Central Journal,
8: 48. https://doi.org/10.1186/s13065-014-0048-1

Breijyeh, Z., Jubeh, B. & Karaman, R. 2020. Resistance of gram-negative bacteria to current
antibacterial agents and approaches to resolve it. Molecules, 25(6): 1340. https://doi.org/10.3390/
molecules25061340

Chaves, J.0., de Souza, M.C., da Silva, L.C., Lachos-Perez, D., Torres-Mayanga, P.C., Machado, A,
Forster-Carneiro, T., Vazquez-Espinosa, M., Gonzalez-de-Peredo, A.V., Barbero, G.F. & Rostagno,
M.A. 2020. Extraction of flavonoids from natural sources using modern techniques. Frontiers in
Chemistry, 8: 507887. https://doi.org/10.3389/fchem.2020.507887

Choudhary, R.K. & Swarnkar, P.L. 2011. Antioxidant activity of phenolic and flavonoid compounds in
some medicinal plants of India. Natural Product Research, 25(11): 1101-1109. https://doi.org/10.10
80/14786419.2010.498372

Cosme, P., Rodriguez, A. B., Espino, J. & Garrido, M. 2020. Plant phenolics: Bioavailability as a key
determinant of their potential health-promoting applications. Antioxidants, 9(12): 1263. https://doi.
org/10.3390/antiox9121263

Dirar, A.l., Alsaadi, D.H.M., Wada, M., Mohamed, M.A., Watanabe, T. & Devkota, H.P. 2018. Effects of
extraction solvents on total phenolic and flavonoid contents and biological activities of extracts from
Sudanese medicinal plants. South African Journal of Botany, 120: 261-267. https://doi.org/10.1016/j.
sajb.2018.07.003

Do, Q.D., Angkawijaya, A.E., Tran-Nguyen, P.L., Huynh, L.H., Soetaredjo, F.E., Ismadji, S. & Yi-Hsu,
J. 2014. Effect of extraction solvent on total phenol content, total flavonoid content and antioxidant
activity of Limnophila aromatica. Journal Food and Drug Analysis, 22(3): 296-302. https://doi.
org/10.1016/j.jfda.2013.11.001

Dyrda, G., Boniewska-Bernacka, E., Man, D., Barchiewicz, K. & Slota, R. 2019. The effect of organic
solvents on selected microorganisms and model liposome membrane. Molecular Biology Reports,
46: 3225-3232. https://doi.org/10.1007/s11033-019-04782-y

Feduraev, P., Chupakhina, G., Maslennikov, P., Tacenko, N. & Skrypnik, L. 2019. Variation in phenolic
compounds content and antioxidant activity of different plant organs from Rumex crispus L. and
Rumex obtusifolius L. at different growth stages. Antioxidants, 8(7): 237. https://doi.org/10.3390/
antiox8070237

Ghasemzadeh, A., Jaafar, H.Z., Rahmat, A. & Ashkani, S. 2015. Secondary metabolites constituents
and antioxidant, anticancer and antibacterial activities of Etlingera elatior (Jack) RM Sm grown in
different locations of Malaysia. BMC Complementary and Alternative Medicine, 15(1): 335. https://
doi.org/10.1186/s12906-015-0838-6

Hadadi, Z., Nematzadeh, G.A., & Ghahari, S. 2020. A study on the antioxidant and antimicrobial activities
in the chloroformic and methanolic extracts of 6 important medicinal plants collected from North of
Iran. BMC Chemistry, 14: 33. https://doi.org/10.1186/s13065-020-00683-5

Herrera-Pool, E., Ramos-Diaz, A.L., Lizardi-Jiménez, M.A., Pech-Cohuo, S., Ayora-Talavera, T., Cuevas-
Bernardino, J.C., Garcia-Cruz, U. & Pacheco, N. 2021. Effect of solvent polarity on the Ultrasound
assisted extraction and antioxidant activity of phenolic compounds from habanero pepper leaves
(Capsicum chinense) and its identification by UPLC-PDA-ESI-MS/MS. Ultrasonics Sonochemistry,



Sitthan et al., 2023 79

76. https://doi.org/10.1016/j.ultsonch.2021.105658

Hien, V.T., Lin, C., Thanh, V.C., Oanh, N.T.K., Thanh, B.X., Weng, C.E., Yuan, C.S. & Rene, E.R.
2019. An overview of the development of vertical sampling technologies for ambient volatile organic
compounds (VOCs). Journal of Environmental Management, 247: 401-412. https://doi.org/10.1016/j.
jenvman.2019.06.090

Hossain, M.A., Arafat, M.Y., Alam, M. & Hossain, M.M. 2021. Effect of solvent types on antioxidant
activity and total flavonoids of some Bangladeshi legumes. Food Research, 5(4): 329-335. https://
doi.org/10.26656/fr.2017.5(4).035

lloki-Assanga, S.B., Lewis-Lujan, L.M., Lara-Espinoza, C.L., Gil-Salido, A.A., Fernandez- Angulo, D.,
Rubio-Pino, J.L. & Haines, D.D. 2015. Solvent effects on phytochemical constituent profiles and
antioxidant activities, using four different extraction formulations for analysis of Bucida buceras L.
and Phoradendron californicum Complementary and Alternative Medicine. BMC Research Notes,
8: 396. https://doi.org/10.1186/s13104-015-1388-1

Inglin, R.C., Stevens, M.J.A., Meile, L., Lacroix, C. & Meile, L. 2015. High-throughput screening
assays for antibacterial and antifungal activities of Lactobacillus species. Journal of Microbiological
Methods, 114: 26-29. https://doi.org/10.1016/j.mimet.2015.04.011

Justine, V.T., Mustafa, M., Kankara, S.S. & Go, R. 2019. Effect of drying methods and extraction
solvents on phenolic antioxidants and antioxidant activity of Scurrula ferruginae (Jack) Danser
(Loranthaceae) leaf extracts. Sains Malaysiana, 48(7): 1383-1393. https://doi.org/10.17576/jsm-
2019-4807-07

Kumar, S. & Pandey, A.K. 2013. Chemistry and biological activities of flavonoids: An overview. The
Scientific World Journal, 2013: 162750. https://doi.org/10.1155/2013/162750

Lin, D., Xiao, M., Zhao, J., Li, Z., Xing, B., Li, X., Kong, M., Li, L., Zhang, Q., Liu, Y., Chen, H., Qin,
W., Wu, H. & Chen, S. 2016. An overview of plant phenolic compounds and their importance in
human nutrition and management of type 2 diabetes. Molecules, 21(1): 3. https://doi.org/10.3390/
molecules22010003

Mahasneh, A.M. & Al-Hussaini, R. 2011. Antibacterial and antifungal activity of ethanol extract of different
parts of medicinal plants in Jordan. Jordan Journal of Pharmaceutical Sciences, 108(397): 1-26.

Marasini, B.P., Baral, P., Aryal, P., Ghimire, K.R., Neupane, S., Dahal, N., Singh, A., Ghimire, L. &
Shrestha, K. 2015. Evaluation of antibacterial activity of some traditionally used medicinal plants
against human pathogenic bacteria. BioMed Research International, 2015: 265425. https://doi.
org/10.1155/2015/265425

Mathesius, U. 2018. Flavonoid functions in plants and their interactions with other organisms. Plants,
7(2): 7-9. https://doi.org/10.3390/plants7020030

Mohamed, A.A., Ali, S.I. & EI-Baz, F.K. 2013. Antioxidant and antibacterial activities of crude extracts
and essential oils of Syzygium cumini leaves. PLoS ONE, 8(4): €60269. https://doi.org/10.1371/
journal.pone.0060269

Monteiro, M., Santos, R.A,, Iglesius, P., Couto, A., Serre, C. R., Gouvinhas, |., Barros, A., Olivia-Teles,
A., Enes, P. & Diaz-Rosales, P. 2020. Effect of extraction method and solvent system on the phenolic
content and antioxidant activity of selected macro- and microalgae extracts. Journal of Applied
Phycology, 32: 349-362. https://doi.org/10.1007/s10811-019-01927-1

Muskhazli, M., Dirnahayu, M., Nor Azwady, A.A., Nurhafiza, Y., Nor, D.E. & Che Ku Nurshaira, C.K.N.
2009. Antibacterial activity of methanolic crude extracts from selected plant against Bacillus cereus.
Pertanika Journal of Tropical Agricultural Science, 32(2): 175-183.

Nadia, Z. & Rachid, M. 2013. Antioxidant and antibacterial activities of thymus vulgaris. Medicinal and
Aromatic Plant Research Journal, 1: 5-11.

Nagwa, M.A., Sanaa, M.S., Sahar, |.N. & Yasmeen, A.A. 2019. Evaluation of antimicrobial activity of
some plant extracts against antibiotic susceptible and resistant bacterial strains causing wound
infection. Bulletin of the National Research Centre, 43: 144. https://doi.org/10.1186/s42269-019-
0184-9

Ngo, T.V., Scarlett, C.J., Bowyer, M.C., Ngo, P.D. & Vuong, Q.V. 2017. Impact of different extraction
solvents on bioactive compounds and antioxidant capacity from the root of Salacia chinensis L.
Journal of Food Quality, 2017: 9305047. https://doi.org/10.1155/2017/9305047

Njoya, E.M. 2021. Chapter 31- medicinal plants, antioxidant potential, and cancer. In: Cancer. V.R.
Preedy and V.B. Patel (Eds.). Academic Press. pp. 349-357. https://doi.org/10.1016/B978-0-12-
819547-5.00031-6

Nugroho, A.E., Wijayanti, A., Mutmainah, M., Susilowati, R. & Rahmawati, N. 2016. Gastroprotective
effect of combination of hot water extracts of Licorice (Glycyrrhiza glabra), Pulasari (Alyxia
reinwardtii) and Sembung leaf (Blumea balsamifera) against aspirin-induced gastric ulcer model
rats. Journal of Evidence-Based Complementary & Alternative Medicine, 21(4): 77-84. https://doi.
org/10.1177/2156587216637469

Obeidat, M., Shatnawi, M., Al-alawi, M., Al-Zu'bi, E., Al-Dmoor, H., Al-Qudah, M., EI-Qudah, J. & Otri, I.
2012. Antimicrobial activity of crude extracts of some plant leaves. Research Journal of Microbiology,
7(1): 59-67. https://doi.org/10.3923/jm.2012.59.67



80 Sitthan et al., 2023

Ortega-Ramirez, L.A., Rodriguez-Garcia, I., Leyva, J.M., Cruz-Valenzuela, M.R., Silva Espinoza, B.A.,
Gonzalez-Aguilar, G.A., Siddiqui, M.W. & Ayala-Zavala, J.F. 2014. Potential of medicinal plants as
antimicrobial and antioxidant agents in food industry: A hypothesis. Journal of Food Science, 79(2).
https://doi.org/10.1111/1750-3841.12341

Panche, A.N., Diwan, A.D. & Chandra, S.R. 2016. Flavonoids: An overview. Journal of Nutritional
Science, 5: e47. https://doi.org/10.1017/jns.2016.41

Peng-ngummuang, K., Palanuvej, C. & Ruangrungsi, N. 2015. Pharmacognostic specification and
coumarin content of Alyxia reinwardtii inner bark. Engineering Journal, 19(3): 15. https://doi.
org/10.4186/€j.2015.19.3.15

Pham-Huy, L. A., He, H. & Pham-Huy, C. 2008. Free radicals, antioxidant in disease and health.
International Journal of Biomedical Science, 4(2): 89-96.

Prochazkova, D., BouSova, |. & Wilhelmova, N. 2011. Antioxidant and prooxidant properties of flavonoids.
Fitoterapia, 82(4): 513-523. https://doi.org/10.1016/j.fitote.2011.01.018

Rafat, A., Philip, K. & Muniandy, S. 2010. Antioxidant potential and content of phenolic compounds
in ethanolic extracts of selected parts of Andrographis paniculata. Journal of Medicinal Plants
Research, 4(3): 197-202.

Rattanapan, J., Sichaem, J. & Tip-yang, S. 2012. Chemical constituents and antioxidant activity from
the stems of Alyxia reinwardtii. Records of Natural Products, 6(3): 288-291.

Routray, W. & Orsat, V. 2012. Microwave-assisted extraction of flavonoids: A review. Food and
Bioprocess Technology, 5(2), 409-424. https://doi.org/10.1007/s11947-011-0573-z

Sahoo, C.R., Sahoo, J., Mahapatra, M., Lenka, D., Sahu, P.K., Dehury, B., Padhy, R.N. & Paidesetty,
S.K. 2021. Coumarin derivatives as promising antibacterial agent(s). Arabian Journal of Chemistry,
14(2): 102922. https://doi.org/10.1016/j.arabjc.2020.102922

Saiah, H., Allem, R. & El Kebir, F.Z. 2016. Antioxidant and antibacterial activities of six Algerian medicinal
plants. International Journal of Pharmacy and Pharmaceutical Sciences, 8(1): 367-374.

Samanta, A., Das, G. & Das, S. 2011. Roles of flavonoids in plants. Carbon, 6(1): 12-35.

Sankeshwari, R.M., Ankola, A.V., Bhat, K. & Hullatti, K. 2018. Soxhlet versus cold maceration: Which
method gives better antimicrobial activity to Liquorice extract against Streptococcus mutans?.
Journal of the Scientific Society, 45(2): 67-71. https://doi.org/10.4103/jss.JSS_27 18

Santo-Sanchez, N.F., Salas-Coronado, R., Hernandez-Carlos, B. & Villanueva-Cafongo, C. 2019.
Shikimic acid pathway in biosynthesis of phenolic compounds. In: Plant Physiological Aspects
of Phenolic Compounds. M. Soto-Hernandez, R. Garcia-Mateos and M. Palma-Tenango (Eds.).
IntechOpen. https://doi.org/10.5772/intechopen.83815

Sepahpour, S., Selamat, J., Manap, M.Y.A., Khatib, A. & Razis, A.F.A. 2018. Comparative analysis
of chemical composition, antioxidant activity and quantitative characterizationof some phenolic
compounds in selected herbs and spices in different solvent extraction systems. Molecules, 23(2):
402. https://doi.org/10.3390/molecules23020402

Shahidi, F. & Zhong, Y. 2015. Measurements of antioxidant activity. Journal of Functional Foods, 18:
757-781. https://doi.org/10.1016/}.jff.2015.01.047

Stankovic, M.S., Niciforovic, N., Topuzovic, M. & Solujic, S. 2011. Total phenolic content, flavonoid
concentrations, and antioxidant activity, of the whole plant and plant parts extracts from Teucrium
montanum L. var. montanum, F. supinum (L.) Reichenb. Biotechnology and Biotechnological
Equipment, 25(1): 2222-2227. https://doi.org/10.5504/BBEQ.2011.0020

Sugijanto, N.E., Diesel, A., Ebel, R., Indrayanto, G. & Zaini, N.C. 2009. Chemical constituents
of the endophytic fungus Lecythophora sp. isolated from Alyxia reinwardtii. Natural Product
Communications, 4(11): 1485-1488. https://doi.org/10.1177/1934578X0900401109

Sumayya, T.K. & Gopinathan, M. 2022. Correlation of antioxidant, antibacterial and phytochemicals of
leaves and roots extracts of Clerodendrum infortunatum. International Journal of Pharmaceutical
Sciences and Research, 13(5): 2144-2153.

Tan, M.C., Tan, C.P. & Ho, C.W. 2013. Effects of extraction solvent system, time and temperature on
total phenolic content of henna (Lawsonia inermis) stems. International Food Research Journal,
20(6): 3117.

Topgu, G., Che, C., CordellH, G.A. & Ruangrungsi§, N. 1990. Iridolactones from Alyxia reinwardtii.
Phytochemistry, 29(10): 3197-3199. https://doi.org/10.1016/0031-9422(90)80184-I

Wang, S.Y., Chen, H., Camp, Mary, J.C. & Mart, K.E. 2012. Flavonoid constituents and their contribution
to antioxidant activity in cultivars and hybrids of Rabbit Eye Blueberry (Vaccinium ashei Reade).
Food Chemistry, 132(2): 855-864. https://doi.org/10.1016/j.foodchem.2011.11.050

Wijekoon, M.M.J.O., Bhat, R. & Karim, A.A. 2011. Effect of extraction solvents on the phenolic compounds
and antioxidant activities of bunga kantan (Etlingera elatior Jack.) inflorescence. Journal of Food
Composition and Analysis, 24: 615-619. https://doi.org/10.1016/j.jfca.2010.09.018

Zlotek, U., Mikulska, S., Nagajek, M. & Swieca, M. 2016. The effect of different solvents and number
of extraction steps on the polyphenol content and antioxidant capacity of basil leaves (Ocimum
basilicum L.) extracts. Saudi Journal of Biological Sciences, 23: 628-633. https://doi.org/10.1016/j.
sjbs.2015.08.002



