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ABSTRACT

In the present study the stems of the Bridelia stipularis (L.) Blume, which is traditionally used by ethnic communities in 
Sabah, Malaysia, has been investigated for its chemical composition, total flavonoid content (TFC) and total phenolic 
content (TPC) via Gas-Chromatography-Mass Spectroscopy (GC-MS) analysis consuming hexane, chloroform and ethyl 
acetate as extraction solvents and gallic acid and quercetin as internal standards. In vitro antioxidant activity (AA) 
was determined by the application of 1,1-diphenyl-2-picryl hydrazine (DPPH) radical scavenging assay using tert-butyl-
1-hydroxytoluene (BHT) as comparative drug. The GC-MS profiling showed the presence of 1-dodecanol (40.917%), 
oxalic acid, cyclobutyl octadecyl ester (24.985%), 1-octanol,2-nitro (12.424%), benzaldehyde, 2,4-dimethyl- (9.583%), 
4-tridecanol (6.359%) and nitric acid, nonyl ester (5.616%) as major constituents. The TPC (224.62 ± 0.08 mg QE/g) and 
TFC (160.48 ± 0.08 mg GAE/g) was reported highest for the most polar solvent i.e. ethyl acetate. The in vitro antioxidant 
study disclosed highest IC50 value for ethyl acetate (2.15 mg/mL), queued by chloroform (1.19 mg/mL) and hexane (0.89 
mg/mL), displaying that polar solvents are good extraction solvents for the identification of free radical scavenging 
properties, TFC and TPC.
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ABSTRAK

Dalam kajian terbaharu, batang Bridelia stipularis (L.), Blume secara tradisi digunakan oleh etnik pribumi di Sabah, 
Malaysia, telah dikaji kerana komposisi kimia, kandungan jumlah flavonoid (TFC) dan jumlah (kandungan fenolik 
KUHP) melalui analisis Gas Jisim Spektroskopi Kromatografi (GC-MS) menggunakan heksana, kloroform dan etil asetat 
sebagai pengekstrakan pelarut, asid galik dan Quercetin sebagai piawai dalaman. Aktiviti antipengoksida (AA) in vitro 
ditentukan oleh aplikasi hidrazina 1,1-difenil-2- pikril (DPPH) radikal menghapus-sisa cerakin menggunakan tert-butil-1-
hidroksitoluen (BHT) sebagai perbandingan dadah. GC-MS pemprofilan mendedahkan kehadiran 1-dodekanol (40.917%), 
asid oksalik, ester oktadekil cyclobutyl (24.985%), 1-oktanol,2-nitro (12.424%), benzaldehid, 2,4-dimetil-(9.583%), 
4-tridekanol (6.359%) dan asid nitrik, ester nonil (5.616%) sebagai juzuk utama. Dalam TPC (224.62 ± 0.08 mg QE/g) 
dan TFC (160.48 ± 0.08 mg GAE/g) dilaporkan tertinggi bagi pelarut paling terkutub iaitu etil asetat. Kajian antioksidan 
in vitro dinyatakan nilai50 IC tertinggi untuk etil asetat (2.15 mg/mL), diikuti oleh kloroform (1.19 mg/mL) dan heksana 
(0.89 mg/mL), menunjukkan kutub pelarut yang baik pengekstrakan pelarut bagi pengenalpastian sifat radikal skaveng, 
TFC dan TPC.

Kata kunci: Aktiviti antioksidan; GC-MS; jumlah kandungan fenolik; jumlah kandungan flavonoid; tumbuhan perubatan

INTRODUCTION

For thousands of years, people all over the world have used 
medicinal plants as base in making traditional medicines 
and had given great advantages to mankind to come up 
with new remedies (Krishnaiah et al. 2011). Medicinal 
plants contain bioactive compounds, for instance, saponins, 
tannins, flavonoids and essential oils (Sofowora 1993). 
These phytochemicals are produced as a result of normal 
metabolic activities of plants and are also known as 
secondary metabolites (Meskin et al. 2002). These are 
the originator of medicinal properties within plants, as 
exemplification, antimicrobial (Sachidananda et al. 2015), 

anti-aging (Fujita et al. 2012), antioxidant (Wu et al. 2004) 
and most importantly antidiabetic (Firdous 2014). 
 Traditional medicines are not only contributing to 
primary health care, but also in the development of modern 
drugs (Vedavathy 2003). Countries like India and China are 
popularly known when it comes to traditional medicines 
because they believe them to be safer, more effective and 
inexpensive (Katewa et al. 2004). In Malaysia, the earliest 
report on phytochemical screening of 205 medicinal plants 
was performed in the year 1954 by Arthur in Sabah (East 
Malaysia) (Arthur 1954), followed by the identification 
of alkaloids in 200 plant species in 1957 by Douglas and 
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Kiang in the peninsular area (West Malaysia) (Douglas & 
Kiang 1957). Malaysia is the habitat of range of medicinal 
plants due to its tropical climatic conditions and some 
of the them are currently undergoing research such as 
Eurycoma longifolia Jack (tongkat ali), Labisia pumila 
(kacip fatimah) and Orthosiphon stamineus to mention 
a few (misai kucing) (Jamal 2006). In Sabah, there is 
an abundance of natural resources such as plants and 
therefore, the indigenous society are inseparable from the 
natural environment (Halim et al. 2013). The ethnic groups 
are utilizing their traditional knowledge and experience 
in inheriting them to their younger generations in order 
to treat ailments (Kodoh et al. 2017). Their daily lives are 
depended on nature and this has influenced and helped 
them in forming traditional knowledge (Halim et al. 2013).
It is estimated that nearly 70 species of Bridelia are 
genus of Africa and Asia (Kathriarachchi et al. 2005). 
The most studied species is Bridelia ferruginea which is 
used traditionally to treat rheumatism pain and intestine 
disorders. Some of the chemical compounds found in this 
species are tannins and quercetin. Currently, approximately 
119 subspecies are recognized in the genus Bridelia. 
Bridelia stipularis (L.) Blume is a woody evergreen 
climber shrub, which belongs to the family Euphorbiaceae 
and preferably grows in shady and moist forest floors 
(Figure 1) (Anjum et al. 2011). It is valuable as a medicine 
in treating several diseases (Ngueyem 2009). For example, 
it is traditionally used in amoebic dysentery, chest pain, 
constipation, diarrhea, leucoderma and strangury (Nasir 
2006). Moreover, the leaves are also for curing jaundice 
(Krishnan 1992). Furthermore, several compounds have 
been isolated from this plant which are pharmaceutically 
important, as an example, phytochemicals, proteins, 
carbohydrate, vitamins, alkaloids, flavonoids, steroids and 
phenolic substances (Mall et al. 2017; Ngueyem 2009). 
According to a recent survey done by Kulip (2003), it is 
found to be believed by the native communities of Sabah 
that are Kadazandusun and Murut, that its roots and fruits 
cure diabetes mellitus. 

(Kahkonen et al. 1999). Therefore, it can fight against 
diseases caused by oxidation of low density lipoproteins 
such as atherosclerosis and coronary heart disease in 
addition to being able to prevent cancerous cell formation 
(Peterson et al. 2001). Flavonoid on the other hand, is an 
important part of polyphenol, which possess tannin and 
lignin precursors, which are proven to be antioxidants, 
and which acts as reactive oxygen species scavenging 
components within human body (Malencic et al. 2007). 
For better future, flavonoids are being researched more 
thoroughly, because of their immense bioactivities which 
includes anti-inflammatory, anti-genotoxic, anti-cancer, 
neuro-protective, anti-Alzheimer and antiglycative 
properties (Murthy et al. 2012).
 Gas chromatography-mass spectrometry (GC-MS) is 
used as a technique that serves a broad range of applications 
aimed at sample identification, quantitative determination 
or both. The sample identification (qualitative analysis) 
needs a high degree of selectivity whereas quantitative 
analysis requires high accuracy (the precision and trueness) 
(Fialkov et al. 2006). GC-MS is one of the valuable tool 
for the identification of phytochemical compounds. The 
first step in investigating the presence of metabolites in 
any medicinal plant is by phytochemical screening that 
gives a broad idea on the nature of chemical constituent 
(Konig et al. 2004). To identify the compound, processing 
data from GC-MS must fulfil two criteria which includes: 
correct determination of mass spectrum of individual 
compounds; and accurate calculation of the abundance of 
chromatographic peaks corresponding to those compounds 
in each sample (Johnsen et al. 2001). Moreover, for sample 
introduction into GC-MS, there are three considerations. 
Firstly, the constituent of the sample must be volatile and 
secondly the analytes must be present at concentration 
which is appropriate to it. Thirdly, while injecting the 
sample, the sample must not degrade the separation 
(Fialkov et al. 2006).
 Bridelia stipularis is a plant with strong medicinal 
properties but so far there is no research performed on 
determination of the chemical composition, TPC, TFC and 
antioxidant activity of its stem. Hence, in continuation to 
our ongoing project on the survey of medicinal plants, we 
herein report, the GC-MS based chemical profiling, TPC, TFC 
and antioxidant activity of the crude extracts from the stem 
of Bridelia stipularis.

MATERIALS AND METHODS

CHEMICALS, REAGENTS AND INSTRUMENTS

Folin-Ciocalteau reagent, Aluminium chloride, sodium 
carbonate, potassium acetate, BHT, gallic acid, quercetin 
and DPPH were obtained from Sigma-Aldrich. Hexane, 
chloroform, ethyl acetate and methanol were purchased 
from Merck. All chemicals were of analytical grade and 
used without any further purification. The GC-MS analysis 
was conducted on a Perkin Elmer Clarus 500, GC-MS 
spectrometer equipped with VF-5 MS fused silica capillary 

FIGURE 1. Plant of Bridelia stipularis

 Polyphenols existing in medicinal plants have 
proven to have oxidizing effects which in turn affects a 
wide range of biological activities (Xu et al. 2010), and 
have shown potential antioxidant properties (Ho 1992), 
which showed that it can act as an effective antioxidant 
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column of 30 m × 0.25 i.d. and 0.25 μm film thickness. 
Perkin Elmer Lamda 20 UV-Vis spectrophotometer was 
used to measure the absorbance for the determination of 
AA, TPC and TFC of all the crude extracts. 

PLANT MATERIAL AND SAMPLE COLLECTION

The fresh stems of Bridelia stipularis were collected near 
Keningau (specimen number: BOHR 4439) and stored in 
polyethylene bags at 4°C until required. The leaves were 
later separated and the stems were cut and ground to form 
powder. This contributes to a better extraction because of 
small surface area (Azmir et al. 2013). The samples were 
stored at 4°C covered with aluminum foil to avoid exposure 
to light, heat and moisture until further use.

PREPARATION OF CRUDE EXTRACTS FOR CHEMICAL 
PROFILING, TPC, TFC AND in vitro ANTIOXIDANT ACTIVITY

 The dried stem powder was divided in three portions 
of 100 g and extracted with 400 mL of methanol using 
Soxhlet extraction method at room temperature (Figure 2). 
Prior to extraction the samples were soaked in methanol 
and left for 48 h. The methanol from the extract was 
recovered under reduced pressure. The obtained crudes 
were further extracted with 1:1 v/v ratio of water:hexane, 
water:chloroform and water:ethyl acetate within a 
separating funnel in order to receive their respective 
residual fractions. The water layer was discarded and the 
organic fractions were filtered using Whatman’s filter 
paper. The extraction was repeated in triplicate and the final 
volume of all the three extracts, were then evaporated under 
reduced pressure via rotary evaporator in order to obtain 
the crude residues. All the crude residues were weighed 
and stored at 4°C until further use (Khan et al. 2018).

was analyzed by injecting into GC MS with a split injector 
at 300°C. The VF-5 MS fused silica capillary column (30 
m × 0.25 mm × 0.25 μm) was employed. The temperature 
programme was 50°C, held for 10 min, increased at 3°C/
min to 250°C and finally hold for 10 min. Inert helium gas 
was employed as a carrier gas at a constant flow rate of 1.0 
mL/min. The compounds were identified by comparison of 
their retention indices (RI) with those provided in National 
Institute of Standards and Technology (NIST) library. 
Identification was assumed when a good match of RI was 
achieved (Khan et al. 2016).

DETERMINATION OF TPC OF CRUDE EXTRACTS

The TPC was determined using spectroscopic method 
by Ainsworth et al. (2007). The reaction mixture was 
prepared by mixing 1 mL plant extracts (1 mg/mL), 1 mL 
of 10% Folin-Ciocalteu’s reagent dissolved in 13 mL of 
deionized water followed by the addition of 5 mL of 7% 
Na2CO3 solution. The mixture was mixed thoroughly and 
kept in the dark at room temperature for 2 h. The blank 
solution was also prepared. The absorbance was recorded 
using UV-Vis spectrometer at 760 nm. All the analysis was 
repeated three times and the mean value of absorbance was 
obtained. TPC was determined by extrapolating calibration 
line which was construed by gallic acid solution. The TPC 
was expressed as gallic acid equivalent (mg GAE) per gram 
of the dried sample.

DETERMINATION OF TFC OF CRUDE EXTRACTS

The TFC was determined by using aluminium chloride 
calorimetric method based on the methods reported by 
Afify et al. (2012), in which 0.5 mL of sample (1 mg/
mL) was mixed with 1 mL of 10% aluminium chloride, 
1 mL of potassium acetate (1 M) and 2.5 mL of distilled 
water. Quercetin was used as the internal standard. The 
absorbance of the mixtures was measured at 415 nm by 
using UV-spectrophotometer. The TFC was expressed in 
terms of quercetin equivalent (mg QE/g of sample). All the 
analyses were repeated three times and the mean value of 
absorbance was obtained.

In vitro ANTIOXIDANT ACTIVITY OF CRUDE EXTRACTS

The AA of all the three extracts were quantitatively assessed 
on the basis of free radical scavenging activity of stable 
DPPH radical according to the reported method by Brand-
Williams et al. (1995), in which 0.1 mM stock solution of 
DPPH was prepared by dissolving 2.0 mg of DPPH in 50 
mL of methanol and kept in dark covered with aluminum 
foil to prevent light degradation. BHT used as the positive 
control was prepared by diluting 10 mg standard BHT with 
10 mL methanol (ratio 1:1, v/v) to obtain the concentration 
of 1 mg/mL. Control or blank was prepared by mixing 
methanol to DPPH-methanolic solution. Furthermore, 
standard solution of BHT was diluted by methanol to get 
a series of concentrations viz. 0.01, 0.05, 0.1, 0.25 and 
0.50 mg/mL followed by addition of 3 mL of 0.01 mM 

FIGURE 2. Sample soaked in methanol

GC-MS ANALYSIS OF CRUDE EXTRACTS

The samples of Bridelia stipularis stems were prepared 
in hexane, chloroform and ethyl acetate by diluting them 
using methanol as diluting solvent (1:100, v/v). 2 mL 
each of crude samples were suctioned using syringe and 
filtered by using Whatman’s syringe filter (0.2 μm TF) and 
transferred into glass vials. Then, 1 μL of diluted sample 
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DPPH solution to each of the five concentrations. Exactly 
similarly, the concentrations of crude extracts hexane, 
chloroform and ethyl acetate ranging from 4, 2, 1, 0.5 and 
0.25 mg/mL were prepared by adding 3 mL of 0.01 mM 
DPPH. Incubation of the resulting solutions were carried 
out for 60 min in the dark at 37°C. The absorbance was 
measured calorimetrically at 517 nm. The experiments 
were carried out in triplicate. The percentage inhibition 
(I%) was calculated using formula 1, where Ao is the 
absorbance of the control (no sample, DPPH solution only); 
and As is the absorbance in the presence of the sample. IC50 
of the samples was calculated from the plot of inhibition 
percentage (I%) against extract concentration by using 
formula 2. All the data were analyzed through linear 
regression using Microsoft Office Excel.

 % of radical sca enging activity = 100 ×   -1

 IC50: Y = mx + C  -2

STATISTICAL ANALYSIS

To properly determine the relationship between the 
total phenolic content, total flavonoid content and the 
antioxidant activity, Spearman’s correlation test was done. 
Data were analyzed in three replicates for each treatment. 
With the help of Microsoft Excel, average values, means of 
variables and the standard deviations (SD) were calculated 
to authenticate the significant differences. All statistical 
testing was done by using IBM SPSS 23.0, a standard 
statistical software program for windows.

RESULTS AND DISCUSSION

DISCUSSION ON GC-MS, COMPOUND ISOLATION                   
AND IDENTIFICATION

In the present study, liquid-liquid extraction technique was 
used to separate (partition) the components of a mixture 
into two immiscible solvents of different densities, which 
depends on parameters such as solvent types, solvent 
strength, extraction time, agitation speed, sample-solvent 
ratio as well as temperature (Altemimi et al. 2017). To 
mention, solubility of natural products and the choice 
of solvent could also determine the yield of extracts. 
For instance, lipophilic compounds, such as terpenoids 
and alkaloids should be extracted via non polar solvent 
for instance n-hexane. Whereas alkaloids, flavonoids 
and terpenoids should be extracted preferably via ethyl 
acetate. Moreover, the extraction of flavones, alkaloids, 
polyphenols and saponins should be done by polar 
solvents such as methanol, ethanol and acetone as these 
are relatively polar solvents (Monte et al. 2014).

EXTRACTION OF Bridelia stipularis

Stems of B. stipularis were grounded to powder to 
maximize contact with the extraction solvent. The solvent 
used varied in polarity. According to Zuo et al. (2002), 

polar substances tend to dissolve in polar solvents whereas 
non-polar substances tend to dissolve in non-polar solvents. 
In this study, the solvents used were hexane, chloroform 
and ethyl acetate and they were subjected for extraction 
in order of their increasing polarity to help achieve better 
extraction and enhance separation of a wide range of 
components present in the samples. The percentage yields 
of all the extracts are displayed in Table 1, which was 
calculated by formula 3 and by putting the initial weight 
of the powdered sample as 300 g.

 Percentage yield (%) =  × 100%  -3

TABLE 1. Percentage yield of Bridelia stipularis stem extracts

Extracts Weight of crude          
extract (g)

Percentage yield 
(%)

Hexane
Chloroform
Ethyl acetate

5.14
1.88
1.03

1.71
0.63
0.34

 Extraction using hexane displayed highest percentage 
yield. The extraction yield is strongly dependent on the 
solvent. Thus, the selection of extraction solvents is critical 
for complex plant samples (Tan et al. 2013). According 
to Rafat et al. (2010) the extraction solvent is generally 
selected based on the purpose of, polarity of the interested 
compounds, polarity of undesirable components, overall 
cost, safety and environmental concern.

CHEMICAL PROFILING BY GAS CHROMATOGRAPHY-MASS 
SPECTROMETRY ANALYSIS

Qualitative determination of chemical profile and the 
presence of different types of low and high molecular 
weight polar and non-polar chemical entities with 
varying quantities in each of the stem extract viz. hexane, 
chloroform and ethyl acetate of Bridelia stipularis were 
identified by implementing them to GC-MS analysis. The 
concentration of each compound was given as percentage 
of compound abundance over total abundance which 
was relative chromatogram area (%). Compound with 
the highest peak area were chosen. The identification of 
components was done by interpretation of mass spectra 
of GC-MS and comparing them with the database of NIST 
library (Ravisankar 2014). The data obtained included 
retention time, molecular formula, molecular weight and 
peak area percentage. The mass spectrums of chosen 
compounds are shown in supplementary material. 

CHEMICAL COMPOSITION OF HEXANE STEM EXTRACT

The chromatogram of hexane stem extract (Figure 3) 
showed the presence of total 13 compounds of different 
classes such as alcohol, fatty acids, ester, straight chain 
alkanes and others, which are listed in Table 2. The 
major component with the highest percentage peak area 
was oxalic acid, cyclobutyl octadecyl ester (24.985%) 
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at retention time 53.478 min, followed by 4-Tridecanol 
and nitric acid, nonyl ester with percentage peak area of 
6.359% and 5.616%, respectively. Biological activity has 
been performed on the compound oxalic acid, cyclobutyl 
octadecyl ester (Chowdury et al. 2017), but in the report 
published by Chandrakasan and Neelamegam (2011), 
there is no activity performed on the hydroxyl compound 
i.e. methyl 2-hydroxydodecanoate and the rest of the 
compounds.

CHEMICAL COMPOSITION OF CHLOROFORM                         
STEM EXTRACT

A total of 8 compounds were identified from the 
chloroform extract of the stems B. stipularis (Figure 4), 
which are displayed in Table 3. The major components 
were 1-hexene, 3,5-dimethyl- at retention time 32.316 
followed by 1-dodecyn-4-ol at retention time 50.850, 
nitric acid, nonyl ester at retention time 52.949, methyl-
2-hydroxydodecanoate at retention time 53.043 and 

TABLE 2. Chemical profile of hexane extract

No. RT
(min)

Name of compound         MF Mw 
(g/mol)

Peak 
Area (%)

PM
(%)

1
2
3
4
5
6
7
8
9
10
11
12
13

2.114
42.260
49.971
50.407
51.219
51.929
52.231
52.459
52.714
52.935
53.016
53.183
53.478

Methane-d, trichloro-
2,2’ – Bioxirane
2-Propenoic acid,2-propenyl
Decanoic acid, 2-methyl
(2S,3S)-(-)-3-Propyloxirane methanol
Methyl 2-hydroxydodecanoate
1-Octanol, 2-nitro
4-Tridecanol
Oxirane, [(tetradecyloxy)methyl]-
Nitric acid, nonyl ester
1-Octanol, 2-nitro
1-Octanol, 2-nitro
Oxalic acid, cyclobutyl octadecyl ester

CCl3D
C4H6O2

C7H10O2

C11H22O2

C6H12O2

C13H26O3

C8H17NO3

C13H28O
C17H34O2

C9H19NO3

C8H17NO3

C8H17NO3

C24H44O4

119
86
122
186
116
230
175
200
270
189
175
175
396

5.267
2.135
2.528
2.272
3.321
4.718
2.746
6.359
4.178
5.616
4.884
3.979
24.985

98.5
50.6
41.6
16.4
29.7
12.6
14.9
21.0
4.20
7.87
7.87
7.13
8.37

RT= Retention time, MF= Molecular formula, Mw= Molecular weight, PM= Probability Match

FIGURE 3. Chromatogram of hexane stem extract

FIGURE 4. Chromatogram of chloroform extract
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TABLE 3. Chemical profile of chloroform extract

No. RT
(min)

Name of compound MF Mw 
(g/mol)

Peak 
Area (%)

PM 
(%)

1
2
3
4
5
6
7
8
9
10
11
12

2.154
32.316
33.956
50.850
51.427
52.372
52.654
52.734
52.949
53.043
53.277
53.418

Methylene chloride
1-Hexene, 3,5-dimethyl-
Pyrrolidine,1-methyl-3,2’-spiro-benzo-1,3-dioxolane
1-Dodecyn-4-ol
4-nonene, 5- nitro
1-Octanol, 2-nitro-
1-Octanol, 2-nitro-
1-Octanol, 2-nitro-
Nitric acid, nonyl ester
Methyl-2-hydroxydodecanoate
1-Octanol, 2-nitro-
1-Octanol, 2-nitro-

CH2Cl2

C8H16

C11H13NO2

C12H22O
C9H17NO2

C8H17NO3

C8H17NO3

C8H17NO3

C9H19NO3

C13H26O3

C8H17NO3

C8H17NO3

84
112
191
182
171
175
175
175
189
230
175
175

12.980
3.772
2.315
4.627
2.298
2.692
2.585
6.868
5.637
2.985
10.593
12.424

65.6
7.06
95.2
8.27
26.8
15.8
19.8
15.6
35.6
21.0
25.2
14.5

RT= Retention time, MF= Molecular formula, Mw= Molecular weight, PM= Probability Match

FIGURE 5. Chromatogram of ethyl acetate extract

1-octanol, 2-nitro- at retention time 53.418. Based on the 
result, compound 1-octanol, 2-nitro is the most abundant 
component of chloroform extract and it also possesses 
antimicrobial properties as reported by Priya et al. (2011). 
However, there is no reported data or record, giving details 
about the bioactivity of the rest of the compounds.

CHEMICAL COMPOSITION OF ETHYL                                   
ACETATE STEM EXTRACT

The chromatogram of ethyl acetate stem extract (Figure 
5) showed the presence of total 14 compounds of different 
classes which are listed in Table 4. The major component 
with the highest percentage peak area was 1-dodecanol 
(40.917%) at the retention time 32.289 followed by 
benzaldehyde, 2,4-dimethyl- (9.583%) at the retention 
time 21.097. Based on the study by Togashi et al. (2007), 
it was reported that the long chain fatty acids such as 
1-dodecanol possess potential antibacterial activity 
against Staphylococcus aureus. Most of the fatty acids are 
known to display good antibacterial, antifungal and anti-
inflammatory properties (Aparna et al. 2012), whereas no 
pharmacological or biological activity has been reported 
for the rest of compounds present in ethyl acetate extract.
It is worth mentioning, that there are no records 

based on the biological activity for some of the major 
components found in the GC-MS analysis of the stem of B. 
stipularis such as (2S,3S)-(-)-3 propyloxiranemethanol, 
methyl 2-hydroxydodecanoate, 4-tridecanol, oxirane, 
[(tetradecyloxy)methyl]-, pentanoic acid, 5-hydroxy-, 
2,4-di-t-butylphenyl esters, 1-tridecyn-4-ol, pyrrolidine, 
1-methyl-3,3’-spiro-benzo-1,3-dioxolane and 1-dodecyn-
4-ol. Hence, we subjected all the three extracts to in-vitro 
antioxidant assay in order to check their potential as free 
radical scavengers.

DETERMINATION OF TPC AND TFC

The result of TPC was estimated by using Folin-Ciocalteu 
reagent. The phenolic content in plant extracts is expressed 
as milligram of Gallic acid equivalent (GAE) per gram of 
dry weight of extract, which is solvent dependent. The 
higher the polarity of solvent the more will be the TPC 
and TFC in the extract and as the TFC is component of TPC, 
its quantity is usually less when compared to TPC. But as 
both possess unimpeachable biological profile, especially 
as antioxidants, they are both indispensable. Therefore, 
three solvents were chosen in order to obtain the TPC 
and TFC i.e. hexane, chloroform and ethyl acetate. The 
flavonoid concentration expressed as quercetin equivalent 
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was determined by using aluminum chloride method. 
The results obtained are displayed in Table 5, giving 
comprehensible and relative values of TPC and TFC.

ANTIOXIDANT ACTIVITY

DPPH free radical scavenging assay was used to identify 
the in-vitro antioxidant potential of the organic extracts 
bearing different bioactive components. Tert-butyl-1-
hydroxytoluene (BHT) was used as an internal standard 
for comparing the results.

CHEMISTRY OF DPPH ASSAY

The basic principle of DPPH method is based on the 
reduction of DPPH and a visible color change from purple to 
yellow in the presence of a hydrogen donating antioxidant. 
The degree of discoloration indicates the scavenging 
potential of antioxidant compounds of the extracts. The 
absorption strength decreases in the presence of a free 
radical scavenging antioxidant at 517 nm (Huang et al. 
2005). This demonstrates that the antioxidants present in 
the sample mixtures have interacted with the free radicals 
(Figure 6) (Kedare et al. 2011; Rhashid et al. 2000). BHT 
appears to be the best standard antioxidant because 1 mole 
of BHT reduces about 3 mole of DPPH•, even though it reacts 
very slowly (Bondet et al. 1997). Brand-Williams et al. 

(1995) and Cuvelier et al. (1992) suggested three possible 
pathways for BHT/DPPH• reaction as shown in Figure 7. 
DPPH is the easiest in-vitro assay as it requires simple 
procedure and low cost and hence it has been used mostly 
for the antioxidant activity evaluation (Ahmad et al. 2010).

EVALUATION OF ANTIOXIDANT ACTIVITY OF VARIOUS 
ORGANIC EXTRACTS OF Bridelia stipularis

In the present study, the AA results obtained showed an 
increase in the percentage inhibition as the concentration 
increases. The highest percentage inhibition exhibited by 

TABLE 4. Chemical profile of ethyl acetate extract

No RT
(min)

Name of compound MF Mw 
(g/mol)

Peak Area 
(%)

PM 
(%)

1
2
3
4
5
6
7
8
9
10
11
12
13
14

2.114
2.161
21.097
32.289
33.952
44.292
44.667
50.430
50.676
51.876
52.875
53.271
53.425
53.780

Methylene Chloride
Methane-d, trichloro
Benzaldehyde, 2,4-dimethyl-
1-Dodecanol
Pentanoic acid, 5-hydroxy-, 2,4-di-t-butylphenyl esters
1-hexanol, 3-methyl-
Oxalic acid, allyl heptylester
Octanoic acid, methyl ester
Oxalic acid, cyclobutyl heptylester
Nitric acid, heptyl ester
Nitric acid, nonyl ester
1-Tridecyn-4-ol
1-Octanol, 2-nitro-
Nitric acid, nonyl ester

CH2Cl2

CCl3D
C9H10O
C12H26O
C19H30O3

C7H16O
C12H20O4

C9H18O2

C13H22O4

C7H15NO3

C9H19NO3

C13H24O
C8H17NO3

C9H19NO3

84
119
134
186
306
116
228
158
242
161
189
196
175
189

8.103
2.398
9.583
40.917
2.269
2.683
1.653
1.714
1.683
1.947
2.393
2.079
3.293
1.872

91.8
55.6
29.7
14.2
37.6
37.3
24.9
30.8
70.0
23.3
30.4
13.2
9.75
16.9

RT= Retention time, MF= Molecular formula, Mw= Molecular weight, PM= Probability Match

TABLE 5. TPC and TFC in ethyl acetate, chloroform and hexane extracts

Plant extracts Total phenolic contents
(mg GAE/g)

Total flavonoid contents
(mg QE/g)

Ethyl acetate
Chloroform
Hexane

224.62 ± 0.08
170.40 ± 0.18
111.82 ± 0.96

160.48 ± 0.08
56.84 ± 0.06
32.06 ± 0.08

a Data are expressed as mean ± S.D b Results are the mean of triplicate values (n=3)

FIGURE 6. Reduction of DPPH free radical (purple to yellow) 
(Rashid et al. 2000)



1006 

BHT was 83.99%. Meanwhile, for hexane, chloroform 
and ethyl acetate the highest percentage inhibition were 
78.74%, 67.80% and 61.27%, respectively (Figure 8). 
The higher is the percentage inhibition, the higher is 
the AA, which indicates an increased ability to donate 
hydrogen ions in a lighter solution which is proportional 
to the number of electrons gained (Villano et al. 2007). 
Further, the IC50 value was calculated. IC50 value is the 
concentration of sample at which the inhibition percentage 

reaches 50%. In the case of hexane extract, the IC50 was 
reported to be 0.8873 ± 0.0083 mg/mL, 1.1924 ± 0.0116 
mg/mL for chloroform extract and 2.1451 ± 0.0238 mg/
mL for ethyl acetate extract. BHT was used as standard 
had IC50 value of 0.0678 ± 0.0006 mg/mL (Figure 9). The 
difference in their IC50 value is due to the presence of 
different phytochemicals in different crude extracts. The 
lower the IC50 value, the higher the free radical scavenging 
activity (Li et al. 2009). Therefore, ethyl acetate extract 

FIGURE 7. Proposed mechanism for BHT/DPPH• reaction (Brand-Williams et al. 1995; Cuvelier et al. 1992)

aResults are the mean of triplicate values (n=3)

FIGURE 8. Inhibition activity (I%) of various organic extracts against log concentration (μg/mL)
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displayed the strongest free radical scavenging properties 
over the rest three when compared to BHT. All the data 
related to GC-MS and statistical calculations are provided 
in supplementary information section.
 It is important to mention the use of different 
solvents for better extraction. Hexane is usually chosen 
to extract terpenoid-derived molecules (Harman et al. 
2016). However, ethyl acetate for extracting phenolic 
and nitrogenous compounds (Zlotek et al. 2016), 
which are known to scavenge free radicals and reactive 
oxygen species (ROS) and most importantly superoxide 
anion, hydroxyl radicals and singlet oxygen (Shanta et 
al. 2013). Chloroform results in the least extraction of 
phytochemicals, which it attributed to poor solubility of 
phytochemicals in chloroform, therefore it should not be 
the solvent of choice for the extraction of phytochemicals 
(Dhawan et al. 2017).

CONCLUSION

The outcome of the study, thus, provides strong evidence in 
establishing the radical scavenging properties of Bridelia 
stipularis stem. The bioactivity of antioxidant of the plant 
can be attributed to the presence of phytochemicals. In 
the present work, the stems of Bridelia stipularis were 
extracted with various organic solvents such as hexane, 
chloroform and ethyl acetate. The chemical profiling 
via GC-MS showed 1-dodecanol (40.917%), oxalic acid, 
cyclobutyl octadecyl ester (24.985%), 1-octanol,2-nitro 
(12.424%), benzaldehyde, 2,4-dimethyl- (9.583%), 
4-tridecanol (6.359%) and nitric acid, nonyl ester (5.616%) 
as major components. The antioxidant activity was carried 
out via DPPH radical scavenging assay using BHT as internal 
standard. The IC50 value of BHT was reported to be 0.07 
mg/mL with maximum percentage inhibition of 83.99%. 
The IC50 value of hexane crude extract was found to be 
lowest among the three (0.89 mg/mL) with percentage 
inhibition of 78.74%. Chloroform ext6ract displayed IC50 

value of 1.19 mg/mL with highest percentage inhibition 
of 67.80%. The lowest percentage inhibition was reported 
for ethyl acetate (61.27%) with highest IC50 value (2.15 
mg/mL). Hence, it is reasonable to postulate on the basis 
of presented data that the stem of Bridelia stipularis has 
potential antioxidant properties. 

ACKNOWLEDGEMENTS

The authors thank School of Industrial Technology, 
Universiti Sains Malaysia, Pulau Pinang and Faculty of 
Science and Natural Resources, Universiti Malaysia Sabah 
(UMS), Kota Kinabalu, for providing necessary research 
facilities to carry out the research work. Mohammad 
Shaheen Khan (MSK) thanks the Malaysian Government 
and UMS for the providing research grant SBK0329-2017 
to conduct this work. No potential conflict of interest was 
reported by the authors. 

REFERENCES

Afify, A.E., El-Beltagi, H.S., El-Salam, S.M. & Omran, A.A. 
2012. Biochemical changes in phenols, flavonoids, tannins, 
vitamin E, β-carotene and antioxidant activity during soaking 
of three white sorghum varieties. Asian Pac. J. Trop. Biomed. 
2: 203-209.

Ahmad, N., Fazal, H., Abbasi, B.H. & Farooq, S. 2010. Efficient 
free radical scavenging activity of Ginkgo biloba, Stevia 
rebaudiana and Parthenium hysterophorous leaves through 
DPPH (2, 2-diphenyl-1-picrylhydrazyl). Int. J. Phytomed. 
2: 231-239.

Ainsworth, E.A. & Gillespie, K.M. 2007. Estimation of total 
phenolic content and other oxidation substrates in plant 
tissues using Folin-Ciocalteu reagent. Nat. Protoc. 2: 875-
877.

Altemimi, A., Lakhssassi, N., Baharlouei, A., Watson, D.G. & 
Lightfoot, D.A. 2017. Phytochemicals: Extraction, isolation 
and identification of bioactive compounds from plant extracts. 
Plant 6: 42-63.

Anjum, A., Haque, M.R., Rahman, M.S., Hasan, C.M., Haque, 
M.E. & Rashid. M.A. 2011. in vitro antibacterial, antifungal 

aExperiments were run in triplicate (n=3)
bResults are mean of ± SD value

FIGURE 9. The IC50 value of various organic extracts and BHT



1008 

and cytotoxic activity of three Bangladesh Bridelia species. 
Int. Res. Pharm. Pharmacol. 1: 149-154.

Aparna, V., Dileep, K.V., Mandal, P.K., Karthe, P., Sadasivan, 
C. & Haridas, M. 2012. Anti- inflammatory property of 
N-hexadecanoic acid: Structural evidence and kinetic 
assessment. Chem. Biol. Drug. Des. 80: 434-439.

Arthur, H.R. 1954. A phytochemical survey of some plants of 
North Borneo. J. Pharm. Pharmacol. 6: 66-72.

Azmir, J., Zaidul, I.S., Rahman, M.M., Sharif, K.M., Mohamed, 
A., Sahena, F., Jahurul, M.H., Ghafoor, K., Norulaini, N.A. 
& Omar, A.K. 2013. Techniques for extraction of bioactive 
compounds from plant materials: A review. J. Food Eng. 
117: 426-436.

Bondet, V., Brand-Williams, W. & Berset, C. 1997. Kinetics and 
mechanisms of antioxidant activity using the DPPH free 
radical method. LWT-Food Sci. Technol. 30: 609-615.

Brand-Williams, W., Cuvelier, M.E. & Berset, C.L. 1995. Use of 
a free radical method to evaluate antioxidant activity. LWT-
Food Sci. Technol. 28: 25-30. 

Chandrakasan, L. & Neelamegam, R. 2011. In vitro studies on 
antioxidants and free radical scavenging activities in the 
extracts of Loranthus longiflorus desr. bark samples obtained 
from two host trees. J. Phytol. 3: 22-30.

Chowdury, K., Sharma, A., Kumar, S., Gunjan, G.K., Nag, A. & 
Mandal, C.C. 2017. Colocynth extracts prevent epithelial to 
mesenchymal transition and stemness of breast cancer cells. 
Front. Pharmacol. 8: 593-606.

Cuvelier, M.E. & Richard, H. 1992. Mesure de l’efficacite des 
antioxygenes d’origine vegetale. Recherche des composes 
actifs de la sauge. These en Sciences Alimentaires. ENSIA, 
Massy. pp. 64-71. 

De-Monte, C., Carradori, S., Granese, A., Di-Pierro, G.B., 
Leonardo, C. & De-Nunzio, C. 2014. Modern extraction 
tecniques and their impact on the pharmacological profile of 
Serenoa repens extracts for the treatment of lower urinary 
tract symptoms. BMC Urol. 14: 63-68.

Dhawan, D. & Gupta, J. 2017. Comparison of different solvents 
for phytochemicals extraction potential from Datura metel 
plant leaves. Int. J. Biol. Chem. 11: 17-22.

Douglas, B. & Kiang, A.K. 1957. A phytochemical survey of 
Malaya. Malayan Pharm. J. 6: 1-16.

Fialkov, A.B., Steiner, U., Jones, L. & Amirav, A. 2006. A new 
type of GC-MS with advanced capabilities. Int. J. Mass 
Spect. 251: 47-58.

Firdous, S.M. 2014. Phytochemicals for treatment of diabetes. 
EXCLI J. 13: 451-453.

Fujita, N., Saito, Y., Ito, T., Mizuguchi, H., Endo, M. & Ogata, T. 
2012. Folin-Chiocalteu colorimetric analysis using a scanner 
for rapid determination of total polyphenol content in many 
test samples. Stud. Sci. Technol. 1: 139-144.

Halim, A.A., Jawan, J.A., Ismail, S.R., Othman, N. & Masnin, 
M.H. 2013. Traditional knowledge and environmental 
conservation among indigenous people in Ranau, Sabah. 
Global J. Human-Soc. Sci. Res. 13: 5-11.

Harman-Ware, A.E., Sykes, R., Peter, G.F. & Davis, M. 2016. 
Estimation of terpene content in loblolly. Front. Energy Res. 
4: 16-20.

Ho, C.T. 1992. Phenolic compounds in food and their effects on 
health II. ACS Symposium Series 507: 87-97.

Huang, D.J., Ou, B.X. & Prior, R.L. 2005. The chemistry behind 
antioxidant capacity assays. J. Agric. Food Chem. 53: 1841-
1856.

Jamal, J.A. 2006. Malay Traditional Medicine. Tech Monitor 
(Special Feature: Traditional Medicine: S & T Advancement). 
pp. 37-49.

Johnsen, S.J., Dahl-Jensen, D., Gundestrup, N., Steffensen, 
J.P., Clausen, H.B., Miller, H., Masson-Delmotte, V., 
Sveinbjörnsdottir, A.E. & White, J. 2001. Oxygen isotope 
and palaeotemperature records from six Greenland ice-core 
stations: Camp Century, Dye-3, GRIP, GISP2, Renland and 
NorthGRIP. J. Quater. Sci. 16: 299-307.

Kahkonen, M.P., Hopia, A.I., Vuorela, H.J., Rauha, J.P., Pihlaja, 
K., Kujala, T.S. & Heinonen, M. 1999. Antioxidant activity 
of plant extracts containing phenolic compounds. J. Agr. Food 
Chem. 47: 3954-3962.

Katewa, S.S., Chaudhary, B.L. & Jain, A. 2004. Folk 
herbal medicines from tribal area of Rajasthan, India. J. 
Ethnopharmacol. 92: 41-46. 

Kathriarachchi, H., Hoffmann, P., Samuel, R., Wurdack, 
K.J. & Chase, M.W. 2005. Molecular phylogenetics of 
Phyllanthaceae inferred from five genes (plastidatpB, matK, 
3’ndhF, rbcL, and nuclear PHYC). Mol. Phylogenetics Evol. 
36: 112-134.

Kedare, S.B. & Singh, R.P. 2011. Genesis and development of 
DPPH method of antioxidant assay. J. Food Sci. Technol. 
48: 412-422.

Khan, M.S., Yusufzai, S.K., Kaun, L.P., Shah, M.D. & Idris, 
R. 2016. Chemical composition and antioxidant activity of 
essential oil of leaves and flowers of Alternanthera sessilis 
red from Sabah. J. App. Pharm. Sci. 6: 157-161.

Khan, M.S., Yusufzai, S.K., Kimin, L. & Jabi, N.A. 2018. 
Determination of chemical composition, total flavonoid 
content, total phenolic content and antioxidant capacity of 
various crude extracts of Manihot esculenta crantz leaves. 
IJRASET. 6: 2433-2443.

Kodoh, J., Mojiol, A.R., Lintangah, W., Gisiu, F., Maid, M. 
& Liew, K.C. 2017. Traditional knowledge of the uses of 
medicinal plants among the ethnic communities in Kudat, 
Sabah, Malaysia. Int. J. Agr. Forest. Planta. 5: 79-85.

König, W.A. & Hochmuth, D.H. 2004. Enantioselective gas 
chromatography in flavor and fragrance analysis: Strategies 
for the identification of known and unknown plant volatiles. 
J. Chromatogr. Sci. 42(8): 423-439. 

Krishnaiah, D., Sarbatly, R. & Nithyanandam, R. 2011. A review 
of the antioxidant potential of medicinal plant species. Food 
Bioprod. Process. 89: 217-233.

Krishnan, K.S. 1992. The Useful Plants of India. New Delhi, 
India: Council of Scientific & Industrial Research. pp. 86-87.

Kulip, J. 2003. An ethnobotanical survey of medicinal and other 
useful plants of Muruts in Sabah, Malaysia. Telopea 10: 
81-98.

Li, X., Wu, X. & Huang, L. 2009. Angelicaesinensis (Danggui). 
Molecules 14: 5349-5361.

Malenčić, D., Popović, M. & Miladinović, J. 2007. Phenolic 
content and antioxidant properties of soybean (Glycine max 
(L.) Merr.) seeds. Molecules 12: 576-581.

Mall, T.P. & Tripathi, S.C. 2017. Diversity of wild nutrimental 
fruits of District Bahraich, Uttar Pradesh, India. Int. J. Curr. 
Res. Biosci. Plant Biol. 4: 65-76.

Meskin, M.S., Bidlack, W.R., Davies, A.J. & Omaye, S.T. 2002. 
Phytochemicals in Nutrition and Health. Boca Raton: CRC 
Press. p. 224.

Murthy, K.C., Kim, J., Vikram, A. & Patil, B.S. 2012. Differential 
inhibition of human colon cancer cells by structurally similar 
flavonoids of citrus. Food Chem. 132: 27-34.



  1009

Ngueyem, T.A., Brusotti, G., Caccialanzaa, G. & Finzi, 
P.V. 2009. The genus Bridelia: A phytochemical and 
ethnopharmacological review. J. Ethnopharmacol. 124: 
339-349.

Peterson, D.M., Emmons, C.L. & Hibbs, A.H. 2001. Phenolic 
antioxidants and antioxidant activity in pearling fractions of 
oat groats. J. Cer. Sci. 33: 97-103.

Priya, V., Jananie, R.K. & Vijayalakshmi, K. 2011. GC-MS 
determination of bioactive components of Trigonella foenum 
frecum. J. Chem. Pharm. Res. 3: 35-40. 

Rafat, A., Philip, K. & Muniandy, S. 2010. Antioxidant potential 
and phenolic content of ethanolic extract of selected 
Malaysian plants. Res. J. Biotechnol. 5: 16-19. 

Ravisankar, N., Sivaraj, C., Seeni, S., Joseph, J. & Raaman, 
N. 2014. Antioxidant activity of phytochemical analysis of 
methanol extract of leaves of Hypericum hookerianum. Int. 
J. Pharm. Pharmaceut. Sci. 6(4): 456-460. 

Rashid, M.A., Gustafson, K.R., Cardellina, J.H. & Boyd, M.R. 
2000. A new podophyllotoxin derivative from Bridelia 
ferruginea. Nat. Prod. Lett. 14: 285-292.

Sachidananda, M.P., Sudeendra, P., Jose, M. & Shrikara, M.P. 
2015. Anticandidal effect of extract of Bridelia stipularis. J. 
Int. Med. Dent. 2: 104-110. 

Shanta, M.A., Ahmed, T., Uddin, M.N., Majumder, S., Hossain, 
M.S. & Rana, M.S. 2013. Phytochemical screening and in 
vitro determination of antioxidant potential of methanolic 
extract of Streospermum chelonoides. J. Appl. Pharm. Sci. 
3: 117-121.

Sofowora, A. 1993. Medicinal Plants and Traditional Medicine in 
Africa. 2nd ed. Ibadan, Nigeria: Spectrum Books Ltd. p. 289.

Tan, M.C., Tan, C.P. & Ho, C.W. 2013. Effects of extraction 
solvent system, time and temperature and total phenolic 
content of henna (Lawsonia inermis) stems. Int. Food Res. 
J. 20: 3117-3123.

Togashi, N., Shiraishi, A., Nishizaka, M., Matsuoka, K., Endo, 
K., Hamashima, H. & Inoue, Y. 2007. Antibacterial activity 
of long-chain fatty alcohol against Staphylococcus aureus. 
J. Molecules 12: 139-148. 

Nasir, U.S. 2006. Traditional uses of ethnomedical plants of 
the Chittagong Hill tracts. 1st ed. Bangladesh National 
Herbarium. pp. 407-408.

Vedavathy, S. 2003. Scope and importance of traditional 
medicine. Ind. J. Trad. Know. 2: 236-239.

Villaño, D., Fernández-Pachón, M.S., Moyá, M.L., Troncoso, 
A.M. & García-Parrilla, M.C. 2007. Radical scavenging 
ability of polyphenolic compounds towards DPPH free 
radical. Talanta. 71: 230-235.

Wu, X., Beecher, G.R., Holden, J.M., Haytowitz, D.B., Gebhardt, 
S.E. & Prior, R.L. 2004. Lipophilic and hydrophilic 
antioxidant capacities of common foods in the United States. 
J. Agric. Food Chem. 52: 4026-4037.

Xu, C., Zhang, Y., Cao, L. & Lu, J. 2010. Phenolic compounds 
and antioxidant properties of different grape cultivars grown 
in China. Food Chem. 119: 1557-1565.

Zlotek, U., Mikulska, S., Nagajek, M. & Świeca, 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 J. Biol. Sci. 
23: 628-633.

Zuo, Y., Chen, H. & Deng, Y. 2002. Simultaneous determination 
of catechins, caffeine and gallic acids in green, Oolong, black 
and pu-erh teas using HPLC with a photodiode array detector. 
Talanta 57: 307-316.

Samina Khan Yusufzai & Mohd. Rafatullah
School of Industrial Technology
Universiti Sains Malaysia
1180 Minden, Pulau Pinang
Malaysia

Mohammad Shaheen Khan*, Eunice Lua Hanry & Belsheera 
Binti Elison
Industrial Chemistry Programme
Faculty of Science and Natural Resources 
Universiti Malaysia Sabah
88400 Kota Kinabalu, Sabah
Malaysia

*Corresponding author; email: shaheenchem@gmail.com

Received:  29 August 2018
Accepted:  27 February 2019


