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ABSTRACT
The phytochemical and biological activity of the leaves and stem 
barks of Garcinia griffithii have been investigated. Extraction and 
chromatographic purification of the leaves and stem barks extracts 
have successfully afforded five biflavonoids namely amento-
4’’-methylether (1), 3,8’’-binaringenin (2), morelloflavone (3), 
3,8’’-binaringenin-7’’-O-glucoside (4) and morelloflavone-7’’-O-
glucoside (5), together with squalene (6), canophyllol (7), friedelin 
(8) and β-amyrin (9) which were characterized spectroscopically. 
All extracts and phytochemicals were tested for antioxidant, 
antityrosinase and antibacterial activities. The antioxidant assay 
on DPPH radical scavenging showed that the n-hexane extract 
of the stem barks had the highest radical scavenging activity 
with IC50 value of 96.4 μg/mL, while compound (3) was found 

to be the strongest antioxidant compound with IC50 value of 57.6 
μg/mL. The methanol extract of the leaves showed the highest 
total phenolic content with 444.1 mg/g of gallic acid equivalent 
(GAE/L) and 423.1 mg/g of cathechin equivalent (CE/L). The 
extracts and all compounds were found to have weak anti-
tyrosinase activity. The antimicrobial assays of all the extracts 
were carried out by minimum inhibition concentration (MIC) 
and minimum bactericidal concentration (MBC). The methanol 
extract of the leaves showed the most significant antimicrobial 
activity towards E. faecalis and K. pneumoniae with MIC and 
MBC value ranged between 225-450 μg/mL compared to the 
other extracts.
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Biflavonoids from the leaves and stem bark of Garcinia griffithii and 
their biological activities

1. Introduction

Plants of Clusiaceae family have been the subject of a great 
effort in the isolation of secondary metabolites which 
characterize the family as an abundant source of phenolic 
compounds such as xanthones, benzophenones, flavonoids, 
antraquinones, anthrone derivatives and coumarins. 
Triterpenoids have been reported as the emerging group 
of secondary metabolites of this family which include 
those of oleananes, lupanes, friedelanes, lanostanes and 
friedolanostanes [1]. In addition, Bennett and Lee [2] also 
reported that xanthones or related benzophenones have 
been found in the entire major and several minor genera 
within the family. A review by Waterman and Hussain [3] 
on African Garcinia reported that the genus is a significant 
source of xanthones, benzophenones and biflavonoids.

The genus Garcinia is the biggest genus with the common 
village fruit-trees such as G. atroviridis (asam gelugor), G. 
cowa (kandis) and G. prainiana (kechupu). The trees are 
small to medium, rarely taller than 30 m; therefore the trees 
are almost completely confined to the interior of the forest, 
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in shade. Many species of Garcinia have very similar leaves 
but differ in flower and fruit characters. The fruit hull of G. 
mangostana has found many uses in traditional medicine 
such as for healing skin infections and wounds in Thai folk 
medicine [4-5].

Species of G. griffithii (apple-kandis or kandis gajah) is a small 
to medium tree that may reach 23 m tall and conspicuous 
from the large leaves and fruits. Its latex is yellowish white and 
the inner bark with opaque yellow exudate. The sapwood and 
heartwood cannot be distinct and in dark red-brown colour. 
The leaves have very large blade with size from 15×7 to 28×16 
cm, broady elliptic, strongly ribbed and pointed. The edges 
incurved and has base rounded. The young leaves are pink 
and the drying leaves are blackish green with thin-texture. 
The flowers mainly in short woody on the twigs behind the 
leaves and have four sepals and petals with yellow flushed red 
colours at the base. The fruits are characteristically globose, 
faintly ribbed, subsessile, fattened at the top, clustered on the 
branched, edible and turning brownish yellow with watery 
acid flesh like green apple. The stigma is usually sunken 
entirely, flat or slightly convex. The species is common in 
Peninsular Malaysia at the low land forest [4-6].

To date, there are three reports on the phytochemicals of G. 
griffithii collected from Singapore (2005) [7] and Indonesia 
(2006, 2009) [8-9]. However, the bioactivities of the plants 
are not studied thoroughly. Although the climate and ecology 
of Singapore and Indonesia are similar with Malaysia, this 

study is still being continued and is hoped to get variations 
of chemical constituents with interesting bioactivities. The 
data obtained will be utilized for future research on the 
chemical markers of Garcinia species from Malaysia. Herein, 
we report the biflavonoids and other constituents, together 
with their biological activities from the leaves and stem barks 
of G. grafithii. The structure of the isolated compounds was 
elucidated on the basis of spectral analysis and comparison 
with published data.

2. Results and Discussion

In continuation of our research on the medicinal plants 
from Malaysian flora, we have performed a phytochemical 
investigation on the stem bark of a Malaysian Guttiferae, G. 
griffithii which has led to the isolation of nine compounds 
(Figure 1), characterised as five biflavonoids namely 
amento-4’’-methylether (1), 3,8’’-binaringenin (2), 
morelloflavone (3), 3,8’’-binaringenin-7’’-O-glucoside 
(4) and morelloflavone-7’’-O-glucoside (5), together with 
squalene (6), canophyllol (7), friedelin (8) and β-amyrin 
(9). These metabolites were identified by analysing their 
spectroscopic data and comparing them with the literature 
data. Compounds (3) and (4) have been isolated previously 
from G. travancoria [10], while compound (2) from G. 
atroviridis [11]. Besides, compound (5) has been reported 
previously from G. cowa [12]. There are several reports on 

Figure 1. Chemical structures of compounds isolated from G. griffithii
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biflavonoids isolated from the Garcinia species, such as G. 
hombroniana [13], G. bakeriana [14], G. subelliptica [15], G. 
brasiliensis [16], G. livingstonei [17], G. gardneriana [18], G. 
kola [19], G. multiflora [20], G. thwaitesii [21], G. densivenia 
[22], G. terpnophylla and G. echinocarpa [23].

The polyisoprenylated benzophenones cambogin or 
isoxanthochymol, and guttiferone I, as well as the xanthones 1,7- 
dihydroxyxanthone, 1,3,6,7- tetrahydroxyxanthone, 1,3,5,6- 
tetrahydroxyxanthone, 1,5-dihydroxy- 3,6-dimethoxy- 2,7- 
diprenylxanthone, 1,6-dihydroxyxanthone and a bixanthone, 
griffipavixanthone, have been isolated and identified 
from G. griffithii [8, 9]. The current phytochemical study 
provides different skeletons of metabolites as compared 
to the previous studies. Elfita et al. [21] have reported the 
significant antiplasmodial and antiprotozoal activity of 
1,5-dihydroxy-3,6-dimethoxy-2,7-diprenylxanthone (IC50 
of 7.25 µM) and isoxanthochymol [IC50 values of 2.65 
µM against Trypanosoma cruzi, 1.91 µM (Trypanosoma 
brucei), 2.03 µM (Leishmania infantum), and 4.47 µM 
(Plasmodium falciparum)], respectively. On the other hand, 
griffipavixanthone has shown high in vitro cytotoxity against 
P388 (leukemia), LL/2 (cellosaurus) and Wehi 164 (murine 
fibrosarcoma) cell line with ED50 values 3.4, 6.8 and 4.6 μg/
mL, respectively [8].

The antioxidant activities of the extracts and isolated 
compounds were tested by DPPH radical scavenging and 
total penolic contents of the extracts were determined. The 

results are shown in Table 1. The total phenolic content was 
expressed as mg GAE per gram of extract using the standard 
equation of gallic acid (y = 0.001x + 0.013, r2 = 0.999) and 
mg CE per gram using the standard equation of catechin 
(y = 0.001x + 0.034, r2 = 0.994) as standard equations. The 
MeOH extract of leaves recorded the highest total phenolic 
content with 444.1 ± 6.6 mg/g of GAE/L and 423.1 ± 6.6 
mg/g of CE/L. It has been proven from this study that the 
MeOH extract which contained biflavonoids contributed 
to the highest phenolic content. The presence of non-polar 
compounds in the n-hexane extract of the leaves yielded the 
lowest total phenolic content.

The antioxidant activities of G. griffithii extracts and isolated 
biflavonoids were assessed based on the DPPH radical 
scavenging activity. The n-hexane extract of stem barks was 
found to show the highest free radical scavenging activity 
(IC50 of 96.4 ± 2.6 μg/mL) compared to other extracts. As for 
the test compound, morelloflavone (3) displayed the highest 
radical scavenging activity (IC50 of 57.5 ± 0.5 μg/mL) followed 
by morelloflavone-7’’-O-glucoside (5), 3,8’’-binaringenin 
(2), 3,8’’-binaringenin-7’’-O-glucoside (4) and amento-
4’-methylether (1). Compound (3) showed the greatest 
radical scavenging activity due to the presence of the ortho 
3’’’,4’’’-dihydroxyl groups at ring E, the meta 5’’,7’’-dihydroxy 
moiety at ring D and the 2’’,3’’-double bond with 4’’-keto 
group at ring F as they are the determinants of scavenging 
free radical. Replacement of a free hydroxyl group at C-7’’ 

Table 1. Antioxidant and antityrosinase activities of the extracts and biflavonoids from G. griffithii

Samples Total phenolic content
(mg GAE/g)

DPPH radical scavenging
IC50 (μg/mL)

Tyrosinase inhibition (I%) at 0.1 
mg/mL

Extracts
GGLH 30.0 ± 2.8 975.0 ± 2.5 NA
GGLD 104.90 ± 1.8 941.7 ± 1.1 7.3 ± 2.6
GGLM 444.10 ± 6.7 188.0 ± 2.2 15.0 ± 4.6
GGSH 223.50 ± 9.4 96.4 ± 2.7 NA
GGSE 393.20 ± 3.1 107.7 ± 1.5 5.3 ± 1.8
GGSM 220.10 ± 2.9 534.1 ± 1.8 20.0 ± 4.4
Compounds
(1) ND 1033 ± 1.7 2.8 ± 3.5
(2) ND 112.4 ± 0.9 11.5 ± 0.9
(3) ND 57.6 ± 0.5 34.6 ± 2.5
(4) ND 134.0 ± 0.8 6.9 ± 2.6
(5) ND 108.1 ± 0.9 7.6 ± 3.5
Ascorbic acid - 17.4 ± 1.2 -
Kojic acid - - 90.2 ± 0.7

GGLH = n-Hexane leaves extract; GGLD = Dichloromethane leaves extract; GGLM = MeOH leaves extract; GGSH = n-Hexane stem bark 
extract; GGSE = EtOAc stem bark extract; GGSM = MeOH stem bark extract; GAE/L = total phenolic was expressed as mg of gallic acid equ-
ivalent; NA = No activity; ND = Not determined
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with glucoside for compound (5) resulted in the decreasing 
of the scavenging activity. Lacked of 2,3-double bond for ring 
F of compound (2) and (4) further reduced the antioxidant 
activity. Compound (1) displayed the lowest antioxidant 
activity due to replacement of methoxyl group and a linkage 
at C-4’ and C-3’ of ring B [24].

Tyrosinase inhibitors are chemical agents capable of 
reducing enzymatic reactions, such as food browning 
and melanisation of human skin. Based on Table 1, all the 
extracts were found to be poorly active towards mushroom 
tyrosinase compared to kojic acid. The MeOH extract for 
both leaves and stem barks were the only extracts that showed 
tyrosinase inhibitor activity more than 10% because these 
extracts contained bioflavonoids. The n-hexane and EtOAc 
extracts were found inactive towards tyrosinase mushroom 
due to the absence of polar compounds. Among the 
naturally occurring components, flavanoids and terpenoids 
containing a-hydroxyketone group have been reported to 
be a good mushroom-tyrosinase inhibitors such as kojic 
acid [25]. Amento-4’-methyl ether (1) showed the lowest 
value of activity due to the existence of methoxyl group. 
In fact, glycosylation and methoxylation of the specific 
hydroxyl group on the aromatic ring would heavily affect the 
inhibitory activity [26]. Therefore, the glucosidic biflavonoid, 
morelloflavone-7’’-O-glucoside (5) and 3,8’’-binaringenin-
7’’-O-glucoside (4) showed weak activity compared to 
their corresponding aglycones, 3,8’’-binaringenin (2) and 
morelloflavone (3).

The minimum inhibitory concentrations (MIC) of the crude 
extracts against the microorganisms tested are shown in 
Table 2. The antimicrobial activity revealed that the crude 
extracts have moderate to strong and in a few cases very weak 
activity against the tested bacteria. The MeOH crude extract 
of the leaves (GGLM) exhibited strong inhibition against E. 

faecalis and K. pneumonia, both with MIC value 225 ppm. 
The EtOAc extract of the stem barks displayed (GGSE) 
strong activity against E. coli with MIC 225 ppm. The MeOH 
extract of the stem barks (GGSM) was found strongly active 
against K. pneumonia with MIC 225 ppm. The evaluation 
of MBC of the extracts showed that the MeOH extracts of 
leaves (GGLM) exhibited strong inhibition at concentration 
400 ppm against E. Faecalis and at concentration 450 ppm 
against B. subtilis and K. pneumoniae except for E. coli. The 
n-hexane (GGSH) and EtOAc extracts (GGSE) from the stem 
barks were found as active inhibitors both with value 450 
ppm against B. subtilis. GGSE which also found as a strong 
inhibitor at 450 ppm against E. coli while the MeOH extract 
(GGSM) showed strong inhibition against K. pneumoniae. 
Based on the MIC and MBC results, all the crude extracts 
from leaves and stem barks of G. griffithii gave positive results 
towards both Gram-positive and Gram-negative bacteria. 
The performance patterns showed that G. griffithii had 
broad spectrum of antibacterial activity and can be a source 
of bioactive substances. Out of the six extracts, the MeOH 
extracts from the leaves (GGLM) showed the highest activity 
against the tested organism. The decrease of antimicrobial 
activity of all the crude extracts against the tested bacteria as 
summarized as GGLM > GGSE > GGSH > GGSM > GGLD 
> GGLH.

3. Conclusion

In conclusion, chemical study of the leaves and stem barks 
of G. griffithii have successfully isolated nine compounds, 
which comprised of five biflavonoids and four terpenes. 
The crude MeOH extract of the leaves has highest value of 
phenolic compounds in the total phenolic content assay and 
these were proved by the isolation of biflavonoids. Since G. 

Table 2. Antimicrobial activities of the extracts of G. griffithii

Samples Gram positive bacteria Gram negative bacteria
Enterococcus faecalis Bacillus subtilis Escherichia coli Klebsiella pneumoniae
MIC MBC MIC MBC MIC MBC MIC MBC

GGLH 450 900 900 1800 900 1800 900 1800
GGLD 450 900 900 900 450 900 900 1800
GGLM 225 400 450 450 450 900 225 450
GGSH 450 900 450 450 450 900 450 900
GGSE 450 900 450 450 225 450 450 900
GGSM 450 900 900 900 450 900 225 450
SS 14.1 14.1 14.1 28.1 14.1 14.1 14.1 28.1

GGLH = n-Hexane leaves extract; GGLD = Dichloromethane leaves extract; GGLM = MeOH leaves extract; GGSH = n-Hexane stem bark 
extract; GGSE = EtOAc stem bark extract; GGSM = MeOH stem bark extract; MIC = Minimum inhibitory concentration (μg/mL); MBC = 
Minimum bactericidal concentration (μg/mL); SS = Streptomycin sulfate
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griffithii was found to have high concentration of biflavonoid 
compounds, future work on the other bioactivities such as 
cytotoxic, anti-diabetic and anti-inflammatory would permit 
SAR study on the compounds. Chemical reaction such as 
reduction, addition and oxidation can be carried out on the 
compounds to give useful derivatives for bioactivity studies.

4. Materials and Methods

4.1 General experimental procedures

The mass spectra were obtained on a Finnigan-MAT-95 mass 
spectrometer from National University of Singapore. The 
UV spectra were recorded in methanol on a Shimadzu UV 
1601PC spectrophotometer. The IR spectra were obtained on 
a Perkin-Elmer 1600 FTIR spectrophotometer. The 1D and 
2D NMR spectra were recorded in deuterated chloroform 
on a Bruker Avance 400 MHz spectrometer, chemical shifts 
are reported in ppm on δ scale, and the coupling constants 
(J) are given in Hz. Vacuum liquid chromatography (VLC) 
was performed using Merck silica gel 230-400 mesh, while 
column chromatography (CC) was performed using Merck 
silica gel 70-230 mesh. Preparative thin layer chromatography 
(PTLC) was prepared using silica gel 60 PF254. Thin layer 
chromatography (TLC) aluminum sheets pre-coated with 
silica gel 60 F254 (0.2 mm thickness) was used to detect 
and monitor components presence in the crude samples or 
fractions. The TLC and PTLC spots were visualized under 
UV light (254 and 366 nm) followed by spraying with 5% 
H2SO4 and 1% vanillin in MeOH and heating at 120°C for 5 
min. All solvents were AR grade.

4.2 Plant materials

Samples of G. griffithii were collected from Sungai Pandan, 
Panching, Pahang on April 2010. The samples were identified 
by Dr. Shamsul Khamis and the plant specimens (MT23) were 
deposited at Herbarium, Kulliyah of Pharmacy, International 
Islamic University Malaysia, Pahang.

4.3 Extraction and isolation

The dried and ground leaves (350 g) and stem barks (350 
g) were extracted sequentially by Soxhlet extractor (stem 
bark: using n-hexane, EtOAc, MeOH; leaves: using n-hexane, 
DCM, MeOH) for 8 h each. Each solvent was concentrated 
and the extract was stored at 4°C for further use. The 
MeOH leaves extract (20 g) was fractionated by VLC eluted 
with CHCl3:EtOAc:Me2CO of increasing polarity to give 
14 fractions (GGLM1-14). Fraction GGLM5 (2.0 g) was 

further fractionated by CC eluted with CHCl3:MeOH (9:1 
and 8:2) to yield new fraction, GGLM5A-C which then re-
chromatographed using the same eluent system to give (1) 
(25.3 mg), (2) (153.6 mg), and (3) (743.0 mg), respectively. 
Fraction GGLM7 was purified by CC with eluent 
CHCl3:MeOH (5% increasing step gradient) to obtain three 
fractions GGLM7A-C (20.3 mg; 50.5 mg; and 136.2 mg). 
Fraction GGLM7C underwent purification by preparative 
TLC to give (4) (74.1 mg). Fraction GGLM8-9 was combined 
(497.9 mg) and further purified through preparative TLC to 
obtain two spots, A and B with eluent CHCl3: MeOH (4:1). 
Spot B was washed using Me2CO to give (5) (65.9 mg). 
Fractionation and purification processes on the n-hexane 
leaves extract (20.0 g) have yielded 10 fractions (GGSH1-10). 
Repeated purification of fraction GGSH6 yielded friedelin (8) 
(151.9 mg), which was a major compound isolated from the 
n-hexane leaves extract. Repeated purifications of fraction 
GGSH9 followed by trituration with n-hexane gave β-amyrin 
(9) (73.9 mg). The MeOH extract of the stem barks (10.0 g) 
was fractionated using CHCl3:MeOH with 10% step gradient 
of polarity to afford (3). The EtOAc extract of the stem barks 
(5.0 g) was chromatographed using n-hexane:CHCl3:MeOH 
with 10% step gradient to yield (1) and (3). Fractionation 
and purification processes on the n-hexane stem bark extract 
(20.0 g) have yielded 11 fractions (GGSH1-11). Purification 
of the combined fractions GGSH1-3 (339.0 mg) gave 
squalene (6) (44.3 mg) and multiple purification of fraction 
GGSH5 yielded canophyllol (7) (35.0 mg).

Amentoflavone-4’-methyl ether (1) - Yellow amorphous 
powder (25.3 mg); m.p. 221-223°C; IR νmax (film) cm-1: 
3304, 3019, 2843, 1645, 1602, 1501, 1239, 1168; 1H NMR δH 
(CDCl3): 3.83 (3H, s, OCH3), 6.26 (1H, d, J = 2.0 Hz, H-6), 
6.47 (1H, s, H-6’’), 6.53 (1H, d, J = 2.0 Hz, H-8), 6.74 (1H, s, 
H-3’’), 6,75 (1H, s, H-3), 6.96 (2H, d, J = 8.8 Hz, H-3’’’/5’’’), 
7.27 (1H, d, J = 8.8 Hz, H-5’), 7.76 (2H, d, J = 8.8 Hz, 
H-2’’’/6’’’), 8.06 (1H, d, J = 8.8, 2.4 Hz, H-6’), 8.14 (1H, d, J = 
2.4 Hz, H-2’), 13.03 (1H, s, 5-OH), 13.17 (1H, s, 5’’-OH); 13C 
NMR δC (CDCl3): 55.0 (OCH3), 93.9 (C-8), 98.9 (C-6), 99.0 
(C-6’’), 103.3 (C-3), 103.4 (C-3’’), 103.6 (C-8’’), 104.5 (C-
10’’), 104.7 (C-10), 114.4 (C-3’’’/5’’’), 116.7 (C-5’), 120.0 (C-
3’), 122.5 (C-1’), 123.4 (C-1’’’), 128.0 (C-6’), 128.3 (C-2’’’/6’’’), 
131.7 (C-2’), 155.3 (C-9’’), 158.0 (C-9), 159.5 (C-4’), 161.8 
(C-5), 161.9 (C-5’’), 162.5 (C-4’’’), 162.7 (C-7), 163.9 (C-2’’), 
164.1 (C-7’’), 164.2 (C-2), 182.2 (C-4’’), 182.6 (C-4); CIMS 
m/z 553 [M+H+, C31H21O10] [27].

3,8’’-Binaringenin (2) - Yellow amorphous powder (153.6 
mg); m.p. 220-225°C; IR νmax (film) cm-1: 3191, 2894, 1595, 
1509, 1447, 1158, 1076; 1H NMR δH (CDCl3): 2.61 (1H, dd, 
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J = 13.2, 3.2 Hz, H-3’’a), 2.72 (1H, dd, J = 13.2, 12.0 Hz, 
H-3’’b), 4.72 (1H, d, J = 12.0 Hz, H-3), 5.33 (1H, dd, J = 12.0, 
3.0 Hz, H-2’’), 5.85 (1H, m, H-2), 5.94 (1H, s, H-6’’), 5.98 
(2H, s, H-6/8), 6.73 (2H, m, H-3’/5’), 6.83 (2H, m, H-3’’’/5’’’), 
6.92 (2H, m, H-2’’’/6’’’), 7.24 (2H, br s, H-2’/6’), 12.20 (1H, 
m, 5’’-OH), 12.32 (1H, m, 5-OH); 13C NMR δC (CDCl3): 43.3 
(C-3’’), 48.2 (C-3), 79.3 (C-2’’), 82.0 (C-2), 94.9 (C-6’’), 95.8 
(C-8), 96.2 (C-6), 101.5 (C-10’’), 102.0 (C-10/8’’), 114.8 (C-
3’’’/5’’’), 115.3 (C-3’/5’), 129.0 (C-2’/6’/2’’’/6’’’), 130.9 (C-
1/1’’’), 145.2 (C-4’’’), 157.7 (C-4’), 163.4 (C-9’’), 164.6 (C-
5/5’’/7’’), 166.2 (C-7), 196.3 (C-4), 196.9 (C-4’’); CIMS m/z 
543 [M+H+, C30H22O10] [26].

Morelloflavone (3) - Pale yellow amorphous powder (743.0 
mg); m.p. 275-278°C; IR νmax (film) cm-1: 3331, 2977, 1637, 
1513, 1451, 1158, 1051; 1H NMR δH (CDCl3): 5.00 (1H, d, J 
= 12.4 Hz, H-3), 5.88 (1H, d, J = 12.4 Hz, H-2), 6.04 (2H, br 
s, H-6/8), 6.32 (1H, s, H-6’’), 6.48 (1H, s, H-3’’), 6.54 (2H, 
d, J = 8.0 Hz, H-3’/5’), 7.03 (1H, d, J = 8.0 Hz, H-5’’’), 7.25 
(2H, d, J = 8.0 Hz, H-2’/6’), 7.52 (1H, br s, H-2’’’), 7.54 (1H, 
br d, J = 8.0 Hz, H-6’’’), 9.62 (1H, br s, 4’-OH), 12.34 (1H, 
s, 5-OH), 13.17 (1H, s, 5’’-OH); 13C NMR δC (CDCl3): 49.2 
(C-3), 81.5 (C-2), 95.2 (C-8), 96.3 (C-6), 98.7 (C-6’’), 100.8 
(C-10’’), 102.1 (C-10), 102.9 (C-3’’), 104.0 (C-8’’), 113.3 (C-
2’’’), 114.6 (C-3’/5’), 115.8 (C-5’’’), 119.6 (C-6’’’), 122.6 (C-
1’’’), 128.4 (C-2’/6’), 129.2 (C-1’), 145.5 (C-3’’’), 149.3 (C-4’’’), 
155.9 (C-9’’), 157.5 (C-4’), 161.7 (C-7’’), 163.4 (C-2’’), 164.0 
(C-9), 164.7 (C-5/5’’), 166.4 (C-7), 182.3 (C-4’’), 196.5 (C-4); 
CIMS m/z 558 [M+H+, C30H21O11] [26].

3,8’’-Binaringenin-7’’-O-glucoside (4) - Yellow amorphous 
powder (74.1 mg); m.p. 215-220°C; IR νmax (film) cm-1: 3307, 
2915, 1619, 1514, 1450, 1163, 1071; 1H NMR δH (CDCl3): 
2.64 (1H, m, H-3’’a), 2.75 (1H, m, H-3’’b), 3.30 – 4.00 (m, H-
2’’’’/4’’’’/3’’’’/5’’’’/6’’’’), 4.75 (1H, d, J = 10.4 Hz, H-3),4.87 (1H, 
s, H-1’’’’), 5.44 (1H, d, J = 11.6 Hz, H-2²), 5.77 (1H, m, H-2), 
5.84 (1H, s, H-6’’), 5.95 (2H, m, H-6/8), 6.74 (2H, d, J = 8.4 
Hz, H-3’/5’), 6.81 (2H, m, H-3’’’/5’’’), 6.90 (2H, m, H-2’’’/6’’’), 
7.36 (2H, d, J = 8.4 Hz, H-2’/6’), 12.16 (1H, m, 5’’-OH), 12.21 
(1H, m, 5-OH); 13C NMR δC (CDCl3): 43.7 (C-3’’), 48.4 (C-
3), 61.6 (C-6’’’’), 70.3 (C-4’’’’), 73.6 (C-2’’’’), 76.9 (C-3’’’’), 
77.2 (C-5’’’’), 79.4 (C-2’’), 82.3 (C-2), 94.9 (C-8/6’’), 96.1 (C-
6), 100.3 (C-1’’’’), 101.9 (C-10’’), 103.4 (C-8’’), 103.6 (C-10), 
115.0 (C-3’/5’), 115.2 (C-3’’’/5’’’), 129.1 (C-2’’’/6’’’), 129.8 (C-
2’/6’), 145.2 (C-4’’’), 157.8 (C-4’), 163.5 (C-9’’), 164.5 (C-5, 
5’’/7’’), 166.4 (C-7), 197.0 (C-4), 197.3 (C-4’’); CIMS m/z 705 
[M+H+, C36H32O15] [26].

Morelloflavone-7’’-O-glucoside (5) - Shiny yellow amorphous 
(65.9 mg); m.p. 239-241°C; IR νmax (film) cm-1: 3244, 2919, 

1640, 1594, 1450, 1163, 1062; 1H NMR δH (CDCl3): 3.43 (1H, 
m, H-2’’’’), 3.48 (1H, m, H-4’’’’), 3.58 (2H, m, H-3’’’’/5’’’’), 3.83 
(2H, m, H-6’’’’), 5.05 (1H, d, J = 12.0 Hz, H-3), 5.31 (1H, d, J = 
7.6 Hz, H-1’’’’), 5.94 (1H, m, H-2), 6.03 (2H, br d, J = 7.2 Hz, 
H-6/8), 6.12 (1H, s, H-6’’), 6.53 (2H, m, H-3’/5’), 6.62 (1H, s, 
H-3’’), 7.03 (1H, d, J = 7.6 Hz, H-5’’’), 7.30 (2H, m, H-2’/6’), 
7.52 (1H, br d, J = 7.6 Hz, H-2’’’), 7.54 (1H, br d, J = 7.6 Hz, 
H-6’’’), 13.00 (1H, s, 5-OH), 13.19 (1H, s, 5’’-OH); 13C NMR δC 
(CDCl3): 49.4 (C-3), 61.7 (C-6’’’’), 70.3 (C-4’’’’), 74.0 (C-2’’’’), 
77.0 (C-3’’’’), 77.2 (C-5’’’’), 81.5 (C-2), 95.2 (C-8), 96.4 (C-6), 
98.4 (C-6’’), 100.3 (C-10’’), 100.8 (C-1’’’’), 102.1 (C-10), 103.0 
(C-3’’), 103.7 (C-8’’), 113.4 (C-2’’’), 114.5 (C-3’/5’), 115.8 (C-
5’’’), 119.7 (C-6’’’), 122.3 (C-1’’’), 128.5 (C-2’/6’), 129.4 (C-1’), 
145.7 (C-3’’’), 149.6 (C-4’’’), 155.3 (C-9’’), 157.9 (C-4’), 161.4 
(C-7’’), 163.5 (C-2’’), 164.7 (C-5/9/5’’), 166.6 (C-7), 182.5 (C-
4’’), 196.0 (C-4); CIMS m/z 719 [M+H+, C36H30O16] [26].

Squalene (6) - Pale yellow liquid (44.3 mg); IR (film) υmax cm-

1: 3097, 2855, 1669, 1448, 1381; spectral data were consistent 
with the literature [28].

Canophyllol (7) - White solid (35.0 mg); m.p 279-281°C; IR 
(film) υmax cm-1: 3540, 2854, 1706, 1460, 1377, 1157; spectral 
data were consistent with the literature [29].

Friedelin (8) - White needle (151.9 mg); m.p 261-264°C; IR 
(film) υmax cm-1: 2854, 1716, 1459, 1377; spectral data were 
consistent with the literature [30].

β-Amyrin (9) - White solid (73.9 mg); m.p 187-190°C; IR 
(film) υmax cm-1: 3345, 2854, 1643, 1459, 1377, 1261; spectral 
data were consistent with the literature [31].

4.4 Biological activities

Solvents and chemicals - Antioxidant: 1,1-diphenyl-2-
picrylhydrazyl (DPPH), ascorbic acid, gallic acid, and 
butylated hydroxytoluene (BHT) were obtained from Sigma-
Aldrich (Germany). Analytical grade methanol, ethanol and 
dimethylsulfoxide (DMSO) were purchased from Merck 
(Germany). Antityrosinase: Mushroom tyrosinase enzyme 
(EC1.14.18.1), kojic acid and L-dopa were purchased from 
Sigma-Aldrich (Germany). Antibacterial: Nutrient agar 
(NA), nutrient broth (NB), and streptomycin sulphate were 
purchased from Oxoid (Italy). The tested microorganisms 
were purchased from Mutiara Scientific (Malaysia).

4.5 Antioxidant activity

4.5.1 Total phenolic content (TPC)

The TPC of the extracts was determined by Folin-
Ciocalteau’s assay [32]. In brief, a stock solution of was 
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diluted in methanol and was prepared in triplicate. A 0.05 
mL aliquot of sample was pipetted into a test tube followed 
by 3.95 mL of distilled water, then 0.25 mL Folin-Ciocalteu’s 
reagent was added, and the flask was thoroughly shaken. 
After 2 min, 0.75 mL of 20% Na2CO3 solution was added and 
the mixture was allowed to stand for 1 h with intermittent 
shaking. The absorbance measurements were recorded at 
765 nm. The same procedure was repeated for standard 
gallic acid solutions with the concentrations from 25 to 500 
µg/mL in triplicate. A calibration graph of standard gallic 
acid and (±)-catechin were constructed, respectively. Total 
phenolic content of the extract was expressed as mg Gallic 
acid equivalent (GAE) per gram of extract.

4.5.2 DPPH Radical scavenging assay

DPPH radical scavenging assay of all tested samples was 
carried out by the DPPH method with minor modification 
[33]. Stock solution of the extracts was diluted to final 
concentrations from 1000 to 7.81 µg/mL. Then, a total of 
3.8 mL of 50 µM DPPH methanolic solution was added to 
0.2 mL of each sample solution and allowed to react at room 
temperature for 30 min. The absorbance of the mixtures 
was measured at 517 nm. A control was prepared without 
sample or standard and measured immediately at 0 min. 
Lower absorbance of the reaction mixture indicates higher 
free radical scavenging activity, and vice versa. Inhibitions of 
DPPH radical in percent (I%) were calculated as follow:

[ I% = (Ablank – Asample / Ablank) × 100 ]

where Ablank is the absorbance value of the control reaction 
(containing all reagents except the samples) and Asample is the 
absorbance values of the samples. The sample concentration 
that provides 50% inhibition (IC50) was calculated by plotting 
inhibition percentages against concentration of the sample. 
All tests were carried out in triplicate and IC50 values were 
reported as means ±SD of triplicate.

4.6 Antityrosinase activity

Tyrosinase inhibition assay was performed according to 
previous study with minor modification [34]. The samples 
and kojic acid were dissolved in DMSO prepared as 0.1 mg/
mL. The reaction was carried out using 96-well microplate 
and ELISA microplate reader (VersaMax Molecular Devices, 
USA) was used to measure the absorbance at 515 and 655 
nm. 40 µL of samples were dissolved in DMSO with 80 µL 
of phosphate buffer (pH 6.8), 40 µL of tyrosinase enzyme 
(EC 1.14.18.1) and 40 µL of L-Dopa were placed in each 

well. Each sample was accompanied by a blank and had all 
the components except for L-Dopa. Kojic acid was used as 
references standard inhibitor for comparison. Inhibitions of 
tyrosinase in percent (I%) were calculated as follow:

[ I% = (Acontrol – Asample / Acontrol) × 100 ]

where Acontrol is the absorbance value of the control reaction 
and Asample is the absorbance values of the samples.

4.7 Antibacterial activity

The test microorganisms, Enterococcus faecalis 
(ATCC19433), Bacillus subtilis (ATCC6633), Escherichia coli 
(ATCC10536) and Klebsiella pneumonia (ATCC13883) were 
used. The strains were grown on Nutrient broth (NB) for the 
bacteria. The minimal inhibitory concentration (MIC) was 
determined by broth micro dilution method using 96-well 
microplates [35-36]. The inocula of the microbial strains 
were prepared from 24 h broth cultures and McFarland 
standard turbidity of suspensions was adjusted to 0.5. Sample 
(1 mg) was dissolved in DMSO (1 mL) to get 1000 µg/mL 
stock solution. A number of wells were reserved in each plate 
for positive and negative controls. The mixture of samples 
and sterile broth (100 µL) were transferred to each well in 
order to obtain a twofold serial dilution of the stock samples 
(concentration of 1000, 500, 250, 125, 62.5, 31.3, 15.6 and 7.8 
µg/mL). The inoculated bacteria (100 µL) were added to each 
well. The final volume in each well was 200 µL. Streptomycin 
sulfate was used as positive controls for bacterial. Plates were 
incubated at 37°C for 24 h. Microbial growth was indicated 
by the turbidity and the presence of pellet at the bottom of 
the well.
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