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ABSTRACT

Propolis is a complex resinous mixture collected by bees from the buds and exudates from variety of
plants. Its chemical compounds are strongly depending on the geographical area and specificity of the plant
that are taken by the bees. This research is aimed to investigate the chemical constituents and the antioxidant
properties in vitro of Malaysian stingless bee Geniotrigona thoracica (G. thoracica) species. The collected
propolis were extracted with 80% ethanol. The ethanolic extract of propolis (EEP) were dried and investigated
their chemical constituents by high performance liquid chromatography (HPLC). Total phenolic compounds
(TPC) were measured by Folin-Ciocalteu, and total flavonoid contents (TFC) were also determined by the AlCls
colorimetric method with a microplate reader. The antioxidant properties were measured by DPPH scavenging
receptor assay. The compounds identified by HPLC were Caffeic acid, p-coumaric acid, Myricetin, Quercetin,
Naringenin, Hesperitin, Kaempferol and Baicaline. TPC of EEP from G. thoracica was 221.569 + 0.02 mg GAE/g
whereby the TFC was 214.56 = 0.05 mg QE/g. EC50 value with DPPH assay of G. thoracica was 48.3 = 0.2
pg/ml. In conclusion, compounds of phenolic acid and flavonoid are the main constituents in EEP of G.
thoracica which may contribute to their antioxidant properties. The TPC, TFC and antioxidant activity of EPP
from G. thoracica were comparable and superior to propolis from some countries.
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INTRODUCTION

Propolis or known as bee glue is a sticky material that are used by stingless bees to protect their hive
from invaders or any adverse weather condition. It is collected by stingless bees from the buds and exudates
from variety of plants [1-4]. Generally, propolis consist of 10% essential oil, 5% pollen, 30% wax, 50% resin and
other organic compounds [5]. The composition of propolis usually contain variety of chemical compounds such
as polyphenols (flavonoids, phenolic acids and their esters) and their composition are depending on the plant
vegetation, geographical area, bee species, season and collection time [6]. Its chemical composition influences
the different biological and pharmacological activities of the propolis [7]. Propolis has been shown to have
wide range of biological activities such as antibacterial [8], antifungal [9], anti-inflammatory [10], antioxidant
[11], antiviral [12] and immunomodulatory activities [13].

Moreover, the presence of polyphenol in propolis can help in treatment various diseases such as
cancer, aging and cardiovascular diseases due to its antioxidant activity [6]. According to Nenadis et al.
flavonoid and phenolic acid are the major classes of phenolic compound that were extensively reported in
relation to their antioxidant activity [14]. The antioxidant play an important role in eliminating free radicals by
donating hydrogen or as singlet oxygen quencher and metal ion chelators [6,15]. Currently, wide arrays of
method such as gas chromatography mass spectrometry and high-performance liquid chromatography are
been used in analysing the compound in propolis extract [16-18]. Previous studies showed that the chemical
composition of Brazilian propolis are differ from Europe, Asia and North American [19-21].

In Malaysia, approximately 32 species of stingless bee had been verified and documented [22].
However, limited studies have been carried out on the chemical constituents and antioxidant properties of
propolis from Malaysian stingless bee. Therefore, the current study was performed to determine the
phytochemical content, chemical profiles which included total phenolic content (TPC) total flavonoid content
(TFC) and antioxidant properties of Malaysian stingless bee, Geniotrigona thoracica (G. thoracica) species.

MATERIALS AND METHODS
Chemicals

Ethanol, methanol and aluminium chloride were purchased from Fisher Scientific, USA. Folin-
Ciocalteau reagent were purchased from Merck, Germany. Sodium carbonate and gallic acid were obtained
from Biobasic Canada. Quercetin and 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) were purchased from Sigma
Aldrich, USA.

Samples collection

The propolis of Malaysian stingless bee, G. thoracica was collected from Syamille Agrofarm and
Resort, Kuala Kangsar, Perak. The stingless bee’s species was identified by Entomology Section, Malaysian
Agriculture and Research Development Institute (MARDI), Serdang, Malaysia.

Samples preparation

The propolis sample was prepared according to protocol from lbrahim et al. with some modifications.
Propolis was kept at -80°C and ground into powder formed. The ethanolic extract of propolis (EEP) were
prepared by soaking propolis extract in 80% of ethanol and macerated for three days at room temperature.
Then, EEP was evaporated off by using water rotavapor to obtain dry extract. The dry extract then was
proceeded to freeze drying to obtain the powder form of EEP. The powder formed of EEP was kept in -20°C for
further analysis.

HPLC analysis of EEP from G. thoracica
The standard stock solution of Caffeic acid, p-Coumaric acid, Quercetin, Naringenin, Hesperetin,
Kaempferol, Baicaline and Myricetin were prepared by dissolving accurately weighed standard in methanol to

give the concentration of 15 ppm. All standard solutions were stored in freezer at -20°C prior to analysis. There
were two mobile phases that were used in the chromatography. Mobile phase A consist of HPLC-grade
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methanol: acetonitrile: deionised water (40:5:55) and 0.1% formic acid meanwhile for mobile phase B;
methanol: acetonitrile: deionised water (80:5:15) and 0.1% formic acid. The solvents were prepared according
to their ratio and were filtered through 0.22 um filter (Pall Gelman, Sigma Aldrich, USA) followed by 5 minutes
sonication to degases the solvents prior to analysis. HPLC analysis was carried out at room temperature using
High Performance Liquid Chromatography Pro-Star 401 Varian model (Agilent Technologies, USA) with Eclipse
Plus C18 column (150 mm X 4.6 mm, 5 pm particle size) (Agilent, USA). The sample injection volume was 10 pl
and the wavelength of the detector was operated at 300 nm.

Determination Total Phenolic content (TPC)

The TPC in EEP of G. thoracica was determined based on modified spectrophotometrical method [23]
with Folin-Ciocalteu reagent was carried out and added into 96 well microplate. The gallic acid is used as
standard in this assay because it response comparable to most other phenolics on a mass basic [24]. Briefly, 4
mg of EEP was dissolved in 1 ml methanol as a stock. Then, 10 pl of stock solution was added into 96 well
plates. 50 pl of the Folin-Ciocalteu reagent which previously diluted 1:10 was then added into stock solution
and mixed well. Following incubation for 5 minutes, the mixture was added with 40 pl of 7.5% of sodium
carbonate (Na2COs) solution (final volume V= 100 pl). Then, the reaction mixture was incubated for another
30 minutes at room temperature with minimal light exposure and subsequently the absorbance of the mixture
was measured by the spectrophotometer at A=760 nm. Gallic acid was used to calculate standard curve (3.125-
100 pg/ml, r? = 0.993). The total phenolic content was expressed in milligram of gallic acid equivalent (GAE) in
1 gram of EEP.

Determination of Total Flavonoid content (TFC)

The TFC in EEP of G. thoracica was determined by using a modified spectrophotometrical method
from Chua et al. with 2% AICIz was utilised [25]. EEP stock solution was prepared by dissolving 4 mg EEP in 1 ml
methanol. 100 pl of the 2% aluminium chloride (AICIs) were mixed well with 100 ul of EEP stock solution in 96
wells plate (final volume Vs= 200 pl). Following 10 minutes incubation at room temperature, the absorbance of
the reaction mixture was measured by spectrophotometer at A=415 nm. Quercetin was used as a standard to
calculate standard curve (3.125-100 pg/ml, r?> = 0.999). The total flavonoid content was expressed in milligram
of quercetin equivalent (QE) in 1 gram of EEP.

Determination of radical scavenging activity test using DPPH assay

The antioxidant properties of EEP from G. thoracica was determined by using 1,1-diphenyl-2-
picrylhydrazyl (DPPH) assay. A few concentrations of EEP (0.0125, 0.025, 0.05, 0.2 and 0.4 mg/ml) were
dissolved in 1 ml methanol. DPPH solution (200 uM) was freshly prepared by dissolving 3.94 mg of DPPH in 50
ml of methanol. A total of 200 pl of methanolic solution of DPPT was mixed well with the 50 ul of EEP solution
which previously added in 96 well plate (final volume = 250 pul per well). The reaction mixture was incubated
for 30 minutes in the dark condition and the absorbance of the reaction mixture was measured by
spectrophotometer at A = 517nm. A trolox (3.125-100 ug/ml) was used as a standard. The percentage of
inhibition was calculated according to the formula below [25]:

DPPH scavenging activity (%) =Acontrol — Asample x 100
Acontrol

The antioxidant capacity of the sample was express as EC50, where it showed the concentration of a
sample that are needed to reduce 50% of DPPH.

Statistical analysis
The chemical analysis was carried out in triplicate. Mean * standard deviation was calculated for TPC,

TFC and antioxidant. The correlation was carried using SPSS software version 19.0. Significant differences were
statistically considered at the level of P < 0.01.
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RESULTS AND DISCUSSION
Non-volatile compounds in EEP of G. thoracica

The variation of propolis’s chemical composition and biological properties showed by each species of
stingless bee depend on the specific local vegetation at the site of collection [6]. Our propolis samples from G.
thoracica were obtained from 12-acre Syamille Agrofarm in Kuala Kangsar, Perak. This farm is surrounding by
dipterocarp forest which consist of wide array of flora ranging from Cocos nullifera, Antigonan leptopus,
Cuphea hyssofolia, Averrheo bilimbi, Citrus microcarpa, Durio zibethinus L and Syzygium spp. In addition,
variety of flower species grow around Syamille Agrofarm may influence the composition of flavonoid and
phenolic compounds found in propolis of G. thoracica which may have therapeutic effects on various diseases.
HPLC analysis of non-volatile compounds in EEP of G. thoracica showed the presence of eight peaks with
retention time that correlates with the retention time of the standards. The identity of these peaks was
obtained by comparing their retention times with those of standards and the coefficient of variation was
below 4% [26]. Peak 1 indicates the presence of Caffeic acid (tr =2.11), peak 2 is p-Coumaric acid (tr =2.84),
peak 3 shows Myricetin (tr =4.49), peak 4 indicates Quercetin (tr =7.35), peak 5 is Naringenin (tr =8.24), peak 6
is Hesperitin (tr =9.51), peak 7 indicates Kaempferol (tr =12.73) and peak 7 is Baicaline (tr =15.03). Full HPLC
chromatogram of non-volatile compounds in EEP of G. thoracica is shown in Figure 1.
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Figure 1: HPLC chromatogram of EEP from G. thoracica.

Caffeic acid and p-Coumaric acid are phenolic acid compound whereby Quercetin, Myricetin,
Naringenin, Hesperitin, Kaempherol and Baicaline are flavonoid compound [27-29]. Flavonoid is the main
group of the phenolic compound which contributed for antioxidant properties in propolis. Phenolic compound
may exert antioxidant effects by responding towards oxidative stress in human body to maintain a balance
between oxidant and antioxidant substance [30,31]. Thin layer chromatography analysis on the methanol
extract of propolis collected from Besut, located at the east coast of Malaysia showed the presence of
terpenoids, flavonoids and essential oil. However, no steroids, saponins and coumarins were detected [32].
Moreover, Bufalo et al. reported that Caffeic acid and p-Coumaric acid were identified in ethanolic extract of
Chinese propolis [33]. Meanwhile, the chemical compounds identified in Chilean propolis samples were Caffeic
acid, Kaempferol, p-Coumaric acid, Pinobaksin, Quercetin and Vanillin [34]. In addition, Caffeic acid, p-
Coumaric acid and Quercetin were identified in EEP from the United States of America, Argentina, Australia,
Bulgaria, South Africa and Hungary [6].
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TPC, TFC and antioxidant activity in EEP of G. thoracica

Table 1: Chemical analysis of EEP from G. thoracica

TPC (mg GAE/g) TFC (mg QE/g) DPPH (ug/ml) (EC50)
221.57 £0.02 214.56 + 0.05 48.3+0.2
*Result as given in mean and standard deviation.

The TPC and TFC compound in EEP of G. thoracica were determined and shown in Table 1. The TPC of
EEP from G. thoracica was 221.569 + 0.02 mg GAE/g, which was higher compared to methanol extract of
propolis of G. thoracica from Besut, Terengganu (0.0291 mg GAE/g) [32]. In comparison to TPC of other
propolis, TPC of EEP from our G. thoracica are superior to Algerian propolis (1.71 to 53.51 mg GAE/g) [35],
Bolivian propolis (43.0 + 0.3 to 176.0 + 4.8 mg CAE/g) [36] and Brazilian propolis (31.88 + 0.61 to 204 + 3.80)
[37]. However, TPC of EEP from G. thoracica are inferior to Argentina propolis (587 + 20 to 593 + 15 mg GAE/g)
[38]. Moreover, TPC of EEP from G. thoracica are within the range of TPC in Chinese propolis (145.54 + 75.89
to 233.98 + 70.84 mg GAE/g) [39]. Furthermore, TFC measured in EEP of G. thoracica was 214.56 = 0.05 mg
QE/g (Table 1). Similarly, TFC of EEP of G. thoracica was higher than TFC of methanolic extract of propolis of
same species from Besut, Terengganu (0.0615 mg QE/g) [32]. The TFC of EEP from G. thoracica also superior
than Algerian propolis (1.25 to 49.46 mg QE/g) [35], Chinese propolis (124.92 + 79.74 to 126.23 + 78.46 mg
QE/g) [39], Argentina propolis (165 + 12 to 185 + 15 mg QE/g) [38] and Bolivian propolis (5.5 + 0.6 to 57.1 + 2.8
mg QE/g) [36]. Finally, our finding also revealed that TPC was higher compared to TFC in EEP of G. thoracica
and this result was supported by previous studies that showed phenolic content is higher in ethanol extract of
propolis [40,41]. The different of TPC and TFC may possibly linked with the floral species, specific foraging
activities and diets of bees species [42,43]. Furthermore, the polarity of solved utilised in extraction of propolis
also influenced TPC and TFC value [44]. High content of phenolic and flavonoid constituents in polar solvents
contribute to the high concentration of these compounds detected in the extraction [45]. The used of 80%
ethanol in propolis extraction in this study also gave superior results of TPC and TFC value of EEP from G.
thoracica compared to propolis from other countries.

The antioxidant test was carried out to verify the antioxidant potential of EEP from G. thoracica by
using DPPH scavenging method. The scavenging activity of DPPH free radical was represent as EC50, the
required concentration to reduce 50% of DPPH from initial concentration [46]. A lower EC50 value correspond
better with the higher DPPH radical scavenging capacity as it required lesser amount of extract to reduce 50%
initial concentration of DPPH [46]. Based on our study, EC50 of EEP from G. thoracica was 48.3 * 0.2 pg/ml
(Table 1). Previous study by Ibrahim et al. showed that the concentration of methanol extract of propolis from
G. thoracica required to reduced 50% of DPHH was 6.25 - 800 pg/ml [32]. Furthermore, the EC50 value of EEP
from G. thoracica also within the range of Bolivian propolis (4.54 to 48.27 pg/ml) [36] and Brazilian propolis
(21.50 to 78.77 pg/ml) [37], but it superior than Chinese propolis that reported by Wang et al. which ranged
from 15.49 + 70.59 to 28.69 + 71.52 pg/ml [39].

CONCLUSION

The phenolic acid and flavonoids compounds are main constituents of EEP from G. thoracica. The TPC,
TFC and antioxidant capacity of EEP from G. thoracica were comparable and sometimes superior to propolis
from other countries.
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