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Abstract: Bee pollen is a natural product from honeybees which is rich in bioactive compounds. Bee pollen
grain and powder were extracted using conventional and sonication extraction methods. All bee pollen
crude extracts could not inhibit growth of test pathogenic bacteria. The antioxidant activity was analyzed
via DPPH free radical scavenging activity assay and found that the ethanolic extract of bee pollen grain
obtained by conventional method had the highest antioxidant activities (p<0.05), 40.69+3.01 mg GAE/g
extract. When phenolic content was evaluated, the aqueous extract of bee pollen grain by conventional
method showed the highest total phenolic content (103.06+1.96 mg GAE/g extract) while ethanolic extract
of bee pollen powder by conventional method exhibited the highest flavonoid content, 56.40+4.85 mg QE/g
extract. The data obtained provides the guideline for insightful evaluation of bee pollen biological activities
for designation of novel supplementary food products in the future.
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1. Introduction

Bee pollen is known for its therapeutic properties attributed to several compounds such as minerals,
vitamins, essential amino acids, phenolic acids, flavonoids, enzymes and co-enzymes [1]-[3].

Bee pollen is produced by mixing flower pollen with both the nectar and the bee salivary gland secretion.
Afterwards, the bee is amassing at the tibia of their hind legs. Later, bee pollens are transported to the bee
hive [4], [5]. Bee pollen is a food source of the bees. They contain concentrations of nutrients and rich in
secondary metabolites [6]. The main biological components of bee pollen are phenolic acid derivatives and
flavonoids. The flavonoids are so called secondary plant compounds which have different important
physiological and pharmacological activities. They possess diverse biological properties such as antioxidant,
anti-aging, anti-carcinogenic and anti-inflammatory [7].

Bee pollen is one of the most important sources of proteins, lipids, minerals and vitamins for bee survival.
Recently, increasing evidence suggests its potential therapeutic benefits, including antioxidant properties
and bioactive properties, as functional dietary food supplement. The previous studies have found that bee
pollen consist of polysaccharides, pollen, moisture, proteins, lipids, ash, carotenoids and vitamins [8].
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Additionally, the chemical composition of bee pollen also depends on the plant source, climatic conditions,
soil type and bee’s activities [9]. Bee pollen color has various shades ranging from bright yellow to black
[10].

Bee pollen can inhibit growth of some pathogenic bacteria [11]. Some reports demonstrated that bee
pollen extracts obtained from plants in the family Papaveraceae, Brassicaceae and Asteraceae could inhibit
growth of Bacillus subtilis, Escherichia coli, Klebsiella spp., Listeria monocytogenes, Pseudomonas aeruginosa
and Staphylococcus aureus [12]. However, any bee pollen extracts could not show inhibitory effect on fungi
(Saccharomyces cerevisiae, Candida rugosa, Aspergillus niger and Rhizopus oryzae) [13].

The aim of this study is to determine the biological activities of bee pollen. Accordingly, grain and powder
of bee pollen are extracted by water and ethanol using conventional and sonication extraction methods.

2. Materials & Methods

Bee pollen obtained from Bee Products Industry Co., Ltd. was kept at -20°C prior to use. Different
extraction methods (conventional and sonication) were performed using distilled water and ethanol as
solvents.

2.1. Bee Pollen Extraction

For conventional method, each grain and powder bee pollen was extracted using two solvents, distilled
water and ethanol, 95% (v/v). For aqueous extraction, the mixture of bee pollen and solvent, 1:10 ratio, was
kept at 45°C for 3 hours prior to filtration. Subsequently, the retentate was repeatedly extracted twice. The
filtrates were combined together prior to solvent evaporation using a rotary evaporator (Heidolph,
Germany) and lyophilization (FTS systems, USA). Meanwhile, the ethanolic extraction was similarly done
but at room temperature for 24 hours. The lyophilized crude extracts were kept at -20°C until used. When
used, the crude extracts were reconstituted in the corresponding solvent and adjusted to the desired
concentration.

For sonication extraction using a sonication bath (Crest, USA), grain and powder bee pollen were
sonicated twice, 30 minutes at 50 Hz each, prior to filtration [14]. The filtrate obtained was subsequently
evaporated and lyophilized as mentioned above. When used, the crude extracts were dissolved in sterile
distilled water to the desired concentration.

2.2. Antibacterial Activity Determination

Pathogenic bacteria including B. cereus TISTR 687, E. coli ATCC 25922, E. coli 0157: H7 DMST 12743,
methicillin resistant S. aureus DMST 20625, Salmonella Typhi DMST 22842, Shigella dysenteriae DMST 1511,
S. aureus ATCC 25923 and Vibrio cholerae DMST 2873 were used as test bacteria. All of them were grown in
Mueller-Hinton broth (MHB) (Merck, Germany) at 37°C for 24 hours. Each culture broth was adjusted its
turbidity equivalent to a No. 0.5 McFarland standard prior to swab onto Mueller Hinton Agar (MHA) (Merck,
Germany).

Antibacterial activity was determined by an agar disc diffusion method [2], [15]. A 6-mm sterile paper
disc soaked with 500 mg/ml of each crude extract was placed onto the prepared MHA mentioned above.
Gentamicin, 0.1 mg/ml, and sterile distilled water were used as positive and negative controls, respectively.
The test plates were incubated at 37°C for 24 hours. The diameters of inhibitory clear zone were observed
and measured.

2.3. Antioxidant Properties by Using Free Radical Scavenging Assay

The antioxidant activity of the bee pollen crude extract was determined by the free radical scavenging
ability using 2,2-diphenyl-a-picrylhydrazyl (DPPH) radical scavenging assay [16], [17], as described earlier
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with some modifications. Briefly, 50 uL of each crude extract was mixed with 0.1 mM DPPH solution, 150 pL,
and incubated in the dark at room temperature for 20 minutes. The absorbance of the mixture was
measured at 517 nm. Gallic acid was used as a positive control. The ability of the sample to scavenge
DPPH radical was determined according to the equation below:

DPPH lnhlbltlon (%) = [(Acontro] - Asample) /Acontrol] X 100

where Acontrol is absorbance of methanol, a negative control, and Asample is absorbance of sample.

2.4. Total Phenolic Content by the Folin-Ciocalteu Method

By modified method of Babaa and Malik [18], 250 uL of crude extract were made up to 1.25 mL with
deionized water (DI water), mixed with 125 pL of 50% Folin-Ciocalteu reagent, followed by the addition of
250 uL of absolute ethanol for 5 minutes, after that, mixed with 250 pL of 5% (w/v) sodium carbonate.
Then, the mixture was incubated at room temperature in the dark for 1 hour, and absorbance was measured
at 725 nm. The total phenolic content was calculated from the calibration curve. The results were expressed
as mg of gallic acid equivalent per g extract.

2.5. Total Flavonoid Content by the Aluminium Chloride Colorimetric Method

By modified method of Babaa and Malik [18], 0.5 mL of each crude extract were mixed with 100 pL of
10% aluminium chloride, added with 1.5 mL of methanol and, mixed with 100 pL of 1M potassium acetate
solution. Next, the mixture was made up to 2.80 mL with DI water. The mixture was allowed to stand for 30
minutes in the dark. The absorbance was measured at 415 nm. The total flavonoid content was calculated
from a calibration curve and was expressed as mg Quercetin equivalent per g extract.

3. Results and Discussion

All bee pollen crude extracts could not inhibit growth of test pathogenic bacteria. For the bee pollen grain,
the ethanolic extract had the highest antioxidant activities (p<0.05), 40.7 + 3.0 mg GAE/g extract when
tested by the DPPH assay (Fig. 1) while the aqueous extract showed the highest amount of total phenolic
acid, 103.06£10.9 mg GAE/g extract (p<0.05) (Fig. 2). Meanwhile, the ethanolic extract of bee pollen
powder presented the highest value of total flavonoid content, 56.4+4.8 mg QE/g extract (p<0.05) (Figure
3).

Moreover, the conventional extraction method provided the higher antioxidant activities than that of the
sonication extraction significantly (p<0.05) (Table 1).

Table 1. Antioxidant Activity, Total Phenolic and Total Flavonoid Content of Bee Pollen Crude Extracts

Crude extract Bee Pollen DPPH Phenolic Flavonoid
(mg GAE/g extract) (mg GAE/g extract) (mg QE/g extract)
Conventional extraction
Ethanolic Grain 40.69+3.012 66.53+10.90b.¢c 36.60+0.20 b
Powder 0.52+0.154d 60.66+ 3.40 cd 56.40+ 4.85 2
Aqueous Grain 21.27+2.63b 103.06+x 1964 12.20+1.73 ¢
Powder 11.20+£3.89¢ 54.46+ 2.38¢ 7.53+0.304d
Sonication extraction Grain 0.03+£0.024d 58.80+ 0.40 cd 9.53+0.30 cd
Powder 12.60+0.81¢ 70.93+ 2.66 b 12.00+ 1.58¢

Statistically significant difference (p<0.05) are indicated by different low case letters (a-d) within sample
for each methodology (Data were expressed as mean * standard deviation (n=3))
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Fig. 1. Antioxidant activity of bee pollen crude extracts. The ethanolic extract (A) and the aqueous extract
(B)obtained by the conventional method, and the aqueous extract obtained by the sonication method (C).
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Fig. 2. Total phenolic content of grain and powder bee pollen extract. The ethanolic extract (A) and the
aqueous extract (B) obtained by the conventional method, and the aqueous extract obtained by the
sonication method (C).
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Fig. 3. Total flavonoid content of grain and powder bee pollen extract. The ethanolic extract (A) and the
aqueous extract (B) obtained by the conventional method, and the aqueous extract obtained by the
sonication method (C).

In this study, the antioxidant activities of bee pollen extracts are associated with the content of phenolic
compounds which is similar to the previous reports [19], [20], [21]. On the other hands, this does not
appear to be true for other biological activities [22], [23].

Bee pollen from honey bee contains different amounts of total phenolic and flavonoid content. This may
be linked to the type of floral and different diets of the bees [12], [14], [24]. Furthermore, the total
phenolic acid and flavonoid contents of bee pollen extracts also depend on the polarity of solvent used in
extraction. High solubility of phenolic and flavonoid compounds in polar solvents provides high
concentration of these compounds obtained in the extraction [25]. The aqueous extraction of bee pollen
grain in this study gave the highest total phenolic content. By the way, the high solubility of antioxidant in
non-polar solvent provide the high concentration.

Freire [26] studied about the values of total phenolic and flavonoid contents compared with other studies
which used ethanol, methanol and water extraction. They found that the difference type of extraction
solvent had the difference effect on concentration of bioactive compound in the extracts.

4. Conclusions

Bee pollen extracts cannot inhibit growth of test enteric pathogenic bacteria. Free radical scavenging
activity, amount of total phenolic acid and flavonoid contents depend on the method of extraction and
polarity of solvent. Moreover, the conventional extraction had antioxidant activities higher than sonication
extraction.
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