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ABSTRACT
Objective: Propolis is a mixture of plant resins and bee secretions. This study is to evaluate the

antioxidant and antimicrobial activity of stingless bee propolis (Tetragonulairidipennis), rearedfromPudukottai region of Tamilnadu, India and also
to determine the total phenol and total flavonoid contents of the sample responsible for these properties.

Methods: Stingless bee propolis was extracted by ultra sonication method and was characterized by UV-Visible, FT-IR and SEM analysis. Total
Phenolic and flavonoid contents were determined by using Folin-Ciocalteu spectrophotometric method and Aluminium chloride colorimetric
method respectively. DPPH radical scavenging assay was used to find the antioxidant activity of the sample. Antibacterial activity was determined
by using standard agar well diffusion method.

Results: Total polyphenol content of the sample was 150pug/ml of Gallic acid equivalent (GAE) and the flavonoid content was 6mg/g of Quercetin
equivalent (QE). The antioxidant potential of stingless bee propolis is found to be 83 %. The sample showed significant antimicrobial activity against
various human pathogens.

Conclusion: Stingless bee propolis (Tetragonulairidipennis) collected from Pudukottairegion, Tamilnadu is a potential natural antioxidant source
and is a promising antimicrobial drug for various bacterial infections.

Keywords: Stingless bee propolis, Tetragonulairidipennis, Sirutheni, Ultrasonic extraction, Polyphenols, Flavonoids, Antioxidant activity,

Antimicrobial activity, Activity index.

INTRODUCTION

Beekeeping involving several species of native honey bees is a very
important enterprise with a long tradition. Honey bees include
stinged and sting-less. Stingless bees belong to the Apidae family.
They are exclusive to tropical and sub-tropical areas. Their size
ranges from 2mm, and not more than 5mm and they have no stinger
[1]. In Tamil, these are called siruthenikkal. They are reared for
harvesting small quantities of highly prized medical honey, wax and
propolis.

Products of Stingless bees are highly medicinal because they collect
nectar and pollen selectively from medicinally important small
herbal plants and flowers such as Coco palm, banana, guava, papaya,
mango tamarind, thumba-poo, thengen-boo, touch-me-not plant,
jack fruit tree, tulsi, teak etc, They are the most important
pollinators of treasured herbal plants. Since stingless bees do not
have sting and lacks defense organs, it protects the medicinally
important rich food resources by covering the larger holes of the
hive with wax like substance and seals the minute pores of the hive
using a special type of resinous substance which it creates on its
own by mixing its own body secretion from the salivary glands with
the resins collected from the leaves, trees, plants, buds etc. This
natural resinous substance produced by bee secretion and
substances collected from plant parts is called propolis [2-4].

Due to its waxy nature and mechanical properties, bees use this
propolis in the construction and repair of their hives for sealing the
openings and cracks and to smooth the internal walls so as to act as
a protective barrier against external invaders such as spiders, flies,
wasps, ants, lizards etc.,, and also to protect against wind and rain
[5,6].Propolis has a wide spectrum of pharmacological activities
such as antibacterial [7-9],antimicrobial [10], antioxidant [11-14],
anti-herpes [15], antiulcer [16], antihypertensive [17]anti-
inflammatory [18] and also possess anticancer properties [19].The
chemical composition and the bio medical applications of stingless

bee propolis vary depending on the botanical sources with which
the bees forage, the geographical location of the temperate region
and its climate. Method of extraction of Propolis also plays a role.
Various methods of extraction such as Maceration method,
Microwave assisted extraction method and Ultrasonic extraction
method were reported [22]. Compared to other traditional methods,
ultrasonic irradiation (sound waves having frequency in the range of
20 KHz to 10 MHz) provides an unusual reaction condition [23- 25].
Ultrasonic waves do not directly interact with the components,
because acoustic wave lengths are much larger than molecular
interactions.

Thus, no direct molecular level interaction takes place between
ultrasound waves and chemical compounds. When liquid samples
are irradiated with ultrasound, the alternating expansive and
compressive acoustic waves create bubbles and make the bubbles to
oscillate. The oscillating bubbles can accumulate ultrasonic energy
effectively and grows to a certain size. Under right conditions, the
bubbles overgrow and subsequently collapse releasing the
concentrated energy stored in the bubble within short time [26, 27].
This cavitation implosion (bubble collapse) provides an excellent
solvent penetration in to the propolis sample and releases the
bioactive components in to solvent medium quickly. Owing to the
pharmacological importance, extensive studies on propolis were
made worldwide, over various regions [28-30]. In India, a few
studies were reported onthe regions of Maharashtra, Karnataka,
Gujarat and Uttar Pradesh [31-33]. In Tamilnadu, studies over
propolis are scarce. So, it is necessary to explore the bio medical
uses and composition of propolis of different origin and various
regions of Tamilnadu [34]. In this study, ultrasound intensification
technique wasused to extract the stingless bee propolis collected
from Pudukottai region of Tamilnadu, India. The total phenolics and
flavonoids present in the sample were determined and the sample
was also evaluated for its antioxidant activity and antimicrobial
activity against various human pathogens.
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1) Stingless bee (Tetragonulairidipennis) 2) Foraging on medicinal plant 3) stingless bee keeping.
4&5) Colony under study 6) stingless bee propolis taken for study

MATERIALS AND METHODS

Stingless bee Propolis collection

o

A bulk sample of stingless bee propolis was collected from the
region of Patti Punkai, Anavayal, Pudukottai District, Tamilnadu.
India.

Coordinates: 10.38° N 78.82° E

The sample was kept ina freezer so that propolis could be handled
easily.

Ultrasonic extraction of propolis
Instrument: Wensor Ultrasonic bath

20g of Propolis was cut in to small pieces and was grounded well.
200 ml of a solvent mixture containing 140ml of ethanol and 60ml of
distilled water in the ratio (7:3) was added in small lots with
constant stirring. The solution was then filtered through Whatman
41 filter paper. For effective extraction, the collected filtrate was
subjected to ultra sonication for about three hours.

To understand the chemical nature of the sample and to know the
effect of ultra sonication, the ultrasonicated ethanolic extract of
stingless bee propolis (USEESBP) was characterized by UV-VIS, FT-
IR and SEM analysis.

UV-Visible Spectral Analysis

Sample: The sample (0.5ml) was diluted with double distilled water
to avoid errors due to high optical density of the solution.

Instrument: Shimadzu UV 1650pc Spectrophotometer.
Scanning Range:200nm to 500nm.
Fourier Transform Infrared Spectral Analysis (FT-IR)

Sample: The sample was grinded with KBr pellets, dried in infrared
light and then subjected to FT-IR measurement.

Instrument: Shimadzu FT-IR Spectrophotometer.

Spectrum Range: Spectrum was recorded in the range of 4000-
400cm .

SEM Analysis

A thin film of the sample was prepared on a carbon coated grid by
just dropping a very small amount of the sample on the grid, extra
solution was removed using a blotting paper and then the film on
the SEM grid was allowed to dry by placing it under mercury lamp
for 5 minutes.

Determination of total polyphenols

Total polyphenolic content of ethanolic extract of stingless bee
propolis was determined using Folin-ciocalteu reagent [35].The
extract (100ul) was mixed with 2.5 ml of 1N Folin- Ciocalteu reagent
and 2ml of 20% sodium carbonate solution. The mixture was
allowed to stand for 15 minutes and then the absorbance was
measured at 765nm against blank. Gallic acid was used as the
standard. The data obtained were used to find the concentration of
total phenol in the test sample by extrapolating the calibration curve
obtained by plotting absorbance Vs various concentrations of Gallic
acid. The total phenolic content was expressed inug of gallic acid
equivalents (GAE) per ml of the extract.

Estimation of total flavonoid

Aluminum chloride colorimetric technique was used for Flavonoids
estimation [36]. 0.5 ml of the Sample was mixed with 1.5ml of
methanol, 0.1 ml of 10% aluminium chloride,0.1 ml of 1 M
Potassium acetate and 2.8ml of distilled water. It was left at room
temperature for 30 minutes, after which the absorbance of the
reaction mixture was measured at 415 nm with a double beam UV-
Visible spectrophotometer. The total flavonoid in the test sample
was determined by extrapolating the calibration graph using
Quercetin as the standard. Total flavonoid content was expressed in
quercetin equivalents (QE).
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Evaluation of antioxidant activity

1,1-diphenyl-2-picryl hydrazyl radical (DPPH) was used for the
determination of free radical scavenging activity of the USEESBP
sample. BHT (Butyl Hydroxyl Toluene)was used as standard (Sigma-
Aldrich, MO, USA). The experiment was performed in triplicates.
100pl of ultra sonicated ethanolic extract of stingless bee Propolis
was added to three tubes containing 3.7ml of absolute methanol. To
this 200ul of DPPH reagent was added and the reaction mixture was
kept at room temperature for 30 minutes. The absorbance of the
reaction mixture was recorded at 517nm using a UV-visible
spectrophotometer. Same procedure was done for the standard BHT
and its absorbance was also measured.

% Antioxidantactivity
_ (Absorbance of blank) — (Absorbance of test) y

Absorbance of blank 100

Assay of antibacterial activity
Preparation of inoculum

Stock cultures were maintained at 4°C on Nutrient Agar Slant. Active
cultures forthe experiment were prepared by transferring a loop full
of culture from the stock cultures into the test tubes containing
nutrient broth and were incubated for 24hrs at 37°C.

Agar Disc Diffusion Method

Antibacterial activity of the extract was determined by disc diffusion
method on Muller Hinton agar (MHA) medium. Muller Hinton Agar
(MHA) medium was poured in to the petri plate. After the medium
was solidified, the inoculums were spread on the solid plates with
sterile swabs moistened with the bacterial suspension. The discs
were placed in MHA plates and 20 pl sample of Concentration
1000pg/ml, 750pg/ml and 500 pg /ml were placed in the disc. 20 pl
of Standard ampicillin of concentration 1mg/ml was also placed in
the disc. The plates were incubated at 37°C for 24 hrs. The
quantification of microbial growth inhibition was determined by
measuring the diameter of clear zones of microbial growth around
the wells in the agar. DMSO was used as negative control.

RESULTS AND DISCUSSION

FTIR measurement was carried out to identify the possible
biomolecules responsible for the pharmacological activities of
stingless bee propolis sample. Peaks at 3423, 3412, 3379 cm?!
corresponds to hydrogen bonded O-H, N-H, C-H stretching
vibrations of alcohols, phenols, amides and alkanes. A Peak at 2929
cm! indicates the presence of very strong C-H stretching vibrations
of aromatic rings, methylene, methyl and O-H group of acids. The
peak at 2664cm! corresponds to symmetric stretching vibration of
N-H bond.

P8 8IS Rmsir s

Fig. 1: FT-IR spectrum of stingless bee propolis sample

The peak 1595 cm corresponds to asymmetric C=0 frequency and
to the overtone frequency of N-H bonds. The Peak at 1450cm!
corresponds to asymmetric C=0, C-N of amines. The Peak at
1337cm! indicates the presence of symmetric C=0, Symmetric C-H,
N=0 bonds. Peak at 1031cm'! corresponds to fundamental C-C bond
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peaks. In general FT-IR Spectrum of the sample shows the presence
of fundamental vibrations such as aromatic C-C, C-H, C-O, N-H and O-
H bonds[38] which correspond to the presence of alcohols, acids,
esters and aliphatic amines. These groups are responsible for the
biological activity of the sample.
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Fig. 2: UV-absorption spectra of stingless bee propolis

A strong absorption peak at 290.50nmis attributed to the presence
of phenols and flavonoids. The higher absorbance value indicates the
rich composition of polyphenols and flavonoids in the sample. From
the absorbance value, quality of the stingless bee propolis sample
can be assessed[6]. The total polyphenol content in the sample was
determined by Folin-Ciocalteu’s method using Gallic acid as the
standard[35] and the total Flavonoid content in the sample was
determined by Aluminium Chloride Colorimetric method using
Quercetin as the standard[36]. The results of the study are given in
Table 1.

Table 1: Total phenolic and flavonoid contents

Content Amount
Total phenolic content 150pg/ml GAE
Total flavonoid content 6mg/g QE

A positive correlation was observed between the total phenolic and
flavonoid contents of the sample with its free radical scavenging
activity. The antioxidant potential of the sample was assessed by its
DPPH radical scavenging ability. DPPH is a stable free radical
compound, deep violet in colour and shows an absorbance
maximum at 517nm. When DPPH is added to the extract, it gets
reduced and a free radical is formed from the scavenger. The
reaction of DPPH is monitored by measuring the decrease in
absorbance of its radical at 517nm.Upon reduction of this radical by
an antioxidant, the absorbance at 517nm disappears. The
antioxidant activity of the standard BHT (Butyl Hydroxy Toluene)
was also measured. The results of the study are given in Table 2.
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Table 2: Antioxidant activity assay

Sample oD % DPPH

Ultrasonicatedethanolic extract of  stingless bee 0.33
propolis (Conc -1mg) 82.06
0.31

83.15

0.31

83.15

0.013

Standard (BHT)  (Conc-1mg) 99.29
0.014

Blank OD is 1.84 99.23
0.013

99.29

The results of the antioxidant assay, showed that the ethanolic
extract of stingless bee propolis sample has an antioxidant potential
of 83%.Thus, the stingless bee propolis extract is a potential natural
antioxidant source and can be used to treat diseases associated with
oxidative stress.
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Fig. 3: SEM images stingless bee propolis sample

The effect of ultrasonication is seen from the surface morphology.
The bio active components are found to be in the nano regime size.
The average size is 550nm.Nano sized bio active components could
interact more with themicro-organism and can exhibit enhanced
biological activity. Thus, extraction procedure also plays an
important role. Antibiotic resistance among microbes urgently
necessitates the development of novel antimicrobial agents,
especially from safe, harmless natural products.

The antibacterial activity of ultrasonicated ethanolic extract of
stingless bee propolis sample was tested against certain gram +ve
bacteria viz., Staphylococcus, Vibrioparahaemolytics, Bacillus and
certaingram-vebacteria namely E.Coli, Vibriospp, Salmonella,
Aeromonas, Klebsiella, proteusspp etc. The results of the anti-
microbial activity at various concentrations 500 pg/ml, 750pg/ml
and 1000pg/ml are shown in Table 3. Among these concentration,
maximum zone of inhibition was observed for all the microbes at
1000 pg/ml or 1mg/mlconcentration level.The results are expressed
as Mean +S.D where n=3.

Table 3: Antimicrobial activity at various concentrations

S. No. Organism Zone of inhibition(mm) Antibiotic DMSO
Concentration ( pg/ml) ampicillin (20 pnl)
500 750 1000 1mg/ml
1 E.Coli (gram -ve) 4 +0.05 5+0.01 7 +0.4 10+0.51 -
2 Staphylococcus (gram +ve) 1+0.03 4+0.07 6+0.2 15+0.18 --
3 Vibrio spp (gram -ve) 5+0.1 9+0.02 12+0.3 13+0.07 --
4 Vibrio parahaemolytics(gram +ve) 1+0.06 3+0.03 5+0.01 15+0.02 --
5 Salmonella (gram -ve) 5+0.05 6 +0.4 9 +0.06 13+0.09 --
6 Bacillus (gram +ve 140.01 3+0.7 6 +0.90 14+0.65 --
7 Aero monas (gram -ve) 1+0.03 3+0.2 6 +0.04 10+0.57 --
8 Klebsiellaspp(gram -ve) 2+0.2 4+0.01 7 +0.05 11+0.03 --
9 Proteus spp (gram -ve) 4+007 6+0.3 7 +0.02 13+0.05 --
Comparing the results of the antimicrobial activity of stingless bee
propolis sample with the antimicrobial activity of the standard -
ampicillin antibiotic at 1mg/ml concentration, antimicrobial activity
Indices of the sample against the above mentioned human 4
pathogens are calculated. a0
Activity index = —Ac_m_]ity of the sample x 100 %’ -19
Activity of the standard - ]
From the above graph, it is seen that the stingless bee propolis !
sample shows maximum sensitivity towards gram negative bacteria
Vibrio spp, almost equivalent to chemical antibiotic ampicillin and
shows the least sensitivity towards Vibrio Parahaemolytic, which is Mico Orgisms
a gram positive bacteria. In general, the results of the above study
showed that, .the Stingless bee propolis rear_ed frorp Pudukottai Fig. 4: Antibacterial activity Index against pathogens
region of Tamilnadu was found to be more active against gram -ve
bacteria than gram positive bacteria Since the antibacterial effect
towards all the organism increased with increase in the CONCLUSION

concentration of the sample, at slightly higher concentration level,
the natural extract of stingless bee propolis sample can be a very
good substitute for ampicillin antibiotic.

To our knowledge, this is the first study, which gives a detailed
report on the Total phenolic and flavonoids contents, spectroscopic
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characterization, antioxidant and antibacterial activities of stingless
bee propolis (Tetragonulairidipennis) sample, extracted by a
sophisticated process of ultrasonication. This study has combined
the advantages of both sono chemistry and green chemistry. We
found that the stingless bee propolis reared from Pudukottai region
of Tamilnadu is a potential natural source of antioxidant and is a
promising antimicrobial agent.
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