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Antimicrobial resistance (AMR) is among the threats to global public health, with developing countries being
mostly affected. The AMR has undermined development of new antimicrobial agents by pharmaceutical
industries despite new emerging infections. This necessitates a search for antimicrobial agents from resources
available in developing countries. This study, therefore, aimed at assessing antimicrobial activity of two propolis
samples from Iringa and Tabora, Tanzania. Ethanolic extracts of the two propolis samples were tested against
standard microorganisms including, Gram +ve and Gram -ve bacteria and yeasts by determination of MICs
using broth microdilution method. Synergism with Gentamicin was also assessed for one of the samples.
Furthermore, HPTLC profiles of the extracts and presence of flavonoids were determined. The two propolis
samples exhibited varied activity against the tested microorganisms with MICs ranging from 0.42 to 6.67mg/ml,
with Tabora propolis being more active than Iringa propolis. Staphylococcus aureus was the most susceptible
microorganism, while Pseudomonas aeruginosa was the most resistant. Propolis also potentiated the activity of
Gentamicin. Both samples tested positive for flavonoids. However, there were some differences in their HPTLC
profiles. We recommend further studies involving more samples of propolis from various regions of Tanzania to
verify further the observed activity and synergism.

INTRODUCTION

Propolis, also referred to as bee glue, is a red to dark
brown sticky substance produced by bees and is composed of a
resinous mixture of compounds (Stepanovi¢ et al., 2003; Ugur
and Arslan, 2004). These compounds are produced by bees from
bee secretions, beeswax, plant exudates, and other plant parts
collected from the surrounding flora (Bankova, 2005;
Scazzocchio et al., 2006; Wieckiewicz et al., 2013). Propolis
contains a variety of compounds, some of which are terpenes,
flavonoids and other phenolics (Marcucci, 1995; Bankova
et al., 2000). Previous studies have also shown that the chemical
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composition of propolis varies with geographical origin, botanical
source and bee species (Bankova, 2005; Silici and Kutluca, 2005;
Salatino et al., 2011; Fernandes-Silva et al., 2013; Toreti et al.,
2013). Propolis serves as a beehive protective barrier against
microbial contamination and a sealant for unwanted small gaps in
the beehive (Bankova, 2005). This bee product has been used in
folklore medicine as an antiseptic, immune system support and a
cure for bruises, mouth and throat infections, cancer, inflammation,
cardiovascular diseases, respiratory infections and many others
(Castaldo and Capasso, 2002; Shruthi and Suma, 2012; Wagh,
2013). Itis also used as one of the constituents in health foods and
in preparation of chewing gum, beverages, cosmetics, lozenges and
skin creams (Banskota et al., 2001; Scazzocchio et al., 2006;
Wagh, 2013). Communities in Tabora and Iringa regions in
Tanzania use propolis in treating diseases such as hernia,
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constipation, skin burns and wounds. It is also used as a
prophylactic measure for various diseases especially those related
to the gastrointestinal tract (Msemo, 2014).
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Literature indicates that propolis is associated with a
number of important biological activities including antimicrobial,
antioxidant, anticancer, hepatoprotective, anti-inflammatory,
immunostimulant, anticariogenic, antiprotozoan, allergenic,
antibrowning, antidiabetic and antitumour activities (Ophori et al.,
2010; Siripatrawan et al., 2013; Wagh, 2013; Wieckiewicz et al.,
2013; Wojtyczka et al., 2013a, b; Omar et al., 2016). Furthermore
propolis has been reported to exhibit synergism with a number of
antibiotics against various bacteria species (Stepanovi¢ et al.,
2003; Fernandes Janior et al., 2005; Scazzocchio et al., 2006) and
to be active against methicillin resistant Staphylococcus aureus
[MRSA] (Darwish et al., 2010).

There is very scanty information regarding Tanzanian
propolis though the country is renowned for its beekeeping activity
which brings in substantial revenue (Mwakatobe, and Mlingwa,
2006; Mmasa, 2007). A study conducted on propolis from various
countries, reported that a sample from Tanzania exhibited
antimicrobial activity, with a MIC of 15.62 pg/ml against standard
strains of Gram positive bacteria including, Staphylococcus
aureus, Staphylococcus epidermidis, Streptococcus pyogenes,
Enterococcus faecalis and Bacillus subtilis (Seidel et al., 2008).
However, the exact collection area of the studied propolis sample
was not indicated. Since the surrounding flora has a great
influence on the biological activities of propolis there is a need to
study the biological activities of propolis from different parts of
Tanzania.

The current study on the antimicrobial activity of
Tanzanian propolis was prompted by the need to search for new
and more effective antimicrobial agents in this era when
antimicrobial resistance (AMR) is an increasingly serious threat to
global public health and economy (Levy, 2002; Moyo et al., 2010;
WHO, 2014). This is a big challenge in developing countries
including Tanzania (Leung et al., 2011; ‘t Hoen et al., 2014). To
aggravate the situation further, the pharmaceutical industries are
not enthusiastic anymore to invest in this line despite the fact that
there is a lot of new emerging infections due HIV and AIDS
(Walsh et al., 2004; Leung et al., 2011; White, 2011).

The aim of the current study was to determine the
antimicrobial activity and synergistic effects of propolis samples
collected from two regions of Tanzania.

MATERIALS AND METHODS

Preparation of propolis extracts

Propolis samples collected from Iringa and Tabora
regions were, kindly, provided by Mr. Stephen Msemo, of the
Ministry of Natural Resources and Tourism, Dar es Salaam,
Tanzania. Fifty grams and 20 g of propolis from Iringa and
Tabora, respectively, were separately powdered using a mortar and
pestle and soaked in ethanol (250 ml and 100 ml, respectively) for
three days with occasional agitation to facilitate the extraction
process. The resultant extracts were separated from the marc by
filtration. The extraction process was repeated until the resultant
extract was almost colourless. The extracts were dried in vacuo

using a Buchi rotary evaporator set at 50°C. The extracts were
stored in a refrigerator, at 4°C prior to screening for antimicrobial
activity.

Screening for antimicrobial activity
Test microorganisms

Test microorganisms included; Gram +ve bacteria,
Staphylococcus aureus (ATCC 25923) and Streptococcus faecalis
(ATCC 29212); Gram -ve bacteria including Pseudomonas
aeruginosa (ATCC 27853), Proteus vulgaris (ATCC 29905),
Salmonella typhi (ATCC 700931), Klebsiella oxytoca (ATCC
700603) and Escherichia coli (ATCC 25922) and the yeasts
Candida albicans (ATCC 60193) and Cryptococcus neoformans
(ATCC 90112) which were obtained from Muhimbili National
Hospital, Dar es Salaam, Tanzania.

Preparation of propolis extract test samples and growth media

Twenty (20) mg of each propolis extract was dissolved in
Iml of 10% v/v of Dimethyl sulphoxide (DMSO) in sterile water
to make a concentration of 20mg/ml. Double and normal strength
Mueller Hinton Broth (Carl Roth GmbH + Co.KG, Germany) and
Sabouraud dextrose broth (HiMedia Laboratories, Pvt Ltd,
Mumbai India) were prepared according to manufacturers’
instructions.

Determination of minimum inhibitory concentrations (MICs)

Determination of MICs was accomplished through broth
microdilution method as per standard protocol (Wiegand et al.,
2008) utilizing a 96 well microtitre plate consisting of twelve
columns and eight rows. One hundred (100) ul of the prepared
double strength media were placed in each well of the first row of
the microtitre plate; whereas 100 pl of the normal strength media
was placed in each of the rest of the wells. One hundred (100) pl
of various test samples prepared in 10% DMSO were introduced
into the first row of the microtitre plate and mixed well, followed
by a two- fold dilution down the column. Test microorganisms
(50ul) of appropriate density, were subsequently added to each
well to attain a final density of 0.5 MacFarland. The adjusted final
concentrations of the propolis extracts test samples ranged from
6.67 mg/ml to 5.2 x10? mg/ml), while for positive controls they
ranged from 1.64 x 10° to 6.4 x 10°mg/ml for Gentamicin
sulphate and 6.7 x10™ to 5 x10 *mg/ml for Fluconazole. The final
maximum concentration of DMSO in the wells was 3.3% v/v;
hence this was also the maximum concentration for the wells
which were used for the negative control.

The plates were then incubated for 24 hours at 37°C for
bacteria and 28°C for yeasts, after which they were removed from
the incubator and 50pul of 0.2 mg/ml p-iodonitrotetrazolium (INT)
was added, followed by further incubation of the plates for 30
minutes. The lowest concentrations which showed no purple
colour (indicating absence of growth) were taken as the minimum
inhibitory concentrations (MICs). The determination of MICs was
done in triplicate.
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Table 1: Final concentrations of combined gentamicin and propolis in the microtitre wells.

Microtitre plate 1

Microtitre plate 2

SIN Gentamicin (mg/ml) Propolis (mg/ml) SIN Gentamicin (mg/ml) Propolis (mg/ml)
1 8.21x10-4 333 9 3.21x10° 1.32 x1072
2 41x10* 1.67 10 1.60 x 10°® 6.60 x 10°
3 2.05 x10™ 8.4x10™ 11 8.02 x 107 3.30x10°
4 1.03x10* 4.2x107? 12 401 x107 1.65x 103
5 5.13x10° 2.1x10"? 13 2.0x107 8.3x10*
6 2.56 x10° 1.05 x10™" 14 1.0x107 42x10*
7 1.28 x10°® 5.25 x 107 15 5.01x10°® 2.1x10*
8 6.41x10° 2.63 x10° 16 25x10°® 1.05x 10™
Table 2: Minimum Inhibitory concentrations (MICs; mg/ml) of propolis samples for various microorganisms.
Test Sample Microorganisms
E. coli K. oxytoca S. aureus S. typhi P. aeruginosa P. vulgaris S.faecalis  C.albicans  C. neoformans
TP extract 0.84 0.84 0.42 0.84 - 1.67 0.84 1.67 0.84
IP extract 1.67 1.67 - - - 3.34 - 6.67 3.34
Gentamicin 2.6x10° 2.6x10° 51x10° 5.1x 107 - 26x10° 26x10° NA NA
Fluconazole NA NA NA NA NA NA NA 0.021 0.021
3.3% DMSO - - - - - - - - -

Key: - : No activity; NA: Not applicable, TP: Tabora Propolis, IP: Iringa propolis

Determination of synergistic effect of propolis with gentamicin

The synergistic effect of propolis with gentamicin was
determined by determination of MICs for mixtures of gentamicin
and the Iringa propolis extract. One hundred (100) pl of
gentamicin (4.9 x10° mg/ml) and 100 pl of propolis extract
(20mg/ml) in 10% DMSO were properly mixed, then 100 pl of the
mixture was added to wells in the first row of the microtitre plate
containing 100 pl of double strength Mueller Hinton Broth,
followed by two-fold dilution down each column this was
followed by addition of 50 ul of bacteria inocula. The final
concentrations of propolis and gentamicin in the microtitre plate
wells were as shown in the Table 1.

High Performance Thin Layer Chromatography (HPTLC)
profiles

Five (5) pl of 1% ethanolic solution of each propolis
extract was applied on HPTLC glass coated Silica gel 60 Fys,
plates (200pum, 10 x 20 cm, Merck, Germany) as bands (8 mm)
using Linomat 5 applicator (Camag, Switzerland). The plates
were developed for 12 cm with n-hexane: ethyl acetate (6:4) with
chamber saturation. The developed HPTLC plates were dried in air
for 30 minutes and scanned at 261 nm using a TLC scanner
(Camag, Switzerland). The plates were sprayed with vanillin-
sulphuric acid reagent and heated with a stream of hot air until
spots were evident.

Determination of the presence of flavonoids

Shibata’s reaction (Ciulei, 1982) was performed on the
extracts of propolis samples in order to determine the presence of
flavonoids.

RESULTS AND DISCUSSION

The two propolis samples were sticky and dark brown in
colour and on extraction with ethanol the sample from Iringa

yielded a brown extract (23.69; 47.2%) while the Tabora sample
gave a dark brown extract (7.0g; 35%).

The minimum inhibitory concentrations of the extracts,
as determined by the broth microdilution method, are as indicated
in Table 2. In this study, the ethanolic extract of propolis obtained
from Tabora displayed activity on almost all tested
microorganisms (MIC 0.42 — 1.67 mg/ml) with only Pseudomonas
aeruginosa being resistant to this extract. This is in agreement
with a previous study on Tanzanian propolis; although in that
study the specific area where propolis was collected was not
indicated (Seidel et al., 2008). On the other hand the ethanolic
extract of propolis from Iringa was able to inhibit growth of five
out of nine microorganisms tested, with MICs ranging from 1.67
to 6.67mg/ml. This extract was not active against S. aureus, S.
typhi, P. aeruginosa and S. faecalis at the tested concentrations.
The observed MICs for both samples were several times higher
when compared to a previous report on Tanzanian propolis (Seidel
et al., 2008), where MICs ranged from 15.62 to 250 mg/I for Gram
+ve bacteria. The MICs observed in this study were somehow
similar to those reported in another study on propolis from Italy
(Scazzocchio et al., 2006).

The Gram + ve bacterium, S. aureus, was the most
susceptible microorganism to Tabora propolis, with MIC of 0.42
mg/ml; however, it was resistant to Iringa propolis. The variation
in the observed antimicrobial activity between the two propolis
samples studied is in line with previous reports on other studies.
For example a study done on Egyptian propolis collected from
four different localities reported varied antimicrobial activity
(Hegazi and Abd EI Hady, 2001). A similar observation was also
noted when propolis was collected from two localities in Jordan
differing in their natural vegetation (Darwish et al., 2010).
Therefore, the variation in activity between propolis from Iringa
and that from Tabora could be due to the varied vegetation and
climatic conditions between the two regions. Iringa Region is
situated in the southern highlands with a cool weather while
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Tabora Region is around the central part of Tanzania with a
warmer climate and somehow varied vegetation.

Propolis contains varied groups of compounds; some of
which, including flavonoids, have been reported to exhibit
antimicrobial activity. In this study, both Tabora and Iringa
propolis samples gave a positive result for Shibata’s reaction, with
the Tabora sample responding with a more intense colour than that
of Iringa, indicating that it contained more flavonoids and
probably, that is why it was more active. The HPTLC scans for
the two samples of propolis are as shown in Figure 1. They had
some similarities as could be expected; however, there are some
differences, especially at the origin of the HPTLC plate, where the
Tabora sample showed two unresolved peaks (a and b) while the
Iringa sample showed only one peak (a). The next unresolved
peaks (c and d) though present in higher concentrations in the
Tabora sample, they were present in trace amounts in the Iringa
sample. Moreover two peaks (e and f) seen in the Iringa sample
were absent in the Tabora sample. On visualization of the spots
with vanillin-sulphuric acid reagent (Fig. 2) the three spots which
were observed in the Iringa propolis (4, 8 and 11) could not be
detected in the Tabora sample. Also the four spots seen in the
Tabora propolis (spots 6, 7, 9 and 10) were not seen in the Iringa
sample. Since biological activities are determined by the bioactive
constituents of the samples the differences in the antimicrobial
activity of the two propolis samples could have been attributed to

a&b
céad

_Intensity

c&d

the observed different chemical profiles. With regard to synergism
with antibiotics, this study has revealed a decrease in the MIC of
gentamicin when it was combined with different proportions of the
extracts of propolis from Iringa, whereby no growth of bacteria
was noted at a concentration as low as 2.5x 10® mg/ml for
gentamicin and 1.05 x 10™“mg/ml for propolis. However,
Pseudomonas aeruginosa was resistant to all concentrations of the
combination. This observation is in agreement with what was
reported for Brazilian propolis (Fernandes Junior et al., 2005),
Spanish propolis (Scazzocchio et al., 2006) and Polish propolis
(Wojtyczka et al., 2013a).

In the previous studies, synergism was mostly noted
between ethanolic extract of propolis and antimicrobial agents
which interfere with bacterial protein synthesis such as
chloramphenicol, gentamicin, tetracycline, and vancomycin
(Fernandes Janior et al., 2005; Scazzocchio et al., 2006). The
combination of propolis with antibiotics can reduce drug dosages,
minimize drug side effects, and decrease chances of drug
resistance (Stepanovi¢ et al., 2003; Fernandes Janior et al., 2005;
Scazzocchio et al., 2006). Furthermore, it has been reported that
therapeutic application of propolis does not induce microbial
resistance nor does it destroy useful microflora (Ramanauskiene et
al., 2009). This implies that propolis may become a reliable
antimicrobial agent in this era of AMR; hence the need for further
investigations.

Fig. 1: HPTLC scans for Iringa propolis (Tracks 2 and 3), Tabora propolis (Tracks 4 and 5) and ethanol (Track 1).
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Fig 2: HPTLC chromatogram of ethanolic extracts of Iringa and Tabora propolis
A: Ethanol, B: Iringa sample, C: Tabora sample, Spots 1-10

CONCLUSION

Samples of propolis from Iringa and Tabora regions
showed antimicrobial activity with propolis from Tabora being
comparatively more active than that from Iringa, and both samples
gave a positive test for flavonoids. Furthermore, the activity of
gentamicin was increased by propolis; an attribute which could be
utilized in drug discovery especially for those microorganisms
which have already shown resistance to the available antimicrobial
agents. The observed differences in antimicrobial activity could be
due to differences in their chemical constituents as indicated by
their HPTLC scans and TLC profiles. Therefore it is worth
conducting further studies on propolis samples from other parts of
Tanzania with regard to their antimicrobial and synergistic effects,
which will form a basis for their medicinal exploitation in future.
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