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Abstract Propolis is a natural resin substance produced by honeybees by collecting from parts of

plants, buds, and exudates that are used for several biological activities such as antimicrobial, and

fungicide functions. This study aimed to analyze the phytochemical, physicochemical, and antimi-

crobial activity of propolis collected from Boji Dirmaji and Fincha’a districts of western Ethiopia.

The physicochemical characteristics, phytochemical screening, and antimicrobial activity of Ethio-

pian propolis against Aspergillus niger, Escherichia coli, and Staphylococcus aureus were evaluated

using the disk diffusion method from its essential oils and crude ethanol extract were evaluated

based on standard procedures. The results indicated that propolis was rich in saponins, tannins, fla-

vonoids, steroids, triterpenes, and glycosides. Physicochemically, n-hexane extractable substances

ranged between 8.6 and 33.9%, resins soluble 14.8–16.8%, insoluble residues 70.8–85.5%, moisture

1.7–4.6%, and ash content 2.8–9.7%, and 4.8 pH. The antimicrobial activities of essential oils pro-

polis were active against Escherichia coli with an average inhibition zone of 18.3 ± 0.52 mm and 18.

9 ± 0.06 mm at concentrations of 10 and 20 ll in Dirmaji districts. Moreover, the crude ethanol

extracted propolis had nearly the same effect of inhibition to Escherichia coli. However, both crude
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extract and its essential oils didn’t show any activity on Staphylococcus aureus and Aspergillus niger.

The analyzed propolis is promising antimicrobial activity from Gram-negative which is very noto-

rious for people of the world.

� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Propolis or bee glue is commonly named as a natural resinous
mixture produced by honeybees (Apis mellifera) from sub-
stances collected from parts of plants, buds, and exudates
(Al-Ani et al., 2018). This resin is masticated, salivary enzymes

are added, and then it is mixed with beeswax and probably
with other compounds of bee metabolism (Al-Ani et al.,
2018). Etymologically the word propolis derives from the

Greek pro (for ‘in front of’, ‘at the entrance to’ and polis for
‘community’ or ‘city’), meaning that this natural product con-
tributes to hive defense (Park et al., 2002; Tosic et al., 2017).

Historically, propolis was used in Greece to treat abscesses,
Assyrians used it to heal wounds and tumors, while the Egyp-
tians used it for mummification (Kuropatnicki et al., 2013),
and currently, propolis is used in chewing gum, cosmetics,

creams, lozenges, and skin creams (Khorasgani et al., 2010).
Moreover, animal origins (milk, honey, fat), minerals (salt,
clay, mud, mineral, and thermal waters), as well as plant prod-

ucts were also used for healing, emetic, purgative, diuretic, ver-
micidal, antidiarrheal, abortifacient, antipyretic, diaphoretic
drugs (Nemo and Bacha, 2021; Bungãu and Popa, 2015).

Due to its waxy nature, bees use propolis in the construc-
tion and repair of their hives for sealing openings, and cracks,
smoothing out the internal walls, and as a protective barrier

against external invaders and weathering threats like wind
and rains (Anjum et al., 2019). Moreover, they also use bee
glue to embalm the carcasses of dead intruders to avoid their
decomposition and eliminate a potential source of microbial

infections (Guzmán-Gutiérrez et al., 2018).
The complex chemical composition of propolis is frequently

updated due to many regional variations and the typical raw

propolis is consists of plant resin (45–55%), wax (25–35%,)
essential (5–10%), and aromatic oil (5%), pollen and other
natural products (5%) (de Figueiredo et al., 2015). Propolis

also contains several unidentified compounds such as aliphatic
acids, esters, aromatic acids, fatty acids, carbohydrates, alde-
hydes, amino acids, ketones, chalcones, dihydrochalcones, ter-

penoids, alcohols, vitamins, and minerals (Alfarrayeh, 2021).
Moreover, propolis is composed of flavonoids, phenolic acids,
and their esters, which distinguish it from other propolis
(Asgharpour et al., 2020; Przybyłek and Karpiński, 2019).

Moreover, propolis contains a variety of secondary plant
metabolites, which can differ in concentrations, season, vegeta-
tion types, and the proximity of a beehive to particular plant

sources.
Propolis is an active substance that is attractive due to its

antimicrobial and antimycotic properties and as a natural sub-

stance whose effect was proven by biological experiments
(Marcucci, 1995). Since, the antibacterial and anti-
inflammatory effect of propolis is determined by its flavanone,
esters, and phenolic acid contents (Al-Ani et al., 2018; Alotaibi

et al., 2019). Currently, the antimicrobial effect of propolis
includes over 100 species of various bacteria, fungi, and viruses
including the causative agents of tuberculosis, syphilis, diph-

theria, and influenza (Demir et al., 2021; Santos et al., 2017).
Propolis has a fungicidal effect on several species of fungi
including Candida albicans, Aspergillus niger, Botrytis cinerea,

Ascosphaeraapis, and Plasmopara viticola. Lysozyme is a natu-
ral antimicrobial enzyme that has been used in the food indus-
try for several decades as a preservative (Bezerra et al., 2020;

Correa et al., 2019). The composition of propolis varies in
color, odor, and chemical compounds as well as plants source
and the season of gathering (Souza et al., 2016; Alvear et al.,
2021). In general, some study has been reported on Ethiopian

propolis so far (Sime, 2007) on the gastroprotective effect of
crude ethanol extract of propolis collected from Holeta against
chemical-induced gastric mucosal lesions in mice and by (Haile

et al., 2012) on the comparative study of the volatile com-
pounds of propolis collected from Asella and Haramaya uni-
versity beekeeping center.

Many Ethiopian people don’t focus on propolis as treating
pathogens but rather focus on bloom honey and stingless
honey. However, propolis is a prominent and recently getting
a great deal of interest that attracts for treatment of various

human infections disease and development of drugs. Propolis
has been, also, used in the development of new drugs or
biotechnological products (Przybyłek and Karpiński, 2019).

Furthermore, there is no comprehensive study has been done
on Ethiopian propolis despite the biodiversity richness of the
country and its composition varies from district to district, sea-

son to season, region to region, vegetation type, and the types
of bee species. Thus, the biodiversity-rich study area propolis is
expected as a potential source of bioactive compounds in com-

parison to others. Hence, the present study aims to assess the
antimicrobial activities, physicochemical characterization, and
phytochemical screening of ethanol extracted propolis in these
selected areas of Boji Dirmaji and Finca’a districts, western

Ethiopia.

2. Materials and methods

2.1. Apparatus and chemicals

In this study, the following instruments like Whatman No. 1
filter paper (Sigma Aldrich), different size beakers (NOKE,
China), analytical balance (Sigma Aldrich), different size volu-

metric flask, and measuring cylinder (Sigma Aldrich), analyti-
cal mill (IKA, England), thermometer (Sigma Aldrich),
column chromatography (Sigma Aldrich), glass bottle (Aijren

HPLC, India), deep refrigerator (Hankook freezer Co. Ltd,
South Korea), mortar, and pistil (Sigma Aldrich). Moreover,
the Buchi rotary evaporator, pH meter, Buchner funnel, Buck-
ner funnel, vials, polystyrene Petri-dish, micropipettes, blast

furnace, and separator funnel were supplied by Sigma Aldrich.
The following chemicals like n-hexane 99% (Sigma Aldrich),

http://creativecommons.org/licenses/by-nc-nd/4.0/
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diethyl ether 99.5% (RANKEM, India), chloroform 99.8%
(Sigma Aldrich), ethanol 99.9% (Analytical reagent grade,
Eastwayspark, U.K), methanol 99% (RANKEM, India),

and anhydrous sodium sulfate 99% (Sigma Aldrich) were used
in the extraction processes. In addition, sulfuric acid 98%
(Sigma Aldrich), hydrochloric acid 36% (Sigma Aldrich), fer-

ric chloride 99.99% (Sigma Aldrich), sodium hydroxide 98%
(Sigma Aldrich), silica gel 99% (Sigma Aldrich), DMSO
99.9% (IMAX, USA), muller Hinton agar and potato dextrose

agar (MIMEDIA, India), bavsitin and ampicillin were sup-
plied by East Africa Pharmaceuticals PLC.

2.2. Study setting

The geographical location for the two sites indicates that it rel-
atively moderate and pleasant climate throughout the year
with a long tradition of beekeeping. According to the Ministry

of Agriculture and Rural Development (MoARD), the most
honey production region in Ethiopia is Oromia (46%) (Mo,
2007) and the major supply area in the country is Wollega.
Table 1 Geographical description of the study area Fincha’a

and Boji Dirmaji districts.

Geographical

futures

Boji Dirmaji district Fincha’a district

Location

(Ethiopia)

Western Western

Distance from

Addis Ababa in

Km

441 350

Altitude 1900 m 1400–1650 m

Average annual

rainfall

1800 mm 1200 mm

Average annual

temperature

18–24 �C 19–32 �C

Dominant plant

family

Lauraceae, Rubiaceae,

Asteraceae,

Euphorbiaceae

Asteraceae,

Apocynaceae,

rosaceae, salicaceae

Fig. 1 Fincha’a district of beehive samp
The vegetation type, distance from Addis Ababa, year of col-
lection, altitudes, average rainfall, and temperature of Boji
Dirmaji district and Fincha’a district were described in the fol-

lowing Table 1.

2.3. Sample collection

About 1 kg of propolis samples was collected from Fincha’a
district (Fig. 1) and Boji Dirmaji district (Fig. 2) beekeeping
centers. The samples were collected from the beehive by scrap-

ing from the walls, frames, entrances, and covers of the beehive
(Marletto, 1983). Then, the propolis samples were kept in ster-
ilized flasks and transported to the agricultural college of plant

pathology laboratory of the school of plant Science, Hara-
maya University. The samples were kept in the refrigerator
at +4 �C until the phytochemical, physicochemical, and
antimicrobial activities were conducted.

2.4. Sample preparation

The sample was prepared based on the procedure of Bankova

et al. (1999). Briefly, before extraction, 500 g of the propolis
sample was frozen at �20 �C, and then homogenized and pul-
verized by grinding in a chilled mortar. The extraction was per-

formed by the maceration method (in this process solid
ingredients are placed in a stopped container with whole sol-
vents and allowed to stand for at least a week with frequent
agitation until soluble matter dissolved), using 1:5 wt ratios

between crude propolis and the extraction medium. The
extraction of solvents was done by 80%, v/v (ethanol/water
mixtures) and sealed in the container of a dark brown bottle,

and stored in cool, dry, and dark place with intermittent shak-
ing twice a day for two weeks. It is important to allow the alco-
hol molecules to come into contact with as many propolis

compounds. After two weeks, the supernatant liquid was fil-
tered with Whatman No. 1 filter paper. The alcohol was evap-
orated with a Rota vapor under a vacuum and reduced

pressure. The obtained liquid extracts were stored in a refriger-
ator at 4 �C in airtight containers until ready to use (Grange
and Davey, 1990; Muli and Maingi, 2007).
le of propolis with their environment.



Fig. 2 Boji Dirmaji district of traditional beehive propolis with their comfortable environment.

4 T.N. Afata et al.
2.5. Antibacterial activity

The antibacterial activity of propolis was assessed against S.
aureus and E. coli. The pathogens were obtained from an agri-
cultural college of plant pathology laboratory of the school of

plant Science, Haramaya University. The bacteria suspension
was prepared and the susceptibilities of the isolates to the
crude extracts and the essential oils were determined by the
disc diffusion method on Mueller Hinton agar (MHA) and

interpreted based on the recommendations of the National
Committee to Clinical Laboratory Standards (Wikler, 2006).
Accordingly, overnight cultures of bacterial suspension with

approximately equal concentration or density with 0.5 McFar-
land standards were used for inoculation of media. The stan-
dard was used after shaking immediately before use; and

stored in a well-sealed container in a dark place at room tem-
perature when not used. Then, the standardized suspension
was swabbed with a cotton swab onto the Muller-Hinton Agar

and allowed to dry. Then, a sterilized Whatman filter paper of
six mm size was filled with a saturated solution of the crude
extract propolis and its essential oils with 1, 5, 10, and 20 ml
and placed on predried MHA (Haile et al., 2012). The plates

were incubated for 24 h at 37 �C. Solvents alone were also
included for negative control while ampicillin was used as a
positive control. The antimicrobial activity was determined

by comparing the zones of inhibition in mm and complete inhi-
bition including the diameter of the disc produced by crude
extracted propolis and its essential oils with those in the con-

trols and standards were measured by rulers. The mean values
of the inhibition were calculated from the triple reading in each
test.
2.6. Antifungal assay

The antifungal activity of propolis was carried out as described
in British Pharmacopoeia against the fungus (Pharmacopoeia,

1998). The fungus was kindly supplied from the agricultural
college of plant pathology laboratory of the school of plant
Science, Haramaya University. A fungus with the standard

was swapped on Potato Dextrose Agar medium and a stan-
dard propolis concentration of 1, 5, 10, and 20 ml was placed
on it. Then, the plates were incubated at 28 �C for 48 h. The
inhibition zone of propolis was measured using rulers. Solvents
alone were also included for negative control while Bavistin
was used as a positive control.

2.7. Physicochemical characterization

Physicochemical characterization was done based on the

method of Woisky and Salatino (1998). Accordingly, moisture
content was done by weight loss by heating in an oven at
105 �C ± 2 �C until a constant weight was obtained, and

ash content was done in a muffle furnace at 550 �C ± 25 �C
until constant weight. Extraction from propolis samples using
n-hexane extractable substances, and the remaining resins sol-

uble in ethanol using ethanol extraction in a reflux soxhlet
extractor. Finally, the solids residue was obtained after deter-
mining the n-hexane extractable substances, and insoluble resi-
due represented by dry solids residue was obtained after

determining the ethanol-soluble resins.

2.8. Phytochemical screening of ethanol extract

The crude ethanol extract was screened for the presence or
absence of secondary metabolites such as steroids, flavonoids,
saponins, tannins, triterpenes, and glycosides using standard

procedures of Matos (1997). For Saponins, 300 mg was boiled
with 5 mL water for two minutes and the mixture was mixed
vigorously and left for three minutes, the formation of frothing

indicates the presence of saponins. For tannins, about 0.5 g of
the extract was boiled in 10 mL of water in a test tube and fil-
tered then a few drops of 0.1% ferric chloride were added and
the formation of a blue-black precipitate indicates hydrolyz-

able tannins and the green precipitate indicates the presence
of condensed tannins. A few drops of NaOH were added to
1 mL of the extracts and an intense yellow color changed to

colorless with the addition of a few drops of dilute acids indi-
cating the presence of flavonoids. One milligram of the extracts
was dissolved in10mL of HCl and then an equal volume of

con.H2SO4 was added to the side of the test tubes and the
upper layer turned red indicating the presence of steroids.
Finally, 300 mg extract was mixed with 5 mL of hydrochloric
acid and warmed for 30 min then a few drops of the con.

H2SO4 was added and mixed well and the red color revealed
the presence of triterpenes.



Table 2 Physicochemical characteristics of propolis produced from Fincha’a and Boji Dirmaji district in (g/100 g).

District Values Moisture content % Ash% pH n-HEP yield % Ethanol insoluble

resin%

Ethanol soluble resin%

Boji Birmaji Minimum 2.22 9.6 4.1 8.6 79.6 11.9

Maximum 6.89 9.71 5.5 20.4 91.4 21.6

Mean ± SD 3.38

±1.84

9.66 ± 0.05 4.8

±0.77

14.50 ± 6.45 85.51

±6.44

16.74

±5.31

Fincha’a Minimum 1.12 2.74 4.2 25.5 66.1 10.1

Maximum 2.29 2.84 5.6 33.9 75.5 19.5

Mean ± SD 1.7

±0.64

2.78

±0.05

4.9

±0.76

29.69

±4.60

70.79

±5.15

14.79

±5.15

SD - standard deviation.
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2.9. Hydro distillation and pH

About 100 g of propolis was hydro distilled using a Clevenger’s
apparatus for 3hrs and extracted three times from the aqueous
phase using chloroform in a separator funnel. The obtained oil

was dried over hydrous sodium sulfate and concentrated, fil-
tered, and then kept at 4 �C for further analysis (Maróstica
Junior et al., 2008). The pH level was determined by dissolving

5 g of each propolis sample in 30 mL of methanol and mea-
sured by a pH meter (Dias et al., 2012).

3. Results

The physicochemical characteristics revealed that moisture
content, ash content, and ethanol insoluble residues were high-

est in Boji Birmaji while lowest in the Fincha’a district
(Table 2).

3.1. Phytochemical screening

Phytochemicals such as saponins, tannins, flavonoids, steroids,
triterpenes, and glycosides were detected in Boji Birmaji and
Finaca’a districts (Table 3).

3.2. Antimicrobial assay of propolis

The antimicrobial activity of propolis collected from two dis-

tricts against S. aureus; E. coli and A. niger are recorded in
Table 4. Accordingly, the propolis collected from two districts
had the highest antimicrobial activity against E. coli. However,

they did not show antimicrobial activity against S. aureus and
Table 3 Phytochemical screening of ethanol extract propolis

of Boji Dirmaji and Fincha’a district.

Secondary metabolites Boji Birmaji Fincha’a

Saponins + +

Tannins + +

Flavonoids + +

Steroids + +

Triterpenes + +

Glycosides + +

+ indicates the presence of each component.
A. niger. Essential oils extracted by hydro-distillation and
applied with different concentrations have variable antimicro-

bial effects against E.coli, and not all are effective against all
the test organisms. The essential oils of propolis from Boji Bir-
maji with 10 ll and 20 ll concentrations had higher inhibition

zone within the average of 18.3 ± 0.52 mm and 18.9 ± 0.06
mm against E. coli, respectively. Moreover, essential oil from
Finca’a propolis with 10 ll inhibited with the average of 15.2

± 1.52 mm and 16.7 ± 1.5 with at 20 ll concentration
(Table 4).

4. Discussion

This study revealed that most of the propolis collected from
this area were black, had irregular pieces, intense, and very
aromatic resin odor. The moisture content, ash content, insol-

uble and soluble resin were significantly higher than Moroccan
propolis (El Menyiy et al., 2021; Touzani et al., 2019). The bio-
logical activity and chemical composition are closely related to

the bee race, soil, climate, vegetation types, trapping mecha-
nism, and altitude.

The phytochemical screening of propolis analyzed in the

study area revealed the presence of saponins, tannins, flavo-
noids, steroids, triterpenes, and glycosides. The presence or
the absence of these classes of compounds was considered a

good indication of sample quality (Sawaya et al., 2011). How-
ever, the study from Ethiopia revealed that propolis collected
from Holeta lacks flavonoids (Sime, 2007). On the other hand,
the major components of propolis in Zambia, Tanzania, Hun-

gary, Iran, Brazil, and Jordan have terpenoids, flavonoids, and
phenolic acid (Alenezi et al., 2020; Bouchelaghem et al., 2022;
de Carvalho et al., 2020; Asgharpour et al., 2020; Naik et al.,

2021). The variability of constituents of propolis mainly relies
on the flower types, environmental conditions, geographical
location, and honeybee race added to other materials during

the production resulting in different bioactive compounds.
In this study, the antimicrobial effect of essential oils from

propolis was tested against fungi and bacteria. The essential
oils extracted by hydro-distillation have variable antimicrobial

effects against E.coli, and the rest are not effective against the
test organisms. In the preliminary screening of the essential
oils, propolis of Boji Birmaji at 10 ll and 20 ll concentration
had a higher inhibition zone within the average of 18.3 ± 0.
52 mm and 18.9 ± 0.06 mm against E. coli, respectively.
The essential oil from Fincha’a district propolis at 10 ll and
20 ll concentration were inhibited with an average of 15.2 ±



Table 4 Antibacterial and antifungal activities of essential oils and crude ethanol extracts of propolis for Fincha’a and Boji Dirmaji

districts, Ethiopia.

Tested variables Concentration in mL Inhibition zone diameter in mm (mean ± SD)

Bacteria Fungus

S. aureus E. coli A. niger

CEEPF 1 – – –

5 – – –

10 – 12.3 ± 2.08** –

20 – 13.7 ± 0.58** –

CEEPBB 1 – – –

5 – – –

10 – 12.3 ± 2.52** –

20 – 12.7 ± 1.12** –

OBBP 1 – – –

5 – – –

10 – 18.3 ± 0.52*** –

20 – 18.9 ± 0.06*** –

OFP 1 – – –

5 – – –

10 – 15.2 ± 1.52*** –

20 – 16.7 ± 1.5*** –

Bavistin 1 – – 7.6 ± 2.4

5 – – 15.2 ± 3.4

10 – – 19.6 ± 0.3

20 – – 21 ± 2

Ampicillin 1 – 107 ± 2.4 –

5 – 16.3 ± 0.8 –

10 – 20.0 ± 1 –

20 – 22.0 ± 4.62 –

CEEPF - Crude Ethanol Extract of Propolis of Fincha’a District,

CEEPBB - Crude ethanol Extract of Propolis of Boji Birmaji District,

OBBP - Oil of Boji Birmaji Propolis,

OFP - Oil of Fincha’a Propolis.

– Essential oils and crude extract propolis with less or no effect.

* Essential oils and crude extract propolis have the weaker effect.

** Essential oils and crude Extract Propolis have a moderate effect.

*** Essential oils and crude extract propolis have a strong effect.
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1.52 mm and 16.7 ± 1.5, respectively. Conversely, a study
from China and Canada revealed that propolis extracts

showed high antimicrobial activity against Staphylococcus
aureus but no effect on E. coli (Ding et al., 2021; Rahman
et al., 2010).In Brazil, the propolis extracts by ethanolic and

supercritical methods have the highest levels of antimicrobial
activity against several bacteria (Dantas Silva et al., 2017). In
Vietnam, the crude extract propolis was significant activity

observed against S. aureus and inhibited the E. coli at lower
concentrations (Georgieva et al., 2019). This is due to the fla-
vones and flavonols extracted from propolis (Jug et al., 2017)
and significant amounts of terphenyl esters and hydroxyben-

zoic acid displaying activity against bacteria and fungus
(Popova et al., 2011).

E.coli inhibition of oil and crude ethanol extracted propolis

were higher inhibition zone than the level reported in Egypt
(17 mm) (Gharib and Taha, 2013), and Iraq (12.6 mm) (Al-
Daamy et al., 2015). The study area propolis never show any

inhibition for S. aureus and A. niger as compared to Brazil
(23 mm), Turkey (24.3 mm), Iran (17 mm) (Jafarzadeh Kashi
et al., 2011), Egypt (23 mm) (Gharib and Taha, 2013). Simi-
larly, oil and crude ethanol extracted propolis never show

any inhibition on A. niger as compared to China (13.7 mm)
(Alhajj et al., 2019), and Pakistan (29 mm) (Sahar, 2020) pro-
polis (Fig. 3).

However, all propolis samples did not show inhibition in
the growth of all examined bacteria and the inhibition varied
according to the propolis origin. The propolis collected from

the two districts did not show antimicrobial activity against
S. aureus and A. niger. This shows the analyzed propolis was
more active against Gram-negative bacteria than Gram-

positive. The variation in the antimicrobial activity was due
to the differences in the chemical composition, presence of
some aliphatic and aromatic acids, esters; di and triterpenes,
and flavonoids (Alday et al., 2016). As a result, high activity

of propolis from the Middle East was found concerning both
S. aureus and E. coli strains. Simultaneously, the lowest activ-
ity was demonstrated for propolis samples from Germany, Ire-

land, and Korea (Przybyłek and Karpiński, 2019; Dos Santos
et al., 2021).

The result obtained in the present study showed that the oil

of propolis showed selectivity towards the tested gram-
negative bacteria. However, some oils appeared more active
in Gram reaction, exerting a greater inhibitory activity against
Gram-positive bacteria (Al-Ani et al., 2018). The bactericidal

activity of both EEPs was higher against gram-positive bacte-



Fig. 3 Comparison of antimicrobial activities of propolis in different countries.
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ria than for gram-negative bacteria (Torres et al., 2018). This is
due to the presence of bioactive compounds found in the pro-
polis (Abdullah et al., 2020) and it could be related to the cli-

mate variation, soil, vegetation types, and good beekeeping
practices (do Nascimento et al., 2019; Regueira et al., 2017).
The presence of essential oil in honey and propolis have strong
effect on the growth of pathogens (Vică et al., 2021; Bungau

et al., 2021; Glevitzky et al., 2019).
In general, the study introduces the physicochemical, phy-

tochemical, and antimicrobial activity of propolis collected

from biodiversity-rich areas by using standard procedures
and apparatus. However, due to the absence of GC–MS, isola-
tion, and evaluation of the chemical composition of propolis

were not identified.
5. Conclusions

This study revealed that most of the propolis collected from
this area were black, had irregular pieces, intense, and very
aromatic resin odor. The moisture content, pH value, ash con-

tent, and insoluble and soluble residues were the highest for
propolis samples collected from Boji Dirmaji. The presence
of phytochemicals such as saponins, tannins, flavonoids, ster-
oids, triterpenes, and glycosides make propolis a promising

antimicrobial activity. The essential oils of propolis in 10 ll
and 20 ll concentrations had a higher inhibition zone against
E.coli. However they didn’t inhibit S. aureus and A. niger. The

antimicrobial activity of propolis against Gram-negative has
an advantage because most multidrug-resistant bacteria are
grouped under this category.
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