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Abstract

Background
Honey is a natural sweetener and viscous food which is synthesized from the nectar of flowering plants by bees. As a worldwide, it has
been traditionally used for incurring different diseases. However, In recent times, the emergence of multi and extended drug-resistant
human pathogens called for an urgent search for more effective sources of natural products to treat infectious diseases. The biological
activity of honey primarily relies on its botanical and entomological origin. Hence, the objective of this study was to screen the in vitro
antibacterial activity of honey based on botanical origin produced in Ethiopia.

Methods
Botanical origin was identified by the Melisopalynological analysis method. The inhibition zone was determined by agar well diffusion
assay. Minimum inhibitory concentration was done by broth diffusion.

Result
Six different monofloral honey namely: Guizotia (75.3% pollen grain counted), Coffee arabica (68.6%), Vernonia (90.5%), Schefflera
abyssinica (100%), Croton macrostachyus (64.4%) and Eucalyptus (100%) honey was harvested through December, February, February,
April, May, and June respectively from the study area. All the monofloral honey inhibited the growth of all the bacterial strains even though
the diameter of the inhibition zone varied. C. macrostachyus, Vernonia, Guizotia, and C. arabica were comparatively more whilst S.
abyssinica was the least effective against all the tested bacterial strains. The grand mean inhibition zone ranged from 17.0 ± 1 mm by C.
macrostachyus to 10.5 ± 1 mm by S. abyssinica against all the bacterial strains. Besides, the MIC of botanical honey type ranged from
11.7 ± 3.3% w/v by C. macrostachyus against S. aureus to 37.5 ± 1% w/v by S. abyssinica against P. aeruginosa.

Conclusion
The current result indicated that there is a disparity in antibacterial properties between monofloral honey. The more effective honey against
the tested bacterial strain were those produced from the nectar of Ethiopian medicinal plants; based on literatures. Therefore, further in-
vivo and in-vitro research would be expected from the concerned researchers on the association between the biological compounds
present in each part of medicinal plants and honey samples.

Background
Honey is a natural sweetener and viscous food which is synthesized from the nectar of flowering plants through regurgitation, enzymatic
activity, and water evaporation by bees [1]. Honey has been used as an antimicrobial agent to treat ulcers, bed sores, skin infections,
wounds, and respiratory tract infections [2], which depends on the peroxide and non-peroxide factors found in the product. The peroxide
(hydrogen peroxide) which is produced by the oxidation of glucose by Glucose oxidase plays a key role in the antimicrobial activity of
honey [3]. As hydrogen peroxide decomposes, it generates highly reactive free radicals that react and kill the bacteria. The non-peroxide
factors are high osmotic effect; low water activity, acidic environment; low pH, phenolic acids, flavonoids, low protein content, high carbon-
to-nitrogen ratio, and low redox potential; high content of reducing sugars [4].

Infectious disease is one of the major public health problems leading to morbidity and mortality [5] and worldwide, more than 50 million
people died each year in society and healthcare settings [6). In Ethiopia, WHO reported that lower respiratory tract infections caused by
human pathogens are one of the top three causes of disability-adjusted life years [7]. To solve this problem drugs have been introduced in
the field of pharmacology as they intensely reduced human illness and mortality. Besides, WHO (2008) estimated, 70% − 80% of the world's
population depends on traditional medicines as the main health care, alternative, and balancing medicines. However, through time,
pathogenic microbes evolve multidrug and extended resistance mechanisms against commonly available drugs due to indiscriminate
usage of it, and on the other hand, consuming a drug has its own side effect on human health [8]. Furthermore, the new generations of
drugs are less available and are expensive for resource-poor societies [9]. Thus, the resistance or slow killing of antibiotics calls for an
urgent search for more effective sources of natural products to tackle problems due to drugs' failure to treat infectious diseases.
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Honey is one of the natural products which has been widely used as a traditional medicine for the treatment of gastrointestinal infection
and human respiratory ailments starting from the origin of mankind [10]. It has a very diverse nature in its composition and properties, and
there are no two identical kinds of honey unless both are uniformly harvested from the same hive at the same time [11]. Its characteristics
primarily rely on botanical, entomological, and geographical origins, storage conditions, environmental factors, and processing methods
[12]. The difference in degrees of bactericidal and bacteriostatic activities between different kinds of honey is directly related to the
botanical and geographical origins of the floral sources which create differences in peroxide and non-peroxide factors [13].

Ethiopia has a great potential for the production of quantity and quality of honey since it is endowed with a huge diversity of bee flora; over
8000 bee flora, and a high population density of bees; over 10 million bee colonies [14]. This makes the country, the leading honey
producer in Africa and the 10th in the world [15]. The sources of natural honey in the country vary from region to region depending on the
agroecology, soil types, bee forages, and bee species. But there are insufficient data that identifies the antibacterial potency based on the
nectar type from which honey is produced. The objective of the current study is therefore to screen the antibacterial potential between floral
sources and geographical origin from different parts of Ethiopia.

Materials And Methods
Study site and honey sample collection

The study was conducted in different parts of the Oromia region, Ethiopia. Honey samples were collected based on the availability of
monofloral honey (plant abundance and dominancy). For this from Kellem and West Wollega Zone (Guizotia, C. arabica, and C.
macrostachyus honey), West Shoa (Vernonia honey), Holota (Eucalyptus spp honey) and Guji (S. abyssinica honey) was collected from a
beekeeper apiary site and assigned as a source of honey type. A total of 10kg (sample size) of honey samples for each source of honey
was collected separately from 10 different farmer beekeepers (about 1kg per farmer) in the study area. The collected honey samples were
brought to Oromia Agricultural Research Institute; Food Science and Nutrition, using sterile glass cup honey containers for analysis. During
harvesting, visual observation of the apiary environment was carried out in addition to personal communication with experienced
beekeepers of each study area to get the floral source of the honey samples and bee forages growing in the area. Then pollen grain and
antibacterial screening were carried out at Holota Apiculture Research Center (Bee Botany) and Oromia Agricultural Research Institute
(Food Microbiology) Laboratory respectively from 2020 to 2021.

Determining botanical origin 

The floral source of each honey type was first authenticated based on the melissopalynological analysis of the honey following the
standard methodology [16]. Then, pollen grains were identified based on the pollen reference slides of honey plants from Atlas of pollen
grains of major honey source plants [14]. Besides the pollen analysis sensorial properties, harvesting season and geographical regions
were considered to differentiate the honey types. Moreover, during harvesting, visual observation of the apiary environment was carried out
in addition to personal communication with very experienced beekeepers of each study area to get the floral source of the honey samples
and bee forages growing in the area.  

 Antibacterial assay

 Human pathogens used

 Cultures of already identified common human pathogens which were isolated from human specimens were obtained from the Ethiopian
public health institute. The isolates were Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella
pneumonia, Acinetobacter baumannii, and Enterobacter cloacae. Then they were further confirmed by the standard bacteriological
techniques.

Inoculums preparation
Standard 0.5 McFarland was prepared following the procedure [17]. Then, the standard was distributed into a capped test tube of the same
size and volume as those used to prepare the test inoculums. Then, inoculums were prepared by picking 2-3 colonies from a 24-hour-old
culture that was grown on their selective media and suspended in 5 ml saline solution (0.85% saline). The suspended inoculums were
vortexed for 15 seconds and their turbidity was adjusted by adding colony or saline solution into the microbial stock solution and
compared visually with standardized 0.5 McFarland (turbidity adjusted spectrophotometrically to 0.08-0.12 at OD625nm) against a white
paper background and contrasting black lines.
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Inhibition zone susceptibility test

Agar well diffusion tests were used to record an observable inhibition zone [18]. For this, Muller Hinton Agar plates were uniformly seeded
using a sterile cotton swab from already an adjusted inoculated saline solution containing the bacterial pathogen. Then, using a sterile
cork borer, 6 mm diameter and 4 mm deep wells were made in the seeded agar medium. Using a micropipette, 60µL of the honey sample
with a concentration of 75 % (3g of honey in 1mL sterile distilled water) each sample was added into the wells in the plates. Positive
controls (chloramphenicol (30µg/60µL), as well as sterile distilled water negative control, were equally filled in the well. The plates were
incubated at 37°C for 24 h. The diameters of inhibition zones including the wells were measured using a caliper. All the assays were
replicated three times. 

Minimum inhibitory concentration (MIC) 
The broth dilution method was used [19]. Stock honey solution (75%) which was prepared by diluting 3g/ml of Muller Hinton Broth that
shows high inhibition zone against the test microbes was used to determine the lowest concentration which inhibits bacterial growth.
Then, a two-fold serial dilution was made from the stock solution. An 18-24h bacterial culture was used and standardized by comparing its
turbidity with McFarland 0.5 standard. Then, 4ml (75%), 2ml (37.5%), 1ml (18.75%), 0.5ml (9.375%), 0.25ml (4.68%), 0.125ml (2.35%) and
0.0625ml (1.17%) was pipetted from stock honey solution (75%) within a series of seven tubes. Then to each test tube, 1ml of the
standardized inoculum suspensions was pipetted while the negative control tube (8th test tube) contained only broth and the positive
control tube (9th test tube) contained one milliliter tested bacteria plus broth for comparison. The tubes were vortexed and incubated for
24h at 37◦C. Finally, by comparing with the control tube which showed clear tubes were used as the least honey concentration that inhibits
bacterial growth.

Data analysis

SAS version 9.1.3 computer package was used. Means and standard deviations were calculated using SAS Software. Determination of the
significant differences between each monofloral honey type was done using one-way ANOVA. The inhibition zone and MIC of the tested
honey types were used for mean separation. Multiple pairwise comparisons between the mean values were done using the Least
Significant Difference (LSD).

Results

Melissopalynological (Botanical origin) analysis
Pollen grain morphology was counted and categorized based on pollen grain frequency (Table 1). All honey types had a predominant
pollen source since their pollen grain count was > 45%. These were Guizotia spp from the Nedjo honey sample, Vernonia spp from the
Gedo honey sample, C. arabica from the Haro Sebu honey sample, C. macrostachyus from the Haro Sebu honey sample, S. abyssinica
from the Bore honey sample and Eucalyptus spp from Holota honey sample which accounts 75.3, 90.5, 68.6, 64.4, 100 and 100%
respectively (Fig. 1). No secondary pollen source plant was observed from all the honey samples whilst important minor pollen and minor
pollen were recorded from each honey type. Besides, pollen grain morphology of each monofloral honey type were listed in Fig. 2.
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Table 1
The characteristics of identified honey plants with their pollen frequency class from honey

Zone District Altitude Agroecology Month Predominant
pollen
source(> 45%)

Secondary
pollen
source(16–
45%)

Important
minor
pollen
source (3–
15%)

Minor pollen source (< 
3%)

West
Wollega

Nedjo 1892 Midland December Guizotia spp
(Monofloral
honey type)

- Bidens
spp,
Trifolium
spp &
Grass type

Plantago lanceolate,
Sesamum indicum,
Allophylus abyssinicus,
Lipidium sativum,
Brassica carinata &
Satureja paradoxa

West
Shoa

Gedo   Highland February Vernonia spp
(Monofloral
honey type)

- Guizotia
abyssinica

Eucalyptus
camaldulensis,
Brassica carinata,
Caroluus ayasanyu,
Plantago lanceolate

Kellem
Wollega

Haro
Sebu

1461 Lowland February Coffee arabica
(Monofloral
honey type)

- Vernonia,
Terminalia
& Guizotia
spp.

Apodytes dimidiate,
Bidens spp, Eucalyptus
spp, Hypoested trifolia,
Galiniera saxifrage,
Justicia schimperiana,
Bersama abyssinica,

Rumex nervosus,
Euphorbia ampliphylla
& Dobiya torida

Guji Bore 2800 Highland April Schefflera
abyssinica
(Monofloral
honey type)

-    

Kellem
Wollega

Haro
Sebu

1524 Midland May Croton
macrostachyus
(Monofloral
honey type)

- Syzium
guineense,

Eucalyptus
&

Acacia spp

Justicia schimperiana,
Rumex nervosus,
Coffee arabica, Guizotia
spp & Bidens spp

West
Shoa

Holota 2700 Highland June Eucalyptus spp
(Monofloral
honey type)

-    

Inhibition zone
The mean diameter inhibition zone (mm) of botanical origin-based honey types against the human pathogenic strain was listed in Table 2.
In addition, the produced zones of inhibition by the tested monofloral honey against K. pneumonia was indicated in Fig. 3 whereas against
P. aeruginosa was listed in Fig. 4. Accordingly, the antibacterial activity ranged from 9.3 ± 0.6 mm by the S. abyssinica honey against the P.
aeruginosa strain to 19.3 ± 0.6 mm by the C. macrostachyus against the S. aureus strain. The S. abyssinica honey types were statistically
(p < 0.0001) less effective against all the tested bacterial pathogenic strains compared to other monofloral honey types. Of all the tested
pathogenic strains, S. aureus was the most susceptible to all the monofloral honey types ranging from 12 ± 1 mm by S. abyssinica to 19.3 
± 0.6 mm by C. macrostachyus honey. In contrary P. aeruginosa was relatively the least susceptible bacterial strain ranging from 9.3 ± 0.6
mm by S. abyssinica to 14.6 ± 1.5 mm by C. macrostachyus honey. The grand mean inhibition zone of the tested strain was varied from
17.0 ± 0.9 mm by C. macrostachyus to 10.5 ± 0.9 mm by S. abyssinica.
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Table 2
Inhibition zone of different honey types at 75% (w/v) honey concentration against human bacterial pathogenic strain by agar well

diffusion
Pathogenic
strains

Inhibition zone of honey type (Mean ± standard deviation) chloramphenicol Least
significant
difference

P-
Value

C.macrost
achyus

Guizotia
spp

Vernonia
spp

C.
arabica

Eucalyptus
spp

S.
abyssinica

S. aureus 19.3 ± 1b 18 ± 1b 18 ± 1b 17 ± 3b 14 ± 1c 12 ± 1d 26.3 ± 1a 2.4 < .0001

E. coli 15.3 ± 1b 14.3 ± 
1b

14 ± 0b 12.3 ± 
1c

11 ± 1cd 9.6 ± 1d 22 ± 1a 1.4 < .0001

P.
aeruginosa

14.6 ± 2b 13.6 ± 
2bc

14 ± 1bc 12.3 ± 
1c

12 ± 1c 9.3 ± 1d 23.3 ± 0a 2.1 < .0001

E. cloacae 17.6 ± 2b 16.3 ± 
1b

16 ± 1b 15.3 ± 
2b

11.3 ± 2c 11 ± 1c 24.6 ± 1a 2.4 < .0001

K.
pneumonia

16.3 ± 1bc 17 ± 1b 15 ± 1bc 15.4 ± 
2bc

11 ± 1d 10 ± 1d 23.6 ± 1a 1.6 < .0001

A.baumannii 18.6 ± 1b 16 ± 1c 18 ± 0bc 17 ± 
2bc

13 ± 1d 11 ± 1e 25.3 ± 1a 1.7 < .0001

Grand mean 17.0 ± 1 15.9 ± 1 15.8 ± 1 14.9 ± 
2

12.05 ± 1 10.5 ± 1 24.2 ± 1    

Minimum inhibitory concentration (MIC)
The least concentration of honey type which inhibits bacterial pathogenic growth was indicated in Fig. 5. The MIC of botanical honey type
ranged from 11.7 ± 3.3% w/v by C. macrostachyus against S. aureus to 37.5 ± 1% w/v by S. abyssinica against P. aeruginosa. However,
Guizotia, Vernonia, and C. arabica honey had similar MIC against S. aureus, E. coli, E. cloacae, and K. pneumonia. From the test bacterial
pathogenic strains, S. aureus was the most sensitive whilst P. aeruginosa was the least sensitive to all the honey types. The highest and
lowest grand mean MIC was recorded by C. macrostachyus (15.8 ± 2.9% w/v) and S. abyssinica (31.3 ± 2.4% w/v) honey type respectively
against all the test pathogens.

Discussion
The present study identified the most commonly used monofloral honey based on the honey harvesting calendar and geographical origin
from Ethiopia. each honey type was characterized into pollen grain frequency class based on Melissopalynological (botanical) analysis,
sensorial, color, its distinctive harvesting season, and regions. Hence a monofloral honey namely: Guzotia from Nedjo, C. arabica from
Haro Sebu, Vernonia from Gedo, S. abyssinica from Bore, C. macrostachyus from Haro Sebu and Eucalyptus honey from Holota was
harvested through December, February, February, April, May, and June respectively.

This finding is inconvenient to different investigators. For instance, a study by Bareke and Addi [20], have indicated that honey from S.
abyssinica is harvested in April-May and is whitesh in color with an aroma and very pleasant characteristics, whereas Vernonia honey is
harvested in February with a dark to a black color and has a very strong flavor and bitter test [21]. Guizotia honey is mostly harvested from
November through December and its honey is very thick with a yellow color. The predominant pollen source in honey samples is due to
their abundance and nectar potentiality of that area [22].

The current study screened the antibacterial activities of honey samples from different botanical origins. The study indicated that
Chloramphenicol (used as a control) had shown statistically (p < 0.0001) more diameter of inhibition zone than all the honey types against
tested pathogenic strain. However, C. macrostachyus, Vernonia, Guizotia, and C. arabica honey had statistically more effective and
comparable antibacterial activity (p > 0.05) against all the tested pathogenic strains whilst S. abyssinica had shown statistically (p < 
0.0001) less effective against all the tested strain compared to other honey types. The grand mean inhibition zone ranged from 17.0 ± 0.9
mm by C. macrostachyus to 10.5 ± 0.9 mm by S. abyssinica.

The overall mean diameter of the inhibition zone of this study was higher than that by Ofijan et al [23] who recorded 10.80 ± 2.63 mm from
A. mellifera honey purchased from the market to 14.83 ± 2.45 mm from A. mellifera honey directly harvested from the hive at 75% w/v
honey concentration. However, a study by Yalemwork et al [24] reported a higher mean diameter of inhibition zone (18.07 to 21 mm) at
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50% v/v honey concentration by A. mellifera yellow and A. mellifera white honey respectively with the same bee species but different plant
species and honey concentration. Moreover, higher than the present result was obtained from Cameroonian A. mellifera honey from the
market which exhibited 29.3 ± 0.6 mm against E. coli to 37.0 ± 0.0 mm against P. aeruginosa at 75% (w/v) concentration by using agar well
diffusion method [19].

Regarding MIC, the current studied honey types had inhibited the growth of the tested pathogenic strains which averagely varied from 11.7 
± 3.3–37.5 ± 1% w/v. The overall mean MIC of honey samples against all the examined bacterial pathogens ranged from 15.8 ± 2.9 (C.
macrostachyus) to 31.3 ± 2.4% w/v (S. abyssinica). Gram-positive bacteria were less susceptible and inhibited at low honey concentrations
relatively by all the examined honey types than gram-negative bacteria.

The average MIC result of this study is closer or within the values reported by Adgaba et al [11] who obtained an average range from 10.5 
± 0.5–28.6 ± 0.9 of MIC (% v/v), and they also indicated C. macrostachyus and V. amygdalina as a strong inhibitor at low honey
concentration against the tested pathogens than other monofloral honey which is comparable with this finding. However, AL-Waili et al [25]
recorded relatively higher MIC (32 ± 8.3% to 58 ± 13% v/v) against drug-resistant bacteria than the current result.

The MIC of the current study results was relatively higher than the findings of Alvarez-Suarez et al [26] who reported MIC 2.5–10.4%v/v
from Cuban monofloral honey. Less MIC than the current result was reported [27] who obtained 11–20% v/v for P. aeruginosa whilst very
closer was recorded [11] which is 10.5 ± 0.9 and 15.5 ± 1.0 by C. macrostachyus and V. amygdalina respectively against S. aureus.

The variation in results could be due to the methods and materials used. For instance, the turbidity of the inoculum suspension, incubation
time and temperature, depth of poured medium, the medium used for susceptibility test, the diameter of well formation, and measurement
of inhibition zone diameter [28]. Besides, honey qualities and freshness, botanical and entomological origin, geographical sources, and the
plant bio and chemo-types of the honey bring a disparity in its antimicrobial and biological activities [29].

In general, the present finding indicated relatively strong antibacterial activities of C. macrostachyus, V. amygdalina, G. scabra, and C.
arabica against all the tested pathogenic strains which could be probably due to their medicinal properties. In Ethiopia, different plant part
extracts of these plants have been traditionally used in curing different diseases. For example, the bark part of C. macrostachyus is used
for treating splenomegaly and gonorrhea [30], whereas its leaves, stem, and fruits extracts are for the treatment of a wide range of human
and animal diseases [31]; V. amygdalina leave extract for preventing headache and intestinal worm, and for treating tumor/cancer in
general [32], the leaves of G. scabra used as wound treatment [33], seeds of C. arabica for curing diarrhea by pounding and mixing with
honey [33]. In Ethiopia, the leaves of V. amygdalina is used to wash materials that are used in preparation of homemade beverage such as
“Tella and Tej” and food processing, and preparation.

The susceptibility of S. aureus from the present study to all monofloral honey types compared to all the gram -ve bacteria was comparison
with the finding by Adgaba et al [11] and Ofijan et al [23]. The difference in cell wall structure between gram + ve and gram-ve bacteria
might be made S. aureus to be inhibited at less honey concentration. The complex cell wall with an additional outer membrane protects the
Gram -ve bacteria from external influence by excluding toxic molecules and providing an additional stabilizing layer around the cell [34].

Conclusion
A monofloral honey namely: Guzotia from Nedjo, C. arabica from Haro Sebu, Vernonia from Gedo, S. abyssinica from Bore, C.
macrostachyus from Haro Sebu and Eucalyptus honey from Holota was harvested through December, February, February, April, May, and
June respectively. All the monofloral honey types were not the same in inhibiting the growth of human bacterial strains. Relatively honey
produced from C. macrostachyus, Vernonia, Guzotia, and C. arabica plants were more effective whilst S. abyssinica honey was the least
effective against all tested bacteria. Gram + ve bacteria were more susceptible to all honey types than gram –ve bacteria. The current result
indicated that honey which is produced from medicinal plants has more antibacterial properties. Therefore, further in vivo and invitro
research would be expected from the concerned researchers on the association between the biological compounds present in each part of
medicinal plants and honey samples.
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Figure 1

Major bee forage plant that provides monofloral honey in different part of Ethiopia
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Figure 2

Honey sample color with its pollen grain morphology of each monofloral honey from Ethioipa

Figure 3

Agar plate showing inhibition zone generated by 75% w/v solutuion of the monofloral honey types. Where: KN; K. pneumonia, CHL;
Chloramphenicol, DIZ; Diameter of inhibition zone, CA2; C. arabica sample number 2, CM2; C. macrostachyus sample number 2, VA2;
Vernonia sample number 2, H2O; Water , E2; Eucalyptus sample number 2, G2; Guizotia sample number 2, and SA2; S. abyssinica sample
number 2.



Page 12/13

Figure 4

Agar plates showing inhibition zone generated by 75% w/v solution of  the monofloral honey types. Where: PA; P. aeruginosa, CHL;
Chloramphenicol, CA1; C. arabica sample number 1, CM1; C. macrostachyus sample number 1, VA1; Vernonia sample number 1, H2O;
Water , E1; Eucalyptus sample number 1, G1; Guizotia sample number 1, and SA1; S. abyssinica sample number 1.
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Figure 5

The Minimum inhibitory concentration (% w/v) of monofloral honey types against the tested bacterial strains


