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Introduction
Infectious diseases represent an important cause of morbidity and 

mortality worldwide [1,2]. Chemotherapy of infected individuals with 
antimicrobial drugs is one of the widely used strategies for the control of 
infectious diseases [3-5]. However, the recent upsurge of antimicrobial 
drug resistance and its spread has posed a unique challenge to the 
global infectious diseases control program [3-5]. Further, affordability 
and accessibility of newer pharmaceutical antimicrobials are issues 
of major concern in developing countries, especially in rural areas. 
Therefore, a search for safe, cheaper and effective antimicrobial agents 
is of urgent necessity to cope with this global challenge. With this 
regard, traditional medicinal plants are one of the potential sources 
of alternative antimicrobial agents that can be used for treatment of 
various ailments [6,7].

Medicinal plants have played crucial roles in traditional health 
care system since the origin of mankind. There has been a worldwide 
increase in public interest toward traditional remedies, involving 
natural products, in the past decades [8]. Presently, it is estimated 
that up to 80% of population in developing countries rely on herbal 
medicines to meet their primary health care needs [9] and herbal 
remedies are being available in drug stores and supermarkets [8]. 

In Ethiopia, traditional medicines continue to be an important 
segment of primary health care to the majorities of rural population 
[10]. This wide usage of traditional remedies among the population 
of Ethiopia could be in part attributed to their probable efficacies 
against some diseases, cultural acceptability, and their accessibility 

and affordability compared to allopathic medicines. Despite the wide 
usage, information regarding the safety and in vivo or in vitro efficacies 
of Ethiopian traditional medicines are very limited. Thus, careful 
screening of the safety and efficacies of these traditional medicines is of 
paramount importance. 

Honey has been used as a medicine since ancient times and is 
still being used in many traditions. A number of studies revealed the 
antimicrobial potential of honey for treatment of ulcers, bed sores, 
wound infecting methicillin-resistant Staphylococcus aureus and 
bacterial gastroenteritis in infants [11,12]. In Ethiopia, honey has been 
and being used traditionally for treatments of respiratory infections, 
coughs and gastrointestinal complaints either singly or in combination 
with other beverages like coffee. Similarly, coffee is used for treatment 
of respiratory infections and stomach pain in combination with honey 
and/or Cinnamon barks. Extracts of coffee have been reported to 
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inhibit Staphylococcus aureus, Salmonella typhi, Shigella dysenteriae, 
Vibrio cholera, parahaemolyticus and Yersinia enterocolitica [13] and 
cinnamon extracts have been demostrated to exert their antimicrobial 
effect against a wide range of pathogenic bacteria and fungi [14,15]. 
However, scientific evidences regarding their effect in combination are 
missing. The aim of the current study was to investigate the antibacterial 
activities of a combination of honey with coffee and Cinnamon extracts 
against common human pathogenic bacteria. 

Materials and Methods
Collection of samples 

Honey samples were collected from local bee-keepers near Gondar 
town (15 km), Gondar, Ethiopia during the flowering season of 2013. 
The samples were collected in sterile screwed cups and kept in a cool 
and dry place until test. Cinnamon barks and Coffee grains were 
purchased from the local market of Arada, Gondar, Ethiopia.

Preparation of honey solutions

Honey samples collected from the local farmers were melted in 
water bath (at 45°C) and filtered with sterile mesh to remove debris. 
The filtrates were checked for purity by streaking on blood agar plates 
followed by overnight incubation at 37°C. Samples that had not shown 
contamination were then stored at 4°C until used. Honey dilutions 
(12.5, 25, 50, 75%) were made in distilled water and used immediately 
for the test.

Preparation of cinnamon and coffee extracts

Cinnamon and coffee extracts were prepared in accordance with 
the Ethiopian traditional way of processing these products for usage. 
Briefly, cinnamon barks were cleaned with deionized water and dried 
in the sunlight for two days. The barks were further dried in an oven 
(at 40°C) for 30 minutes and grinded into fine powders. Cinnamon 
extracts were prepared by soaking 10 g powders in 50 ml of absolute 
ethanol or methanol in a 250 ml Erlenmeyer flask. The flasks were 
sealed with an aluminum foil and placed on a shaker for 48 hr at room 
temperature. Following the incubation, the mixtures were centrifuged 
at 3,500 RPM for 20 min and filtered through Whitman filter paper 
No.1. The filtrates were dried at 40°C in a dry oven until semi-solid 
substances were obtained and then further dried in a crucible at 45°C. 
The extracts were stored at -200C until used. Methanol and ethanol 
extracts were dissolved in dimethyl sulfoxide (DMSO).

Similarly, for preparation of coffee extracts, coffee beans were 
washed thoroughly with distilled water and roasted for 18–20min at 
217°C. The roasted coffee beans were crushed into fine powders using 
mortar and pestle. The extracts were prepared by mixing 7.5 g of 
coffee powders with 31 ml of absolute ethanol or methanol followed 
by incubation on shaker for 48 h at room temperature. Filtrations, 
evaporation of the solvents and storage of the resulting extracts were 
done as indicated for cinnamon extracts. 

Preparation of test organisms 

A total of six bacteria strains were used for screening the 
antimicrobial activities of the extracts and honey. Four clinical isolates, 
S. epdermidis, S. aureus, E.coli, and Citrobacter were obtained from the 
University of Gondar Teaching Hospital diagnostic laboratory. The 
standard bacteria, P. aeruginosa (ATCC 27853) and S. aureus (ATCC 
2923) were already available at the laboratory of medical microbiology, 
the University of Gondar, Ethiopia. 

Preparation of inocula

 Bacteria inocula were prepared by sub-culturing a loopful of each 
strain in nutrient agar slopes at 37°C for 24 hr. Colonies from the 
overnight cultures were picked with sterile loop and inoculated into 
sterile test tubes with 3 ml nutrient broth. The turbidity of bacterial 
suspension was adjusted to 0.5 McFarland’s standard giving a bacterial 
load of about 1 × 108 CFU/ ml [16]. 

Determination of antibacterial activities of test samples

Antibacterial activities of each extract and honey was tested against 
six strains of bacteria using agar-well diffusion assay. Briefly, 100 µl of 
each bacterial suspension, equivalent to 0.5 McFarland’s standard, was 
evenly distributed on Muller Hinton agar (MHA). Then, 50 µl of each 
extracts were applied to the wells prepared by well borer. Ciprofloxacin 
disc and DMSO were included for the positive and negative controls 
respectively. The plates were then incubated at 37°C for 24 hr. At the 
end of incubation period, the antimicrobial activity of each sample was 
determined by measuring the diameter of inhibition zone around the 
wells.

Determination of MIC and MBC 

Minimum inhibitory concentration (MIC) was determined using 
the broth microdilution as described previously [17]. Briefly, the honey 
was serially diluted to the concentration of 75%, 50%, 25%, 12.5%, 
6.25%, and 3.125% in a 96-well microtiter plate. Similarly, the extracts 
were serially diluted to concentrations ranging from 3.125 mg/ml to 
100 mg/ml. Then, 100 µl of test organisms, 5 × 105 CFU, were added to 
duplicate wells of each dilution and incubated at 37°C for 24 hr. DMSO 
treated wells and wells with no bacteria (media only) were included for 
controls. The lowest concentration at which the bacteria did not show 
visible growth was defined as the MIC of a test sample. 

 Minimum Bactericidal Concentration (MBC) was determined by 
inoculating 100 µl of culture medium from the wells with no visible 
growth in the MIC test and subculturing on a fresh MHA at 37°C for 24 
hr. The concentration at which no visible bacterial colonies were seen 
on MHA was considered as MBC of the test sample [18].

Statistical analysis

Results are presented as arithmetic mean of at least duplicate 
observations. Data were tested for statistical significance by two 
ways ANOVA with Bonferroni posttests. P value less than 0.05 was 
considered statistically significant.

Results
 The antibacterial activities of honey (75% v/v) and extracts of 

coffee and cinnamon were tested against six strains of common human 
pathogenic bacteria. The bacterial inhibition effects of honey and each 
extract are depicted in Table 1. The antimicrobial activities exhibited 
by honey were ranged from 19 mm-29 mm inhibition zone diameter 
(IZD). Honey showed maximum inhibition against Citrobacter species 
and E. coli (29 mm). The methanol extract of coffee was most effective 
against S.aureus (25 mm). Similarly, its ethanolic extract exhibited the 
highest (26 mm IZD) antimicrobial activity against S.aureus, both the 
standard strain and the clinical isolates. But, it showed the lowest (14 
mm IZD) antibacterial activity against S. epidermidis and P.aeroginosa. 
The methanol extract of cinnamon showed a strong inhibitory effect 
(31 mm) against S. epidermidis and the lowest inhibition against E.coli. 
The bacterial inhibition effect exerted by methanol extract of cinnamon 
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against S.epidermidis was similar to that of the positive control 
ceftraxone (35 mm). On the other hand, ethanol extract of cinnamon 
exerted a moderate (17-19 mm IZD) inhibitory effect against all test 
organisms.

 Combination of methanol extract of coffee with honey had improved 
the antimicrobial activity of the extract against P.aeroginosa (Table 1). 
Similarly, treatment with combination of the ethanol extract of coffee 
and honey showed better antibacterial activity against P.aeroginosa and 
Citrobacter species. The overall bacterial inhibition activity of the coffee 
extracts in combination with honey was even slightly lower than the 
individual effects of each sample against most test strains. On the other 
hand, combination of honey with the methanol extract of cinnamon 
had improved the bacterial inhibition effect of cinnamon against E.coli, 
Citrobacter species and P.aeroginosa. Combination of the ethanol 
extract of cinnamon with honey had improved the antibacterial activity 
of the extract against all test strains except S. epidermidis. The activity 
displayed by this mixture against P. aeroginosa was significantly higher 
(p<0.05) than the antimicrobial activity of each sample. Conversely, 
treatment with a combination methanol extracts of cinnamon with 
honey showed a reduced inhibitory effect against Gram positive S. 
aureus, S. aureus ATCC 2923, and S. epidermidis compared to the 
activity of individual samples (Table 1). The antibacterial activity 
displayed by this combination against S. epidermidis was significantly 
lower than the individual samples (p<0.05).

 Treatment with combination of both extracts of coffee and 
cinnamon with honey exerted higher bacterial inhibition effect against 
the standard and clinical isolates of S. aureus (Table 1). Interestingly, 
honey with ethanol extracts of coffee and cinnamon showed similar 
inhibitory effect to the reference antibiotic ceftraxone (35 mm IZD) 
against the standard S. aureus. Apart from this effect, the combination 
of the three samples did not show antimicrobial activity against the 
remaining test strains of bacteria.

The minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC) of honey, methanol and ethanol 
extracts of coffee and cinnamon against the test pathogens are given 
in Table.2. The MIC and MBC of honey against test bacterial strains 
ranged from 12 to 25 mg/ml and 25 to 50 mg/ml, respectively. The MIC 
and MBC values for ethanol extract of coffee ranged from 12.5 to 25 mg/
ml and 25-50 mg/ml, respectively, whereas its methanol extract showed 

the MIC value of 12.5 mg/ml and MBC value of 25 mg/ml. The ethanol 
extract of cinnamon showed the MIC value ranged from 12.5 to 50 mg/
ml and MBC values ranged from 25 to 50 mg/ml. The methanol extract 
of cinnamon showed the MIC values ranged from 6.25 to 25 mg/ml 
and MBC value of 25 mg/ml against all test organisms.

Discussions
The present study investigated the antibacterial potential of 

honey, and extracts of coffee and cinnamon against six strains of 
common human pathogenic bacteria. The results clearly indicated the 
antibacterial activity of honey as well as the extracts against all Gram 
negative and Gram positive bacteria strains used in this study. This data 
indicating that all the test samples have a broad spectrum antibacterial 
activity. As described previously, bacterial sensitivity to antimicrobial 
drugs classified as resistant, if an induced zone of inhibition by an 
antimicrobial drug is less than 8 mm; intermediate, if it is between 
8-11 mm and sensitive, if it exerted an inhibition zone diameter of 12 
mm or more [19]. According to this report, all test strains of bacteria 
were sensitive to the antibacterial effect of honey, and the ethanolic and 
methanolic extracts of coffee and cinnamon. 

The antimicrobial activity exerted by honey against Citrobacter 
species and E.coli were comparable with that of ceftraxone, a reference 
antibiotic (p>0.05). The observed activity of honey could be due to its 
acidity, osmolarity and hydrogen peroxide contents which have been 
reported to display antimicrobial activity [20,21]. Despite the slight 
numerical variation between our observation and others, the overall 
broad spectrum antibacterial effect of honey is in a good agreement 
with previously published reports [20-22]. In fact, the antimicrobial 
effect of honey can be influenced by the type of flowers from which it is 
made, which in turn influenced by geographic variations and flowering 
seasons [22]. Thus, the slight difference between this study and others 
could be attributed to the geographic variation and the type of flowers 
from which the honey was made. 

Both methanol and ethanol extracts of coffee were most effective 
against S. aureus, the standard and clinical isolates, and against enteric 
pathogen E. coli. Further, both coffee extracts showed lower MIC and 
MBC values against Gram negative as well as Gram positive test strains, 
indicating a broad spectrum antibacterial activity of the extracts. Of 
note, there was no significant difference between the antibacterial 

 
Solution /Extracts ( 100 mg/mL) Solvent

Antimicrobial activity (mm)
S. aureus S.aureus ATCC2923 S.epdermidis Citrobacter Spp E.coli P.aeruginosa ATCC27853

Honey 100% - 28 24 25 27 25 22
75% W 24 20 23 29 29 19
50% W 22 18 20 25 25 12

Coffee M 25 25 12 13 24 15
E 26 26 14 17 23 14

Cinnamon M 24 24 31 19 15 17
E 19 19 19 17 17 15

HCf M 25 24 16 14 19 21
E 21 20 14 24 19 22

HCn M 20 16 20 22 22 20
E 24 24 17 21 21 27

HCfCn M 30 30 0 0 0 13
E 33 35 0 0 12 0

Ceftraxone (30μg) 36 35 35 30 32 32

W=Water, E=Ethanol, M=Methanol, HCf: Combination of honey and coffee; HCn: combination of honey and Cinnamon; HCfCn: combination of honey, coffee and cinnamon. 
Honey was use at 75% concentration in the combinations.

Table 1: Antimicrobial activity of honey and its synergetic effect with coffee and cinnamon against different bacteria, 2013.
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activity of the methanol and ethanol extracts of coffee, suggesting that 
both solvents are equally potent for extraction of antimicrobial agent 
from coffee samples. Treatment with coffee extracts in combination 
with honey showed better effect against P. aeruginosa compared to the 
extracts alone. Phytochemical analysis of coffee extracts demonstrated 
the presence of organic acids, alkaloids, phenols, tannic acids, caffeine 
and several aromatic compounds [13,23]. Based on these report it is 
tempting to speculate that the observed antibacterial effect of coffee 
extracts could be due to the effect of one of or combinations of these 
chemicals. However, the compounds responsible for the observed 
effect need to be identified.

The methanol extract of cinnamon was most effective against 
S. epidermidis (31 mm) compared to ceftraxone (35 mm). However, 
this antibacterial effect was significantly reduced (p<0.05) when the 
extract was used in combination with honey. This suggests that the 
antibacterial agent in cinnamon extract could be partly inhibited or 
diluted by the constituents of honey. In contrast, combination of ethanol 
extract of cinnamon with honey showed better bacterial inhibition 
effect than the extract alone, albeit the difference didn’t reach the 
statistical significance. The antimicrobial activity of cinnamon extracts 
could be assigned to compounds like cinnamaldehyde and trans-
cinnamaldehyde that have been reported to be the major constituents 
of the essential oil and extracts of this plant [24-26]. Cinnamaldehyde 
and trans-cinnamaldehyde have been demonstrated to disrupt bacterial 
cell membrane that lead to ion leakage and death of bacteria [25]. 
Further, trans-cinnamaldehyde has been reported to inhibit acetlyl-
CoA carboxylase [26]. The broad spectrum antibacterial activities of 
both cinnamon extracts are consistent with a number of reports that 
demonstrated a wide range antimicrobial potential of crude extracts 
and essential oil of this plant parts [24-26]. Taken together, these data 
demonstrated that cinnamon has a potential to be a source of potent 
antimicrobial agent with a broad spectrum activity.

The overall antibacterial activities exhibited by honey and the extracts 
were slightly lower than that of the reference antibiotic ceftraxone 
which is in line with a number of previous reports [27,28]. From these 
observations, it can be presumed that the antibacterial activities of the 
products could be enhanced by isolating and concentrating the active 
ingredients responsible for the aforementioned effects. Combination 
of the extracts with honey showed improved efficacy against specific 
strains of test organism. Reduction in the activity of extract up on 
combination with honey could be attributed to the dilution effect. 

However, loss of antibacterial activity up on co-application of the coffee 
and cinnamon extracts with honey suggest the presence of compounds 
with antagonistic effect. Nevertheless, the observed efficacies of extracts 
with honey against some test strains justify the traditional use of these 
combinations.

Conclusions
 The present study demonstrated a broad spectrum antibacterial 

potential of honey and the extracts. The activities of these natural 
products against the standard and clinical bacterial isolates indicate 
their potential as sources of potent antibacterial agent that can be used 
against multidrug resistant microorganisms. Thus, we recommend 
bioassay-guided fractionation of each extract and identification of 
bioactive compounds responsible for the antibacterial activity.
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