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Abstract
Human beings have used honey for the treatment of several bacterial infections, particularly, in wound 
infections. The objective of this study is to evaluate the effectiveness of Algerian honey to eradicate 
Staphylococcus aureus. The antibacterial effect of honey samples was carried out on four strains of S. 
aureus (two are methicillin-resistant and two are methicillin-sensitive) by using well diffusion assay, 
dilution assay, and a time-kill curve assay. The results revealed that Algerian honey has measurable 
antibacterial activity on both resistant and methicillin-sensitive strains. The inhibitory diameters ranged 
from 34.33 to 52 mm, the MIC values range from 2.5 to 5% (w/v) and the MBC values range from 2.5 
to 10% (w/v). Algerian honey has enormous potential as a useful source against S. aureus strains, 
including MRSA strains. Therefore, it is necessary to characterize the active components of tested 
honey to investigate the possible use of honey in the treatment of infections caused by MRSA strains.
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INTRODUCTION 
 Staphylococcus aureus is a very important 
bacterial species in nosocomial and community 
infections, it is responsible for increased morbidity 
and mortality in hospitals worldwide1. 
 Currently, this bacterium is resistant to 
many initially active antibiotics and strains isolated 
from nosocomial infections can resist not only to 
penicillin G but also to penicillin M (methicillin, 
oxacillin)1,2. The only treatment against methicillin-
resistant S. aureus (MRSA) is based on the use 
of glycopeptides2,3. However, since the first 
vancomycin-resistant strain appeared in Japan 
in 19974, therapeutic failures related to the 
frequent use of vancomycin have been reported5; 
to overcome this problem of multiresistance of 
S. aureus strains, a research for new powerful 
antimicrobial agents must be established.
 The use of traditional medicine to treat 
infection has been practiced since the origin of 
mankind, and honey produced by Apis mellifera is 
one of the oldest traditional medicines considered 
to be as a traditional remedy for microbial 
infections6. Honey has inhibitory effects against 
approximately 60 bacterial species; including 
aerobes and anaerobes, Gram-positive and Gram-
negative bacteria7. Honey has a complex chemistry, 
and its broad-spectrum antimicrobial activity 
varies with floral source, climate and harvesting 
conditions8. The precise mode of action of honey 
is unknown. However, there are several factors 
responsible for its antimicrobial activity include 
high osmolarity, low pH, hydrogen peroxide, and 
non-peroxide factors include lysozyme, phenolic 
acids and flavonoids9. Nonetheless, honey sample 
from different floral sources showed various levels 
of antimicrobial activity7,10. However, variation in 
this activity among honey types from within the 
same floral species has also been observed7,11,12. 

This may be due to the geographical location of 
the floral source and the prevailing environmental 
conditions, which affect the physiology of the 
floral species11,13. So, the quality of honey varied 
based on the geographical floral origin, season, 
environmental factors, and storage conditions11,14.
 Algeria has a great floral diversity, there 
are about 3000 plant species of which 15% are 
endemic. This potential for medicinal plants 
includes thousands of species of diverse interest 
and it is a focus of scientific research, particularly 
in the field of natural substances. However, to the 
best of our knowledge, very few studies have been 
carried out on Algerian natural products, and no 
published data exist on the antimicrobial activity 
of most of Algerian honey types14. Therefore, 
the objective of this study is to investigate the 
antibacterial activity of three Algerian honey 
samples on the growth and viability of S.aureus 
strains including methicillin-susceptible S.aureus 
(MSSA) and methicillin-resistant S.aureus (MRSA), 
with taking into account the floral and the 
geographical origin differences.

MATERIALS AND METHODS
Honey samples
 The sampling honeys used in this study 
were collected from three different Algerians 
sites with different climatic level and a rich floral 
diversity (Table 1). All the samples were collected 
in September 2018 and stored in dark glass bottles 
at 4°C. Different concentrations of honey samples 
were prepared in saline sterile solution: 2.5%, 5%, 
10%, 20%, 40%, 80% (w/v), and undiluted honey. 
All honey samples were filtered through a 0.22 μm 
filter (Nunc, USA). 
Tested strains 
 The antibacterial activity of honey samples 
was screened against bacterial strains of S. aureus; 

Table 1. Botanical and geographical origins of honey samples

 Geographical origin Climate Floral origin

Sample 1 El Taref: located in extreme Mediterranean climate Citrus: Orange, Lemon
 north-eastern Algeria
Sample 2 Djelfa: located in the A semi-arid to an arid Ruta, Ziziphus, Artemisia, 
 central part of north Algeria climate  Marrubium
 beyond the foothills  
Sample 3 Skikda: located in north- Mediterranean climate Quercus, Chestnut
 eastern Algeria
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two are susceptible to methicillin (MSSA): S. aureus 
ATCC 25923 and a clinical strain, two others are 
resistant to methicillin (MRSA): S. aureus ATCC 
43300 and a clinical strain. An inoculum of each 
strain of approximately 106 CFU/ml was prepared 
in nutrient broth. The standard strains were 
provided by the bacteriology laboratory (Pasteur’s 
Institute of Algiers, Algeria). The pathogenic strains 
have been isolated from wounds and identified 
using the Gram staining, oxidase and catalase 
tests, and API STAPH (Biomerieux, France). These 
strains were subjected to methicillin susceptibility 
tests using cefoxitin disk test, and the screening 
test in Mueller-Hinton agar supplemented with 
4% NaCl and containing 6μg/ml of oxacillin. The 
tested strains were selected for comparison the 
susceptibility difference between MRSA and MSSA 
strains to honey samples. 
Analysis of honey samples 
Sensory analysis 
 The sensory analysis consists to evaluate 
the properties of honey by a color and flavors 
examination to understand their relationship on 
antibacterial activity.
pH measurement 
 The pH of each honey sample diluted to 
50% (w/v) was measured using a pH meter (HI 
98127, Hanna instruments, Mauritius).
Color intensity
 The mean absorbance expressed as mAU 
was measured at 450 and 720 nm according to 
the method of Beretta et al. (2005) of the diluted 
honey samples to 50% (w/v) in warm water (45 - 
50°C), and filtered to eliminate large particles using 
a 0.45 μm filter. The equipment used to measure 
the absorbance was a spectrophotometer (T80 
UV/VIS England).
Antibacterial activity 
Wells assay
 The wells of 6 mm of diameter were 
prepared in Petri dishes containing Mueller Hinton 
agar and inoculated by the bacterial suspension. 
Honey samples (150µl) were added in each well 
and a well containing distilled water was used as a 
control. After 24 h at 37°C, the antibacterial activity 
of the samples was determined by measuring the 
clear inhibition zone around the wells. 
MIC determination 
 Minimum inhibitory concentrations 
(MICs) were determined using tubes containing 

0.5 mL of inoculum prepared in sterile nutrient 
broth corresponding to 0.5 Mac-Farland added 
to 4.5 mL of each concentration of honey tested. 
The negative control contained bacterial inoculum 
and positive control contained just broth. All 
tubes were incubated at 37°C for 24 h in the 
dark with shaking at 150 rpm. The optical density 
was measured at T0 and again after 24 h (T24) 
at 620 nm. The percent inhibition of growth was 
calculated by the following formula: 

 
 The MIC is the concentration of honey 
dilution totally inhibiting bacterial growth visible 
after 24 h of incubation at 37°C (Park et al., 2017).
Determination of MBC 
 The MBC value corresponds to the 
lowest concentration of honey allowing reduction 
of 99.9% in the viable strains. 0.1 mL of the 
MIC mixtures tube that showed no growth was 
inoculated on the Mueller Hinton plates and 
incubated during 24 h at 37°C.
Time–kill assay
 Time-Kill assay is made to evaluate the 
effect of honey samples on bacterial growth. In 
a first step, each strain was inoculated in Mueller 
Hinton broth by a single colony-forming unit 
(CFU) and grown for 18 h at 37°C with constant 
stirring at 150 rpm. In the second step, each 
culture was adjusted to 0.5 on the McFarland 
scale and inoculated at a cell density of 106 CFU/
ml in two tubes, each containing 1 ml of Mueller 
Hinton broth. One culture received honey at 
concentration of 20% w/v and the control culture 
did not receive honey. During the incubation at 
37°C with constant stirring 150 rpm, broth aliquots 
were collected at different time points, diluted in 
series in saline solution, plated on Mueller Hinton 
agar media and incubated for 18 h at 37°C to 
determine the total CFUs in each culture.

Percent of inhibition(%) = 1-             x 100
ODtest

ODcontrol

Table 2. Characterization of honey samples

Honey Taste pH Color Color intensity 
sample     (mAU)

Sample 1 Sweet 3.86 Light brown 89
Sample 2 Bitter 4.27 Dark brown 2197
Sample 3 Bitter 3.71 Light brown 346
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Statistical analysis 
 T h e  re s u l t s  we re  ex p re s s e d  a s 
mean±standard deviation (m±SD). The data were 
analyzed by using the software GraphPad Prism 5. 
Statistical analysis was performed using a one way 
ANOVA (analysis of variance) followed by a post 
hoc Tukey’s test to evaluate the differences in the 
zone of inhibition between the honey samples and 
strains.

RESULTS
Honey analysis
 The taste, pH values, and color intensity 
of honey samples were reported in Table 2. Sample 
1 has a sweet taste, whereas samples 2 and 3 have 
a bitter taste. As shown, all honey samples were 
acidic within the standard limit (pH 3.40 – 6.10) 
that ensures honey samples’ freshness. The color 
intensity of honey sample varied from 89 for the 
light honey to 2197 mAU for the dark honey.

Antibacterial activity
Well diffusion assay
 The results of assessments of honey 
antibacterial activity against the standard and the 
clinical strains of S. aureus are reported in Tble 3. 
The Algerian honey has shown good antibacterial 
activity against all tested strains of S. aureus, with 
diameters of inhibition ranged from 34.33 to 52 
mm for both MRSA and MSSA strains. There are 
no significant differences between susceptibility 
of different strain (p=0.9898). However, there are 
highly significant differences between antibacterial 
activities of honey samples (p˂0.001). The Djelfa’s 
honey showed strong antibacterial activity, 
followed by El Taref’s honey and that of Skikda.
Dilution assay
 The results of the MICs determination of 
honey samples are reported in Table 4. All honey 
samples have shown highly potent activity against 
all strains of S. aureus, the MICs values are ranging 

Fig. 1. Effect of honey samples on the growth of S. aureus strains.
A: S. aureus ATCC 25923, B : methicillin susceptible S.aureus, C : S. aureus ATCC 43300, D :methicillin susceptible 
S.aureus.
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from 2.5 to 5% (w/v), while the MBCs values are 
ranging from 2.5 to 10% (w/v). Honey from Djelfa 
showed the lowest MICs and MBCs values (2.5%) 
compared to other tested honeys.
Time-kill assay
 An evaluation of the kinetics of 
antibacterial effect of honey samples against MRSA 
and MSSA strains was performed by constructing a 
time-kill curve (Fig. 1). We observed a decrease of 
bacterial growth after the first hour of incubation. 
After six hours, honey from Djelfa has completely 
inhibited the growth of all tested strains; the other 
honey samples have inhibited growth after seven 
hours of incubation.

DISCUSSION
 In recent years, MRSA has become 
resistant to several other antibiotics often 
used in the treatment of MRSA infections, in 
particular, quinolone, macrolide, aminoglycosides, 
tetracycline, sulfamethoxazole-trimethoprim, 
clindamycin and chloramphenicol1,15. Therefore, 
there is an important need to develop more 
effective antibacterial agents to treat infections 
caused by S.aureus strains including MRSA strains.
 Therefore, there is an important need to 

develop more effective antibacterial agents to treat 
infections caused by S.aureus strains including 
MRSA strains. In this study, the antibacterial 
activity of three Algerian honey samples was 
investigated against S. aureus strains.
 As shown in Table 2, the pH values of 
honey samples showed that all honey samples 
were acidic and the pH values ranged from 3.86 
to 4.27. The pH values of Algerian honey samples 
have been previously reported to be between 
3.70 and 4.3416. The acidity of any honey types 
is directly related to floral sources and to the 
composition of the honey. Honey contains several 
different acids, including about 18 amino acids, 
many different organic acids, as well as aliphatic 
and aromatic acids that contribute greatly to the 
flavor of honey16,17. 
 The absorbance of a 50% (w/v) honey 
solution varied from 98 mAU for the light honey 
to 2197 mAU for the dark brown honey. When 
compared with the honey samples from other 
countries, the color intensity values were reported 
to be between 25 and 3413 mAU in Italian honey18, 
between 724 and 1188 mAU in Algerian honey16, 
and between 254 and 2034 mAU in Bangladeshi 
honey17. This marked difference of color intensity 

Table 4. MICs and MBCs values of tested honeys against S. aureus strains (% w/v)

    Strain      Sample 1      Sample 2      Sample 3

  MIC MBC MIC MBC MIC MBC

MSSA S. aureus ATCC 25923 5 5 2.5 2.5 5 10
 S. aureus (MSSA) 5 5 2.5 2.5 5 10
MRSA S. aureus ATCC43300 5 5 2.5 2.5 5 10
 S. aureus (MRSA) 5 10 2.5 2.5 5 10

MSSA: Methicillin Susceptible S.aureus, MRSA: Methicillin resistant S.aureus

Table 3. Diameters of inhibition of honey samples against S.aureus strains (mm±SD)

Strains         Inhibitory diameters (mm±SD)

  Sample 1 Sample 2 Sample 3

MSSA S. aureus ATCC 25923 40.3±0.8 51.3±0.4 35±0.6
 S. aureus (MSSA) 39.7±1.1 52±0.6 34.7±0.4
MRSA S. aureus ATCC 43300 39±0.6 48±1.3 34.3±0.4
 S. aureus (MRSA) 38.7±0.4 49.3±0.4 34.7±1.1

MSSA: Methicillin-Susceptible S.aureus;  MRSA: Methicillin-resistant S.aureus
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might be a reliable index of the presence of 
pigments with antioxidant activities, such as 
carotenoids and some flavonoids, which are 
known to have antioxidant properties8. This result 
confirms the finding of Khalil et al., 2012 which has 
reported previously that Algerian honey possesses 
very potent antioxidant activities.
 In comparing the effect of honey against 
MRSA strains and MSSA strains, there is no 
difference between the susceptibility of MRSA 
and MSSA strains (P > 0.05). Similar findings are 
reported previously by other authors10,19. However, 
there are highly significant differences between 
the antibacterial activities of honey samples 
(P ˂ 0.001). These results proved that Honey's 
antibacterial activity is associated with the floral 
source. These findings are reported previously by 
other authors9,20,21. The honey sample from Djelfa 
has a great antimicrobial activity as compared 
to those from El-Taref and Skikda from the same 
climate and different floral sources. The rich 
floral diversity of these regions seems to play an 
important role in influencing honey’s antimicrobial 
activity. Indeed, in this study we reported that 
the antibacterial activity of Djelfa’s honey may 
be related to the color of honey which has a 
dark color compared to other samples which 
have a light color. This finding agrees with those 
reported by several studies in which dark honey 
from the conifer forests of the mountainous 
regions of central Europe have been found to have 
particularly high activity10,22. It partly derived from 
honeydew. 
 Moreover, in order to evaluate the 
effect of honey samples on bacterial cell viability, 
the time-kill curves for MRSA and MSSA strains 
were performed. It showed that the treatment 
of S.aureus strains with Djelfa’s honey was 
successful in killing within six hours, while the 
treatment of the same strains with the samples 
of El-Taref and Skikda was in killing within seven 
hours. Similar study by Jantakee and Tragoolpua, 
(2015) has shown that honey destroys S. aureus 
strains in eight hours with a concentration of 
50%. Furthermore, the study of time-kill curve 
indicated a bactericidal rather than bacteriostatic 
effect of tested honey samples on S. aureus strains. 
The bactericidal action of honey seems to be 
dependent on the time of honey action and the 
bacterial species23.

 It varies from several to 40 hours (Molan 
1992). The concentration of honey also plays an 
important role. We have tested the concentration 
of 20% (w/v). Jantakee and Tragoolpua, (2015) 
have reported that honey concentrations from 
5 to 50% have been found to be bactericidal. 
Generally, the higher the concentration, the faster 
the bactericidal action can take place.

CONCLUSION
 Algerian honey samples tested in this 
study have potent antimicrobial activity against 
S.aureus strains including MSSA and MRSA strains. 
It appeared to deserve further investigation into 
its effect on cellular and molecular targets. It may 
prove to be valuable therapeutic honey which will 
be used particularly in the treatment of infections 
with MRSA strains.
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