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ABSTRACT--- The antibacterial and antibiofilm activities of Manuka and Egyptian clover honey against five clinical 

isolates of each of Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella spp. and Proteus mirabilis isolated 

from diabetic foot ulcers were compared. The antibacterial activity was estimated by determination of minimum 

inhibitory concentration (MIC) and minimum bactericidal concentration (MBC). Manuka honey showed higher 

antibacterial activities than clover honey as shown by lower MIC and MBC values. Pseudomonas aeruginosa and 

Proteus mirabilis showed higher sensitivity to manuka honey than Klebsiella spp. and Staphylococcus aureus. Both 

types of honey showed bactericidal activities against all tested strains.   

 The antibiofilm activities were investigated against one strong biofilm forming isolate of each strain. 

The antibiofilm activities of Manuka honey were significantly more potent than clover honey. The biofilm inhibiting 

activity of manuka honey was greater against Klebsiella spp., Proteus mirabilis and Pseudomonas aeruginosa. Clover 

honey showed greater biofilm inhibiting activity against Klebsiella spp. and Proteus mirabilis. Biofilm disrupting 

activity of manuka honey was higher against Pseudomonas aeruginosa and Proteus mirabilis, while clover exerted 

higher biofilm eradication activity against Klebsiella spp. and Pseudomonas aeruginosa. 

This study suggests the use of manuka and Egyptian clover honey for treatment of diabetic foot 

infections. Manuka honey was more effective but Egyptian clover honey is cheaper. 
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1. INTRODUCTION 

Diabetic patients suffer from different complications including neuropathy and vascular problems that contribute to the 

occurrence of diabetic foot infections. These infections are hazardous and can end with diabetic gangrene and amputation 

of lower limbs [1,2].  

Many bacteria can infect diabetic wounds and the most common ones are Staphylococcus aureus, Pseudomonas 

aeruginosa, Klebsiella pnuemoniae, Escherichia coli and Proteus mirabilis
 
[3-5]. Infected wounds in patients with 

impaired immunity or circulation as in diabetic patients may be non-healing and chronic. Biofilms play an important role 

in diabetic foot infections. Biofilms are communities of sessile cells that are attached to a surface and enclosed within a 

matrix and they show high antimicrobial resistance [6,7]. The increase in emergence of antibiotic resistance among 

bacteria infecting wounds complicates the treatment. As a consequence, alternative therapeutic options are urgently 

needed to treat diabetic foot ulcers [8,9]. 

Honey has a broad spectrum of activity against both Gram-positive and Gram-negative bacteria. Moreover, it could 

inhibit biofilm formation and eradicate established biofilms [10,11]. Manuka honey is produced from Leptospermum 

scoparium (manuka) plant from New Zealand. It is a promising tool in the fight against bacteria. It has a broad 

antibacterial spectrum and could inhibit multi-drug resistant bacteria [12-14]. Moreover, it was found to inhibit biofilm 

formation and to remove pre-formed biofilms [15,16]. No resistance to manuka honey was reported [12-14]. More 

beneficial activities of manuka honey are its stimulating effect on immunity and wound healing [17]. Egyptian clover 
honey was reported to inhibit the growth of Staphylococcus aureus, Pseudomonas aeruginosa and Klebsiella 

pneumoniae and Proteus mirabilis [18,19]. 

The aim of the present study is to compare the antimicrobial and antibiofilm activities of manuka and Egyptian clover 

honeys against bacteria isolated from diabetic foot infections. 

 

 

mailto:h_abdelmonem@yahoo.com


Asian Journal of Applied Sciences (ISSN: 2321 – 0893) 

Volume 02 – Issue 02, April 2014 

Asian Online Journals (www.ajouronline.com)  111 

2. MATERIALS AND METHODS 

2.1 Bacterial Strains 

Five clinical isolates of each of Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella spp. and Proteus mirabilis 

isolated from diabetic foot ulcers were obtained from the stock culture collection of the Department of Microbiology and 

Immunology, Faculty of Pharmacy, Zagazig University.  

2.2 Determination of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration 

(MBC)  

The minimum inhibitory concentrations of manuka and clover honeys were determined by the broth microdilution 
method according to Clinical Laboratory and Standards Institute Guidelines (CLSI) [20]. Each well of a 96-well 

microtiter plate containing 50 μl of a series of dilutions of honeys (Manuka honey, Manuka health New Zealand Ltd., Te 

Awamutu, New Zealand and Clover honey, Isis Company, Egypt) in Muller-Hinton broth (Oxoid, Hampshire, England) 

was inoculated with 50 μl of bacterial suspensions to have a final inoculum of 5x105 CFU/ml. The plates were incubated 

at 37 ºC for 20 h, and the lowest concentration of honey that showed no visible growth in the wells was considered as the 

MIC.  

The minimum bactericidal concentrations of honeys were determined by adding 10μl of broth from the wells with no 

growth to plates of Mueller Hinton agar and incubating the plates for 24h at 37°C. The lowest concentration that caused 

99.99% reduction in growth as shown by absence of growth or the appearance of less than five colonies was considered 

as the MBC. The bactericidal activities of honeys were determined by comparing MBC to MIC. Honey exerted 

bactericidal activity if the ratio of MBC to MIC is ≤ 4. 

2.3 Assessment of Biofilm Production and Antibiofilm Activities of Manuka and Clover Honey 

The method proposed by Stepanovic et al. [21] was used with some modifications. Bacterial strains were allowed to 

grow overnight in Tryptone soya broth (TSB) (Oxoid, Hampshire, England) and diluted to a cell density of 1 × 106 

CFU/ml and 200 µl of bacterial suspensions were added to the wells of polystyrene 96-well microtiter plates. To form 

biofilms, the plates were incubated at at 37 ºC for 24 h. To evaluate the effect of honeys on biofilm synthesis, the same 

procedure was followed with the exception that sub-MICs of honeys were added to TSB to have a final concentration of 

1/2 MICs of honeys. Planktonic bacteria were removed and the wells were washed three times with phosphate buffered 

saline (PBS). Adherent bacteria were fixed with 99% methanol and stained with 1% crystal violet solution. Excess dye 

was washed off with water and the plates were dried in air. The bound dye was solubilized with 95% ethanol and the 
adherent biofilms were quantified spectrophotometrically with a spectrofluorimeter (Biotek, USA) at 490 nm. The test 

was repeated three times and the mean optical densities were calculated and the percentages of biofilm inhibition were 

calculated. 

To assess the biofilm eradicating activities of honeys, wells with established biofilms were aseptically washed three 

times with phosphate buffered saline (PBS) to remove planktonic bacteria , and 200 µl of 1/2 MICs of honeys in TSB 

were added. After 24 h incubation at 37°C, the honey solutions were removed and each well was washed three times with 

PBS. The adherent biofilms were quantified spectrophotometrically as in assessment of biofilm formation. The test was 

repeated twice. The percentages of biofilm eradication were estimated. 

2.4 Statistical Analysis  

The activities of manuka honey and clover honey on biofilm inhibition and biofilm eradication were compared by Two 

Way ANOVA followed by Benforroni post hoc test, Graph Pad Prism 5. P values <0.05 or <0.001 were considered 

statistically significant.  

3. RESULTS 

3.1 Antibacterial Activity of Manuka and Clover Honeys 

Both types of honey showed antibacterial activity against all tested strains (Table 1). Manuka honey was more active 
than clover honey. The MICs of manuka honey ranged between 5% and 20% for Pseudomonas aeruginosa and Proteus 

mirabilis, 20% and 40% for Staphylococcus aureus and 5% and 40% for Klebsiella spp. 
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Table 1: Antibacterial activity of manuka and clover honeys 

Isolate No. Manuka honey  Clover honey 

MIC 

 (%) 

MBC 

(%) 

Bactericidal 

activity 

MIC 

(%) 

MBC 

(%) 

Bactericidal 

activity 

PA1 

PA2 

PA3 

PA4 

PA5 
SA1 

SA2 

SA3 

SA4 

SA5 

PM1 

PM2 

PM3 

PM4 

PM5 

KL1 

KL2 
KL3 

KL4 

KL5 

20 

5 

5 

20 

20 
20 

40 

20 

40 

20 

5 

20 

5 

20 

5 

5 

20 
40 

40 

20 

40 

5 

5 

20 

20 
20 

40 

20 

40 

20 

5 

40 

5 

40 

5 

10 

20 
40 

40 

40 

+ 
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+ 
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+ 

+ 

+ 

+ 

+ 
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+ 
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+ 

+ 
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40 
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40 
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40 
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40 
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40 
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40 
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40 
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40 

40 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

PA, Pseudomonas aeruginosa; SA, Staphylococcus aureus; PM, Proteus mirabilis; KL, Klebsiella spp. 

The MBCs of manuka honey ranged between 5% and 40% for Pseudomonas aeruginosa, 20% and 40% for 

Staphylococcus aureus, 5% and 40% for Proteus mirabilis and 10% and 40% for Klebsiella spp. The MIC and MBC of 

clover honey were 40% for all strains. Both types of honey exerted bactericidal activities against all tested strains 

(MBC/MIC≤4). 

3.2 Inhibition of Biofilm Formation 

The effect of manuka and Egyptian clover honey was investigated against one strong biofilm isolate belonging to each 
of the bacteria tested. Both types of honey could inhibit biofilm formation by all tested strains (Table 2). Manuka honey 

was more potent in biofilm inhibition (90.89±5.77 to 97.7±0.44) as compared to clover honey (70.68±1.97 to 

85.86±3.41).  

Table 2: Biofilm inhibiting activities of manuka and clover honeys 

Isolate No. % inhibition of biofilm formation (Mean±SD) 

Manuka honey Clover honey 

SA4 

PA5 

PM2 

KL4 

95.85±1.35 

90.89±5.77 

96.61±1.03 

97.7±0.44 

70.68±1.97 

74.19±5.69 

85.86±3.41 

85.64±0.80 

PA, Pseudomonas aeruginosa; SA, Staphylococcus aureus; PM, Proteus mirabilis; KL, Klebsiella spp. 

3.3 Eradication of Established Biofilms 

Both types of honey showed the ability to remove biofilms formed by all tested strains (Table 3). Manuka honey 

showed greater biofilm disrupting activity (72.20±1.90 to 77.62±4.22) than clover honey (40.33±0.24 to 63.67±3.31).  

 

 

Table 3: Biofilm eradicating activities of manuka and clover honeys 

Isolate No. % eradication of biofilm formation (Mean±SD) 

Manuka honey Clover honey 

SA4 

PA5 

PM2 

KL4 

72.20±1.90 

77.62±4.22 

74.64±1 

72.98±2.56 

40.33±0.24 

55.60±5.81 

50.67±3.08 

63.67±3.31 

PA, Pseudomonas aeruginosa; SA, Staphylococcus aureus; PM, Proteus mirabilis; KL, Klebsiella spp. 
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4. DISCUSSION 

Honey was used as an efficient remedy for treating infected wounds since ancient civilizations [22]. Diabetic foot ulcers 

represent a therapeutic challenge because of antibiotic resistance and biofilm formation [23]. Honey was beneficial in 
management of wound infections that do not respond to antibiotics [24] and it can also remove pre-formed biofilms and 

inhibit biofilm formation [25]. 

In the present study both manuka and clover honeys showed good activity against planktonic and biofilm cells of 

Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella spp., and Proteus mirabilis. Manuka honey was more 

active as antibacterial agent than clover honey. Pseudomonas aeruginosa and Proteus mirabilis were more sensitive to 

manuka honey than Klebsiella spp and Staphylococcus aureus, while all tested strains showed the same susceptibility to 

clover honey. Both types of honey were found to be bactericidal. 

Honey was reported to have good activity against bacteria that commonly infect diabetic foot ulcers such as 

Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella pnuemoniae and Proteus mirabilis [3-5]. The antibacterial 

activity of honey is attributed to several factors including mild acidity [23],   high osmolarity [26], hydrogen peroxide 

[27], polyphenols [1], antioxidants [28], antibiotic peptides [14] and methylglyoxal [29]. The antibiofilm activity may 

originate from its quorum sensing inhibiting activity [30].  Quorum sensing controls biofilm formation [31].  

The wound healing activity of honey may be a function of the infection barrier provided by its high viscosity, its low 

pH, hydrogen peroxide content and the moist wound environment maintained by honey that enhance wound healing [10]. 

Honey may be advantageous for treating wound infections because of its dual antimicrobial and wound healing activities. 

In this study, both types of honey showed significant antibiofilm activities as compared to the control (P<0.001). 

Moreover, Manuka honey was significantly more potent than clover honey regarding biofilm inhibition (P<0.001). The 

biofilm inhibiting activity of manuka honey was greater against Klebsiella spp., Proteus mirabilis and Pseudomonas 

aeruginosa than against Staphylococcus aureus. On the other hand, clover honey showed greater biofilm inhibiting 

activity against Klebsiella spp. and Proteus mirabilis than against Pseudomonas aeruginosa and Staphylococcus aureus. 

Moreover, biofilm disrupting activity of manuka honey was more statistically significant than that of clover honey 

(P<0.001 for Pseudomonas aeruginosa, Staphylococcus aureus and Proteus mirabilis and P<0.05 for Klebsiella).  

Manuka honey showed a greater biofilm eradicating activity against Pseudomonas aeruginosa and Proteus mirabilis than 
against Staphylococcus aureus and Klebsiella spp. On the contrary, clover could remove biofilms of Klebsiella spp and 

Pseudomonas aeruginosa more efficiently than those of Proteus mirabilis and Staphylococcus aureus. 

The antibacterial and antibiofilm activities of manuka honey and clover honey were reported in different studies. Clover 

honey showed good antibacterial activity against Pseudomonas aeruginosa and Staphylococcus aureus [32]. Egyptian 

clover honey (20.3%) could inhibit the growth of Staphylococcus aureus, Pseudomonas aeruginosa and Klebsiella 

pneumoniae [19]. Moreover, Proteus mirabilis was inhibited by Egyptian clover honey at a concentration of 35% [18]. In 

a clinical trial on 30 patients with infected diabetic foot ulcers, the use of Egyptian clover honey dressings resulted in 

complete healing in 43.3% of ulcers, significant reduction in the size of ulcers in 43.3% of patients and lowering of the 

bacterial burden in all ulcers after the first week of therapy [33].  

In agreement with this study, manuka honey exerted bactericidal activity against planktonic and biofilm 

cells of Pseudomonas aeruginosa and Staphylococcus honey aureus and its antibiofilm activity against Pseudomonas 

aeruginosa was higher than that against Staphylococcus aureus [34]. Manuka honey also was reported to inhibit enteric 
bacteria [35]. Methylglyoxal, a component of manuka honey was found to inhibit Staphylococcus aureus biofilms [36]. 

In summary, manuka and Egyptian clover honeys can be used for treatment of diabetic foot infections. Manuka honey is 

more active as antibacterial and antibiofilm agent than Egyptian clover honey, while clover has the advantage of low 

cost. 
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