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INTRODUCTION 
Honey has been recognized for its medicinal properties 

since antiqiuty (Namias, 2003). Honey is an important 

and unique food product containing bioactive 

compounds derived from bees and plants. Numerous 

studies demonstrate that honey possesses antimicrobial 

activity (Allen et al., 1991; Molan et al., 1992; Molan 

et al., 1992; Molan, 1998; Cooper and Molan, 1999; 

Weston et al., 1999; Nzeako and Hamdi, 2000); it 

destroys and/or inhibits the growth of some pathogenic 

vegetative microorganisms (Nzeako and Hamdi, 2000). 

The broad spectrum antibacterial activity of honey is 

multifactorial in nature. Hydrogen peroxide and high 

osmolarity honey consists of 80 %  (w/v) of sugars are 

the only well characterized antibacterial factors in honey 

(Molan, 1992) and bee defensin-1 (Kwakman et al., 

2010) also act as antibacterial substances. In addition, 

phenolic compounds found in dark honeys are partially 

responsible for antibacterial activity (Wahdan, 1998; 

Aljadi and Yusoff, 2003; Estevinho et al., 2008). 

Recently, high concentrations of the antibacterial 

compound methylglyoxal (MGO) were found 

specifically in Manuka honey, derived from the Manuka 

tree (Leptospermum scoparium) (Adams et al., 2008; 

Mavric et al., 2008). Until now, no honey has ever been 

fully characterized, which hampers clinical application of 

honey. It has been shown to be active against a diverse 

range of microorganisms including gram-positive and 

gram-negative organisms, aerobic and anaerobic bacteria 

(Zaghloul et al., 2001; Ndip et al., 2007), and Candida 

albicans as well as inhibiting the germination of the 

spores of Bacillus cereus (El-Toun and Yagoub, 2007). 

Flavonoids, phenolic and organic acids in honey are 

known to scavenge for free superoxide and other reactive 

oxygen metabolites liberated during respiratory burst in 

H. pylori-induced mucosal damage (Li et al., 2001). 

Honeys from different countries and regions have a wide 

variability in their antimicrobial activity as a result of 

different vegetative flowers and plant species blooming in 

different seasons (Ndip et al., 2007; Basson and Grobler, 

2008). E. coli are a model organism for bacteria (Peter et 

al., 1998) and extremely sensitive to antibiotics such as 

streptomycin or gentamycin but rapidly changing and 

acquiring drug resistance (Chapman et al., 2002) due to 

overuse of antibiotics in humans (Johnson et al., 2006). 

Management of E. coli infections has been increasingly 

complicated by the emergence of resistance to most firstline 

antimicrobial agents including fluoroquinolone (Karlowsky 

et al., 2001). Thus, they have been relied on for the 

treatment of E. coli infections as emerging resistence has 

progressively eclipsed the utility of alternative antimicrobial 

agents (Gupta et al., 2001). However, the prevalence of 

fluoroquinolone-resistant E. coli has reached alarming levels 

in many parts of the world, jeopardizing their usefulness 

(Raz et al., 2002). The use of fluoroquinolones in food 

animals has been implicated in the development of 

fluoroquinolone resistance in zoonotic gram-negative bacilli 

such as Campylobacter and Salmonella species, with the 

subsequent occurrence of drug-resistant infections in 

humans (Smith et al., 1999; Chiu et al., 2002). E. coli that 

are resistant to quinolones and fluoroquinolones contaminate 

many retail meat products, particularly poultry, 

corresponding with the use of fluoroquinolones in food 

animals, particularly chickens and turkeys (Johnson et al., 

2003; Johnson et al., 2005). However, whether such drug-

resistant organisms pose a threat to human health is 

unknown (Rahman et al., 2010).  

This study investigated the antibacterial effect of slovak 

honeys against pathogenic bacterias was compared with the 

activity of manuka honey. 
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The antibacterial activity of Slovak honeys against three 
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Escherichia coli and Pseudomonas aeruginosa were 

determined by comparision with the commercially 

available active manuka honey imported from New 

Zealand (Green Bay
TM

, UMF 14+). Slovak honeys used 

in this study were acacia, flower and honeydew origin. 

To distinguish the effect of the antibacterial components 

of honey from any osmotic effect, artificial honey, a 

control solution with a sugar content similar to that of 

natural honey, was also used for comparison. The 

artificial honey was prepared by dissolving 39 g d-

fructose, 31 g d-glucose, 8 g maltose, 3 g sucrose and    

19 g distilled water. All honey samples were stored in the 

dark at 2–5 °C when not in use. A 50 % (w/v) stock 

solution of each type of honey was prepared by weighing 

10 g of honey and bringing the volume up to 10 ml of 

Mueller Hinton broth (MHB). Further dilutions of stock 

solution of natural honeys were done to obtain honey 

concentrations of 25 %, 12.5 %, 6.25 %, and 3.125 %. A 

dilution range of 50 %, 25 % and 12.5 % of artificial 

honey was used. In vitro antibacterial activity was 

determined by the broth microdilution method. The wells 

were inoculated with a over night bacterial suspension 

(10 µl) at a density of 10
7
 CFU.ml

-1
, incubated at 37 °C 

for 18 h, and then observed for the minimum inhibitory 

concentration (MIC). The growth of microorganisms was 

determined spectrophotometrically as turbidity at 405 

nm. The MIC was determined as the lowest dilution that 

resulted in 80 % reduction in growth compared with the 

growth control (Jorgensen et al., 1999). All samples 

were tested in triplicate. 

 

RESULTS AND DISCUSION  

 

 

Honey inhibits the growth of dangerous bacteria such as 

Escherichia coli, Staphylococcus aureus, Salmonella, 

Shigella, and Vibrio cholera (Zumla and Lulat, 1989) and 

is superior to several well-known antibiotics. Honey inhibits 

the growth of pathogenic organisms isolated in urine 

samples of patients with urinary tract infections (Somal et 

al., 1994). 

Several laboratory studies have evidence to support the use 

of honey as a wound dressing.6 Honey has been shown to 

stimulate cytokine production by monocytes, which in turn 

initiates tissue repair. Honey has broad-spectrum 

antibacterial activity; however, different honeys vary 

substantially in the potency of their antibacterial activity. 

Honey debrides wounds, removes malodor, and its anti-

inflammatory activity Aktivity reduces edema and exudates 

and minimizes scarring. It stimulates the growth of 

granulation tissue and epithelial tissue and promotes wound 

healing (Molan, 2006). In study of Mullai and Menon 

(2005, 2007), both locally obtained unprocessed honey and 

commercially processed therapeutic honey have shown 

antibacterial activity against P. aeruginosa. Cooper (1999) 

has reported that manuka honey had MIC of less than 10 % 

against 17 strains of P. aeruginosa from infected wounds. 

Molan (2002) reported that Manuka honey had a MIC of     

6 % against P. aeruginosa strains from infected burns. 

Nzeako and Hamdi (2000), in their study of six commercial 

honeys, found that Escherichia coli and P. aeruginosa were 

inhibited at a concentration of 40 %. In study of Mullai and 

Menon (2007), the MICs for both manuka honey and 

heather honey was 20 % MIC. Honey procured from 

Khadikraft showed better activity with a MIC of 11 %. 

Honey procured from local beekeepers had a MIC of 20 %, 

which was quite similar to the other commercially available 

therapeutic honeys. 

 

               Table 1 Mimimum inhibitory concentrations in % of different honeys 

Type of honey 

Microorganisms Manuka Honeydew  Flower Acacia  
Sugar 

control 

Staphylococcus aureus 25 12.5 12.5 25 50 

Pseudomonas aeruginosa 25 25 25 50 50 

Escherichia coli 25 25 25 50 50 

Yersinia enterocolitica 12.5 6.25 25 50 >50 

Listeria monocytogenes 25 25 25 25 >50 

 

Our study clearly shows that honeys produced from 

Slovakia have antimicrobial activity. Honeydew honey 

and flower honey were lower MICs than manuka honey 

against tested pathogenic microorganisms 

Staphylococcus aureus, Pseudomonas aeruginosa, 

Escherichia coli, Yersinia enterocolitica and Listeria 

monocytogenes.  

The MIC values of the manuka, honeydew, flower, 

acacia and artificial honey are shown in Table 1. The 

MICs for honeydew honey ranged from 6.25 % to 25 %, 

for flower honey ranged from 12.5 % to 25 % and acacia 

honey ranged from 25 % to 50 % while those for active 

manuka honey 12.5 %. Artificial honey inhibited the 

growth of all microorganisms at a concentration higher 

than 50 %.  

 

 

The similar results with the testing microorganisms and 

Slovak honeys reached Majtán (2009). Honey has several 

well-known properties responsible for its antimicrobial 

activity. These include a high osmolarity due to the high 

concentration of sugars (80 % w/v) (Chirife et al., 1982), a 

low pH (3.2–4.5 for undiluted honey), and the production of 

hydrogen peroxide, which, after dilution of honey, is 

produced by glucose oxidase originating from the bees 

(Molan, 1992). Kwakman et al. (2010) found bee defensin-

1 in honey, this suggests that after the transition in 

hypopharyngeal gland function of the worker bees with age, 

the gland still produces bee defensin-1 and they considers 

that this peptide therefore, likely contributes to protection of 

both royal jelly and honey against microbial spoilage. Honey 
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inhibits the growth of dangerous bacteria such as E. coli, 

S. aureus, Salmonella, Shigella, and V. cholera (Zumla 

and Lulat, 1989). The concentration of honey varied 30 

to 50 % was bactericidal to S. shigella, E. coli and v. 

cholera, making honey an anti-bacterial agent and 

superior to several well-known and currently prescribed 

antibiotics. Honey inhibits the growth of pathogenic 

organisms isolated in urine samples of patients with 

urinary tract infections as well (Somal et al., 1994). 

Accacia honey has very low antimicrobial effect against 

three pathogenic microorganisms P. aeruginosa, E. coli 

and Y. enterocolitica. Its effect (MIC 50) was 

comparable with artificial honey. Unfortunately, large 

variation in antimicrobial activity exists among honeys 

collected from different environments (Allen et al., 

1991; Molan and Betts, 2004) possibly related to spatial 

and temporal variation in sources of nectar (Molan, 

1992). 

 

CONCLUSION 
Assessment of antimicrobial activity of different Slovak 

honey samples against S. aureus, P. aeruginosa, E. coli, 

Y. enterocolitica and L. monocytogenes showed that 

inhibitory effects are not inherent to all the selected 

honey samples. To achieve the inhibition of bacterial 

growth, the concentration of honey should be sufficiently 

high, usually higher than 12.5 % (by mass per volume). 

 

REFERENCES 
ADAMS, C. J.- BOULT, C. H. - DEADMAN, B. J. - 

FARR, J. M. - GRAINGER, M. N. - MANLEY-HARRIS, 

M. - SNOW, M. J., 2008. Isolation by HPLC and 

characterisation of the bioactive fraction of New Zealand 

manuka (Leptospermum scoparium) honey. In Carbohydr. 

Res. vol. 343, 2008, p. 651–659.  

ALJADI, A. M. - YUSOFF, K. M., 2003. Isolation and 

identification of phenolic acids in Malaysian honey with 

antibacterial properties. In Turk J Med Sci, vol. 33, 2003, p. 

229–236. 

ALLEN, K. L. - MOLAN, P. C., - REID, G. M., 1991., A 

survey of the antibacterial activity of some New Zealand 

honeys, In J. Pharm. Pharmacol. vol. 43, 1991, p. 817–822. 

BASSON, N. J. - GROBLER, S. R., 2008. Antimicrobial 

activity of two South African honeys produced from 

indigenous Leucospermum cordifolium and Erica on 

selected micro-organisms. In BMC Complement Altern. 

Med., vol. 8, 2008, p. 41. 

COOPER, R. - MOLAN, P. C., 1999. The use of honey as 

an antiseptic in managing Pseudomonas infection, In  J. 

Wound Care, vol. 8, 1999, p. 161–164. 

EL-TOUN, S. K. - YAGOUB, S. O., 2007. Compression 

study of anti-microbial activity of honey-bees. In Res. J. 

Microbiol., vol. 2, 2007, p. 776–781. 

ESTEVINHO, L. - PEREIRA, A. P. - MOREIRA, L. - 

DIAS, L.G. - PEREIRA, E., 2008. Antioxidant and 

antimicrobial effects of phenolic compounds extracts of 

Northeast Portugal honey. In Food Chem. Toxicol., vol. 46, 

2008, p. 3774–3779. 

GUSTA, K. – HOOTON, T.M. – STAMM, W.E., 2001. 

Increasing antimicrobial resistance and the management of 

uncomplicated communityacquired urinary tract 

infections.In Ann. Int. Med., vol.135, 2001, p. 41–50. 

CHAPMAN, M.R – ROBINSON, L.S. – PINKNER, J.S. – 

ROTH, R. – HEUSER, J. – HAMMAR, M. – NORMARK, S. – 

HULTGREN, S.J., 2002. Escherichia coli curli operons direkt 

amyloid fiber formation. In Science, vol. 295, 2002, p. 851-855. 

CHIU, CH. – WU, T.L, - SU, L.H., 2002. The emergence in 

Taiwan of fluoroquinolone resistance in Salmonella enterica 

serotype choleraesuis. In N. Engl. J. Med., vol. 346, 2002, p. 

413-419. 

CHIRIFE, J., - SCARMATO, G. - HERSZAGE, L., 1982. 

Scientific basis for use of granulated sugar in treatment of 

infected wounds. In Lancet, vol.1, 1982; p. 560–561. 

JOHNSON, J.R. – MURRAY, A.C. – GAJEWSKI, A., 2003. 

Isolation and molecular characterization of nalidixic acid-

resistant extraintestinal pathogenic Escherichia coli from retail 

chicken products. In Antimicrob. Agents Chemother., vol. 47, 

2005, p. 2161–2168. 

JOHNSON, J.R. – KUSKOWSKI, M.A. – SMITH, K. - 

O'BRYAN, T.T – TATINI, S., 2005. Antimicrobial-resistant 

and extraintestinal pathogenic Escherichia coli in retail foods. 

In J. Infect. Dis., vol. 191, 2005, p. 1040-1049. 

JOHNSON, J.R. – KUSKOWSKI, M.A. – MEDARD, M., 

2006. Similarity between human and chicken Escherichia coli 

isolates in relation to ciprofloxacin resistance status. In J. Infect. 

Dis., vol. 194, 2006, p. 71-78. 

JORGENSEN, J. H. - TURNIDGE, J. D. - WASHINGTON, J. 

A., 1999. Antibacterial susceptibility tests: dilution and disk 

diffusion methods. In: MURRAY, P. R., BARON, E. J., 

PFALLER, M. A., TENOVER, F. C., YOLKEN, R. H. (Eds.), 

Manual of Clinical Microbiology. 7th ed. ASM Press, 

Washington, DC, USA, 1999, p. 1526–1543.  

KARLOWSKY, J.A. – JONES, J.E. – THORNSBERRY, C. – 

CRITCHLEY, I. – KELLY, L.J. – SAHM, D.F., 2001. 

Prevalence of antimicrobial resistance among urinary tract 

pathogens isolated from female outpatients across the US in 

1999. In Int. J. Antimicrob. Agents., vol. 18, 2001, p. 121-127. 

KWAKMAN, P.H. - TE VELDE, A.A. - DE BOER, L. - 

SPEIJER, D. - VANDENBROUCKE – GRAULS, C. M. - 

ZAAT S. A., 2010. How honey kills bacteria. In FASEB J,, vol. 

24, 2010, p. 2576–2582. 

LI C. Q. - PIGNATELLI,  B. - OHSHIMA, H., 2001. Increased 

oxidative and nitrative stress in human stomach associated with 

cag Aţ Helicobacter pylori infection and inflammation. In  Dig 

Dis Sci, vol. 46, 2001, p. 836–844. 

MAJTÁN, J., 2009. Is manuka honey the best type of honey for 

wound care? In Journal of hospital Infection, vol. 74, Issue 3, 

March 2010, p. 305 – 306. 

MAVRIC, E. - WITTMANN, S. - BARTH, G. - HENLE, T., 

2008. Identification and quantification of methylglyoxal as the 

dominant antibacterial constituent of Manuka (Leptospermum 

scoparium) honeys from New Zealand. In Mol. Nutr. Food 

Res., vol. 52, 2008, p. 483–489. 

MOLAN, P. C., 1992. The antibacterial activity of honey: 1. 

The nature of the antibacterial activity, In Bee World, vol. 73, 

1992, p. 5–28. 

MOLAN, P. C., 1992. The antibacterial activity of honey: 2. 

Variation in the potency of the antibacterial activity, In Bee 

World, vol. 73, 1992, p. 59–76. 

MOLAN, P.,C. - BRETT, M., 1998. Honey has potential as a 

dressing for wounds infected with MRSA, The Second 

Australian Wound Management Association Conference, 

Brisbane, Australia (1998). 

MOLAN, P.C., 2002.  The efficacy of honey in inhibiting 

strains of Pseudomonas aeruginosa from infected burns. In J 

Burn Care Rehabil., vol. 23, 2002, p. 366–370. 



potravinárstvo 

 

ročník 5  mimoriadne číslo, február/2011 388 

MOLAN, P.C. 2005. The evidence supporting the use of 

honey as a wound dressing. In J.  Lower Extremity Wounds, 

vol.. ,  2006, p. 40–54. 

MOLAN, P. C. - BETTS, J. A., 2004. Clinical usage of 

honey as a wound dressing: an update. In J Wound Care, 

vol. 13, 2004, p. 353–6. 

MULLAI, V. – MENON, T., 2005. Antibacterial activity of 

honey against Pseudomonas aeruginosa. In Indian J. 

Pharmacol., vol. 37, 2005, p. 37:403. 

MULLAI, V. – MENON, T.,  2007. Bactericidal Activity of 

Different Types of Honey Against Clinical and 

Environmental Isolates of Pseudomonas aeruginosa. In J. 

Alternative Complem. Med., vol. 13, 2007, no. 4, p. 439–

441. 

NAMIAS, N., 2003. Honey in the management of 

infections. In Surg Infect, vol. 4, 2003, p. 219–226. 

NDIP, R. N. - MALANGE TAKANG A. E. - 

ECHAKACHI, C. M. - MALONGUE, A. - AKOACHERE, 

J.F.T.K. -NDIP, L.M. – LUMA, H.N. 2007. In vitro 

antimicrobial activity of selected honeys on clinical isolates 

of Helicobacter pylori. In Afr Health Sci vol. 7, 2007, p. 

228–231. 

NZEAKO, B. C. - HAMDI, J., 2000. Antimicrobial 

potential of honey on some microbial isolates, In Med. Sci., 

vol. 2, 2000, p. 75–79. 

PETER, F. – STEHEN, D.W. – MICHAEL, A.G. 1998. 

Bacteriological Analytical Manual, 8th Edition, Revision A, 

2002. Chapter 4. Revised: 2002- September. 

RAHMAN, M.M. - RICHARDSON1, A. - SOFIAN-

AZIRUN, M., 2010. Antibacterial activity of propolis and 

honey against Staphylococcus aureus and Escherichia coli. 

In Afr. J. Microbiol. Research, vol. 4, 2010, no. 16, p. 1872-

1878. 

RAZ, R. – CHAZAN, B. – KENNES, Y., 2002. Empiric use 

of trimethoprimsulfamethoxazole (TMP-SMX) in the 

treatment of women with uncomplicated urinary tract 

infections, in a geographical area with a high prevalence of 

TMP-SMX–resistant uropathogens. In Clin. Infect. Dis., 

vol. 34, 2002, p. 1165–1169. 

SMITH,  K.E. – NESSEČ, J.M. – HEDBERG, C.W. 1999. 

Quinolone-resistant Campylobacter jejuni infections in 

Minnesota, 1992–1998. In N. Engl. J. Med., vol. 340, 1999, 

p. 1525–1532. 

SOMAL, N. - COLEY, K. E. - MOLAN, P. C. - 

HANCOCK, B. M., 1994. Susceptibility of Helicobacter 

pylori to the Antibacterial Activity of Manuka Honey. In  J. 

R. Soc. Med., vol. 87, 1994, p. 9-12. 

WAHDAN, H. A., 1998. Causes of the antimicrobial 

activity of honey. In Infection,  vol. 26, 1998, p. 26–31. 

WESTON, R. J. - MITCHELL, K. R. - ALLEN,  K. L., 

1999. Antibacterial phenolic components of New Zealand 

manuka honey, In Food Chem., vol. 64, 1999, p. 295–301. 

ZAGHLOUL, A. A. - El-SHATTAW, H. H. - KASSEM, A. 

A. – IBRAHIM, E.A. – REDDY, I.K. – KHAN, M.A., 

2001. Honey, a prospective antibiotic: extraction, 

formulation, and stability. In Pharmazie, vol. 56, 2001; p 643–

647. 

ZUMLA, A. - LULAT, A., 1989. Honey – a remedy 

rediscovered. In J. R. Soc. Med., vol. 82, 1989, p. 384–385. 

 

Acknowledgments:  

This work has been supported by grant of VEGA 1/0372/09, 

KEGA 430-014SPU-4/2010 

 

Contact address: 

Ing. Martin Melich, Department of  Microbiology, Faculty 

of Biotechnology and Food Sciences, Slovak University of 

Agriculture in Nitra, Trieda Andreja Hlinku 2, 949 76 Nitra, 

phone number: +421 37 641 5821, e-mail: 

matko7903@gmail.com 

 

doc. Ing. Miroslava Kačániová, PhD., Department of  

Microbiology, Faculty of Biotechnology and Food Sciences, 

Slovak University of Agriculture in Nitra, Trieda Andreja 

Hlinku 2, 949 76 Nitra, phone number: +421 37 641 4494, e-

mail: miroslava.kacaniova@uniag.sk 

 

Ing. Róbert Chlebo, PhD., Department of Poultry Sciences 

and Small Husbandry, Faculty of Agrobiology and Food 

Resources, Slovak University of Agriculture in Nitra, Trieda 

Andreja Hlinku 2, 949 76 Nitra, phone number: +421 37 641 

4494, e-mail: robert.chlebo@uniag.sk 

 

Ing. Vladimíra Kňazovická, Department of  Microbiology, 

Faculty of Biotechnology and Food Sciences, Slovak 

University of Agriculture in Nitra, Trieda Andreja Hlinku 2,  

949 76 Nitra, phone number: +421 37 641 5812, e-mail: 

vladimira.knazovicka@uniag.sk 

 

doc. Ing. Peter Haščík, PhD., Department of Animal 

Products Evaluation and Processing, Faculty of 

Biotechnology and Food Sciences, Slovak University of 

Agriculture in Nitra, Trieda Andreja Hlinku 2, 949 76 Nitra, 

phone number: +421 37 641 4708, e-mail: 

peter.hascik@uniag.sk 

 
Ing. Martina Fikselová, PhD., Department of Hygiene and 

Food Safety, Faculty of Biotechnology and Food Sciences, 

Slovak University of Agriculture in Nitra, Trieda Andreja 

Hlinku 2, 949 76 Nitra, phone number: +421 37 641 4603, e-

mail: martina.fikselova@uniag.sk 

 

Ing. Ján Mareček, PhD., Department of Plant Processing 

and Storage, Faculty of Biotechnology and Food Sciences, 

Slovak University of Agriculture in Nitra, Trieda Andreja 

Hlinku 2, 949 76 Nitra, phone number: +421 37 641 4379, e-

mail: jan.marecek@uniag.sk 

 


