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Abstract Ten samples of honey were studied for the antibiotic equivalent potency. The 
antibacterial activity of honey was equivalent to 0.675-1.45 units/ml of penicillin against 
Staphylococcus aureus and to <14.7-28.1 mcg/ml of tetracycline against Escherichia coli. 
Five selected samples, having low to high equivalent potency of penicillin against Staphy­
lococcus aureus, were determined for MICs against 30 strains of Staphylococcus aureus 
and Escherichia coli including standard strains. Most strains were antibiotic-resistant 
organisms. The MICs against Staphylococcus aureus and Escherichia coli ofhoney samples 
were 0.1-0.3 g/ml and 0.15-0.35 g/ml, respectively. For control solution containing 80% 

." ofglucose and fructose in the ratio of 1:1, the growth of test organisms was not inhibited. 
~ , Our study showed that the various samples of honey had approximately the same I;
 
\ antibacterial activity. It was also shown that the honey samples were inhibitory against
 

antibiotic-resistant organisms. 
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INTRODUCTION 

A number of study reported the in vitro antibacterial 
effect of pure honey.1'3 It was found that many bacteria such 
as Staphylococcus aureus, Proteus mirabilis and Escherichia 
coli failed to grow in undiluted and 50% diluted honey. There­
fore, honey was used in the postoperative management of 
patient undergoing radical vulvectomy for vulva carcinoma, 
and used in the treatment of infantile gastroenteritis.3,4 

To compare the antibacterial activity of honey with 
some commonly used antibiotics, we would determine the 
equivalent potency r;f antibiotics and minimal inhibitory con­
centrations (MlCs) of honey against clinical isolates. 

MATERIALS AND METHODS 

1. Honey Nine out of 18 honey samples from various 
provinces in Thailand and lout of 2 samples of imported 
honey for commercial consumption from U.S.A., passing the 
test for invert sugar substitute by the method specified in the 
Pharmaceutical Codex 11th ed,S were determined for the 
equivalent potency of antibiotics. Five selected samples, 
having low to high equivalent potency of penicillin on S, 
aureus, were determined for minimal inhibitory concentra­
tions. 

2. Control solution Control solution containing 80% 
of glucose and fructose in the ratio of 1: 1 was used in this 
study. 

3. Antibiotic working standard Pencillin potency 
1,664.0 units/mg, tetracycline potency 100.0%. 

4. Antibiotic sensitivity discs 
Ampicillin 10 mcg (BBL, Lot. No.908636) 
Cefotaxime 30 mcg (BBL, Lot. No.812534) 
Colistin 10 mcg (BBL, Lot. No.8065 17) 
Erythromycin 15 mcg (BBL, Lot. No.907532) 
Neomycin 30 mcg (BBL, Lot. No.8125l9) 
Penicillin 10 u (BBL, Lot. No.9036l7) 
Tetracycline 30 mcg (BBL, Lot. No.904556) 
Trimethoprim-sulfamethoxazole 1.25/23.75 mcg 

(BBL, Lot. No.909579) 
5. Test organisms Staphylococcus aureus ATCC 

25923, Escherichia coli ATCC 25922. 
Staphylococcus aureus: 30 clinical isolates from De­

partment of Microbiology, Faculty of Medicine, Siriraj Hos­
pital, Mahidol University. 

Escherichia coli: 30 clinical isolates from Depart­
ment of Microbiology, Faculty of Medicine, Chulalongkorn 
University. 

6. Medium Mueller Hinton agar (Difco). 
7. Preparations of inoculum 

7.1 For determination of the equivalent potency 
ofantibiotics. Each standard organism was grown on Mueller 

Hinton agar slant at 3TC overnight. The inoculum was 
obtained from the surface growth of each organism in sterile 
saline and diluted to give 50% light transmission in I cm layer 
cuvette at a wavelength of 650 nm. 

7.2 For determination ofdisc susceptibility. The 
culture suspension was prepared as described in 7.1, except 
that it was diluted to obtain a turbidity comparable to the 0.5 
McFarland turbidity standard. 

7.3 For determination ofMICs. The culture sus­
pension was prepared as described in 7.2. In addition, a 1:20 
dilution ofthe culture suspension was prepared in sterile saline 
for inoculation. 

8. Determination of the equivalent potency of anti­
biotic by cylinder-plate method6 

8.1 1% potassium phosphate buffer pH6 was used to 
dissolve and dilute penicillin to obtain concentrations of0.51, 
0.64, 0.8, 1.0 and 1.25 units/ml. For tetracycline, 0.1 M 
potassium phosphate buffer pH 4.5 was used to dissolve and 
dilute the antibiotic to obtain concentrations of 12.8, 16,20,25 
and 31.2 mcg/ml. 

8.2 The assay plates were prepared using petri dis­
hes 100x20 mm. Twenty-one ml of Mueller Hinton agar was 
placed in each plates which then were allowed to harden. Four 
ml of seed layer containing 1% of inoculum in Mueller Hin­
ton agar were added and was allowed to harden. Twelve plates 
were used for the establishment of the standard curve, and 3 
more plates were used for the assay of each sample of honey. 

8.3 Plates containing S. aureus ATCC 25923, or E. 
coli ATCC 25922 were used for penicillin and tetracycline 
assay, respectively. 

8.4 In order to derive the standard curve, 6 stainless 
steel cylinders (6 mm internal diameter and 10 mm height) 
were placed on the surface of each of 3 inoculated plates. 
They were then alternately filled with the medium antibiotic 
dilution and each of the remaining cylinders with lout of the 
other 4 antibiotic concentrations. Repeated the process for 
the remaining 3 antibiotic concentrations. 

8.5 To determine the antibiotic equivalent potency 
of honey, the alternate cylinders were filled, on each of 3 
pJates, with the median antibiotic solution, and the remaining 
9 cylinders with I sample of honey. After maintaining at 
room temperature of 1 hr, the plates were incubated at 3TC 
overnight. The diameters of inhibition zone were measured. 

9. Determination of antibiotic disc susceptibility 
9.1 The inoculated plates were prepared by inocula­

ting each test organism on the surface of plates (l00 mm 
diameter) containing 25 ml of Mueller Hinton agar by streak 
method.? 

9.2 The antibiotic susceptibility discs were placed 
on the surface of inoculated plates. The discs tested with S. 
aureus were cefotaxime, erythromycin, penicillin, tetracy­
cline and trimethoprim-sulfamethoxazole. 
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The discs tested with E. coli were ampicillin, colistin, 
neomycin, tetracycline and trimethoprim-sulfamethoxazole. 

9.3 After maintaining at room temperature for 15 
minutes, the plates were incubated at 3TC overnight. The 
diameters of inhibition zone were measured. Each determi­
nation was carried out in duplicate. 

10. Determination of MICs of honey by agar dilu­
tion method8 

10.1 In order to prepare plates containing honey, 
each sample of honey was added to melted Mueller Hinton 
agarto give final honey concentration of50,45,40,35,30,25, 
20,15, 10 and 5%. Twenty-five ml of each medium contain­
ing honey was pipetted into plate (l00 mm diameter) and then 
allowed to harden. 

10.2 The test organisms were inoculated onto the 
plates containing honey, control solution and control plate (no 
honey and no control solution) by using the inoculum replica­
ting device which delivered 1 III of inoculum, containing 
approximately Ix 104 viable cells per spot, onto the agar sur­
face. The inoculum plates were allowed to stand undisturbed 
until the spots of inoculum were absorbed completely. The 
plates were then incubated at 3TC overnight and observed for 
growth of the organisms. Each determination was carried out 
in triplicate. 

RESULTS 

The equivalent potency The antibacterial activities 
of honey were equivalent to 0.675-1.45 unitslml of penicillin 
against S. aureus and to <14.7-28.1 mcglml of tetracycline 
against E. coli. 

Table! Susceptibility of clinical isolated strains of S. aureus. 

No. of Pattern of Susceptibility 
Strains P T E Cef T-S 

1 + + + + + 
16 + + + + 
10 + + + 

1 ± + + + 
1 + 
1 

P == Penicillin 
T Tetracycline 
E Erythromycin 
Cef == Cefotaxime 
T-S Trimethoprim + sulfamethoxazole 
+ Susceptible 

Resistant 
± == Intermediate 
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Table 2 Susceptibility of clinical isolated strains of E. coli.
 

No.of Pattern of Susceptibility 
Strains A Co N T T·S 

8 + 
6 + ± 
3 + ± + 
3 + + ± + 
2 + + 
2 + + ± + + 
1 + ± 
1 + ± ± 
1 + + 
1 + + + 
1 + + + 
1 + + + + 

A Ampicillin 
Co == Colistin 
N Neomycin 
T Tetracycline 
T·S == Trimethoprim + sulfamethoxazole 
+ Susceptible 

== Resistant 
± Intermediate 

Antibiotic disc susceptibility The standard strains of 
S. aureus and E. coli were susceptible to all test antibiotics. 
The strains of S. aureus and E. coli isolated from clinical 
specimens could be grouped into 6 and 12 groups according to 
the patterns of susceptibility as shown in Table 1 and 2, 
respectively. 

Minimal inhibitory concentrations (MICs) The 
MICs of honey samples for S. aureus and E. coli were 0.1-0.3 
glml and 0.15-0.35 glml, respectively. For some strains of S. 
aureus, the MICs of some samples were below 0.1 glm\. 

However, most of them were 0.1 g/m\. There was only 1 
sample with the MIC of 0.3 glml and this sample also had the 
highest MIC for E. coli. For plates containing control solu­
tion, the growth of test organisms was not inhibited. 

DISCUSSIONS AND CONCLUSIONS 

The antibiotic equivalent potencies of various honey 
samples differed about 2 fold. Most strains of both test 
organisms were susceptible to the same concentration of 
honey. The results from our study showed that the antibac­
terial activity of various samples of honey were similar. 
Therefore, the honey susceptibility of bacteria did not corre­
late to antibiotic susceptibility of those test organisms. 
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