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Abstract Ten samples of pure honey and one sample of control solution containing 80% 
of glucose and fructose in'the ratio of 1:1 were heated at the temperature of 63°,80°,100° 
and 121°C for 30 minutes. Each sample was then determined for viscosity and also for 
antibacterial activity using modified disc susceptibility test. Although the viscosity of the 
untreated honey samples varied from 80.43 cps to 7,507.77 cps, the diameters of the 
inhibition zone of most untreated honey samples were not different. The antibacterial 
activity of honey was affected by temperatures particularly at 100° and 121T. This might 
result from the heat degradation of some antibacterial substances in honey. Viscosity of 
honey sample increased when heated them at various temperatures. However, the visco­
sity did not correlate to antibacterial activity of honey. 
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INTRODUCTION 

Purified honey is used officially in phannaceutical 
preparations as demulcent and sweetening agent. I It also has 
antimicrobial activity2-4 and has been used in enhancing the 
healing of wounds by topical application.4.5 Several mecha­
nisms concerning the antimicrobial activity of honey have 
been suggested. For example, sugar in honey causes high 
osmotic pressure at the wound surface and induces an unfavor­
able low water activity there by inhibiting microbial growth. 
In addition, the fennentation of honey also produces alcohol 
in-situ which may be toxic to the microorganism.6 However, 
it was found that honey contained a bactericidal substance 
called inhibine which was thennolabile and could be des­
troyed by direct sunlight. It also contained another group of 
antibacterial substances which was light sensitive but rela­
tively heat-stable. These substances were destroyed by heat­
ing at 80°C.2 

In this study, we have studied the effect of temperature 
on the antibacterial activity of honey and also on the viscosity 
of honey which might be correlated to the antibacterial acti­
vity of it. The possible antibacterial mechanism of honey 
would be discussed. 

MATERIALS AND METHODS 

1. Honey Nine samples of locally obtained honey 
from various provinces in Thailand and one sample of im­
ported honey for commercial consumption from U.S.A. 
(Table 1), all of which passed the test for invert sugar 
substitute by the method specified in the Pharmaceutical 
Codex 11 Ih ed,7 were used. The samples were heated at 63 0, 

80°, 100° and 121°C for 30 minutes. 

Table 1	 Sources and locations of honey passing the test for 
invert sugar substitute. 

Locations 
Sample No. Sources 

(Province/country) 

3 Longan Chiangrai 
5 Litchi Lumpang 

7 Ubolrajdhani 
9 Longan Lumpang 

11 Lumpoon 
13 Lumpang 
15 U.S.A. 
16 Chumporn 
17 Litchi Chiangmai 
18 Longan Chiangmai 

Not specified 

2. Control solution Control solution contammg 
80per cent of glucose and fructose in the ratio of 1: 1 was also 
heated at 63 0, 80°, 100° and 121°C as well. 

3. Test organisms Staphylococcus aureus ATCC 
25923, Micrococcus luteus ATCC 9341, Bacillus subtilis 
ATCC 6633, Escherichia coli ATCC 25922, Pseudomonas 
aeruginosa ATCC 27853, Klebsiella pneumoniae ATCC 
10031. 

4. Medium Mueller Hinton agar (Difco). 
5. Preparation of inoculum Each organism was 

grown on Mueller Hinton agar slam at 3TC overnight. The 
inoculum was prepared in sterile saline and diluted to obtain 
a turbidity comparable to the 0.5 McFarland turbidity stan­
dard. 

6. Determination of viscosity of honey The visco­
sity of honey samples and control solution were measured 
using Brookfield digital viscometer. 

7. Determination of antibacterial activity of honey 
by using modified disc susceptibility test8 Plates with 
internal diameter of 100 mm containing 25 ml of Mueller 
Hinton agar were inoculated by streaking method. Six sterile 
stainless steel cylinders (6 mm internal diameter and 10 mm 
height) were placed on the inoculated agar surface and filled 
with honey and control solution. After maintaining at room 
temperature for 15 minutes, the plates were incubated at 3TC 
overnight. The results were obtained by measuring the dia­
meters of inhibition zone. The detennination were carried out 
in triplicate. 

RESULTS 

Honey samples exhibited a wide range of viscosity 
from 80.43 cps to 7,507.77 cps (Table 2). The lowest visco­
sity obtained from sample number 16 was still approximately 
two fold higher than that of the control solution as shown in 
Table 2. However, the diameters of inhibition zone of most 
honey samples did not different (Table 2). The control solu­
tion had no effect on the test organisms (Table 2). The honey 
samples could be grouped based on the significant difference 
of the diameters of inhibition zone (Fisher's Least Significant 
Difference Multiple Comparison Test at p<0.05), as shown 
in Table 3. For S. aureus the honey samples could be divided 
into 2 groups, one group contained honey sample No.3, 6, 9, 
11, 13 and 17 while the other group contained honey sample 
No.7, 15, 16 and 18. For M. luteus, they could be grouped 
into 3 groups, honey sample No.3, 6, 9, 11, 13,15 and 17 for 
group one, sample No.7 and 18 for group two and sample No. 
16for group three. For B. subtilis, sample No.3, 6, 7, 9,11,13, 
15 and 18 could be grouped together and sample No. 16 and 
17 could be group together. For E. coli, the honey samples 
could be grouped into only one group including sample No.3, 
6, 9, 11, 13, 16 and 17, the others could not be grouped 
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Table 2 Viscosity and antibacterial activity of honey and control solution. 

Inhibition Zone Diameter (mm±S.E.M.) 
Sample Viscosity 

No. (cps) S. aureus M.luteus B. subtitis E. coli P. aeruginosa K. pneumoniae 

3 1,634.30 14.96±1.l0 11.58±0.44 12.82±0.68 12.24±O.61 14.18±OAO 13.00±1.56 
6 2,863.10 13.28±0.80 11.30±0.08 11.42±0.72 12.60±0.94 12.38±0.97 11.96±0.65 

7 914.19 10.84±0.25 9.5±OAI 11.52±O.68 10.24±O.18 11.30±0.54 11.28±0.36 
9 2,027.52 14.78±1.07 1O.98±0.29 13.l4±0.86 12.70±0.95 15.00±0.25 12.04±1.03 

11 7,507.97 15A2±0.61 11.62±0.30 12.88±O.31 13.66±O.74 14.72±0.56 13.60±0.82 
13 2,813.95 13.54±1.11 11.64±0.25 12.l0±0.35 13.18±0.60 13.32±O.l7 12.30±0.33 
15 4,632.58 11.06±0.35 1O.64±0.37 12.04±0.84 11.02±0.32 13.28±O.55 13.78±0.82 
16 80043 1O.76±0.26 17.96±0.30 15.84±0.32 13.30±0.90 12.68±OA2 12.66±OA3 
17 2,125.82 14.38±1.06 11.10±0.62 14A4±0.71 12.14±OA7 13.20±0.87 13.62±1.42 
18 2,531.33 11.22±O.l 9 9.04±OA9 11.74±O.52 11.40±0.94 13.88±1.15 13A4±0.36 
C 42.88 0 0 0 0 0 0 

S.E.M. Standard error of mean 

Table 3 Honey samples grouped according to the diameter of inhibition zone." 

Group of Honey Sample 
Test Organisms 

1 2 3 

S. aureus 3,6,9,11,13,17 7,15,16,18 

M.luteus 3,6,9,11,13,15,17 7,18 16 
B. subtilis 3,6,7,9,11,13,15,18 16, 17b 

E. coli 3,6,9,11,13,16,17 
P. aeruginosa 3,9, 11, 13, 15, 17, 18 
K. pneumoniae 3,6,9,11,13,15,16,17,18 

a = The diameters of inhibition zone differed statistically significant (p<O.05) between groups but had no difference within group. 
b Did not differ from sample No.3, 9 and 11. 
c Only differed significantly from sample No.9 and 11. 
d = Differed significantly from sample No. 11, 15, 17 and 18. 

together. For P. aeruginosa, sample No.3, 9, 11, 13, 15, 17 
and 18 could be grouped together and sample No.6, 7 and 16 
could be grouped together. For K. pneumoniae, all samples 
exhibited no significant difference in inhibition zone diameter 
except that of sample No. 7 which differed from those of 
sample No. 11, 15, 17 and 18. 

After heating honey at various temperatures, the anti­
bacterial activity against gram positive and gram negative test 
organisms were exhibited in different pattern as shown in Fig. 
1. For S. aureus, four honey samples heated at 63 ° and 80T 
showed a decrease in inhibition zone diameter as compared to 
the untreated honey, but one sample of 80°C heated honey 
showed an increase. For 100°C heated honey samples, two 

pattern of inhibition zone diameters were observed, decrease 
in seven samples and increase in two samples. For 121 °C 

treated honey, nine samples showed an increase in inhibition 

zone diameters comparing to the 100°C heated honey. More­
over, four of these nine samples also showed an increase 
comparing to the unheated honey. In addition, one sample 
that did not show different inhibition zone diameter from the 
100°C heated honey also showed an increase comparing to the 
unheated honey. 

For M. luteus, one sample of the 63 ° and 80T heated. 
honey showed an increase and a decrease in inhibition zone 
diameters, respectively. For 100°C heated honey, the inhibi­
tion zone diameters of two samples showed an increase and 
that of one sample showed a decrease. For 121 T heated 
honey, the inhibition zone diameters of nine samples showed 
an increase as compared to those of the 100°C heated honey 
and unheated honey. 
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Fig. 1 Effect of temperature on antibacterial activity of honey. 

For B. subtilis, the inhibition zone diameters of 63°C 
heated honey increased in one sample and decreased in 
another one. For 100°C heated honey, the inhibition zone 
diameters of two samples showed an increase and that of 
another sample showed a decrease. For 121°C heated honey, 
the inhibition zone diameters of five samples showed an 
increase comparing to those of the 100°C heated honey and to 
those of the unheated honey. 

For E. coli, 2, 3.6 and 5 samples of 63°,80°, 100' and 
121 T heated honey respectively, showed a decrease in 
inhibition zone diameters. 

For P. aeruginosa, 1 samples of the 63T heated honey 
showed an increase in inhibition zone diameter and 4 samples 

showed a decrease. For 80T heated honey, only 1 sample 
showed a decrese in the inhibition zone size, while for 100° 
and 121°C heated honey, 8 and 7 samples, respectively, 
showed a decrease in the inhibition zone size. 

For K.pneumoniae, 2 samples of63'C heated honey, 4 
samples ofthe 100°C heated honey and 8 samples ofthe 121°C 
heated honey showed a decrease in the inhibition zone size. 

No inhibition zone against the test organisms was ob­
served in the heated control solution except fot the 121T 
heated solution which exhibited the inhibition zone diameters 
of 11.7±O.2l, 9.88±0.38, 1O.96±O.16, 8.70±0.25 and 8.80± 
0.35 mm on S. aureus, M. luteus, B. subtilis, P. aeruginosa 
and K. pneumoniae, respectively. 
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The viscosity of heated honey increased variably, the 
ranges were 106.84-7,950.34cps, 144.29-7,729.15 cps, 207.53­
7,680 cps and 200.78-7,360.51 cps for 63·, 80·, 100· and 
121"C heated honey, respectively. For heated control solu­
tion, the viscosity did not differ from the viscosity of unheated 
control solution. 

DISCUSSIONS AND CONCLUSIONS 

The antibacterial activity ofmost honey samples against 
test organisms regarded to the inhibition zone diameter were 
not different. The control solution containing approximately 
the same amount of sugar in honey has no antibacterial acti­
vity. This result supported the earlier study which mentioned 
that honey contained some antibacterial substances.2 

After heating honey at various temperatures, we found 
that temperature played some roles on the antibacterial acti­
vity of honey against gram positive and gram negative bacte­
ria in different manners. Antibacterial activity against S. 
aure·us of 7 in 10 samples of the lOO"C heated honey was 
affected by temperature which cause adecrease in the activity. 
In contrary, the antibacterial activity against gram positive 
bacteria of most of 121·C heated honey samples showed an 
increase. Against gram negative bacteria, the antibacterial 
activity of most honey samples was shown to be decreased 
when the samples were heated both at 100· and 121 ·C. The 
antibacterial activity of 121 ·C heated control solution against 
all test organisms except for E. coli was shown to be increased. 

Therefore, it may also be suggested that the antibacterial 
activity of honey was resulted from some antibacterial sub­
stances containing in honey. Among these substances, the 
one which was inhibitory against S. aureus and various gram 
negative bacteria seemed to be heat labile whereas the sub­
stance against M. luteus and B. subtilis seemed to be heat 
stable. The heat stability of these substances may be in­
fluenced by other factor such as the pH of the sample. This 
may be the explanation of the variation in the results obtained 
from different samples. The increase of antibacterial activity 
against gram positive bacteria of some of the 63·, 80· and 
lOOT heated honey sample, most of 121·C heated honey 
samples and 121"C heated control solution may be resulted 
from the degradation products of sugars. On sterilization, 
glucose degrades to a product which subsequently degrades to 
5-hydroxy-methylfurfural and finally to formic acid and laevu­
linie acid.9 The degradation products may have little or no 
effect on gram negative bacteria. Our results suggested that 
in the determination of minimal inhibitory concentration of 
honey, it should be added honey into culture medium after 
sterilization. 

We found that viscosity of honey samples increased 
when heated them at various temperature, but the viscosity did 
not correlate to antibacterial activity of honey. 
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