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Project Title v The Antimicrocbial Action of Honey
(1) Effect of Temperature on Antibacterisl

Activity of Honey

Name of Invéstigators - Nong€luksna Sriubolimas
| | Areersat ‘ Léorpaksa
Saree Viiunhaphol
Year ‘ March 1881
|

Ahstractht ’ : |

Ten samples of pure honey and one sample of control
solution containing 88% of glucose and frustose in the ratio
of 1:1 were heated at the temperature of 63°, 88°, 1886° end
121°C for 306 minutes. Each éample was then determined for
viscosity and also for antibacterial activity using modified
disc susceptibility test. Although the viscosity of the
untreated honey semples varied from 88.43 cps to 7,587.77 cops,
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 108° and
121°C. This might result from the heat degradation of some
ahtibacterial substances 'in honey. Viscosity of honey sample
increased when heated them at various temperatures. However,
the viscosity did nobk COPrglate to sntibacterial sctivity of

honey.




Project Title » The Antimicrobial Action of Honey

(2 Antibacterial Activity of Honey

NHame of Investigators Nongluksna  Sriubolmas
Saree Virunhaphol
) Areerat Laorpaksa
Year March 18981
Abstract

Ten samples of honey were studied for the antibiotic
eguivalent potency. The antibacterial activity of honey was
equivalent - to 8.675 - 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

tc high eguivalent potency of penicillin agsinst Staphvlococcus

sureus, were determined for MICs against 36 strains of
. VAl ‘

Staphyloceccus éureus and Escherichia coli including'standard

strains.  Most strains were antibictic - resistant organisms.

The MICs against Staphylococcus aureus end Escherichia coli

of honey samples were 9.1 - 6.3 g/ml1 and 0;15 - @B.35 g€/ml,
respectively. For control solution containing 88% of glucose
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 sntibacterial activity.

I+ was alsc shown that the honey samples were inhibitory

against antibiotic - resistant organisms.
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Project Title The Antimicrobial Action of Honey
(3) Antifungal Activity of Honey

‘Rame of Investigators Areersat Laorpaksa

Saree Virunheaphol

Nongluksna Sriubolmas

Year : ; ( March 1991
Abstract

The antifungal activity of ten honey samples against

Trichophyton mentagrophytes , Microsporum gypseum and -

Epidermophyton floccosum was studied. The average inhibition

zones‘were found to be in the range of 19.58 + 1.85 to 31.08

+.6.982 , 17?@@ +. 8.61 £0.29.62 + 6.29 and 26.40 + 1.589 +to
46.36 £ 1.86 millimeters; respectively. The imported honey
provided the lowest antifungal activity whereas the sample from
Chumporn provided the‘highest activity. All samples had no

effect on Aépergiilus nigeh and the two yessts ¢ Saccharomyces

cerevisiase and Casndida elbicans. The control sugar (Glucose §
Fructose in ratio 1:1) showed no antifungal effect agaiﬁst all
test organisms. The minimal inhibiteory cqncentrations (MICs)

of the two selected honey samples agaxnsﬁ Trichophyton .

mentagrophytes and Microsporum gypseum were both in the range

of 19 - 38 milligrams/milliter while the MICs against

Epidenméphytcn' floccosum were in the range of 16 - 26

milligrams/mil}iliter.
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PART I

EFFECT OF TEMPERATURE ON
ANTIBAGCTERIAIL ACTIVITY OF HONEY



INTRODUCTION

Purified honey is used officially in pharmaceuticsal
preparations as demulcent and sweebening agentci’. It alse

{263 3%

has antimicrobial esctivity and has been used in

enhancing the healing of wounds by topical application‘“'s’
Several mechanisms cbncerning the antimicrobial activity of
honey'haVE beeh suggested. For example, sugar in honey causes
high osmotic pressure at the wound surface and induces an
unfavorable low water activity thereby inhibiting microbial
growth. Ih additioﬁ, the fermentation of honey also produces
alcohol in-situ which may be toxic to the microorganism " .
However, it was found that honey contained sa bacﬂericidal
substance called inhibine which was thermolabile and could be
destpqyed by direct sunlight. It also contained another group
of antibacterial substances which was light sensitive but

relatively heat-stable. These substances were destroyed by

heating at 88°C°27.

In this study, we have studied the effect of temperature
~on the antibacteriaifactivity\of honey and aléo on the viscosity
kdf honey which might be correlated to the antibacterial activity
of it. The possible antibacterial mechanism of hdney would ﬁe

discussed.



HMATERIALS AND METHODS

1. Honey

Nine samples of locally obtsined honey from variocus
“'provinces in Thailand and one sample of imported honey for
,commepciai consumption from U.S.A.(Teble 1), éll of which
passed thertest for invert suger substitute by the methdd
specified in the Phérmaceutical Codex 11*" ed‘”’ , were used.

The samples were heasted at 63°, 88°, 168° and 121°C for 38

minutes.

2. Control solution

Control sclution containing 88% of g€lucose and

fructose in the ratic of 131 was alsoc heated st 63°, 86°, 108

and 121°C &8s well.

3. Test organisms

Staphviocococus aureus ATCC 25923

Micrococcus luteus  ATCC 89341

Bacilius subtilis ATCC 6633

“Escherichia coli \ATCG 25922

Pseudnmanaé‘aeruginesa ATCC 27853

Kiebsiellas pneumoniae ATCC 18831

4. Medium
‘Mueller Hinton agar (Difco)

5. Preparation of incculum

Each organism was grown on Mueller Hinton agar slant
at 37°C overnight. The inoculum was prepared in sterile
saline and diluted to obtain a turbidity comparable to the’

.5 McFarland turbidity standard.



Table 1 Spurces end iocabions of honsy passing i test for

invert sugsr subsbilbube

‘{Ssmple Ho, Sources Loeations
. {Province / country}
] Longsn Chiengrei
& Litchi Lumpsnyg
7 ' - : - Ubolrejdhani
g | Longen ‘ Lvmpang
11 Y ' Luvmpoon
i3 7 . Lumpsng
i5 - 'U.S:Su
i& - - Chumporn
17 Litchi ‘ Chisngmei
i8 Longsn . Bhisﬁgmai

- = not specifisd




6. Determination of viscosity of honey

The viscosity of honey samples and control solution

were measured using Brookfield digital viscometer.

7. Determination of antibacterial activity of honey

{8

by usindg modified disc susceptibility test

Platés with internsal diameter of 168 mm contaiﬁing
25 m1l of Muellér Hinton agar were inoculated by streaking
ﬁethod. Sixn sterile stainless steel cylinders (6 mm interns!
diameter and 18 mm heifght) were placed en the incculated
egar surface and filled with honey and control sciution.
After mainteining at room tempersture for 15 minutes, the
plates were jncubated at 37°¢C overnight. The results were
obteined by meaéuring the diameters of inhibiﬁion zZone.

The determinastion were carried out in‘triplicate.



BESULTS

Honey samples exhibited s wide range of viscosity
'from 80.43 cps +to 7,587.77 cps. (Table 2). The lowest viscosity
obtéined from sample number 16 was still approximately tLwo
fcld higher than that of the control solution as shown in
Table 2. However, +the diaﬁeters of inhibition zone of most
honey samples did not different (Teble 2). The control
~sclution had no e??ec£ on the test organisms (Table 2).
The honey semples could be grouped based on the signifi;ant
difference of the diameters of inhibition zone (Fisher's
Leasb Significant Difference Multiple Comparison Test at
p<@.95), as shown in Table 3. For S. aureus the honey samples
could be divided 4nto 2 g€roups., one group contained heney
‘sample Ng. 3, 6, 8, 11, 128 and 17 while the other group
contained honey sample No. 7, 15, 16 and 18. For M. luteus,
they could be grouped into 3 groupsy; honey semple No. 3, 6,.9,
11, 13, 15 and 17 for groué one, samplé No.7 and 18 for group
two and sampie No. 18 for group three. For B. subtilis, sample
No. 3, 6, 7, 8, 11, 13, 15 and 18 could be grouped together
and sample No.16 and 17 coﬁld be group together. For g} coli,
the honey samples could be grouped into ohly one group including
sample No. 3, 6,98, 11, 13, 16 and 17, the others could not be

grouped together. For P. aerufginosa, sample No. 3, 8, 11,

18, 15, 17 and 18 could be grouped together and sample No.6, 7

and 18 could be grouped together. FDP‘K. pneumeniae , 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
antibacterial activity égainst gram positive and gram negative

test orgdanisms weré exhibited in different pattern as shown



JELH

Table 2 Viscosity'ané anbibacterial activity’ef‘honey and conbrol selaﬁ&on
SampielViscosity inhibition zone diameter (wm t §.E.M,)
Ho. {cps)
S.aureus ; H, luteus [B,subbifis E.coli (P,asruginesa |X.pneumoniase
3 1,634,30 114,9641.10 }3.58i0;44 12,8240.58412. 2440, 81 14,1840,40 lé,OOil.Bﬁ
8 2,863,10 [13.28+0.80011,3040,08]11.42£0.72]12,6040,94}  12,38+0,97 | 11,9640,85
7 S14,19 110,8410,25; 9.5 40,41111,5240,68/10.2410, 18}  11,3040.54 | 11.2820.38
8 2,027.52 {14.78+1.0710.49840,328 13;1410.85 12,7040,85; 15.0040,25 12,0441.03
11 7,507,587 115.4240.61111,6248G,30]12,884D. 31 13.66&0.74 14.72&0.55 13.BG£0,82~
i3 2,833,985 [13.5431.11111,6440.95)37,1030,35713. 18£0,60, 13.3230,17 | 12,3040.33
15 4,632,588 ]11,06+0.35110.84+0.97112.0440.84111.02+0.32} 13.28+0.55 7 13.78+0,82
i5 80,45 10.7630.26¢17.55840.30115, 840,32 13. 3049, 80 12.68&0.42 12,6640, 43
17 2,12%.82 114.3841.06[11,1040. 82,14, 4420,71112,1440,47)13.2040.87 | 13.52%1.42
8 2,531,338 11.2230;19 9,0440.49)11.7440.5211,4040.841. 13,88+1.15 | 13.4440.36
¢ 42.88 G 0 0 0 0 ¢
5 E = Standard error of mean




Ta

ble 3 Honey samples grouped according tovthe diameter of

inhibition zons”

Tesﬁ organisﬁs Greupsrof honegy sample
1 2 3
8. aureus 3,6,9,11,13,17 7,15,16,18 -
H, luteus 3:0849,11,138,15, 7, 18 18
17
B. subtilis 3,657,9,11,13, 16, 17° -
| 15,18
E. coli 3,6,9,13,18,18,1 N - | -
17
P. geruginosa 3,9,11,13,15,17 §%,7,168° -
18 |
K. pneumonise |3,6,5,11,13,15, 7" -
: 16,17, 18 "

T

The dismeters of inbibition zone differed statistically

significant (p(0,0S) between groups bubt had no difference

within group.
0id not differ from sample HNo. Q, 9 and 11
Only differed significantly from sample No.% and 11

Differed significantly from sample No. 11, 15, 17, and 18




in Fig.1. For S. aureus,; four honey samples heated at 63°Ck
and 86°C showed a decrease in inhibition zone diameter as
compared to the untreatéd honey; but one éample of 88°C hested
honey showed an increase. For 1886°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 diaﬁéters comparing to the 188°C heated honey. Moreover,
four of these nine samples also showed an increase companing
to the unhested honey. In addition, one sample that did not

show different inhibition zone diameter from the i@@ °C heated

honey also showed an increase comparing tc the unheated honey.

For M. luteus , one sample of the 63°C and 88°C heated
honey showed an increase snd a decrease in inhibition zone
diameters, respectively. For 1880°C heated honey, the inhibition
zone diameters of two samples showed an increase aﬁd thet of
.one sample showed a decrease. For 121°C heated honey, the
inhibition zone diameters of nine samples showed &n incresase
as compared to tﬁose of the 168°C heated hdney and unhesated

honey.

Fohug. subti]is‘, the inhibition zone diameters of
63°C heated honey increased in one sample and decreased .in
another one. For 1806°C heated honey, the inhibition zone
diameters of two samplés showed an increase and that of
anotﬁer sample showed a8 decrease. - For 121°C heated honey,
the inhibi£ion zone diameters of five samples showed san
inc§ease comparing to those of the 186°C heated honey and

to thaose of the unhested honey.

For-E. coli , two, three, six and five samples of

83°¢, 88°C, 188°C and 121°C heated honey respectively, showed
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a8 decrease in inhibition zone diameters.

For P. serugdinosa, one sample of the 63°¢C heated

honeykshowed an increase in inhibition zone dismeter and

’ four samples showed a decrease. For 88°C heated honey, only
one sample shoWed & decrease in the inhibition zone size,
while for 180°C and 121°C heated héney, eight and seven
samples, respectively, showed a decrease in the inhibition

zone size.

For K. pneumoniase, two samples of 63°C heated honey,

four samples of the 108°C heated honey end eight samples of
the 121°C hested honey showed a decrease in the inhibition

zone -size,

No inhibition zone against the test organisms was
observed in the heated control soiution except for the 121°C
heated solution which exhibited the inhibition zone diameters
of 11.7 + .21, ©.88 + ©.38, 16.96 * 0.16, 8.70 + 6.25 and

8.80 + ©.35 mm on 8. sureus , M. luteus, B. subtilis,

P. serudinosa and K. pneumonise, respectively.

The visceéity of heated honey increased variably,
the ranges wepre 106.84 ~ 7,950.34 ops , 144.29 = 7,729.15
cps, 287.53 - 7,680 cps and 286.78 - 7,3606.51 cps for

63°C , 88°C, 188°C eand 121°C hested honey, respectively.
For heated control sclution, the viscosity did not Qiffer

o

from the viscosity of unheated control sclution.
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DISCUSSIONS AND CONCLUSIONS

The antibacterial activity of most honey sémples
against test organisms regarded to the inhibition zone
diameter were not different. The control soiﬁtion-containing
approximately the same amount of sufar in honey has no
antibacterial activity. This result supported the earljer
studykwhich menticned'that honey contained some.antibactepial

£33
substances

After hesating hohey at varicus temperatures, we found
that tempersture piayéd some roles on the sntibacterial activity
of honey afFsinst gram positive and gram negative baecteris in
‘different manners. Antibacterial'activity«against S. aupeﬁs
of 7 in 19 samples of the 186°C heated honey was affected by
‘temperature which cause a decrease in the activity. In
contrary, the anﬁibacterial activity sgsinst grsm positive
bagteria of most of 121°C hested honey samples‘showed an
increase. Against gram negative bacteria, the antibacterial
sctivity of most honey sgmples‘was shown to be decreased when
the samples were heasted both et 168°C and 121°C. The

antibacterial activity of 121°C heated control soclution

. Y N
against 21l test orgenisms except for E. coli was shown

to be increased.

Therefore, it may also be suggested that the
antibacterial activiﬁy of hpneykwas resulted from some
antibacterial substances coﬁtaining in honey. Among

these substances, the oﬁe which was inhibitory against

8. aureus and various gram negative bacteris seemed to be
heat labile whereas the'substance against M. luteus and
B. subtilis seemed to be heat stesble. The heat stabilfty

s
of these substances may be influenced by octher factor such
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as the pH of the sample. This may be the explanation of the
variationin the results obtained from djfferent samples.

Tﬁe increase of antzbacter:al activity agaunst gram positive
bacteria of some of the 63°C, 88°C and 188°C hested honey
sample, most of 121°C heated honey samﬁles and 121°C heated
control solutién may be resuited from the degradation products
of sugars. an sterilizatioh, glucose degrades to a prbduct
which subsequen£1y'degrades to S—hjdroxy—methylfurfural and

tB)

finally to formic ascid and laevulxnzc acxd ~“The

degradat ion produckts may have little or no effect on gram
negative bacteria. Gur results suggested that in the !
determination of min;mal inhibitory concentration of honey,
it should békadded honey into culbure medium after . »

sterilization.

We found that viscosity of honey samples .increased
when heated them 8t variocus temperature,; but the vascosaty

did not correlate to antlbacterxal activity of honey.
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INTRODUCTION

A number of study reported the in vitro antibacterial

effect of pure honey‘'’'®*%7, 1t was found that many bacterié

such as Staphylococcus sureus, Proteus mirabilis , and

Escherichia coli faeiled to Erow in undiluted and 58% diluted

honey. Thebefcre,‘honey was used in the postoperative
management of patien£ undergoing radical vulvectomy for vulva
carcinoma, and used in the treatment of infantile

’ - )
gastroenteritis

To compare the antibaoteriai activity of homey with
somé commonly used antibiotics, we would determine the
equivalent potency of antibiotics and minimal inhibitory

concentrations (MICs) of honey against clinical isolates;
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MATERITALS AND METHODS

i. Homney

Nine out of eighteen honey:samples from
various provinces in Thailand and one out of two saﬁples
of imported honey for.commercial consumption from U.S.A.,
‘passing‘the test for invert sugar substitute by the method
‘specified in the Phérmaceuticél Codex 11" ed(ssgkwere
determined for the eqguivalent potency of antibiotics. Five
selected samples, having low to high equivalent potency of
penicillin onvg. aureus , wepe‘determined for minimal

inhibitory concentrations.

2. Control soclution
Control sclution conteining 88% of glucose

and fructose in the ratio of 1:1 was used in this study.

3. Antibiotic working standard

Penicillin potency 1,664.0 units/mg

Tetracycline potency 1@6.% %

4, Antibiotic sensitivity discs

Ampicillin 18  mcg (BBL, Lot. No.9@#8636)
Cefotaxime 38 meg (BBL, lot. No.812534)
Colistin 16  meceg (BBL, Lot. No.8866517)

Erythromycin 15 meg (BBL, Lot. No.987532)
Neomycin 38 mcg (BBL, Lot. No.81251Q)
Penicillin 16. u \ (BBL, Lot. No.9@3617)
Tetracycline 36 mcg (BBL, Lot. No.9BA556)
Trimethoprim - sulfamethoxazole 1.25/728.75 még
(BBL, Lot. No.889579)
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5. Test organisms

Staphylococcus sureus ATCC 25823 -

) Escherichis rvoli ATCC 25922

Staphylococcus aureus 3 36 clinical isolates

from Department of Microbiolo®gy, Faculiy of Medicine,

Siriraj Hospital, Mahidol University

Escherichia coli : 30 c}inical_isolates from
Department of Microbiclogsy, Faculty of Medicine, Chulalongkorn

University

6. Medium

Mueller Hinton agar {Difcol

7.  Preparsations of inoculum

7.1 For determination of the eguivalent potency

of antibiotics

Each standard orfanism was grown on Mueller
Hinton agar slant at 37°C overnight. The inoculum was
obtained from the surface growth of each organism in sterile
saliné and diluted to €ive 568% 1ight trapsmissidﬁ in I-cm

layer cuvette at s wavelength of 650 nm.

7.2 For determination of disc susceptibility

The culture suspension was prepared as
described in 7.1 , except that it was diluted to obtain a
turbidity comparable to the 6.5 McFarland turbidity standard.

7.3 For determination of MICs

The culture suspension was prepared as
described in 7.2. In addition, a 1:28 dilution of the
culture suspension was prepared in sterile saline for

inoculation.

[
I
|




8. Determination df the eguivalent potency

of antibiotic by cylinder—plate method‘ ®’

8.1 1% potessium phosphate buffer pHG was
used to dissolve and dilute penicillin to obtain concentrations
of 8.51, 6.64, 6.8, 1.8 and 1.25 units/mi. For tetracycline,
@.1 M potassium phosphate buffer pH 4.5 was used to dissolve
and dilute the antibiotic to obtain concentrations of 12.8,
16, 26, 25 and 31.2 mcg/m}l.

8.2 kThe assay plates were prepared using petri
dishes IGQXZkam. Twenty one ml of Mueller Hinton agaer was
placed in each plates which then were allowed to harden.

Four ml of seed layver containing 1% of inocculum in Mueller
Hinton agar were added and was allowed to harden. ~Twelve
platés were ﬁsed for the establishment of the standard
curve, and three more plates were used for the assay of
each sample of honéy!

8.8 Plates containing 8. aureus ATCGC 25923,
or E. coli ATCC 25822 were used for penicillin and
tetracycline assay, respectively.

8.4 Ih order to derive the standard curve, §.
steainless steel cy]inders (6 mm internal dﬁameterkand 186 mm
height) were placed on the surface of esch of 3 inoculated
plates.  They were then altermnately filled with the medium
antibiotic dilution and each of the remaining cylinders with
one out of the other four antibioctic concentrations. Repeated
thé process for the remaining three antibiotic concentrations.

8.5 To determine the antibiotic eguivalent potency
of honey, the alternste bylindeps were filled, on each of 3
plates, with the median antibioctic solution, snd the remaining
8 cylinders withlone sample of honey. After maintaining st
room temperature for 1 hr, the plates were incubated at 37°C

overnight. The diameters of inhibition zone were measured.
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9. Determination of antihiétic disc susceptibiliﬁg.

8.1 The indcu}ated plates were prepared by E
“inoculating each test organism on theksurfaée of plates (108 %
mm diameter) containing 25 ml of Mueller Hinton agar by streak
méthod‘v’ .

8.2 -The antibiotic susceptibility discs.were
placed on the surface of inoculated plstes. The discs tested
with 8. sureus were cefotaxime, ervthromycin, peniciliin,'
tetracycline and trimethoprim—sulfamebhoxazole.

The discs tes£ed with E. coli were ampicillin,
colisting neomycin;'tetpacycline and trimethcoprim -
sulfamethoxazole. |

8.3 After maintsining st room temperature for 15
k minutes; the plaﬁes %ere incubated at 37°G‘OVernight. The
dismeters of inhibition zone were messured. Each determination

-was carried ocut in duplicste.

18. Determination of MICs of honey by sgar dilubtion

method > |

ig.1 In'order +to prepare plates con@aining honey,
each sample of,hnnéy was added'to melted Mueller Hinton agar
£a giye final honey‘conoénfpation‘of 56, 45, 4@, 35, 3@, 25, |
29, 185, 16 and 5%. Twenty fivé ml of each medium ceontaining
honey was pipetted;intc plate (168 mm diameter) an@ then
allowe& to harden.‘

16.2 The test organisms were inocculated onto
the plates containing honey, control solution and control
plate (ﬁo honey and nopbontrol sclution) by‘using the
inoculum repiicating device which deliveéed ljul of inoculum,
containing approxima£ély 1x18% viable cells per spobt, onto
the agar surface. The inoculum plateé were allowed to

stend undisturbed until the spo£5 of inoculum were absorbed

completely. The plates were then incubated at 37°C overnight
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and observed for &rowth of the ofganisms. Each determination

was carried out in triplicate.
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RESULTS

The equivalent potency

The antibacterial sctivities of honey were eguivalent
to 2.675-1.45 units/m! of peniciliin against S. aureus and to

<14.7-28.1! mcg/ml of tetracycline against E. coli

Antibiotic disc susceptibility

The standard strains of S. sureus and E. coli were
susceptible to gll test antibiotics. The strsins of 8. 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 Pable ! and 2, respectively.

‘Minimal inhibitory concentrations (MICs)

The MICs of honey semples for $. sureus and
E. coli were £.1-8.3 g/ml and 0.15-6.35 g/ml, Péspeotively.
For some strains of S§. sureus , the MICs of some samples
were below 8.1 g/mi. However, most of them were 8.1 g/ml.
There was on1y oﬁe samﬁle with the MIC of 8.3 g/ml and this
sample also had thé highest MIC for E. coli. For plates
containing control soclution, the growth of tést crganisms

was not inhibited.
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Tablas 1 Suspepbibility of clinicsl isplabed strains of S sursus

»

Ho.of streins Pattern of suscephibility
P T R L cer T3
i + + + + +
i - + + + +
34 - - + + +
i - i + + i
$ - - - - +
} - - - - -
b = Bonivillin ¢+ T = Totrecycline %
E = Erythromynin , Gef = Cafobuxinms i
-5 = Trimethoprim + Sulfsmethozezols
+ = Syscaphible ’
- = Resistent
i = Intermediets




Takis Z Suécantihility of clinical isolated strains of £ goii

»

ﬁs} of strain Pettorn of suscepbibility

& Co b T T-8
§ - " 2 - -
& - + i ~ -
3 - + B - +
3 + + + - +
3 e + + 3 -
2 + + k-4 + +
i - + E % -
] - £ ETA % -
1 - + - + ~
i + + 4 - -
i 4 + - + +
i + + + - +

= Ampiciilin 3 Lo folistin

i
1

H = Heomyoin T = Tetrecycling
T-5. = Trimethoprim ~ sulfsmsthozezule
+ = Susceptikle

- = Egsishent

-
n

intsraediste



25

DISCUSSIONS ARD CONCLUSIONS

The entibiotic equivalent potencies of varicus honey
samples Giffered about two fold. Most strains of both test
or¥ganisms were susceptible to the same concentration of honey.
The results from ocur study showed that the antibacterial
’activity of various semples of honey were similar. Therefore,
the honey susceptibility of bacteria did not correlate to

antibiotic susceptibility of those test organisms.
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ANTIFUNGAL ACTIVITY OF HOMEY
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INTRODUGTION

Verious bioclogical effects of honey had been described
in scientific and medical journals. Honey was effective in

L5273 o [ PR ]
and treating wounds, sores and burns .

killing bacteria’
However, there was only a few reports refered to the antifungal
activity of it. Preliminary study of antimicrobial activity

of honey ‘distilliated showed a broad spectrum antibacterial and
antifungal sctivity and excellent activi£y against Candida

albicans compared with nystatincs>.

This paper presents an in vitro étudy,evaluating’the

ant ifungal effect of honey'on saprophytic and psthogenic fungil.
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MATERIAL AND METHODS

i. Ten honey samples that passed the test for invert sugar
substitute ®’ were used in this study. The source of each

sample were shown in Table 1.

2.  Antifungsl susceptibility test wes performed by ader
diffusion method

2.1 Thé test organisms

Mold ¢ Trichophyton mentagrnphytes’

Microsporum gypseum*

Epidermophyton floccasum’

Aspergillus nigex*“E

Yeast ¢ Candidse albicans ATCC 16231

‘Ssccharomyces cerevisise TIS 5647

2.2 Médium s Sabouraud dextrose agar (Difco)

2.3  Preparstion of inoculum

The cultures of each 5-10 days old test mold and
24~48 hours old yeast were used. The test organisms were
washedvout with sterile normal saline (@.8%) The filamentous
fungi were filtered through sterile cotton to obtain the
spore suspension. | Each test organism was then standardized to

187 spores dr cellis/mi

¥* Departmen€~of Microbioclogy, Faculty of Medicine,
Chulalongkorn Hosp:tal
%% Department of Microbiology, Faculty of Pharmaceutical

Sciences,kChula}ongkopn university



Tahlis |} The honey samples and their scurses
Sample Source Province / Coundry
3 Londgsn Chiengrei
7 Litchi Lumpany
7 = ’ Ubuirgjééhani
3 Lnnyén Lﬁmpang
i1 ~ Lumpoon
13 - Lumpanyg
15 P s 54 A,
iE 7 Chumporn
17 Litchs Chismgmei
18 Longen Chisngmsi
€ Fructoseidlucosal{liill -

= nob specified

30
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2.4 Preparation of assay nlate

Twenty—five”ml of molien prepared Sabouraud
dextrose ‘agar was poured into sterile 158 mm peiri dishes
and alloﬁed to solidified to form base layer while 1 ml
of each tes£ organism suspension (2.3) was inoculated
into 186 ml of media (45°-58°C) and was mixed to obtain
seed media.  Ten ml of seed media was then poured evenly

over the surface of the_base layer.

2.5  Test procedure

Three sterile stainless steel cups (6 mm internal
diametep‘and 18 mm height) were placed on the surface of the
seed layer for each itest organism. The honey sample'was
fully filled in each cup and the plates were then incubated

a8t room tempersture.

2.8 Control groups

7 2.6.1 The assay plate was prepared in the same
method as in 2.4
v~2.6:2 The sterile cup was placed on the assay
piate and fully filled with solution (C) of fructose ¢
glucose = 1:1 ‘
2.6.3 The untreated aésay plate was used as

growth control.

2.7 Test results

~ The zones of inhibition were measured in millimeter
by vernier caliper éfter 3-5 days for mold and after

24-48 hours for yeast.

3. The minimal inhibitory concentrations (MICs) by broth

dilution

3.1 The test mold
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Trichaphyton mentagrophytes

Microsporum gypseum

Epidermophyton. floccosum

3.2 Medium 3 Sabouraud dextrose broth (Difcol

3.3 Samples
In order to obtein the MICs of the honey sample that

provided the lowest ahti?ungal activity, sample number 15 was
used. " In addition, sample number 11 was also used in order to
observe the MIC of sample which provided intermediste antifungal

activity.

3.4 Preparation of incculum

The procedure was the same &s in 2.3 but the

standardized suspension conteined 10° spores/ml.

3.5 Sample dilutions |
The samples and sclution C were diluted with
Sabouraud dextrose broth to 58, 45, 48, 35, 36, 25, 28, 15
16, 5, 6 (growth control) mg/ml.

3.8 - Test procedure

- One ml of each sample dilution was transfered into
sterile 12x75 mm test tube. One-tenth ml of the’inoculum
(3.4) was added into each tube. The samples were then mixed
and incubested at rocom temperature for 3-6 days or antil visible
growth was observed in growth control tube. The experiment was

carried out in tpipliéate.l

3.7 Interprebaiion of the btest result

According to the growth of the test organism in

serial sample dilution, minimal inhibitory concentration (MIC)
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‘was determined from the lowest concentration of honey that

inhibited the visible growth.



RESULTS

i. The antifungal susceptibility test by sgar diffusion

All ten honey samples inhibited the sgrowth of three

test molds : Trichophyton mentagrophytes , Microspdpum

gvpseun , Epidermophyton floccosum whereas there was no

effect on Aspergillus niger and two yeasts, Saccharomyvces

cerevisiase and Candida slbicans. (Table 2)

Honey sample number 16 provided the largest average

inhibition zone diameter against T. mentagrophytes ,

'ﬁ. gypseum and E. floccosum which were 31.80 + 6.92 , 29.62
+ 6.29 and 46.36 + 1.86 mm;, réspectively, while honey sample
number 15 provided the lowest average inhibition zone d%améters
which were IQ.SQ + 1.856 , 17.86 + 6.61 and 20.46 + 1.58 mm.,

resﬁectively.

By Fisher's Least Significant Difference Multiple
Comparison Test (P<@.85) , the avera®e inhibition zone
diameters provided by sample number 16 was shown to be
significantly difference from the other samples and from the
contral sugar, meanwhile, the average inhibition zone
diameters provided by sample number 15 was also shown to be
significantly different from the other honey samples except

for sample 17.

2. The determination of MICs by broth diiution

The MIGCs of the sample number 11 against

T. mentagrophytes , M. gypseum . and E. floccosum were the

same (19 mg/ml) as shown in Table 3. The MICs of sample

" number 15 against T. mentagrophytes and M. gypseum were
the same (38 mg/ml) while the MICs of the same sample against

E. floccosum was‘lower (28 mg/ml).



Table 2 . Inbibition zone diameters of honey against test organisws -
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Organi#ms Average of inhibiﬂion inne}(mm)‘ﬁ S.EH,
“{Sample Trichophyton Bicrosporum Epidermophyton Aspérgi(lus Saccharoﬁyces' Candida

Tumbar xentégrophytes gypseun fioccosun ‘ nigér cergyvisiase. a{bicans
3 25.6410,51 | 23.3430.63 | 28.3410,54 9 0 0
6 22.6841.48 20,6640.55 | 26.0640.55 0 0 0
7 23,840,985 25.8610:84 40,5840,77 0 0 0
g 23,7441,40 | 26.0440.81 | 34.6443,02 o 0 0
11 77,1240.68 § 26.6010,66 | 90,36+1,57 0 0 0
13 25°I4t1,37 26.1410,48 ‘ 37,2840, 87 0 it} 0‘
15 19,5811.05 17,80+0.61 | 20.40+1.59 0 0 | 0
16 31.0040,52 29,600,259 46;36i1.06 ¢ ¢ 0
17 20,9210,71 20.5840.74 23,2611, 43 0 0 0
18 21,4840,80 20,8640,43 | 27.88+1.37 0 0 0
C 0 ’ -0 ‘ 4] ) 0 0

S.E. M.

Standard error of mean




Tehle 8 The minimsl inhibitory concenbrations of honsy

Ordenism ‘ Highest dilubion of no growkh {(mg/mi)
Ssmnlis Tribhaﬁhytoﬁ Bicrosporum | Epidersophyion
numnber ' msﬁtag?aﬁbyéas Ey¥pseusn fiocoosum
i1 it 10 HY
15 30 20 Z0
g ¥50 350 Y50
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DISGUSSIONS AND CONCLUSIONS

All tested honey samples provided the antifungal

action against dermatophytes : T. mentagrophytes , M. gypseum

and E. floccosum. Each honey sample has no antifungal effect

on A. niger and two yeasts : 8. cerevisiae and C. slbicans.
Similar activity was shown by honeys from the various sources 
eventhough there were some variastion in the inhibition zone
diameters. The results were different from the preliminary

{5572

report that hdney distillated (destructively distilled

under dry nitrogen) provided the antifungsl ascbtivity against

A. niger , Penicillium spp., and excellent activity against
C. albicans. In vitro study of a new approach to wound
healing by applications of honey -  , there was a test of neat

honey and dilutions preparedbwith distilled water (18-58%)
was inoculated with variefy of microorganisms. It was found
that undiluted honey has bactericidal effect and was able to
inhibit the growth of many species of Cendida such as

C. albicans where as there was no effect on Torulopsis

glabrata and S. cerevisiae. However, the growth of . albicans

in dilutioﬁs of honey from 58% to 18% could also be observed.
bThe control group had no antifungal activity.

The MICs of the selected honey samples, number 11 and
’number 15, were determined by broth dilution. The MICs of

sample number 11 against T. mentagrophytes , M. gypseum and

E. floccosum were all the same (16 mg/ml) which were much lower
than the MIC of the sample number 15 against the same ohganisms

(32 mg/ml against T. mentagrophytes and M. gypseum ,20 mg¥/ml

against E. floccosum). This result indicated that the MIC value
of éll the honey samples tested should not be more than the
value obtained from sample number 15 which pvovidedkthe lowest
inhibition zone. The MIC of the control groups against all test

organisms was much higher than the samples (>58 mg/ml).
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