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CHAPTER Il %\T

EVALUATION OF HONEY AS ANTIBACTERIAL AGEN'%AINST
MULTIPLE ANTIBIOTIC RESISTAND PATHOGENS B ERENT

METHODS V
3.1. Introduction \d
g

Honey are not only a delicious food but are @vn fof it ea‘th-\(a?d healing
s b
r

properties. The antibacterial effects of honey e?ﬂ!ll HgaQ arr@%itive bacteria

are well documented (Molan, 1997; Bog@l% X i et,aly 2004; Tan et al.,

2009). Both bacteriostatic and bacteric%ﬂecso\f

&Qst many strains have
been reported in many studies esp%’ IDagai%o en@bacteria (Bogdanov et al.,
n

'} Q-
2008). It is suggested that Mafﬂg eN) cﬁ‘ﬁe used against Burkholderia
\
mfectix,

cepacia which causes pulcnai i ns a th granulomatous disease in urinary
tract infections and W&nd ' $ OSJF;' ized patients (Cooper et al., 2000a;
2000b). & {Q
N N O
Cn g | - |
Honey has S|Q|c' am“l:?u asc@u: acid, flavonoids, phenolic acids, carotenoid

Ic acils, i aoé\and proteins as well as enzymes such as glucose

derivative
A =
oxida atalase, all these “®gfmponents are very important to contribute to honey

fungjs properties (Bogdanov et al., 2008; Perez et al., 2007). Furthermore, honey
@s cinnamic acid, antioxidant agent and some flavonoids which have been approved

for antibacterial applications (Rahman et al., 2010). Mohammed (2010) reported that
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Malaysian honey has antioxidant properties. The antioxidants compounds in honey may

play a positive role in food safety beyond food preservation (Taormina et alig).

In Malaysia, research on honey has focused on different aspects. I s r€ported that
Tualang honey provide beneficial effects for wound healing and wo n management
(Nasir et al., 2010). The effects of different types of honey on terSig’strength evaluation

of burn wound tissue healing were also evaluated by Roz@igl eQal. (f004). The types of

phenolic acidsin Malaysian honey were suggested to ons'bw antibacterial
g
properties (Aljadi & Yusoff, 2003) while other I Mdlaysi lh@ showed

antimicrobial activity on some human pathoge ; sanain et al.,

2010; Zainol et al., 2013). In addition, pro@ 3¥sian oney=ghibited the growth
&
of Staphylococcus aureus and Escherm i as repquled b)@ahman et al. (2010).
Honey of Malaysia, Libya, New %andﬁ b
0 )
ct

with antibacterial activity agair&

positive bacteria and Gra -new
In fact, two methods W ci)
phytochemicals ar@ffus'

|
al., 1990). Sinis%y isfa corMBlek c()s bstances, these methods may not reflect the

N
potency w y d%va)PacteY'_ I" agent. Therefore, other methods namely

nanoph er assay, microtite@ﬁtes, and microbial plate count methods were used in

this st\ an attempt to evaluate the effectiveness of the methods for determination of

@I acterial activity of honey on multiple antibiotic resistant pathogenic bacteria.
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3.2. Materials and Methods

3.2.1. Honey Samples \z

Nine samples of honey were obtained from different sources and% as follows:

Tualang honey (H026) and Acacia honey (H030, HO31 and H032) §om Malaysia, Al-

4

Seder (H025), Kharoob (H028) and Hannon Honey (HO02 ibya and Manuka

3.2.2. Honey Samples Preparation V W
~

Amount of honey used was based o ﬁe?ra (jr{xbat showed antibacterial
activity. Honey samples were dil@dwniz ate@ prepared at 0.2 g/mL. All
or

o

HATSINg \ﬁéoer bath and filtered using 0.45

honey samples were heated at WN
micron filters (to allow a%Zmpou i

kept at 4°C for furthemgtudy. Hf i

microorganisms th %e
Qe l &
(Q B $
3.2.3. C&es of Pathogenic B@e’ria
N .
Th%)genic bacteria used in this study were S. aureus (ATCC 25923), S.

TypNmurium (ATCC 13311), E. coli (ATCC 25922), B. subtilis (ATCC11774) and P.

©

aeruginosa (ATCC 27853) obtained from the Microbiology Laboratory Faculty of
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Science and Technology, Universiti Sains Islam Malaysia (USIM), Malaysia. The

bacteria were grown on nutrient agar (Oxoid, UK), and nutrient broth (Qxo K) at

37°C for 24 h and then kept at 4°C before further experiments. :%

3.2.4. Antibiotic Resistant Test of Target Bacteria Y.

The target bacteria were tested for their resistant i0 icsWisc diffusion

(3
method as described by Bauer et al. (1966). Th(@)tics uged e’va@,c‘;ﬁycin (5
-\

um), cephalothin (30 um), nalidixic acid (30 pm), GEMgamycig (10 wm), i’wptomycin (10
pum), tetracycline (30 um), bacitracine (10 m), nicU‘i 0 u@]loramphenicol
(30 um) and polymyxin B (300 pm) (%4 ﬁ@The se oféﬁbiotics in this study

was based on the common antibiotics%in me %:ti ,@M health therapy.
>SS

3.2.5. Antibacterial Acfivi Sanjplds »@yg Disc Diffusion Method
Niloy
Antibacterial activi@ﬁelec@y sam@es were determined by disc diffusion

method on Nutri Nar A) r" QO)@%V UK) (Bauer et al., 1966). The pathogenic
bacteria cultu@ sweipt.)eyl Q\ r plates. Discs were overlaid with tested honey
4

s
samples@ and the®Mdri gt?a"’c for 24 h using drier oven (BINDER, Germany).
e p

C-)
Discs aced on swabbed%ars and incubated at 37°C for 24 h. Inhibition zone

é&er was carefully measured and the results were expressed in millimeter (mm).
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3.2.6. Antibacterial Activity of Honey Samples using Well Diffusion Method

The well diffusion method for antibacterial activity of honey was deter N llowing
the method of Perez et al. (1990) with slight modifications. Honey sarmbe prepared
with concentration of 0.2 g/mL (w/v) using deionized water. Vﬂnght culture of
pathogenic bacteria in nutrient broth (Oxoid, UK) was prepa utrient agar was

prepared and once its temperature reached 40°C, 1% gthogiemc bacteria (10°

CFU/mL) was added and mixed carefully. Amount of of t eWagar with 1%
of pathogenic bacteria was poured to petri dish plate left ugder, Ia'n _r@flow until
the plates dried. Wells of 8 mm diameter was ork-hJe;r with 8 mm
diameter and the base of the wells Were Cq, ith trlen agar {&)ld UK) and left
to dry at room temperature. Next, 200 p epared h sar@s were poured to the
wells individually and kept at 37°C %;M\s 'éxpressed by measuring the
zones around the wells after d| n th a#‘i‘{l The experiment was done in

duplicate and mean with stan V|at nw caI
! 0

d F &

| \ §
&
(3 &‘,&)Ies Using Nanophotometer Assay
s’
O

In Nanoph mey]b)n en n of 0.2 g/ 1ml honey samples were prepared
tﬁl i, »
ed'w

using dQ ater. Pathogem@acterla were inoculated to nutrient broth (Oxoid, UK)

and % 37°C. Prior to analysis, 1 mL of each honey sample was poured to 1 mL of

o
3.2.7. Antibact@m ty ,0

Q ic bacteria (10° CFU/mL) in micro-titer plates and kept at 37°C for 24 h. A1 mL
or%&ch honey sample with 1 mL of nutrient broth without pathogenic bacteria was used

as negative control and 1 mL of broth with pathogens with 1 mL of nutrient broth was
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used as positive control. The reading was determined as bacteria cells using

Nanophotometer (IMPLEN, Germany) at wavelength of 600 nm. The reslt&?ere then

calculated using the following formula: :%

o (+ Control absorbance — Sample ab ce)
Percentage inhibition = x 100

+Control absorbanN

Microtfter Riat s'\‘Z'

| &3

Each honey sample was tested against the selec og& ia i@rotiter plate

With@x; modifications.

100 pL of nutrient broth containing lOGM <ﬁaced in the 96 wells

plate and 150 pL honey samples (O ) Wem‘x I @e wells. The plates were
) )
ensity K&

incubated at 37°C for 24 h. Op'\

%ﬁfﬂ‘él th was measured at 630 nm
using Elisa plate reader (BIOT(JSA’ Hor Witl@‘trient broth without bacteria was

3.2.8. Antibacterial Activity of Honey Samples U

assay, following the method of Magnusson

e
used as negative control afd n rient\ ti ogenic bacteria was used as positive

control. The results & e int‘rpret usir@e following formula:
N
NN (_B(J
p < + o&r?le} sorbance — Sample absorbance) 100
ercentag o/ 01! §+Control absorbance .
& v
A\ >
C-)
N .
n

tibacterial Activity of Honey Samples Using Total Plate Count Assay

acterial activity of selected honey samples were determined by plate count method

on nutrient agar (OXOID) following Aween et al. (2012b) with some modifications. 100
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pL of overnight pathogenic bacteria culture in nutrient broth were added to 100 pL of
honey sample and kept at 37°C for 24 h. After that, 10 puL of the mixture vy{%read on

nutrient agar and incubated at 37°C for 24 h. Pathogenic bacteria in sg@ broth was
a

used as positive control and honey sample with nutrient broth as QEE tive control. The
results were taken by counting the number of pathogenic bac% onies on nutrient
agar plates after 24 h of incubation and expressed as log; CRWE% The enumeration of

bacteria on plates followed standard microbiological pr, e. \d
(3

3.2.10. Statistical Analysis ? \ X

All experiments were done in duplica\

system to calculate the mean, standar%iation, Y‘Id ‘ebrrelation and percentage
N
of inhibition. The correlation wa ﬁ ﬁ\

24

Il data a d using Minitabl6

out betwegndahe ods (disk diffusion method

versus well diffusion meth mi<l t Iate%\%rsus nanophotometer) and the
bacteria tested were dete% = <9 0 ;We‘zz;' R=0-0.7 poor correlation and R=

0.7-1 strong correlat% 0

SV T _
3.3.1, w Iotic Resistant of Selected Target Bacteria

tamget bacteria showed high resistance to several antibiotics tested. The diameter of
I ition zone varied between 0 and 29 mm (Table 1). All target bacteria were not

inhibited by bacitracin, polymyxin B, penicillin G, vancomycin and streptomycin(Table
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1). However, S. aureus were totally resistant to polymyxin B, while S. Typhimurium and
B. subtilis were resistant tobacitracin, tetracycline, penicillin G, vancom%YaTadixic
acid and chloramphenicol. E. coli were resistant to bacitracin, gentam ‘henicillin G
and vancomycin. Bacitracin, tetracycline, penicillin G,vancomycin %oramphenicol

were not effective against P. aeruginosa. MAR index wag.from 11 to 88%, S.

Typhimurium and B. subtilis showed the highest MAR indgx Mage (88%) compared
to E. coli (55%), P. aeruginosa (66%) and S. aureus (1@
‘ 9
c;
3.3.2. Antibacterial Activity of Honey Sample n?fethod
All the nine honey samples showed e nhlblto |V|t®“agamst tested target
bacteria by the disc diffusion metho Ie ) tivity was significantly
(p<0.5) affected by type of bact b t not huho amples P. aeruginosa was

greatly inhibited by all honey% A ory zone greater than 10.5+4.94
mm except HO032 whi Iess j + mm). While E. coli and S.
Typhimurium Werew butto a

Malaysia showed Ng egt inh

subtilis (20.0 14 0

ere ( Table 2). Tualang honey (H026) from

N

y a @y against S. aureus, S. Typhimurium and B.

’
7.00 + 0.00 mm respectively), Acacia honey

(HO031) fr aysia s h ed’th&;ﬁg est inhibitory zone of 18.50 + 3.53 and 17.00 *
0.00 a inst E. coli and B\subtllls while against P. aeruginosa Al-Seder honey

m L|bya showed the highest activity.
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Table 1: The antibacterial activities of selected antibiotics against target bacteria®

Target bacteria
Antibiotics S. aureus S. E. coli B. subtilisc

Typhimurium
Bacitracin 6.50+0.70 0.00+0.00 0.00+0.00 0.00iA

(10 pg)
Gentamycin  11.00+0.00  14.50+0.70  0.00+0.00 13.0@5 13.00+0.00

(120 pg)
Tetracycline  13.50+2.12  0.00£0.00  8.00+5.65 _0.09#.00  2.50+2.12

(10 pg)

Naladixic 8.50+0.70 0.00+0.00 18.00+0.
acid (30 pug)
Polymyxin B 0.00+0.00 4.00£0.00 4.00+0. 4, Ow. 4.00+0.00

(300 pg) X
Penicillin G~ 29.00+0.00  0.00+0.00 0 ofooggdoal A00:0.00
(5 Ho) 2

Vancomycin  6.00+0.00  0.00+0.70 0. 40,000 0.00:0.00
(5um) ;. o
Streptomycin ~ 6.000.00 3.00¢o.ot\).501 170 )3.00#R00  7.50+0.70

(10 pm) &
Chloramphen  15.00+2.82 0.00im 18.50+4 O@0.00 0.00+0.00
icol (30 pg) \T &k
MAR index 11 " 88 66
% 0 7 é‘;
% ? &
®Diameter of inhibition zone aieme T %é

ruginosa
00+0.00

Oi(].OO 17.00+0.00
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Table 2: Growth inhibition zone of target bacteria by honey samples by disc diffusion

method?®
Target bacteria % F
Honey  S. aureus S. E. coli B. subtilis, G’ :
a

sample Typhimurium gfuginosa
H020 16.50+0.70  11.50+4.94 13.00+4.24  15.50+0.70 15.00+0.00

H025 19.50+0.70 11.50+3.53 10.50+2.12  15.50+0! 17.00+0.00
HO026 20.00£1.41 14.00+4.24 13.50+3.53 MO 16.00+0.00
HO027 17.00+0.00 11.50+2.12 11.00+1.41 JR:O 0 16.00+0.00
H028 17.00+1.41 10.50+3.53 11.50+ 14.00%5.0010.00
HO030 19.00+0.00 13.50+2.12 15.00+R.82
HO31 16.50+3.53 12.00+1.41 %
H032 17.00+1.41 11.00+1.41
HO35 18.00+1.41 11.50+3.53

®Diameter of growth inhibitory zone W%N

3.3.3. Antibacterial Activity owg Sam
Y | ) S
In well diffusion metho% ey sainple b erent sources showed inhibitory

d F &

iC bactesid. However, in the current study the

&

ype acteria; the growth inhibitory zone varies

3

gn&‘dﬂf)g. 1). Among the tested bacteria, S. aureus was

activity against all t rget ptt

degree of inhibitiMas ffec
'
between 15.5 q 27) m

&

easily inh y all fes ne ples, while E. coli was the most difficult to be
inhibitgd" wth of S. aureus\%zas easily inhibited by Hannon honey, Libya (H020),
AcCagi ey, Malaysia (H031), Acacia honey, Malaysia (H032) and Manuka honey,
Ne ealand (H027) with inhibitory zone of 27.50, 25.00, 25.00 and 25.50 mm,

respectively (Table 3 and Figure 1). Growth of S. Typhimurium and B. subtilis were
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moderately inhibited by all honey samples with inhibitory zone between 15.50 to 19.50

mm. All honey samples also inhibited P. aeruginosa (16.00 to 18.50 mm iany zone).

Libyan honey Hannon honey (H020) showed the highest inhibitory itﬁ@against all
tested pathogenic bacteria (18.50 to 27.50 mm) except against E. cql'! ElS. 0 mm), while

Acacia honey from Malaysia (H032) was effective against Sw (25.00 mm), S.

\Y%

N
| &
Table 3: Growth inhibition zone of target bacteria@y s;a'm les"Bsing W%ll method?®.

Typhimurium (18.00 mm) and E. coli (17.00 mm).

Target ba§ria w N\ o

Honey S. aureus S. col' " subtilRy P.

sample Typhimuriu & aeruginosa
HO020 27.50+0.70 19.00+1. 00+2 8 9. 5@‘0.70 18.50+2.12
HO025 22.50+0.70 16.50 . iO.7O 16.00+0.00
HO026 24.50+0.70 18.002 @16.5 .70&.5010 70 16.00+0.00
HO027 25.50+2.12 1 s +0 g@ 19.00+0.00 17.50+0.70
HO028 24.50+3.53 t OO+ 18.00+0.00 16.50+0.70
HO030 23.50+0. 7H }5‘ 0@ 00 18.50+0.70 16.00+0.00
HO031 25.00+04 +O 70 17.50+0.70 16.00%0.00
H032 25. 0 00 46/ .00+0.00 18.00+1.41 16.00+0.00
HO035 15.00+0.70 17.50+0.70 16.00+0.00

37°C,

\
S

2 o' o y]z
e L&

Y.
&

Y ) . .
z@'e was measured in mm after 24 h incubation at
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Figure 1: Growth inhibition zone of honey samples against pathogenic bacteria
by well method at 37°C after 24 h of Incubation Y.

S. aureus

3.3.4. Antibacterial Ac@\u HoneJ;fl}Ids &bﬂg Nanophotometer Assay

In nanophotometer@ th@al OIQ get bacteria was determined using
N N .
nanophotometer GN rfuks r.glexuge%ed as percentage inhibition from survival

(CFU/mL) o@acteri afger jtre t with honey (Table 4). The percentage of
4
inhibition w pl

honey s gs @éd from 13.17 to 100%. Al-Seder honey (H025)

T
obtai Ntal inhibition activity” value of 100% against S. aureus, E. coli and P.
rusegosa; Acacia honey (H030) showed inhibitory activity against S. aureus and S.
%nurium (100 and 99.09%). S. aureus and E. coli were easily inhibited by all tested

honey samples with percentage of 94.26 to 100 and 83.36 to 100, respectively. All
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samples of honey showed inhibitory activity against P. aeruginosa except HO31 which

Table 4: Percentage of inhibition of target bacteria by h amples using

Nanophotometer assay® \'

Target bacteria (% ion)
Honey S.aureus S. Typhimurium E. coli sUWyilis, P. aeruginosa

0
sample . l
H020 94.26 78.47 83.3 82. 93.92

. ®
H025 100.0 83.68 100f 92.18 ’ @,BE)
H026 100.0 93.59 97.81 '%9.25

4
H027 99.15 82.28 & Y5‘;;96.75
H028 99.46 87.18 .17'1 .36 4\ 97.54
H030 100.00 99.09\C‘) 97.18 6.065% 96.93
: 2

was poor (13.17%).

H031 97.92 13.17

H032 98.40 .82 93.27

H035 99.15 . 90.64 70.40

®Percentage of inhibjion e—Sample absorbance)/+Control
absorbance] x100

3.3.5. Antibacter]j jvit s Using Microtiter Plates

Microtiter plates ures, gr5 ia by turbidity at OD630. All tested honey

samples e% higp Jin tory@ttlvny against all target pathogenic bacteria.
Yv

Percentm&inhibition of targ@éteria ranged from 60 to 100% by all honey samples

withi \of incubation (Table 5). The growth of S. aureus was totally inhibited (100%)

@ ang honey (H026), while Acacia honey (H032) showed the highest inhibitory
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activity against S. Typhimurium (93.79%). The lowest activity was obtained from

Hannon honey (H020) against all tested pathogens (64.04-74.63%).

Table 5: Percentage of inhibition of target bacteria by honey samph%% microtiter

plates
Target bacteria (% inhibition) Y.
Honey S.aureus  S. Typhimurium E. coli B. N P. aeruginosa
sample T
HO020 70.14 74.63 70.93 44 ' 64.04
H025 98.48 86.52 85.4% : .
HO026 100.0 92.38 . : :
HO027 99.33 89.22
HO028 80.37 85.06
HO30 89.00 92.32
HO31 70.61 77.15
HO032 98.48
HO35 97.53

®Percentage of inhibitigr=
absorbance] x100 %

N\

3.3.6. Antibacterjgl ivit y S@(es Using Total Plate Count Assay

Survival of tar %eria /s e;/'ﬁlate count method was significantly affected
by honey %:ndf\/ﬁj,bact%_a?~ (Table 6). Tualang Honey (H026) inhibited all
tested nic bacteria, foll by H030 and Acacia honey (H032) which inhibited
all te acteria except P. aeruginosa. Growth of E. coli was totally inhibited by all

ho samples except Acacia honey (H031) and Manuka honey (H035). S. aureus was

not sensitive to Al-Seder honey (H025) and Manuka honey (H027), but inhibited by all
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the others. Hannon honey (H020) and Al-Seder honey (H025) were not active against S.

Typhimurium and B. subtilis. In general, all honey samples found to{R a good

antibacterial activity against tested pathogenic bacteria compared to the E(&) control.

<

Table 6: Growth inhibition of target bacteria by honey sam mg total plate count
method?®

Target bacteria (CFU/mL

Honey S.aureus S. Typhimurium . cgli
sample ] &S
H020 <10 (est.) M (X

H025 10° t.) \ \Ylo (est.)
H026 <10 (est.) <10 (est ) (es 0 (es o <10 (est.)
H027 10° c')<1o (edn 102 10°

H028 <10 (est.) 105 es <1&est ) <10 (est.)
H030 <10 (est.) <1o t. (est ) 10°

5

HO31 10° :o ?o" <§? 10° 10°
H032 <10 (est.) st 10 (e <10 (est) 10°
H035 <10 (est.) 103 1 ( 10°
+Control 10 187 sfg ¢ Lep's 1015 1016

\ é
#10: number of col\ &
3.4. Discuss @' l 7
The occu f MAR bacter | alns is a public health concerns due to the bacteria

Iy Killed by common a ntlblotics that normally used for health therapy. Some

Q f Staphylococcus species were resistant to several antibiotics (Salvatore et al.,

S. aureus was resistant to ampicillin, kanamycin and oxytetracycline. The S.

aureus used in this study demonstrated low MAR index of 11% compared to E. coli and



42

P. aeruginosa with 55 and 66%, respectively. S. Typhimurium and B. subtilis showed
highest MAR index (88%) compared to other tested bacteria. Simil@ltiple
antibiotic resistant bacteria was shown by several tested patho‘g&r%luding S.
Typhimurium ATCC13311 that was resistant to 10 antibiotics esp%ialy to bacitracin,

cephalothin, penicillin G, vancomycin and strepromycin; E%Ii ATCC25922 was

resistant to bacitracin, penicillin G and vancomycin (Aweeg et?!)le).
S

The presence of multiple resistance pathogenic bacteri le tW\./estigation of
natural effective alternatives to common antibiotics in meglic ral:ti_e\é'jl‘z:j health
therapy. The results of present study showed tha av% ' alag@‘g can be used
as antibacterial agent to prevent and contr, ions"Yvhic are @Y; by pathogenic
bacteria. Five different methods were o eval the @)acterial activity of

e@l (R=<0) between disc

different honey samples and the %shm@\? &r
o A
diffusion method and well diffu& ethoﬂvﬁer, @tibacterial activity of honey
samples against S. Typhimu YE. iﬁ” Po\ginosa showed poor correlation
s 3 (
between these two methods wigh all vad Q‘Ré 0.310, 0.505 and 0.316, respectively.

e @)
Well diffusion met@ r@able od for detecting the susceptibility of
bacteria to antigic S bs&?fb d to disc diffusion. In contrast, the disc
diffusion m%meiip u?d S @&falitative test for detecting the susceptibility of
i

b 4
bacteria tO\gntMhicrobial substang;f)Q, Mandal & Mandal, 2011). Disc diffusion and well
A N

meth & Dbased on the ability of molecules to diffuse into the agar; while,
& tometer assay and microtiter plates allowed direct contact of the bacterial
es to the compounds. It was also observed that there was a positive correlation (R=

0.308 to 0.767) between nanophotometer assay and microtiter plates method.
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Earlier reports showed that Egyptian clover honey tested for its antibacterial effect against
antibiotic resistant strains of E. coli and S. Typhimurium using disc diffusioKW was
more pronounced on E. coli than S. Typhimurium (Badawy et al., the Zone
Diameter of Inhibition (ZDI) of different honey samples against E. goli wasS 12 to 24 mm
and S. Typhimurium was 0 to 20 mm. Manuka honey has n dgemonstrated to be
effective against several human pathogens S. aureus, S. TyWrium E. coli and E.
aeruginosa using agar diffusion method (Lusby et al., av d aetgl., 2006). The

potency of six varieties of honey from dlfferen$s in Igerl vxere {&Ermmed

against P. aeruginosa using disc diffusion method result,s oW thangahara honey

have inhibitory activity against tested path d

honey could be used to manage the@
\
bee honey and the antibacterial as Bses .usqggar diffusion method which

showed inhibitory activity ag?. m -positive bacteria including S.
aureus, S. epidermidis, imuriyn, ‘g!)l d P. aeruginosa. Nilgiris honeys

showed Zone Dlame'tgﬂ nthII'O
aeruginosa and mm for

Is s égggted that Sahara

mfﬁ@ by P. aeruginosa

en samples of stingless

&
l(Ra@vari et al., 2010). RS and Manuka honeys

¢

Q' s

Killed B. subtip I|, g OSK&DU S. aureus after 24 h of incubation (Kwakman
etal., 201, dISCgI oﬁme@gg In this study using disc diffusion method, it was
obser Tualang and Acamoneys showed higher inhibitory activity compared to

neys but comparable with the activity from Egyptian clover honey. Tualang
nd acia honeys from Malaysia are able to inhibit the growth of MAR target bacteria

using disc diffusion method. Considering the antibacterial activity of honey it was
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observed that all different honey samples possessed antibacterial activity against target
Gram-negative and Gram-positive pathogenic bacteria as evaluated by disc dm and
well methods. There were significant differences (p>0.05) between tar %terla using

disc diffusion method but there was no significant differences (ng:OSZ tween honey

type used (Table 2). V

The well method indicated that all honey samples were if ntl)‘ (p<0.05) inhibited
target bacteria, but inhibitory activity varied between baCtegia (T \&Qrdﬁgure 1) with
ighestfinhj d]@hown by

), f i urlu%1900+141

diameter of inhibition between 15.00 and 27.50 mm.
H020 from Libya against S. aureus (27.50 * 0
mm), B. subtilis (19.50 £ 00.70 mm) an qygin

H032 from Malaysia against E. coli (17 00 mm)
antibacterial activity of several M honeygss gn éﬂCla and Tualang and one

o S

New Zealand honey (Manuka\ sing wgll et?lo ainst S. aureus, E. coli, P.

aeruginosa and B. cereus; the S vaiged fi 7.5@ 27.35 mm diameter, the highest
'S
inhibitory zone was obtained

om ohet;@galnst S. aureus (19.81 mm) and E.
coli (14.04 mm), ﬁw bl

aeruginosa (16 7diB reds (éﬁS mm), while Acacia honey showed the

lowest actl\@mare 0 o}e saQé'e) In the present study the ability of Al-Seder

honey an a honey to k|II t t bacteria using well method was higher than what

1350 +€1T2 mm) and from

alno@ al. (2013) tested the

}'

inhibgtory @/lty from Tualang honey against P.
N

obse Tualang Acacia and Manuka 18+ as reported by Zainol et al. (2013) against
target bacteria. The well method tends to give a higher inhibitory activity for all
compared to disc diffusion method and might be due to the direct attach of the

tested compound in liquid form to the agar.
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In contrast, when the antibacterial activity of the honey samples were evaluated using
Nanophotometer assay no significant difference (p>0.05) was observed fi rWoney
and target pathogens. This method used Nanophotometer (IMPLEN) hported the
number of target bacteria cells (both dead and alive) in the sampl $&rget pathogen
reduced in numbers after 24 h incubation compared to control (agtho® honey) (Table 4)

ranging from 70 to 100% reduction after 24 h of incubatio asWn by Al-Seder honey,

100% (HO025), Tualang honey, 100% (H026) and (Acagg ey, 1%30) against S.
(3

aureus. \‘Z'
(NG
\)ﬁ rge@;hogens were

In order to confirm the inhibitory potency of hoYme g

Yv
evaluated after 24 h incubation in m@) pIat@i. A honc&amples showed
ic

antibacterial activity against the target pa

inhibited between 64 to 100% after, fin ( C‘I;é) Honey sample Tualang
(|}
honey (H026) completely inhib'K grows of §. gurA ¥ while Acacia honey (H032)
showed the highest activity a the ,valu e h&@”samples. Among the pathogens
é j ? (
evaluated, P. aeruginosa whigh was dﬁf@lt to be inhibited by all the honey
XV

samples. It is intere@ no e'that is te icrotiter plates) give a different results

N
from above (Ag@r us]n,o 'd'ﬁLﬁéﬁ and Nnanophotometer methods). Honey

samples sho ifi‘cfa difffer. n(§<0.5) in antibacterial activity but there was no

4
significans‘if nces (p>0.5) be@)éﬁ target pathogens in microtiter plates and similar to

N
ther&btained by Nanophotometer method.
o)

esearchers who evaluated antimicrobial activity from sources other than honey,

such as extracts from plants or microbial metabolites have included microdilution assay
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and microtiter plates in addition to the disc and well methods. The disc diffusion method

and well method are the two most commonly used to determine antimicro%ﬁoperties

of honey (Badawy et al., 2004; French et al., 2005; Lusby et al., 2005:' c@adia et al.,

2006; Boukraa & Niar, 2007; Boorn et al., 2010; Rajeswari et al., 2%~K akman et al.,
d

2011; Mandal & Mandal, 2011). Based on the results obtained ir\.@ y it is suggested

that either Nanophotometer or microtiter plate assay be 4 cWor the evaluation of

potency of honey as antibacterial agent.

All methods used in this study (agar diffusion, iffusiof, obtr@heter and
microtiter plate methods) did not evaluate the b ale@ oneerus plating of
survivors of target pathogens after treat i hoPWey inc 5 by using plate
count method (Table 6). Acacia HO32 a ang hon Oz@wed total inhibition

(survivors <10 est.) against all tar 0g e ia’ é&oll was totally inhibited
(survivors <10 est.) by all tes@ g‘s}xc 31 and HO35 which allow
recovery of pathogen ani r 10y CF I g@:’? 24 h incubation. The potency

Tualang honey (H026) an ma% 08 hICh showed their ability to kill the

Multiple Antibiotlc esl nt@ bac mcluding S. aureus, B. subtilis, S.

Typhimurium, ang R. ng'n uggests their potential to be used as an

alternative % ic z?lt igfc ta dlcal conditions, particularly wound infection
p

ervations to cont quod spoilage.

as well as

ted that honey was used as it is without heating and at concentrations (w/v) of

00 as used by Mavric et al. (2008); 50% by Boorn et al. (2010), 17.40, 19.20, 20.80,

.80% by Voidarou et al. (2011) and 10, 30, 50, 70, 100% by Moussa et al. (2012). The



47

antimicrobial activity was dose-dependent, the higher concentrations the greater the

activity affecting both Gram-positive and Gram-negative bacteria. Co@ like

glucose oxidase, catalase, ascorbic acid, flavonoids, phenolic acids, or %ids, amino
0 R

acids and proteins were found present in honey in substantial untS and can be
responsible for the activity of honey (Bogdanov et al., 20@g; Pgrez et al., 2007).
However, in this study honey samples were heated at 70° fyﬁ'min and then filtered

using 0.45 micron membrane filters. Heating at 70°C eport .o degrease glucose

oxidase but not totally destroyed the enzyme (Kretavigiys et al., 3010 er‘e&&’ydrogen
. =\

peroxide activity can be destroyed by heat, r giorage (Bongnov, 1997).
N

Additionally, all the honey samples were als diluc Wﬁ \Bﬁized Yer at 200 mg/ 1
nd

6@ntibacterial activity
was observed. This study suggesqat r%*p ﬁs including heat stable
N,
compounds are responsible for th%cterﬁl actiyily anéycannot be attributed to one or
two main compounds present %y.
N
o)
3.5. Conclusion ' é’
& N

The antibacteria%\ty f ho ’Anrﬁg e confirmed by using one single method.
| @
:

While disc@ﬁ arylb.y:

methods s8gh ds microtiter pIataS(lanophotometer assay and/or plate count method

A N

shou@ncluded. To ascertain the potency of honey, the survival of target pathogens
tment with honey should be carried out as well. This study also confirmed that

at low concentration of honey, it still has the potency to inhibit growth of MAR

mL, a much lower concentration than %1 by o

if@n method are useful for initial screening, other

pathogens and this activity could be contributed by water soluble compounds present in
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honey. Malaysian honeys namely, Tualang and Acacia tend to give the better antibacterial

activity compared to other honey samples evaluated. This work further@ that

honey could be used as antibacterial agent. :%
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