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CHAPTER IV \i
EFFECT OF PH, HEAT AND ENZYMATIC TREATM E:;w

ANTIBACTERIAL ACTIVITY OF DIFFERENT HONE LES

\/

4.1. Introduction

Honey is one of the most common traditional medicine s ancient a.nd ‘%_oved by

its ability to heal a variety of health problems, ra

! fett ﬁ@to gastric
a7

bacterial diseases (Dobrowolski et al., 1991, y aI.

Recently, a number of therapeutic centers the v?/‘)rl art uﬁ% honey as natural
20

treatment as well as bacterial gastroent |nfect| (Ba@/y et al., 2004). The

antibacterial nature of honey is dep ora’@wkmg either singularly or
e, t

h%i the re of bees and the breeding
\
techniques), the most ew Wh’,;hj H @ phenolic compounds, specific
'S

:

compounds, pH of hon ey andgfsmo 1') e"eéued by the honey (Molan et al., 2002;

synergistically (origin, type of

Malika et al., 2004) ' §

Malaysian WI| n ( u an?h ey)\ghpwed better activity against different pathogens

of wound c ghd t&.{mtlwty was comparable to that of Manuka honey
from land. Similarly, y5|an natural honey collected from different aromatic

|naI plants have antimicrobial activity against antibiotic resistant bacteria

@ from human; all the honey samples showed strong activity against E. coli, S.
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aureus, B. subtilis and P. aeruginosa (Tan et al., 2009). Zumla and Lulat (1989) reported

that honey is a very good inhibitor to E. coli, Salmonella and Shigella. \i

Mundo et al. (2004) collected honey samples from different sources aﬁl@uated against

food spoilage organisms and pathogens namely, Alcaligenes faecaWpergillus niger,

B. cereus, E. coli O157:H7, Listeria monocytogen

Geotrichum candidum, Penicillium expansum, Lactobacillus cwlus, P. fluorescens,
g:on'ella enterica Ser.

typhimurium, S. aureus, S. aureus 9144 and B. stearoth ph uMzsul{g_showed

that B. stearothermophilus was highly sensitive t eW A. fagca nll L{?udophllus
4

were less sensitive, and the fungi A. niger, P. exw, Gs@ m arithé. aureus were

unaffected to honey. Tumin et al. (2005) e'wated%pe imic(< al activity of five

different types of Malaysian honey anNserWa re& wa samples showed

antibacterial activity against S. typte' %Are‘u‘%l so@, Streptococcus pyogenes

and E. coli.

Salmonella Typhimuriun%. i mmon type of pathogenic bacteria

around the world. S@murh’n teritis in human and other mammals.

This bacterium usw ters S bo@‘ﬁ'hrough mouth by contaminating food or

water, penetr:ch—anteslw a a':uk@ultiplies in lymphoid tissue. The bacteria could

enter bloo Withﬁ F72 @Jsing blood poisoning (McCormick et al., 1995;
N> . .

Evere\ 1999). E. coli is A’%ﬁ)e of bacteria that can contaminate food such as beef,

fn.%vegetables (Todar, 2009). This bacterium is found inside human intestines,

whel@it helps the body breaks down and digests the food. Unfortunately, some types of

E. coli can get from the intestines into the blood and could cause serious infection such as
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E. coli O157:H7. Staphylococcus aureus is a commensal bacterium that colonizes, in
addition to the nose, the pharynx, axillae, vagina, and skin surfaces (Lowyl\ ). It can
survive on disciplined animals, such as dogs, cats, and horses. This b %w may stay
alive for hours to weeks, some cases for months on dry environmentgl surfaCes depending
on the strain susceptibility to environmental conditions (Cimol'w% ). S. aureus also
can infect infants where it can cause a severe disease sw(:occal scalded skin
syndrome (Curran & Al-Salihi, 1980). B. subtilis is n Kho?, but it could
contaminate several foods and may results in food f@&isoning if rar aies:(g&;roduces
proteolytic enzyme subtilisin. The spores are very%ult to:b Kilygd b{'éo-}ating during

~ Peop Who suffer from

b@&ia were commonly

;éarget pathogenic bacteria
N,

)

cooking and it may spoil bread dough (R%cay
infection due to the contamination b)\&@Gram-

treated by antibiotics by medical pra(@e .
AN

may easily become Multiple Ant%esi
| | N . S
Most of the studies on agfiba | actjvity e%nd doctors who apply honey as
?Q 'S
us

treatment to their patients W hk & e conditions which could face honey
ing

when applied to ir@ SQ

N
enzymatic hydro%\ hii cMa .h‘/e&tig(a'jted the antibacterial activity of Malaysian,
lagdfh

ea a?d 0 J.y n @rent conditions of pH (3, 5, 7 and 9), heat (80,

o

mi with food are mostly pH, heat or/and

Libyan, and

100 and 1% °C®), and enzymaticc_, tments (pepsin, trypsin, chymotrypsin and papain)
A N

agai: ted Gram-positive and Gram-negative bacteria.
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4.2. Materials and Methods
4.2.1. Antibacterial Activity of Honey Samples using Microtiter Platt\z
This experiment was explained in CHAPTER |11, Section 3.2.8. v
I :it l)f Honey Against

Pathogenic Bacteria @ \Y'
(NG
The pH of honey samples was adjusted to diff alues3 4 a@using 0.1N

er
HCI and/or 0.1 N NaOH. The adjusted pH&nﬁles\re théx;ted against the

selected pathogenic bacteria in micro-wae assay. t, | of nutrient broth

containing 10° pathogenic bacteria/n%s placem\g Q@ Is plate and 100 pl pH
C‘)

adjusted honey samples were ad@ thewells 3T p were incubated in at 37 °C
for 24 h. Pathogenic bacteria W, s%ﬂ@ptical density at ODg3o Nm and
visually using Elisa reath%o".!gj;'@, The percentage of antibacterial
activity was calcula’@q the lollo ing foriéz{:

N
N ), S
Percentage i%tlon ’
Qe A
((} itj cont@’absorbance — Sample absorbance)

sitive control absorbance
S
AN

4.2.2. Effect of pH Treatment on the Antibacterial

>><100
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4.2.3. Effect of Heating on the Antibacterial Activity of Honey Against Pathogenic

Bacteria \2

Honey samples were heat treated at 80, 100 and 121 °C in autocla&or 0 min and

immediately cooled in ice water. The heat treated honey samples w?!sted against the

selected pathogenic bacteria in microtiter plate assay. Inltlall pl nutrient broth
contains 10° pathogenic bacteria/mL were placed in the 9 Iatel and 100 pl of each
honey sample was added into the wells. After that, the d at 37 °C for

24 h. Pathogenic bacteria growth was measur@\ ptical de y’at 630- The
gfomy

percentage of antibacterial activity was calculatewng th II

Percentage inhibition ?
Positive contr &ba | sorbance
<( Qm Z ) X 100%

- co o Foayteg™
& iy
\
? ! 0
4.2.4. Effect of Enzymes oréthe AQQ rlgtfljetlwty of Honey Against Pathogenic

Honey sampl reat Z |ff®t enzymes (pepsin, trypsin, chymotrypsin and

1 ul of each enzyme was added to 3 ml honey
ately (1 enzyme: ~é":?ioney) and placed in micro-titter plate 96 wells and
aII% react for 1 h. Then each well was inoculated with (10° pathogenic bacteria/ml)
of thgselected pathogenic bacteria and incubated in 37 °C for 24 h. Pathogenic bacteria

growth was measured by optical density at 630 nm and visually. The percentage of



54

activity was calculated using the following formula:

Percentage inhibition \z
(Positive control absorbance — Sample absorl%
= — X 100%
Positive control absorbance Y

4.2.5. Statistical Analysis \d
Ny

Data were analysed with Minitab 16 system to @ the nfea a’nda{a"deviation,

percentage of inhibition and one way ANmet Weg ed Ow
significance differences in the antibacterialﬁw. Q‘

to show the

'} Q-
4.3. Results
N ¥ g
wﬁone\f, Ils@ icrotiter Plates

T &
4.3.2. Eff% H ¢h f\nti erial Activity of Honey Against Pathogenic

n\&ia \C;“Y.

honey samples to pH 3, 5, 7, and 9 affected significantly (p<0.05) the
tigRcterial activity of the different honey samples against the target pathogenic bacteria

(Tables 7, 8, 9 and 10). However, all honey samples showed the highest activity at pH 3
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(89.8 to 100.0% inhibition). Adjusting pH of honey samples from 5 to 9 showed variable

inhibitory activity among the bacteria. S. aureus was totally inhibited (100%Ey Honey
sample HO31 (Acacia honey) at pH 3, while honey sample HO30 (Ac@y) lost the

activity (0.0%) at pH 7 against S. aureus. .

Table 7: Inhibition percentage of target bacteria b eyWsa p‘es pH 3 using
microtiter plates 24h , W
P,

Honey Target bacteria (% inhibj | | &
sample S.aureus  S. Typhimurium “ugli f.lub is Bwaeruginosa

H020 90.4 88.7 T N Y\_a‘ 95.5
H025 99.7 3 N2 93.'&\ 79.1
H026 96.3 | C—) gagé 100.0
HO27 88.5 : x‘ $9.3 82.1

H028 88.0 .‘bsg' 87.9 85.5

HO030 92.3 . 92.8 92.6 98.6
|

HO31 100.0 (') . P @ 93.3 93.1

HO32 89.8& : é’94.5 96.4 99.5
HO35 . (ﬁ& 91.6 94.8 83.5




Table 8: Inhibition percentage of target bacteria by honey samples at pH 5 using
microtiter plates 24h

Honey Target bacteria (% inhibition) & 5:
sample S.aureus S. Typhimurium E.coli  B. subtilis 3&

uginosa
H020 35.5 45.6 35.3 48.2 52.0
HO025 64.7 67.1 67.9 71.1? 7.4
HO026 44.0 42.4 52.8 4%\’ 75.2
HO27 64.7 65.7 65.0 Xz- ' 68.6
H028 56.9 64.0 60.2 594 .91-3
H030 19.3 35.6 31 ;y | _\C@\g
H031 44.8 64.3 \—' \,Y'82-2

H032 61.3 70.4

HO35 54.7 54.

4

=\

Table 9: Inhibition percentage o ra b& ho@'{&samples at pH 7 using

microtiter plates 24h “« Q-

\é %2 R\

Honey ba’( ig(% in\%ﬂon)
|

sample S. aure SN yphimfiriung ; B B. subtilis P. aeruginosa
HO020 35.3 518, J & 431'5(7 53.6 a1.7

HO25 %Q\ [ Q’\; 67.6 66.7 63.8
H026 N 69.5
“5T ., "|3 c.,(J 23.3 37.3
H027 Q_Qg 64.@ 68.2 61.6 59.7
H028 (Q nf p-).' 495 57.6 35.2

N
HOBOA 0.0 284 20.3 20.9 55.5

75.0 67.0 82.5 62.1 62.1

15.2 54.3 29.7 47.4 61.8

35 34.7 49.2 51.9 54.4 60.8




Table 10: Inhibition percentage of target bacteria by honey samples at pH 9 using

microtiter plates 24h
Honey Target bacteria (% inhibition) 5:

sample S.aureus S. Typhimurium E.coli B. subtilis € aeguginosa

H020 61.8 65.8 614 674 17.8
HO25 21.0 57.7 635 659 55.6
H026 57.2 56.3 45.4 560 525

H027 54.2 59.5 55.5 ¥ ' 52.3
H028 55.0 62.9 54.2 5Y.8 id 23.8
HO30 56.5 63.2 50. 56 &
HO31 83.1 59.5 53 | 3
4 3§
H032 54.8 60.5 ?‘! NFE 505
H035 56.0 52.3 c\;gs N o223 Qé\ 58.7

4.3.3. Effect of Heating on The g%teai clyi

'} Q-
Bacteria &
K\ Jﬂ%jig N
The antibacterial activity% ney ‘s‘ pl

13. Results indicate Nﬂt their.\ i

no sightficant difference (P > 0.05) of the
antibacterial activ'w ken h
¢

—
@D
o

7
o

o
@)
QD
>
o
[EEN
o
o

o
o
—
>
@D
=.

(@]
=
D
wn
—
Q
>
=
o
QD
Q
pES
(9]
=
=

activity of al ney’ sample 'nst\ﬁw tested bacteria was after heating at 121 °C
compared and{WZ Heaq-ﬁ honey at 121 °C for 10 min resulted in complete
inhibib\A.

w ed for H028 (Hannon honey), H027 and HO35 (Manuka honey) with 99.6,

@d 96.6 %, respectively (Table 13). In general, heating honey samples at 80 and

100°C retained the antimicrobial activity against all target pathogens especially HO030

)
aureus (100.0fmr all honey samples, but slight reduction in activity
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(Acacia honey) (Tables 11 and 12). Honey sample H026 (Tualang honey) showed the

highest activity against all target pathogens when the sample was heated at {Q

0

Table 11: Inhibition percentage of target bacteria by honey samples eating at 80 °C
using microtiter plates 24h V
Honey Target bacteria (% inhibition)

sample S.aureus  S. Typhimurium E. coli
H020 70.2 76.0 77.

btiljs P. aeruginosa
| 51.4

H025 65.7 73.2 R 7
S
H026 75.0 78.0 A\ 49.4
H027 86.3 88.1 : \,Y' 58.9
Y'
H028 75.5 80.2 . 485
H030 91.4 90.2 60.8
HO31 82.4 86.% 62.8
H032 84.4 % 63.2
H035 88.9 \s 51.5
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Table 12: Inhibition percentage of target bacteria by honey samples after heating at 100

°C using microtiter plates 24h
Target bacteria (% inhibition) 5:

Honey S.aureus S. Typhimurium E. coli B.subtilis:%ruginosa

sample

H020 77.2 69.6 72.1 73 55.3
HO025 82.1 77.2 78.9 9 51.7
H026 91.9 81.5 80.8 56.9
H027 83.9 76.4 76.8 7 59.5
H028 84.4 75.7 76.2 8 .1\4_ 59.4
HO030 99.3 88.3 % 29 | _\Y.-l
HO31 89.0 80.8 4 Y 63.0

HO032 80.4
HO35 94.8

Table 13: Inhibition percentage
°C using microtiter plates 24h \

Honey ia (9Mhibition)

sample S. aureus i I B.subtilis P. aeruginosa
H020 99.6 83.4 99.5
HO025 10(3{\\ 87.0 100.0

H026 @y .? , 1000 100.0
Ho27 Qgg l) 1 Qé’ 778 820 96.6

. Qs‘ﬁ' 82.8 84.1 93.8
HO3\ 100.0 %’4.9 94.0 95.6 100.0

: % 100.0 87.4 84.7 87.5 96.4

H 100.0 90.6 91.4 92.3 99.9
HO35 96.6 80.0 73.5 82.8 93.8
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4.3.4. Effect of Enzymatic Treatment on the Antibacterial Activity of Honey against

Pathogenic Bacteria ?

Results of treated honey samples with proteolytic enzymes (pepsin, ch sin, trypsin
and papain) maintain the antibacterial activity against target patho ut at different
percentage inhibition (Tables 14, 15, 16 and 17). There was no si ant difference (P >

0.05) on the antibacterial activity of honey treated with ¢ E SI and pepsin, while

there was significant difference (P < 0.05) in the antigterial etween honey
treated with papain and trypsin. Honey samples H ualang h y] i@?(’) (Acacia
honey) and H032 (Acacia honey) showed highery ory& gamsr\g.~ aureus after

treated with pepsin than chymotrypsin, whi

higher inhibitory activity after treated wi otrypsin amst@target bacteria (Table

15). H026 (Tualang honey), H028 ob x @ (Acacia honey) lost the
activity after treating honey sa %h Nz&‘/ Cﬁéble 16). P. aeruginosa was
totally inhibited (100.0% b 0 (Hann Ih @ H026 (Tualang honey), H028
(Kharoob honey), H032 &a ey) Jh(asﬁ/l'anuka honey) after treating honey

samples with papal im rI Il tagyet paff@genic bacteria were totally inhibited by
H020 (Hannon h@nd %}Fooﬁ.gn’ney) after papain treatments (Table 17).
X [) ~
&/ 4 v

&
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Table 14: Inhibition percentage of target bacteria by honey samples after treating with
chymotrypsin enzyme using microtiter plates 24h

Honey Target bacteria (% inhibition)

sample S.aureus S. Typhimurium  E. coli B. subtilis 4 P~ agruginosa
HO020 76.1 64.6 55.5 64.1 51.7
H025 74.9 67.7 58.2 72.3? 81.3
H026 82.0 74.1 62.3 W) 80.6
H027 814 72.4 63.1 %.7 79.3
HO028 74.3 714 61. 2.% 81.0

(3
H030 87.3 80.6 70 7.9 ’ O)QQ"O
HO31 75.8 76.3 7 Y".\46.8
HO32 79.0 735 v{ N Y\" 85.8
H035 70.1 72.5 VS4.0 72.64\ 85.8
% N X
N O
. NI o
Table 15: Inhibition percentage o bac n &smples after treating with
pepsin enzyme using microtiter p [ A
4

Honey rg la (%iMhibition)

sample S. aureus N#P imu,ium E. " B.subtilis P. aeruginosa
H020 80.5 713 75.3 59.8

$ 3
H025 76.4 ' ‘ééj% 4 81.5 94.8
H026 1 6\ 5 {Q 67.0 85.2 100.0
e D) K
H027 @j (:‘) 63.2 69.7 94.5
H028 %4 ? 6$ 65.6 73.8 95.2
H030 :%89.3 J @(7 75.4 79.9 95.3
HO031 76.7 Nis.0 62.3 73.8 94.5
H% 74.4 76.3 62.0 76.4 94.2
@ 79.8 75.5 63.4 83.3 99.2
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Table 16: Inhibition percentage of target bacteria by honey samples after treating with
trypsin enzyme using microtiter plates 24h

e

Honey Target bacteria (% inhibition)

sample S.aureus S. Typhimurium E. coli B. subtilis: E &ruginosa

HO020 70.4 62.3 40.9 60.4 40.3

HO025 67.5 54.4 32.0 54.4 28.7

H026 70.4 60.5 35.8 ™Y 0.0

HO027 68.9 58.9 37.0 le

HO028 65.2 55.2 33.

HO30 73.7 65.7 4

HO031 64.9 56.6 é

HO32 70.0 64.2 Vm N

HO35 68.3 58.8 V41.5°‘

S

Table 17: Inhibition percentage of, bac@* n

papain enzyme using microtiter p [ A

Honey rg 1a (Yodmhibition)

sample S. aureus S.Wmu?um E.eeff  B.subtilis P. aeruginosa

HO020 100.0 % 100.0 P 100.0 100.0

HO025 81.2 \ ' \“\ %&7.3 76.7 82.2

HO026 9\& \b {’Q 72.4 92.7 100.0

Ho27 % l '?,3' “)(J 51.8 74.3 67.2

HO028 %.’O “v) 0. \(J 100.0 100.0 100.0

HOBOA%LZ g @ 61.5 88.7 81.0

HO3 80.4 \‘.‘8)5.2 55.1 85.5 98.3

H% 87.3 84.1 79.6 81.6 100.0
@ 84.4 75.6 55.2 72.1 100.0
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4.4. Discussion

The presence of multiple resistance pathogenic bacteria led to the investi Q:atural
o;

effective alternatives to known antibiotics. Honey is known to have an% 1al activity.
High osmolality, acids, flavonoids, hydrogen peroxide, phenolic WUnds, proteins,

enzymes, peptides, and amino acids are well known for their anti bial activity. Most

studies reported on the antimicrobial activity of raw of . Trea'ting honey such as

ial CM. \‘Z'

| &
Antimicrobial activity of honey sample is genera valuat;d Si dls@musmn and

heating, pH and enzymes may change the nature of antim

well diffusion methods. These methods usualii use

However, using microtiter plates metho@am i
honey in small amount lower than thegaormal®™M ‘&@ '?@20% w/v) as described
in CHAPTER III, Section 3.2.8. ally®) the Its @ e expressed quantitatively

- . ™ &
and qualitatively. In this study, peJ f |n ion of diluted honey samples

using microtiter plates r m 60.( to bfwable 5, CHAPTER II1). Microtiter
& 7

plates method was w Mufli al.

activity of cell fr up ata

ts of §0 and 100 pL.
he gsgimicrobial activity of

h@n

@lﬂa & b) to evaluate the antimicrobial
Lac ‘b‘ééillus species against food fungi, and the

|
results were e |n pekce aﬁ‘ QJgrovvth Aween et al. (2012b) reported the
presence |n h% ect@om different sources, and the LAB supernatant
)
showe ntlbacterlal actlv&agalnst S. aureus, S. Typhimurium, B. subtilis, and E.

|crot|ter plate method.

Qtibacterial activity of honey is affected by different conditions given to honey such

as pH adjustment, heating, and enzymatic treatments. Adjusting the pH of honey samples
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still maintain the antibacterial activity at different rates. There was significant difference

(P < 0.05) in the antibacterial activity between adjusted honey samples to @j 57

and 9 (Tables 7, 8 and 9). Adjusting the pH of honey samples at 3 sho %ease in the
S

antibacterial activity of all tested honey samples. In addition, QQ ez
in

(Acacia honey) and H026 (Tualang honey) showed total |nh|b|t

amples HO31
st S. aureus and
P. aeruginosa, respectively. In contrast to the report b Wn et al. (2010), the

antibacterial activity of medical-grade honey reduc dJu t ney pH at 3

against antibiotic resistant S. aureus, E. coli, B. %and ae ros%‘ﬁdjusted
t

honey samples at pH 5, 7, and 9 showed a decreme agjerial u?t-lwty against

all target pathogenic bacteria except for h ey p

which totally lost the antibacterial aa@amst

(Acgoney) at pH 7

us. 6hllar observation on
medical-grade honey were reported tjffat ecreag an baeterial activity was shown
after adjusting the pH of honey f%o 7 agains ig:"’resmtant S. aureus, E. coli,
B. subtilis, and P. aeruginosa \n r, ., 2010). é

All heated honey samples |D[h|s\°{ ﬁ@ncrease in the antibacterial activity

compared to honey &\he@nt (Te 11, 12 and 13). The highest percentage
of bacterial grov@oltlnw ?Jct er heating honey samples at 121 °C for 10
O

min comptg eat?gba:}) n@(} °C for 10 min. However, Bogdanov (1997)
t

reporte ing unifloral ho and mixed honey at 70 °C for 15 min reduced the
antib act|V|ty against S. aureus and suggested that the non-peroxide antibacterial
ﬁ oney was slightly affected while the peroxide activity was damaged resulting in
f the antibacterial activity of honey. Hydrogen peroxide is normally present in

honey and its amount increase and active in diluted honey. Hydrogen peroxide has the



65

ability to inhibit microbes and it can be deactivated and damaged by heating. This study

suggested that the antibacterial activity of all nine honey samples (HaKRAiseder,

Tualang, Kharoob, Acacia and Manuka) is from non-peroxide antibacti%ivity since

the activity was not reduced or lost after heating honey sampleg _but fad increased.

Currently, limited studies on the effect of heating on the antimiggobig¥ activity of honey

have been reported. Y'

The antibacterial activity of honey samples was affecte the n%wndtreatments of

9. "X
pathogeni a@e_r@’r able 14,

.05 ol'r tlbas&l activity of

|gn|@t difference (P >

chymotrypsin, pepsin, trypsin and papain, and the ta

15, 16 & 17). There was no significant differen

honey treated with chymotrypsin and pepsi,“i
0.05) of honey treated with papain ar@
showed the highest antibacterial a t@ with the other enzymes

(chymotrypsin, pepsin and trypsiQ)- Qe resig aft the %matlctreatments suggest the

I
contribute to the antibacterial “VK od‘altb this study suggests the possible role

O

of protein/peptide ighgnh cmq@tlbac@ activity of honey. Presently, no data

published on the fe Zym ?!he microbial activity of honey.

This study @vm ¥n dln% e variable mechanisms of antibacterial activity of
)

honey sed internally anm&nernally as natural medicine, as well as when used in

@y Honey should be viewed as not only as sweetening or flavoring agents but

@matlon of compounds that are responsible for it to function as natural remedy and

preservatlve.

presence of proteins that are thed ty th@specifig®hzymes resulting in peptides that

/
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4.5. Conclusion

All honey samples exhibited antimicrobial activity at low concentr @:/o) as
0

evaluated using microtiter plates, especially Tualang honey and Aca% . Different
honey samples affected differently against pathogenic bacteria. The acterial activity

of honey samples was affected by pH (activity increased at pHBMcreased at 5, 7 and

9), heating honey samples increased the activity ofatézperrtures used), while
whi Mg p‘rveience of

proteins and peptides in honey. Thus, this study c@d that jthe i'ag@\al activity

of honey was affected by several treatments give?ﬁe hoqé \,Y.

enzymatic treatments provide variable antibacterial acti
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