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CHAPTER Il

3.1 Materials and methods

\q
A
0
N

A total of nine samples of fermented food yogurt (Nestle Yogu rg Yo€urt Syria Yogurt,

3.1.1 Samples

Assafi Yogurt, and Homemade Yogurt), fermented belacan n Penan acan Pankor,
Belacan Talyor Malaysia) and fermented durian were obtained from the ma amunngandar
Baru Bangi. Cultures of Bacillus spp. (B. cereus, B. subti spizizenii er! Qtit?ined from
the Microbiology Laboratory, Faculty of Science a nol y versitit Sains Islam
Malaysia (USIM). T

NS

3.1.2 Isolation and purification of lactic acid Mmf om f ente od

Ten grams of each sample (except curd as |xed ith 9 of MRS broth (Oxoid) and
of{ﬁe was mixed with 90 ml pepton

water and vortexed. Serial dilutiom-of tE sampIJ (105 10 @ 10 and 10°°) was prepared. A
1.0 ml of each dilution was mocuiate}o the ah@seg;i 15 mL of sterile and cooled molten
MRS agar (Oxoid), thorou@ed 1n

incubated at 37 °C for 24 Q lat bseryed for appearance of colonies. Bacteria was
purified by streaking on% agajan‘d incubated at'37 °C for 24 h, then transferred to MRS agar

slants maintained mt&ﬂgerﬁu at)0 t@rther analysis (Pundir et al., 2013).
:40 o

incubated at 37°C for 48 h in an aerobic iti

agar allowed to solidify. All plates were
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3.1.3 Preparation of spore suspensions

An overnight Bacillus spp. culture in nutrient incubated at 30 °C for 24 h was sp aEQEated on

nutrient agar (Merck). Then the plates were incubated at 37 °C for seven days ore than
90% of the spores produced. Sporulation process was monitored by staining cterial smears
with crystal violet and observed at 100x magnification using a light micros lympus). Free

spores were visible on the 3rd day and almost 90% of bacteria were i\g@ phase on the 7th
day. On the seventh day, 3 to 5 mL of cooled (4°C) sterile distilled as added to the plate
and gently the surface was scraped to collect the spores and put i erilf Eppendorf. Then
the tubes were centrifuged at 4°C, at 9000 rpm for 15 minute trifug Whis step was
repeated twice to remove impurities. Then, spores were ended in 1 ?f g e&ﬁ water,
heated for 20 minutes in water bath 80°C to kill the veget%ms. Finally, sgw‘é}suspension

d
was kept at 4°C until treatment with the LAB supernatar?ﬂﬂbiri Karbasiza 014).

SR

3.1.4. Screening for antimicrobial activity of isolated aT t QQCHIUS spp.

3.1.4.1 LAB cells spot method ‘% | 4 Q‘:)
N ,§j Lo
Antagonistic activity screening was Tgatei agains test-@cteria by agar spot test and well
diffusion assay as described by % er and Lu e‘.(llgzg Agar spot test experiments were
conducted by spotting a loopfuhef an ovi [ AB Cé(l’.ufed on the surface of a MRS agar plate
and incubated at 37°C for 48 h.The Iateiwere then overlaid with 8 mL of soft agar

?!ter(a) ulture (approximately 107 stationary-phase

C the s were examined for zones of inhibition in the

LAB&Were inoculated to MRS broth incubated at 37°C for 24 to 48 h on shaker. The
broth culture was centrifuge 7100 rpm for 15 min at 12 °C. The supernatants were collected and
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filter sterilized using 0.2 um filter (Minisart®, Sartorius stedim). Bacillus spp. were grown in
nutrient broth incubated at 37 °C and was diluted to a turbidity equivalent to that of a 0.5
McFarland standard (Pundir et al., 2013) and 0.1 mL was spread on the nutrle r plates
Wells of 7 mm in diameter were cut into the plates, 0.2 ml supernatant inside th% Finally,
the plates were incubated aerobically at 37°C for 24 h. Antagonist eff ting in the

appearance of the clear zone around the wells of the growth of the putativwwltor strain was

inspected. (Darsanaki et al., 2012). \,
3.1.5 Effect of pH on antibacterial activity of LAB superna '\d

'Y
ag _ﬁ‘})n shaker.
2 °C{(Darsanaki et
Y,
filter. The pH of

e antimicrobial effect of

LAB isolates were cultivated in their MRS broth incuba@ °C faor 2
The broth culture was centrifuge (Combi 514R) at 7100 r or 15 mi

al., 2012). The supernatants were collected and filter S%Eed '
supernatant was adjusted to pH 4, 5, 6 with 0.2 to exclu

organic acids. (Aween et al., 2012). Bacillus s e grown i nutri@)roth incubated at 37
°C and was diluted to a turbidity equwalent at of a F Ip.‘@‘standard (Pundir et al.,
2013) and 0.1 mL was spread on the nu ar pﬂ‘ates vells % mm in diameter were cut

into the plates, 0.2 ml supernatant insi e ells Fi the s were incubated aerobically

of the growth of the putative inhi

at 370C for 24 h. Antagonist e eEt re g in e appe ran@ the clear zone around the wells

ain w?s ins gegQ arsanaki et al., 2012).

3.1.6 Effect of enzymes on @agam&'&acnlus spp.

Wn i lS tiél‘f overnight at 37°C. The broth culture was
ina 12 S tants were collected and filter sterilized using

Lactic acid bacteria isoldte

centrifuge 7100 rpm

0.2 um filters. hQi hatanits e;treat&_ h Proteinase K and RNase | separately. 1pl of
each enzyme chlated to 1 ml ofcs“gplernatant in universal tubes and left for 1 h at room
temperature. r that, the supernatant was tested against target bacteria in microtiter plates
followe ation at 37°C for 48 h, supernatant without treat use as control, and bacterial

onitored using Optical Density (OD) 560 nm using BioTek ELx800 ELISA reader
(Lash iwiec, & Gourama, 2005). The percentage growth of Bacillus spp. was measured

using the equation (Aween et al., 2012).
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Percent growth of Bacillus spp.=| OD 560 nm after 24h or 48 h = OD 560 nm after oh }x 100

oD 560 nm after 0

3.1.7 Detection of protein hydrolysis 5 )

3.1.7.1 Preparation of skim milk agar and cultures T

Skim milk agar was made as follows: 25 g of skim milk was recons d with 250 ml of

distilled water. The mixture was stirred thoroughly and auto ve at 110°C for 10 min.

Likewise, 500 ml of 2.5% agar solution was sterilized. For plati Ill and agar solutions
were held in a water bath at 50°C and then the skim milk was red into tle and
mixed thoroughly. The skim milk agar was poured qumkl tes ( @012)

3.1.7.2 Measurements of protein hydrolysis c\/ 0\
&@mllk agar plates and

To detect protein hydrolysis, the selected LAB were i oc%

were incubated at 37 £ 1 °C for 48 h i na r amb Qollowed by cooling in a
refrigerator (4°C) for 3 days. Protein Sis obs vi%d Q@he production of clear halos
surrounding isolated colonies. Dupli Is ucte all results were averaged and
reported as diameter in mm (Ab kr etal., 201\1) |

TS

NG
3.1.8 Determination of arﬂQ) res Pf tf(g}olates
¢’

i eluse Qoldetermlne antibiotic resistance of lactobacilli
c |scsaﬁl gmcnl‘l'ﬁ‘.\G (P1), Gentamicin (CN), Chloramphenicol (C),

Vancomycin (\‘&Streptomycin (S), ar@?;tracyclme (TE). The susceptibility tests for each

In this study, the 7

strains. These anti

isolates wer ormed using disc diffusion method. The discs were placed on the solidified
agar surf plates were incubated aerobically for 24 h at 37 °C. The resistances were

determine ording to the zone formation (Saranya & Hemashenpagam, 2011).
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3.1.9 Statistical analysis

All measurements performed in duplicate were calculated for standard deviation, sults
were presented as mean value £ S.D. and were analysed by two way variance A) for

significant mean p < 0.005 to evaluate the significant differences between grouﬁi



30

3.2 Results
3.2.1 Isolation of LAB from food samples Y'

A total of 45 bacterial cultures were isolated from yogurt, fermented shrimp p@acan and
fermented durian “tempoyak” and all the isolates were catalase negative, and positive, thus
assured they are LAB, These LAB isolate showed clear zone on the modified MRS agar with
0.8% CaCOs ( figure 6 and table 4). \,

Clear zone

MRS agar

LAB
colonies




Table 3: Gram stain and catalase test of LAB isolated from different food samples

Food samples Code of Isolate Catalase test Gram stain

M1 Negative Positivi i
Nestle Yogurt M2 Negative Positi N

M3 Negative Posi&h

M4 Negative Positive

M4 Negative ive

M5 Negative Positi

F1 Negative itive
Fresh Yogurt F2 Negative ositive

F3 Negative sitive

F4 Negative ositive

F5 Negative Positive
S1 Negative Positive
S2 Negative Eositive

Syria Yogurt S3 Negative ositiv
sS4 Negative 0Si
S5 Negative ' % o

P e

N1 Negative sitive S0

N2 Negative siave ")
Assafi Yogurt N3 Negative Positive

N4 Negative P 4 Positi

N5 Negative™ ™~ Posit

H1 Negative ~ Sitive

H2 ‘N@atjve %tive
Homemade Yogurt H3 Negative sitive

4‘ Positive

H4 Negative
H5 Negative O Positive
BP1 Negative Positive
Belacan Penang BP2 % Negative\T &3\ Positive
BP3 Negativeay O} Positive
BP4 Negative, % Positive
BP5 “=Negative Ls) Positive
BK1 Negative — ay, ~ Positive
Belacan Pankor BK2 Nyeg?tive o™, Positive
B z Negétive Positive
B P Negat@ve Posit!ve
K5 o U Negative' Positive

' B Negative Positive
BT Negative Positive
Belacan Talyor CNegative Positive

Malaysia \SM Negative Positive
TS' g 1' C‘) Negative Positive
D - (_} Negative Positive
% D N, Negative Positive
Fermented Durian % b é

Negative Positive

D4 : Y* Negative Positive
D5 N Negative Positive
% <
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3.2.2 Antimicrobial activity of LAB against growth of vegetative Bacillus spp. as

determined by agar spot assay and well-diffusion method

The antimicrobial activity of LAB cells against growth of vegetative cells of B N;p was
he a

evaluated by two methods: agar spot assay and well-diffusion method. s ameter of
inhibition zone was rated as strong (>13 mm), moderate (13 to 9 mm) and weak (<9 mm)
(Sumathi, 2012).

3.2.2.1 Agar spot assay

The results of agar spot assay against vegetative cell of Baci @ clwn in figure 7 and
table 5. Strong Significant difference was observed between and-am ng es (p <
0.05). All the 45 LAB cells strongly inhibited (98%) the of B. ¢er cdm_&&rpd to 78%

against B. spizizenii and 51% against B. subtilis. The i |b| n zong dem strat&rby the LAB
isolates was variable against the targeted Bacillus spp. I as o \ed that i G{H'te BP4 showed

vlnh' ;

and BT5 showed 25 mm inhibition zone agains izenii, L

for LAB isolates BK2, H5,F3, F5 against B ilis @;&T
[}

and S3,F4, F5 against B. spizizenii (12 m%
Aj Ky

»

28 mm inhibition zone against B. subtilis, BK1 sh ion against B. cereus

-9
,
7%

Vegetative cell

of B.cerus
LAB D4
Clear zone by LAB D1
spot LAB -

LAB D3

Figure 72" Antimicrobial activity of LAB against vegetative cell Bacillus spp. using agar spot

assay
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Table 4: Antimicrobial activity of LAB against vegetative cell Bacillus spp. using agar spot

assay
Food sample Code of isolate B. subtilis B. cereus B. sBizis
M1 14.00+1.414 24.00+1.414 16.00%2.828
Nestle yogurt M2 11.00+1.414 28.00+1.414 % 14
M3 18.00+1.414 22.00+.000 18.00%4.243
M4 11.00+1.414 26.00+1.414 +1.414
M5 15.00+2.828 18.00+1.414 3.00+1.414
F1 12.00+8.485 28.00+2.828 \, 8.00+2.828
Fresh Yogurt F2 13.00+1.414 28.00+1.414 18.00+1.414
F3 10.00+2.828 22.00+2.82 17.00+2.828
F4 13.00+.000 10.00+4.243
F5 10.00+1.414 N '10.00 .000
S1 12.00+1.414 15,00+2.828
Syria Yogurt S2 11.00+.000 \éﬁ.ﬂ?
s3 10.00+1.414 o.goi.ﬁ
S4 11.00+1.414 14.00+14414
S5 11.00+2.828 12.00£2:828
N1 16.00+1.414 14.0042.828
Assafi Yogurt N2 13.00+1.414 0+1.414
N3 12.00+2.828 5.00+2.828
N4 13.00+2.828 12.00+1.414
N5 25.00+2.828 15.00+2.828
H1 13.00+2.828 17.00+4.243
Homemade H2 11.00+1.4 15.00+1.414
Yogurt H3 15.00+.000
H4 15.00+2.828
H5 17.00+1.414
BP1 18.00+2.828
Belacan Penang BP2 22.00+2.828
BP3 14.00+.000
BP4 12.00+1.414
BP5 21.00+2.828
BK1 ~30.00+4.243 22.00+4.243
Belacan Pankor 40 17.00+2.828 16.00+2.828
O 21.00+1.414 19.00+1.414
20.00+1.414 17.00+4.243
18.00+1.414 17.00+1.414
16.00+.000 22.00+4.243
Belacan Talyor . 28.00+2.828 16.00+2.828
Malaysia 251 014.2?3' 23.00+2.828 12.00+1.414
5 T4 11.00513414 21.00+2.828 13.00+.000
BTS 12.00%17414 27.00+2.828 25.00+4.243
\ D1 16.00+1.414 25.00+2.828 12.00+.000
Fermented D2 11.00+4.243 23.00+1.414 17.00+2.828
Durian D3 12.00+.000 21.00+1.414 12.00+1.414
D4 25.00+2.828 22.00+2.828 22.00+1.414
D5 21.00+1.414 26.00+4.243 19.00+1.414
Diameter o wth inhibitory zone against vegetative cell Bacillus spp. was measured in(mm) after 24 h using spot assay method

the result was expressed as meantstandrad deviation of value obtained from duplicate experiment , Mean £SD.
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32.2.2 Well-diffusion method

The results of antimicrobial activity of LAB cell determined by well-diffusion met ainst
vegetative cell of Bacillus spp. are shown in Table 6 and Figure 8.  Str N nificant
difference was observed between and among the samples (p < 0.05).  Strong ry activity

%btllls (31%).

The diameters of inhibition zones using well-diffusion method were lower{than by agar spot

was observed against B. cereus (58%), followed by B. spizizenii (44.5%) and B

assay and ranged between 8 to 15 mm against B. subtilis, 8 to 18 mm ag B. cereus and 8 to
16 mm against by B. spizizenii. Highest zone of inhibition agali
observed for CFS of BK3, BT1, D5 with 15 mm against B. su
B. cereus and S2,H5 with 16 mm against B. spizizenii. Lowest z

CFS of M4, F2, F3, BP2, BP3, BK5, D2 with 8 mm against
B. cereus and BP3, BT4,D1 with 8 mm against B. spizizQEii.

nst{the vegetative cell was

; lvith mm against
in Mre@ded by
btilis,/BP. |fn &crom against
\J’ b 4§

é\%’

Zone inhibition

by CFS of BT3
Zone inhibition
by CFS of D4 Nutrient agar with
B.subtillis
Zone Zone inhibition
inhibition by CFS of BT1
by CFS of

ve cell Bacillus spp. By CFS of LAB using
0 bate at 37 °C for 24 h
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Table 5: Antimicrobial activity of LAB supernatant against vegetative cell of Bacillus spp.

Using well diffusion method

Food sample Code of Isolate B. subtilis B. cereus
M1 10.00+1.414 14.00+1.414 )

Nestle yogurt M2 10.00+.000 12.00+1.414 13.00%.000
M3 9.00+1.414 11.00+1.414 +2.828
M4 8.00+.000 12.00+1.414 |I.*.11.0012.828
M5 9.00+2.828 12.00+2.828 \‘ 0.00+.000
F1 10.00+.000 13.00+1.414 12.00+1.414

Fresh yogurt F2 8.00+.000 12.00+.000 10.00+2.828
F3 8.00+1.414 13.00+2.8 12.00+.000
F4 9.00+.000 10.00+.000 10.0041.414

F5 10.00+2.828

S1 11.00£1.414
Syria yogurt S2 14.00+.000

‘

011%
S3 10.00+1.414 3. 0:@
sS4 13.00+4.243 15.00%1:414
S5 14.00+1.414 14%00#.000
N1 13.00+1.414

Assafi Yogurt N2 11.00+2.828
N3 11.00£1.414
N4 11.00+3.536
N5 11.00£1.414

y .

13/00+1.414
%.001.000
¢, '13.00£.000

O 13.00+2.828
12.00+1.414

H1 11.00+.00 14.00+2.828
Homemade Yogurt 12.00+2.828
14.00+1.414
11.00+2.828
16.00+2.828
12.00+1.414
Belacan Penang 13.00+.000
8.00+.000
14.00+1.414
.00+.000 13.00+2.828
18.00+2.828 15.00+2.828
Belacan Pankor 14.00+1.414 13.00+1.414
10.00+.000 12.00+1.414
. ; 9.00+.000 14.00+4.243
%5 }) N 11.00+1.414 11.00+2.828
% 1 2 WOﬂ.A-Q‘ 18.00+2.828 13.00+.000
Belacan Talyor T2 13:00£1: 16.00+.000 14.00+2.828
Malaysia : BT3 11.0 fQSE‘ 14.00+1.414 13.00+2.828
BT4 9.00&&0 13.00+4.243 8.00+1.414
BT5 10.00+2.828 15.00+2.828 13.00+1.414
D1 13.00+2.828 14.00+1.414 8.00+2.828
FermentedsDur D2 8.00+.000 11.00+1.414 13.00+1.414
D3 11.00+.000 16.00+4.243 9.00+.000
D4 14.00+2.828 12.00+.000 14.00+1.414
D5 15.00+1.414 16.00+2.828 13.00+2.828

Diameter of growth inhibitory zone against vegetative cell of Bacillus spp. was measured in(mm) after 24 h using well diffusion
method, the result was expressed as meantstandrad deviation of value obtained from duplicate experiment , Mean +SD
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3.2.3 Antimicrobial activity of LAB cells and supernatant on Bacillus spp. spore

germination by agar spot assay and well-diffusion method

3.2.3.1 Agar spot assay c

The results of agar spot assay against spore germination of Bacillus spp. ar wn in Table 7
and Figure 9. Strong Significant difference was observed between and a e samples (p <
0.05). It was observed that all the 45 LAB cells inhibited strongly rc’jx':r'mination of B.
subtilis (89%) greater than B. cereus (75.5%) and B. spizizenii . Highest zone of

inhibition against spore germination using spot agar test was show Wiil"l 25 mm against B.

subtilis, F1 with 28 mm against B. cereus and BP1 with 26 m inst B. W The lowest

inhibition zone was recorded by BT1, M4, F2, S3 with 12 m ainst By sub s' B'I'C’SSE'Ps, H2,

N4, M4 with 11 mm against B. cereus and BT2, M3, , F4, S3 withi 11 mﬁﬂ- against B.
s b §

Y" \ N

Vaip &

‘«

spizizenii.

Spore B.
cereus
LAB D2
Zone L
inhibition
LAB F1

O
Figure 9: Antimitz/ ctivi : ce@gainst spore germination of Bacillus spp. using

spot assay
AN R
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Table 6: Antimicrobial activity of LAB against spore germination of Bacillus spp. using agar

spot assay
Food sample Code of Isolate B. subtilis B. cereus B. spi ii
M1 18.00+2.828 12.00£1.414 11.
Nestle Yogurt M2 19.00+4.243 16.00+2.828 18.00+1414
M3 22.00+2.828 17.00+1.414 .00£.000
M4 12.00£.000 11.00+.000 +2.828
M5 15.00+£1.414 20.00+4.243 6.00£2.828
F1 15.00+4.243 28.00+4.243 2.00+1.414
Fresh Yogurt F2 12.00£.000 20.00+4.243 16.00+1.414
F3 25.00+2.828 21.00+4.24 15.00+2.828
F4 24.00£1.414 11.00£1.414
F5 14.00+1.414 i l16.0014.243
S1 17.00+2.828 12,00+.000
Syria Yogurt S2 19.00+4.243 +2.8
S3 12.00+.000 1.E0i2
S4 22.00+4.243 7 0%
S5 21.00+.000 P 18.00$2.828
N1 21.00+4.243 " p 140022828
Assafi Yogurt N2 17.00+1.414 2@011.414
N3 19.00+2.828 %.0011.414
N4 17.00+2.828 Lﬁ 3.00+2.828
N5 21.00+2.828 h 15.00+.000
H1 24.00+5.657 S 12.00+1.414
Homemade Yogurt H2 16.00+4.2 18.00+4.243
H3 12.00+.000
H4 12.00+4.243
H5 21.00£4.243
BP1 26.00+2.828
Belacan Penang BP2 18.00+1.414
BP3 18.00+4.243
BP4 0014.243 20.00+1.414
BP5 $ ,“11.00£2.828 15.00+4.243
BK1 \.14.00+2.828 19.00+1.414
Belacan Pankor BK %*E 17.00+2.828 12.00+1.414
B NG 24.00£2.828 16.00£1.414
K C‘g-) 12.00+.000 21.00+1.414
, 12.00+4.243 19.00+2.828
BT 17.00+4.243 17.00£1.414
Belacan Talyor T2 22.00+4.243 11.00+2.828
Malaysia %BTS 21.00+1.414 18.00+4.243
BT4 12.00£.000 20.00£2.828
BT5 15.@0%])414 11.00+1.414 19.00+2.828
\ D1 18.00+2.828 16.00+2.828 17.00+4.243
Fermented Durian D2 22.00£1.414 25.0045.657 17.00+2.828
D3 12.00+1.414 18.00+2.828 23.00+1.414

20.00+.000
17.00+4.243

18.00+2.828
15.00+1.414

12.00+.000
20.00+4.243

D4
D5
Diameter h inhibitory zone against spore germination of Bacillus spp. was measured in(mm) after 24 h using spot assay

method , the result was expressed as meantstandrad deviation of value obtained from duplicate experiment , Mean +SD.
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3.2.3.2 Well-diffusion method

The results of antimicrobial activity against spore germination of Bacillus spp. as detérmined by
well-diffusion are shown in Table 8 and Figure 10. Significant difference was o etween
and among the samples (p < 0.05). In contrast to LAB cells, the CFS of LAB t b%give lower
activity against spore germination of the Bacillus spp. studied. It was observed*24.4% of the
CFS prevent germination of B. subtilis, 29% for B. cereus and 15.5% ag@ainst B. spizizenii.
Highest zone inhibition against spore germination was observed for Hl,wvith 16 mm against
B. subtilis, H5 with 16 mm against B. cereus and D4 with 15 Wt B. spizizenii. The
lowest zone inhibition was recorded by BT4 with 8 mm again ubtilis I\‘ll, F4, BK4 with 8
mm against B. cereus and F1,F4, F5, S2, S3, H3 with 8 mm against'B. sp iw. X
1S

4 Y

Zone inhibition by
CFS of H3

Zone inhibition

by CFS of S1

@)

Nutrient agar with
B.subtillis spore

Zone inhibition

by CFS of Bk5 Zone inhibition by

CFSof BT1

&
iIIus#.’spore germination by well-diffusion

e at(:%bfor 24 h

Figure10. Plate showing in f{m'gn zorje 0
T
S
A\
S
S
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Table 7: Antimicrobial activity of lactic acid bacteria supernatant against spore germination of

Bacillus spp. using well diffusion method

Food sample Code of Isolate B. subtilis B. cereus
M1 11.00+2.828 8.00+.000
Nestle Yogurt M2 12.00+4.243 9.00+1.414
M3 11.00+1.414 9.00+.000
M4 9.00+2.828 10.00+.000 .00£1.414
M5 11.00+1.414 10.00+2.828 +2.828
F1 9.00+1.414 10.00+2.828 .00£.000
Fresh Yogurt F2 9.00+2.828 10.00+1.414 .00+4.243
F3 11.00+1.414 9.00+.000 V10.0011.414
F4 12.00+2.828 8.00+.000 8.00+.000
F5 12.00+.000 9.00+1.41 8.00+.000
S1 12.00+1.414 10.00+.000 10.00+2.828
Syria Yogurt S2 14.00+2.828 .\MOOO
S3 9.00+2.828 :90=£.000
S4 15.00+2.828 1.ﬂ0¢2%§z'
S5 11.00+1.414 0.00£1.414
N1 14.00+2.828 ] 11.00%1.414
Assafi Yogurt N2 14.00+1.414 b-/ 10:Q0#.000
N3 15.00+2.828 . lRU’Oil.4l4
N4 14.00+.000 %014.243
N5 14.00+1.414 M 4, .00+4.243
H1 16.00+2.828 O“' 10.00+.000
Homemade Yogurt H2 11.00+2.828 10.00+2.828
H3 8.00+1.414
H4 9.00£1.414
H5 10.00£1.414
BP1 14.00+2.828
Belacan Penang BP2 11.00+2.828
BP3 9.00+1.414
BP4 ( 13 9.00£1.414
BP5 11:00+.000 13.00+2.828
BK1 £40:00+.000 11.00+2.828
Belacan Pankor BK2 \ 3.00+2.828 12.00+2.828
BK& 40%110012.828 9.00+4.243
BK4 8.00+1.414 9.00+2.828
K [ 13.00+1.414 9.00£.000
14.00+2.828 10.00+.000
Belacan Talyor BT, I 11.00+.000 13.00+2.828
Malaysia T3 : 9.00+.000 9.00+1.414
Q 'BT4 10.00+2.828 11.00+4.243
BT5 12.00+1.414 11.00£.000
D1 14.9(@.828 13.00+4.243 14.00+1.414
Fermented durial \ D2 11.00+.000 14.00+1.414 13.00+2.828
D3 9.00+.000 11.00+1.414 14.00+2.828
D4 10.00+1.414 13.00+1.414 15.00+2.828
D5 14.00+.000 11.00+2.828 10.00+1.414

Diam of gr
diffusion

h inhibitory zone against spore germination of Bacillus spp. was measured in(mm) after 24 h using well
, the result was expressed as meanzstandrad deviation of value obtained from duplicate experiment, Mean +SD.
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3.2.4 Effect of pH of LAB cell free supernatants on growth inhibitory activity of Bacillus

spp. vegetative cells and spore germination

Variable inhibitory activity against vegetative cells and spore germination was moxwhen
the pH of cell free supernatants was adjusted to pH 4, 5 and 6.5 (Table 9). T ‘;Wmatants of
all LAB isolates showed good inhibitory activity against vegetative cells at pH 4'6f which 46.5
% of CFS was effective against B. cereus compared to 31% against B. tilis and 37.8 %

against B. spizizenii. However, the isolate from yogurt (S1-S5, F1-F5, WS N1-N5, H1-H5),

\/N!e isolates from belacan
h ed.a\ltiﬂvia at pH 5 and
. Spizizent
* \T
Similarly, the cell free supernatant of all LAB inhibited germination at pH 4726% against

B. cereus, 29% against B. subtilis and 13.3% agaWzizenjfk( e 1(&he cell free
t

lost its inhibitory activity when the pH was adjusted to 5 and 6.
(BP1-BP5, BK1-BKS5, BT1-BT5) and fermented durian (D1-
6.5, 15.5% against B. subtilis, 20% against B. cereus and 2% agai

supernatant of isolate from yogurt (S1-S5, F1-F5 , l\H\ N 1-H5®Dst the ability to
prevent spore germination when pH of supern adjus an . Itis interesting to
note that the isolates from belacan (BPl-BP%}B T ) gﬂtéf:rmented durian(D1-
D5) showed activity at pH 5 and 6.5; of 9 pr'? r g@)cn ation of B. cereus 11%

- oy 0 - A u
against B. subtilis and 13.3% against B. enu.Aj ACS(
Y_ ’ S
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Table 8: Antimicrobial activity of LAB cell free supernatants against vegetative cell of Bacillus

spp. after pH adjusted as determined by well-diffusion method incubated at 37 °C for 24 h

LAB pH:4 pH:5
Isolate  B.cereus B.subtilis B.spizizenii  B.cereus B.subtilis B. spizizenii  B. cereus
S1 10 10 11 N.I N.1 N.I N.1

S2 15 13 14 N.I N.1 N.I N.1

S3 13 11 13 N.I N.1 N.I N.1

S4 15 10 13 N.I N.1 N.I N.1

S5 14 13 14 N.I N.I N.I N.I

F1 12 10 10 N.I N.1 N.I N.

F2 12 8 10 N.I N.1 N.I NN
F3 11 8 11 N.I N.1 N.I |

F4 10 10 10 N.I N.1 N.I

F5 12 9 12 N.I N.1 N.I

M1 14 8 12 N.I N.1 N.I

M2 10 10 11 N.I N.1 N.I N.1

M3 11 8 11 N.I N.1 N.I N.1

M4 13 9 11 N.I N.1 N. N.

M5 11 9 10 N.I N.1 N.I N. Y
N1 16 11 12 NI NI N.'

N2 13 10 14 N.1I N.1 : ‘.N.

N3 12 11 12 NI NI W
N4 13 13 13 NI NI 1 \S
N5 15 12 10 N.I NI 1 ,,\ .

k I
H1 15 11 14 N.I N. NN.I \ N
H2 13 10 11 N.I N NI Lg
H3 15 11 15 NI \ NI N.O
H4 13 10 11 NI N. ‘Q&:\ 1
P

H5 12 10 13 N.I NI : ? :
BP1 8 14 14 9 .—-Qy | 75
BP2 10 11 12 11 e 12 0}10
BP3 13 13 10 1 12 “« Qo
BP4 13 14 9 \ 14 49 10
BP5 10 10 12 11 [l 10 & 9
BK1 10 11 13 1 V12 ,é’* 9
BK2 14 13 10 2 ( b 11 11 10
BK3 11 9 11 11 12 12 10
BK4 9 10 9 0 s s (%;e 11 12 12
BK5 14 13 9 12,\& 8 13 12 9
BTL 15 15 %&\ 15 13 8 13 14 10
BT2 10 11 11 QQ 13 12 12 12
BT3 10 11 X 110 11 12 12 9
BT4 10 8 1 ’ ¢ 10 ! 9 12 11 8
BT5 14 11 Y s 12 12 10 11 10
D1 13 15 ’ 4) 13 12 11 12 11
D2 15 11 3 4 @2 13 13 13 13
D3 13 9 u & M 8 15 11 9 13
D4 12 15 12, U 9 12 14 10 12
D5 11 1 10 100 13 9 11 13 9
e f inhibition zone was measured as diameter in mm. N.I:no inhibition

Note: the dia&

Ny



Table 9: Antimicrobial activity of pH adjusted LAB cell free supernatants against vegetative cell

of Bacillus spp. as determined by well-diffusion method incubated at 37 °C for 24 h

LAB pH:4 pH:5
Isolate  B.ereus  B.subtilis B.spizizenii B .cereus B.subtilis B. spizizenii

s1 8 12 10 NI NI NI

Y 11 13 8 NI NI NI

S3 8 10 8 NI NI NI

sS4 11 13 11 NI NI NI

S5 13 11 10 N.I N.I N.I

F1 10 9 9 NI NI NI

F2 9 9 9 NI NI NI

F3 11 11 10 NI NI NI

F4 9 11 8 NI NI NI

F5 9 12 10 N.I N.I N.I

M1 8 10 8 NI NI NI

M2 9 12 10 NI NI NI

M3 10 11 11 NI NI

M4 10 10 11 NI NI

M5 10 11 10 N.I N.I

N1 13 13 12 NI NI

N2 11 14 11 NI NI

N3 11 13 11 NI NI NI
N4 11 14 11 NI NI NI
N5 11 14 9 N.I NI N.I
H1 10 16 9 NI N. . NI
H2 9 12 10 NI : NI NI
H3 15 11 9 NI . NI NI
H4 13 9 8 NI NI i NI NI
H5 14 9 10 NI %I \\th\? NI NI
BP1 8 14 14 8 O'Td'y ' 13 14
BP2 10 11 11 9 11 @ 11 10
BP3 13 12 9 13 13 9
BP4 13 13 9 1 12 12 9
BP5 10 10 14 13 13
BKI 10 10 12 0 ! 10 11
BK2 14 12 10 2 ( 12 9
BK3 11 10 9 % 2L g2 10 10
BK4 9 10 8 9 = 10 9
BK5 13 13 10 ‘\ 13 \\2 QO 12 10
BTL 14 15 14 15 %‘ 15 10
BT2 10 10 3 9 & 9 12
BT3 10 9 \ 1 1 5O 10 9
BT4 10 9 ‘10 p° & 9 10
BT5 12 11 1 11 (11 11 11
D1 13 12 , 3 Y3 12 13
D2 15 10 13 2 15 .é\ll 10 12
D3 12 15 i 8 8 15
D4 12 15 124, U 10 14
D5 11 9 J.;&) 13 13 10

Note: the di ﬁn@o inhibition zone

S

was'measured as diameter in mm. N.l:no inhibition
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3.2.5 Detection of proteolytic activity of selected LAB isolates

It was observed that 20 LAB isolates produced clear zones when grown on skim miIRT The
diameter of hydrolysis varied with LAB isolates ranging from 2.5 to 3 mm (Figu N Table
11). Fifteen LAB isolated from different sources of belacan samples and fiv %fermented

durian produce extracellular proteolytic enzyme that hydrolyzed casein. This may be indicative

ol

that peptides are produced by these LAB.

Zone inhibition create by Zone inhibition create
BK3 in  milk agar , - by BP2 in milk agar
indicate to proteolytic indicate to proteolytic
activity activity

B boif e 7
Zone inhibition create \"‘a./ «3'

by D3 in milk agar

indicate to proteolytic é

activity

Figure 11: Clear zone surrounding th ies indhgro oﬁés activity

W W

AN

/

JZ"?
NWWNWNWNWWWWW
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3.2.6 Effect of enzymes treated LAB cell free supernatant on antimicrobial activity

Treatment of proteinase K and RNase enzymes to the selected 20 LAB supernatants that
four isolates BP2, BK4, BT1 from belacan and D2 from fermented durian resulte ﬁX::se in

%ated CFsS.
Even though growth of B. cereus, B. subtilis and B. spizizenii was observed in the titer plates, the

their antimicrobial activity against vegetative cell of Bacillus spp. compared

increase in growth was less than control indicating that supernatant contain antimicrobial peptide
(Figurel2, 13 and 14 and table 12 and 13). V

CFS without

treatment

CFS treatment C!:S treatment
with with RNase

proteinase k

N

/ - . ..' - ) )
Figure 12: Effect.ef enz @é! supe(rié{ant against Bacillus spp.

S
&
3
S
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Table 11: Growth percentage of Bacillus spp. with LAB supernatant after treatment with

Proteinase K measured in microtiter plate incubated at 30 C for 48 h

Bacillus Time (h) BP2 Control BK4 Control BT1 Control g::ontrol

spp. BP2 BK4 BT1 (-) D2

B. subtilis 24 h 3.01 N.G 262 N.G 3.39 N.G .14 NG
48 h 401 0.17 291 0.016 3.93 0.12 450 0.16

B cereus  24h 338 N.G 352 N.G N.G
48 h 4.1 N.G 4.02 0.014 N.G

B. spizizenii 24 h 241 N.G 212 N.G , 8?. N.G
48 h 3.63 0.018 3.41 0.014 i'% 0.14

Growth was measured as OD at 560 nm, NG: No growt

Bacillus spp. Time BP2  Control Control
BP2 B D2
(h) 4
B.subtilis  24h 5.24 0.084 4 0 6.5\ 0.062 5.24 0.05
48 h 6.23 Q.29 64 , 0.1’ : {@ 0.20 6.95 0.31
B.cereus  24h 552 O 5.7}10_()/!1,- 4::5.43 0.12 543 0.13
48 h 6.7 \g.\n | 6 0.42%_(..1 6.01 0.11 6.02 0.13
B. spizizenii 24 h 09 3! %?J 3.46 0.16 3.60 0.16
48 h o}o* ‘3'3, Co.26 466 0.17 495 0.15
» {

Growth was measure
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3.2.7 Antibiotic susceptibility of LAB isolates

The 20 isolates that maintain activity at PH 5 and 6.5 showed variable susceptibili Six
antibiotics (penicillin, gentamicin, streptomycin, chloramphenicol, vancomycin a m(l?ine),
evaluated by agar diffusion method. All the isolates were highly susceptible to Rl (penicillin,), C
(chloramphenicol) and TE (tetracycline) but less resistant to GN (gentamicin). ever, all the

isolates were resistant to VA (vancomycin) and S (streptomycin) (Table 12 and Figure 15).

X~
Nilg

Absence of clear
zone surrounding
antibiotic disc

] indicates resistant to

P 4
\ antibiotic

\E Clear zone surrounding
antibiotic disc indicates
: Y susceptibility to antibiotic

' F&
N Ni(e
Figure 15: Antibiotic susl&@ihty he Iﬁ%olates using antibiotic disc method
B
Q- 2
& ‘v <
A\ -4
\C.)

N
S
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Table 13: Antibiotic resistance of the LAB isolates to different antibiotics as measured by
diameter of inhibition zones

LAB Antibiotic(clear zone inhibition mm )

Isolate PI GN C VA S \;E
BP1 15 4 17 R R 14
BP2 14 4 19 R R A 15
BP3 14 4 21 R 16
BP4 14 4 19 R R 17
BP5 14 4 20 R \SV' 17
BK1 16 4 21 R 17
BK2 14 4 21 R YH 17
BK3 14 4 22 R R | 17
BK4 14 4 20 R 17
BK5 15 4 21 R IR . 17
BT1 10 4 21 R | c,\):‘l“
BT2 14 4 21 R A7 18
BT3 13 4 21 2 \,\r 17
BT4 11 4 18 Yﬂ 14
BT5 16 4 21 IR q\\‘ R {\T 17
D1 11 4 23 \/ | 17
D2 14 4 z\ R 16
D3 14 4 19 R 14
D4 14 4 Qb \R\T /\'\ R 16
D5 14 4 - N R 14

PI (penicillin,), C (chloramphenicol),
S (streptomycin), R (resistant)
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3.3 Discussion

Lactic acid bacteria are one of the most important groups of microorganisms that the
production of valuable foods including fermented milk products (cheese, yogur, ?c':reals
and vegetables) due to ability of LAB to produce different compound such a ét—a
acids, di-acetyl, hydrogen peroxide and bacteriocin during lactic fermentatior?(%!rsanaki etal.,

as organic

2012). The use of antimicrobial compounds produce by LAB is one methom can be used to
control of microorganisms (Djadouni & Kihal, 2012). \/

In this study the cells and the cell free supernatant of CSolited from different
fermented food available in Malaysian market (yogurt, bela nd fer, rlan) showed
variable ability in their ability to inhibit the growth of thi%@tatlve ceF or eﬁﬁnatlon

Using spot assay method, it was observed that growth of ative cell§ o subtr‘hs B. cereus
and B. spizizenii was inhibited by the cells of LAB IS(WTY el BP4\BK1 and BT5,

respectively. The antagonistic effect against spore tlormfvas serveé?br cells of isolate

H1 and BKS5 against B. subtilis, D2 against B d BP st B izizenii. In contrast,

the cell free supernatants of BT1, H1 and S2 were*ob NK tlvg\to |nh|b|t the growth of
;fl @ ;;»

vegetative cell and spore germination of B. ! Bn ﬂmzenu respectively.

Most work reported the antlm?& | activ L,Ag‘;én vegetative cells of Gram

positive and Gram negative bact rla ne 2; \nc et al., 2011; Li et al., 2015;
|

Djadouni and Kihal , 2012) as W% alnst wit qff&?mycella and germination of fungal

spores (Mubhialdin & Hassan Q
However, there limited r n icrobial activity of LAB against both
feJimited 72palts’ o s y g
vegetative cells and % rmi tio,q B'acdju spp. Digaitiene et al. (2012) reported that
supernatant of L. sﬁel KTU05 06 P. aC|d|Iact|C| KTUO5-7, P. pentosaceus KTU05-8, KTUO5-

9 and KTUO05-10 {solated from sourdoughs produced bacteriocin-like inhibitory substances

(BLIS) that were able to inhibit growth of actlvated spores of B. subtilis in varying degree. The
A

metabolites produced by L. johnsonii CRL1647 and Enterococcus faecium SM21 produce
_

lactic acid , acetic acid and bacteriocin that had the ability to reduce the number of vegetative
-

F N

cells and spores of the B. cereus strains (Soria & Audisio, 2014). Similarly, Pepe et al., (2003)

reported that L. plantarum E5 and Leuconostoc mesenteroides A27 had anti-rope activity against
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B. subtilis, B. licheniformis, B. cereus, B. clausii and B. firmus that produce ropiness in bread
slices, and suggested that these LAB to be used as starters for bread-making. Klewicka and
Libudzisz (2004) found the L. acidophilus had inhibitory activity against vegeta@&Qells and

spores of B. mycoides and B. subtilis besides E. coli, P. fluorescens, P. aeruginos reus and
suggested that the inhibitory effect was due to the ability of L. acidophilus t uce lactic and
acetic acids as well as hydrogen peroxide. T

It was observed that the supernatant of LAB that was isolated fro mented yogurt loss

its antimicrobial activity against cell growth and spore germinatiogof Qciilus spp. when the pH

was adjusted to 5 and 6.5 but not at pH 4. Similar observat S epq{iBAween et al.

(2012) whereby the antimicrobial activity of L. acidophil:;s supernatant iso d.frqén honey
BC

remained at pH 3, but the antimicrobial activity was lost a 5 for sup tdnt_ﬁﬁ 6-A and

HO008-D. This suggests that the inhibition activity of Id nof' ke a ibut@v&’['o lactic acid
alone but also to some as yet uncharacterized substances ‘effecti \\p&—l va[égfelow 4.5 in the

presence of lactic acid and also secretion of org@%}ofds en(& rongly on the pH
(Kivanc et al., 2011; Laref & Guessas, 2013). O
Laref and Guessas (2013) suggeste(y?\ LAB \\}u?e rgéﬁic acid that might also
1d

activate other antifungal compounds sucg% esoy | ing @H, this peptide was stable
at pH values between 3.0 and 4.5 but r?p% decre twerﬁﬁ’.S and 6.0. These researchers
also observed that the antifungal acti f L. plant and L. plantarum LB20 strains
remained at pH 6.0 and 7.0 duegmte plga i ‘acl;gs Zeineb et al. (2013) reported that

the antimicrobial peptide prgw byt_ 1 activ%;(i\da pH range between 2 and 11. The

supernatant of L. plantar om raditional butter made from camel milk

were stable between pH
(2015) Noted that th
(2-8) and may be

tMtyfat) H 8 (Maurad & Meriem, 2008). Saad et al.

ity o ~&dde supernatant was stable at wide range of pH

il acidfc ell as.ngn-acidic foods.

NV

. 9

It was observed that the selected 20 LAB strains showed proteolytic activity suggesting
~_

these LAB produced extracellular proteolytic enzymes that hydrolyzed casein protein present in
- v

the milk agar as shown by the emergence of clear zones around the colony. Atanasova et
al.(2014) reported that L. lactic subs. lactis (strain 1598), S. thermophilus (strains t3D1, Dt1, t39,

t38), L. delbrueckii subsp. lactis (strains 1043) and L. delbrueckii subsp. bulgaricus (strains b38,
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b122 and b24) utilize milk proteins as their prime source amino acids for growth and generated
proteolytic and bioactive peptides after the peptidase hydrolysis of long oligopeptides during
milk fermentation. In another study, L. plantarum CRL 775 and P. pentosaceus €RL 792
isolated from sourdough was reported had the ability to degrade a-gliadin fra&i% and this
indicates that these LAB contain peptidase enzyme responsible for this degra Gerez et al.,
2008). Similarly, Yelnetty et al. (2014) reported that L. plantarum and L. p s isolated from
fermented local goat milk produced clear zone in skim milk agar in@mat the isolates
could degrade protein or had proteolytic activity. The proteolytic activity of dairy lactic acid
bacteria Lactococcus lactis subsp. lactis, E. faecalis, E. faecium, m'_ paracasei subsp.
paracasei, L. plantarum and L. rhamnosus is essential for acter aI in milk and

production of high quality fermented dairy products due Q@tldase nd a |r'o ag)&' formed

(Hassaine et al. 2007).

Four strain of LAB BP2, BK4, BTland D2 ere
(proteinase K, RNase 1), and all these isolates lo timi (ﬁ)bl ctivity ‘compared with the
%pernatant pro@ase K and RNase |

‘¥e reported by Saad et al.

W|t &Tferent enzyme

untreated sample (control). The sensitivity o

indicates the presence of proteinaceous ¢ m S. S|m| |
(2015) and Taheri et al. (2012). The a |aI Gbmp S pgigmced L. pentosus2MF8 and
8CF, L. plantarum 4DE, 3DM and L CI|| Sl e inactivated by proteolytic

—

enzymes proteinase K, protease E sm !Cor t al} 2004).  Loss of anti-bacterial

activity of the bacteriocin produ . curv 9; S, QeIQL ckii, L. fermentum, E. faecium, and

P. acidilactici was due to tehgqent in, protedse E, and proteinase K (Tomé et al.
(2009), These enzyme cause tid rad |£8t.he intestinal tract and so will be easily
digested without affecti te m% 'A (ét al. (2008) observed that the chymotrypsin
and trypsin enzyme tot e Janti obial activity of the Lactobacillus strain (L.

rhamnosus, L. pI L. c:fs . paracasei subsp. paracasei, L. acidophilus, L. delbrueckii
subsp. lactis, \‘&entum L. parapla@dm and L. sakei subsp. Sakei) against S. aureus, The

active ¢

activity of st Npematant was lost after the treatment with proteolytic enzyme indicating that
r@ was proteinaceous and growth inhibition was caused by bacteriocin. On the

contr, B isolated from sourdoughs produce BLIS which were active against spore
germination and vegetative outgrowth of B. subtilis, these BLIS had little or no effect on the
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antimicrobial activities after treatment with four different baking enzymes hemicellulase, lipase,

V™

The susceptibility to antibiotic varies with strains of LAB evaluated. In this study a total

amyloglucosidase and amylase (Narbutaite et al., 2008).

of 20 isolates were tested for their antibiotic susceptibility. All isolates were susceptible to
penicillin, gentamicin, chloramicin and streptomycin but resistant to chloramphenicol,
vancomycin. The antibiotic susceptibility of LAB is important because bacteria used as
probiotics can provide antibiotic resistant genes transfer to the pathogenic bacteria (Tigu et al.
2016).  Previously, Dessalegn & Ashenafi (2010) reported that strains of Lactobacillus,
Lactococcus, Pediococcus and Leuconostoc are resistant to vancomycin and lactobacilli are
usually sensitive to antibiotic such as penicillin and ampicillin. Uroi¢ et al. (2014) noted
that Lactobacillus, Leuconostoc pseudomesenteroides ZGBP4-14 isolated from artisanal fresh
soft and white pickled cheeses had phenotypic resistance to vancomycin and susceptible to 11
antibiotics (penicillin G, ampicillin, bacitracin, erythromycin, gentamicin, clindamycin,
chloramphenicol, streptomycin, neomycin, tetracycline and novobiocin).  Zhou et al. (2012)
mention that L. bulgaricus and S. thermophiles isolated from Chinese yogurts showed resistance
to ampicillin, chloramphenicol, chlortetracycline, tetracyclines, lincomycin, streptomycin,
neomycin, and gentamycin while S. thermophilus was susceptible to penicillin G and

roxithromycin.
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3.4 Conclusion

Lactic acid bacteria (LAB) isolated from fermented food ( yogurt, belcan, durian good
antimicrobial activity against foodborne pathogens Bacillus spp. Lactic acid bac M e been
demonstrated in this study to produce antimicrobial compound against gro %and spore
germination B. cereus, B. subtilis and B. spizizenii such as lactic acid, ac&id, hydrogen
peroxide and bactriocin. All Cell free supernatant (CFS) produce by B enhance their
antimicrobial activity at PH 4, 5, 6.5 except LAB isolate from yogurt their antimicrobial
activity at PH 5, 6.5, however, the CFS lost their antimicrobialactivity after treatment with
proteinase k and RNase | this indicate that the CFS produce AB' fr nl fermented belcan,
durian had ability to release peptide compound can inhibitdro arfiwr‘n@tion of
Bacillus spp. The proteolytic activity of 20 of the LAB provide proteolytic enzymes cause
degraded of casein protein generated proteolytic @active %e_gles.\gh:; antibiotic
edyas

M cag@d\/ide antibiotic

susceptibility of LAB is important because LAB us

resistant genes transfer to the pathogenic bacteria c;,

Or
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3.5 RECOMMENDATIONS

The result of this study showed that LAB isolate from fermented food (of yogurt, bel rian)
produce some compound had antimicrobial activity against growth cell and spore ﬁ;?::on of
Bacillus spp. that often cause food spoilage and food born disease. Future st@

listed below:

e Identify the responsible compounds for the antimicrobial actier;se LAB.

e Study the effectiveness of these compound on other patho envroorganisms.

needed as



