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Abstract

In this study, used the nutrient broth (NB) for Bacillus subtilis C57 culture at
different pH (pH5, pH6, pH7 and pH8), time (24, 48 and 72 hours) and temperature
(25, 30, 35 and 40°C).The highest B. subtilis C57 growth was found at 24 hours and
40, 35, 30 and 25°C, average growth 1.2><109, 9.5x108, 5.3x108LLa$ 2.8x108, respectively.
The different pH affects the growth of B. subtilis C57 that was grown well at pH5 and
temperature at 30, 35 and 40°C while, at 25°C B. subtilis C57 was grown well at pH8.
B. subtilis C57 cultured under different condition were tested for inhibit the growth
of Aspergillus flavus A39 and aflatoxin B1 production. The growth of B. subtilis C57 at
different time affected the inhibition of A. flavus A39 growth. B. subtilis C57 cultured
at 24 hours was more effective cultured at 48 and 72 hours. The highest inhibition
was found at 40, 35, 25 and 30°C with inhibition percentages of 48.1, 40.6, 29.4 and
28.49%, respectively. In addition, B. subtilis C57 cultured at 24 hours and temperature
at 30 and 35°C could inhibit aflatoxin B1 production with 55.5% followed by 40 and
25°C with average inhibition of 50.86 and 39.49%, respectively. B. subtilis C57 cultured
at different pH affects the inhibition of aflatoxin B1 production but, it has different
inhibitory effects in each temperature.
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lgnnuseu nislduasgansililowan n15l45ed Tavnaedl wu nsldlebey laweshaslm
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Adelifiuszavanmiteawe daldaieas SnviwvihliAnenuagdenidlaguinisiundnua
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wupfise  Bacillus \WuwueiSeunsuusn (- Gram-positive) Us1aduriou
N3InNs¥Uen (rod shaped) eraduvouieaviseneiuduaiy adrslalaifianiu (dull) viein
gunaead (wrinkled) Wudn3uviauiniageu (Gordon, 1989) wsgylalugamaiignining 5-
55 parwalgea numuseanmwIndeuililvingaulas aunsanudenuTeuigamgias
wazanmluanglaog9d ta3gldnaus pH 5.5 TUge 8.8 (45194, 2555)
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UsgAvEnin mnunasgninnlng wasdidasimnnie uildlunisdudinmasiyueaten A
flavus  wazdudimsadeansueramendudie nuinilwuaiideAunandlelsaniiannse

Fusmsiesadvinvesden A flavus uasmsadisansueramenduls Nesc et al. (2005)
WU Bacillus subtilis ﬁLLBﬂIﬁﬁ]ﬂﬂauUQﬂ%’]ﬂW@ﬁ?iﬂiﬂgUgﬂﬂ’]iﬁzﬁmﬂaﬂﬁ’liLL@Wa’maﬂ
Fulg wazanmsAnwvete s ( 2550) wuin B, subtilis fimmanansalunsudinis
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1. WouumiliSe Bacillus subtilis C57

2. @Wos Aspergillus flavus A39

3. mmiLg‘&NL"‘g@: Nutrient Agar (NA), Nutrient Broth (NB) Potato Dextrose Agar
(PDA)

ganaaouasuenamendudniagu DOA ~Aflatoxin ELISA test kit
AIANANERAN (cuvette)
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A S L

Lﬂ%lmalm MicroELISA Reader

10. Lﬁﬁlaﬂ spectrophotometer
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1. Anwn1siasyiiulavaawuaiiise B. subtilisC57 Tudan1azuanananu
1.1 wiesudenuaiiSe B. subtilis C57
Aoadouuaiily B. subtilisC57 Tusnnsmas NB (nutrient broth) Usinas 100

aa

fiaddns luvanguvunuua 250 fladans weMANEY 120 seusieundl gamaiivies iuia
24 §lus USumnudiduansunuassuwuaiielilausua 1x10° wadreiadans lnemsin
AL ULTDUTASEdBIASes  spectrophotometer UFurnsganiiuueas (- optical
density;0D) Tsildviniu 0.2 innueedy 600 uluuns
1.2 ApatauuaiiiSe B. Subtilis ludnizaney
didefssonldande 1.1 undsddusrmsivien NB fieuidunsa-eng 5 6 7 uay 8

WA 120 SeUsBWT Melaseaug1nIuANanugl Unideiigamall 25 30 35 uaz 40



ssmwailoa SansadyAulavesuuafiSeiideny 24 48 uay 72 99w lnnisinaany
VURUUTDIEAEAIEiELA3a spectrophotometer Tufinuanisnaaes

NN lULAR QUMNILAYIUKNUNITNARBILUU  4x3 factorial in CRD lagdl 2
Yade Aesvauanudunsm-ana (pH) 4 seau laun pH 5 pH 6 pH 7 way pH 8 uazladeves
srevnalunsdsadenuaiide 3 seiuldud 24 48 uar 72 alas Ieeusarganismeaes

v

Usenausig 3 91 591 12 N0 A9l

NIIARA 1 pH5 enguuatise 24 dalus NIIARA 7 pH7 enguuaiiFe 24 dalus
33387 2 pH5 oguuaTiGe 48 Halu N37IAR7 8 pHT o1guunadise 48 Falu
n3UTBA 3 pH5 enguuATise 72 s 3TN 9 pH7 enguuniise 72 dalus
N353R7 4 pH6 oguuaitey 24 Falu N33E7 10 pHS 1guuATiSe 24 Falus
N333R7 5 pH6 oguuaTiGe 48 Halu N3TAR7 11 pHS 1guuATiSe 48 dalus
n3ABA 6 pH6 enguuATiSe 72 dalue 3BT 12 pH8 enguuaTise 72 dalus

2. ﬁnm‘dsza‘w%mwmsé’ué’amsw‘%zy}%m%asﬂ Aspersgillus flavusA39

2.1 wssua1Tazatsuuaiitse (cell suspension)

Ve B. subtilis C57 Masdluemnsvar NB indusiswenwadfisnsn 12,000
soustound utu 15 wnil waulafis udiunsneuwas dramadastinndusdeudiuayiy
WiABIdn 2 A% avanswadastnduteinie wasuiumudutureseaduuaidelilad op
Wiy 0.2 fieuenaadu 600 wiluwnes (1x10° wadseiiadng)

2.2 nMswnseud1sazanedaUas (spore suspension) Yo A. flavus A39

Aoades A flavusA39 Tuewns PDA Unilgamgiivies ifuna 7 Su thavesly
avangluthndunay tween 20 Ailssdoud tuavesliiisiuiuaued 1x10° aasrotadans

2.3 ﬂ’]’i‘l’lﬂﬁ’e)UiJ’iZ?Wl%ﬂ”lWﬂ'ﬁgUgﬂﬂ’]’iLf\]‘%mﬂJadL%Bi'] A. Flavus A39

vnaeuUsEansnmnsiuduties 1ne3s  dual culture Tuowins PDA+NA wen
ansazanwaUod A Flavus A39 Usuas 5 lulasans assnansauideadie wasvendaisazans
wuafise 5 lulasans fifleny 24 48 uay 72 Flus hemnveuaudsate 25 wufiuns
S 4 FU STETUTENINMEATBIENTALANILUATISIUSEINN 2.5 wuRmAs Uuanuasade
flgnmaiivies una 7 u Sduingudnansuedlalaiiden A Flavus A39 Tuumnaeuuas
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n3513578 ¥ uAfSeNaZeyipH7 018 48 v,
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WosWundudinsiaigeuenutest = (C-T)/Cx 100
C = Wurgudnadlaladveadesiluauaiua

T = Wushaudnadalatvesdenlununegeu

3, AnwnUszansamnisdiudenisadreansuanamenduvasidesn A. Flavus A39
negeuUsEansnmnsiuisansueriamendy nevudesnande 2.3 selusn 7 u
sufuna 14 Yu detuiuveaten A flavus A39 wuindusihuguinaiassanm 0.5
wuRng S 4 3y ldamaenuuin 2 fadans Yunatnaisweramendu 9 1 Tnedaulas
21n3584 Teniola et al. (2005) Fueaslsledy 1 fadans adunaondifituiuvendes weh
fapenngfinuiiseu 300 seuseund @md’awfﬂﬂwaaﬂim WU syring filter aun
0.22 lalAsins seouielagldfnglulasiou andudn 70% wynuea Usunns 1 Hadansad
U thansarafildlunsavaeuasuenamendu T 1 sheyanaaeu DOA ELISA Test Kit Al

ce e o ¥ y - & v X
Wasiwunnsdudensadsansueriamenduveatiog A. flavus §adl
Wasifundudansasisansuenamendureadesn A flavus = (C-T)/ C x 100
C = YSuaansuevlamendu U1 anieildainyaaiuay
T = Usnuasueramendu O ann@esifilaainnismagey dual culture
~
- auazaEnIuN
AA1AL 2558 — fugneu 2560 veslURn1snauidenmumealulagndinisiiu
Aeniivls nevddeuaziinuninennsndinisiiuiieuasulsgunannanys
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a

msAmdenidenuaiise B, subtilis Iwenlianfunaniuinwlinaamall - 20

Y

paLEaLlEa (CA2CA6C53 way C57) wmpdaunsdudsnisaiamantion A flavus A39 @9
Huanetusiitinisairsensitugs uwaglidenuuaiiGe B. subtilis anestus C57 Aduszansam
Tunsudanisiasuendon A Flavus A39 16a wldlunsnageu
nIsnadeUATRsYAULRTRILUATISY B, subtilis C57 Tupusival NB (nutrient

broth) figamndl 25 30 35 waz 40 esrmuwaidea sefumudunsa-rne 5 67 uay 8
sepwa 24 48 uax 72 alus wuhsvezatlumsdssuuaiiGe 8. Subtils C57 fuasions
yviieURinaeadueLUATiGounnssiuegaiifeddyneedia lng B, Subtilis C57 iy
24 Halus Insiasageaalunng gumgll Usinaeaduuadielads 28.46 x 10', 53.15 x 10/,
9753 x 10" Wag 127.86 x 10 igaumgil 25 30 35 uay 40 ssrniwalea muAIFU (Table 1)
AruduituSszrinasysanfuguun nud Unuwaduuaids B Subtilis C57 indudle
Aesflgnmgligedu (Figurel) wimsidesuuaiiGeiissosnaumiduiliviinadeuuniite 8
Subtilis C57 fuwiltuanasiunnaamad

wonantdmuin sesurdunse-sne SnavildnseSyesuniide 8. Subtilis
C57 unnsraiu usilifinnuduiusiu dduusazeamgiilinaiiunnsetu Tnefigamgdl 30 35
uaz 40 ssrwaLdea fiseiu mnidunsa-se windu 5 vil% B. Subtilis C57 fimsiaTaygenin
finnandunsa-meseiudu diuiigumgll 25 ssrwalea wu B. Subtilis C57 1W3g/léAy
Dunse-r1e Wiy 8 (Table1)

2. ﬁnmﬂizam‘émwm’;‘é’ugqmim%mwmﬁ}’aﬁ Aspergillus flavusA39

nsdudsnaaiomendion A Flaws A39 flsvezinan 7 Fuwui uuediSe B8
subtilisA39 ﬁLﬂ%iyﬁiz ZIAANFIU ﬁwaﬁiaﬂszﬁm%mmﬁ%g’aﬂmﬁaﬂmL%asw A.
flavusA39 uansnafudae TasuuaiiGedtony 24 4alus fusvavnmlumsdudadonliiian
finsudaade 29.45, 28.43, 40.64 uay 48.12% Tigamgll 25 30 35 WAy 40 Dy LEALTYa
iy TuraedimslfuuaiiGeiiony 48 uaz 72 dalus Iduadeveatasifuinsdudans
Seyveatesiliunnsnaiu (Table2)

wuaiiSeiiasaiiserunnudunsa-se unnssiuliifinasenisdiudanisiasaues
o A Flavus A39usnanil msfinwanuduiusseninssezinanfugumfl nuiuuedie
flatnyigungiigeduuliulinissudininainues A Flaws A39 getu ( Table2 uag
Figure 2)

INMIANYIRY  Farzaneh et al (2016) wuin B. subtilis anesiug UTBSPI lu
Winasiiwansneduiivszansamlumsasnisadyvendon A flavus ludhiiamdlefiunnsa
fiu lag
B. subtilis axlufudsmssenvesaes dwalmdesiinisasyanauasiilviinmsdiasounses
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3. AnwszAnsnwnisdudanisadreensuariamendu 51 veude A. Flavus
A39

nsfnwUsEAnBnmmstiudinsaivansuenamendu 1 veulion A Flawus
A39 WU wuaTlide B Subtilis C57 Thasayiisveznanuansnetu draseussansaimmsduds
nsadiansueNamendurentes A Flavus A39 uansnafudie TneuuaiiGeiony 24 dalug
fiusvansnmlunisdudanisadsansuentamendulddiian Smsifuduads 39.48, 55.58, 55.56
uay 50.86% flgaumndl 25 30 35 uay 40 ssmuwaLdua MUSIFU wagnusriuaIdunsa-

ANNLANANNUTNaRaNTSTUGINNTASI9ESHENAMENTUVRWIDST A, Flavus A39  webldl

a )

ANETUS Y ( Table3) mnudsiusseninsszovnartugaumadl wuiuuaiiSeniadai
qmmﬁqaﬁﬂﬁﬂizﬁw%mwmaé’ué’?&maa%fwmmavxlmmﬂ%usuaal,%asw A flavus A39 finini
vl aenndesunisnaaesues Farzaneh et al. (2012) Falddnwinisanusuaansuon
amendulusnsivan NB fiszeviauasgamaiiane fu nui e B. Subtilis UTBSP1 fio1g
laAu 24 99l ﬁqmmﬁ 35 pariwala Tuszansnmlunisanansuenamenduldfiian

44' a X o g wa a a
LLanglaﬁgf;lgLfJa']LWlllnﬂﬂum’ﬂﬂ@iﬂi%ﬁmﬁﬂqwa@aﬁ

Tablel The growth of B. subtilis (cells/ml) in different conditions.

growth of B. subtilis (x 10" cells/ml)

temperature (0 Pr 24 h 48 h 72 h averagey
25 5 34.74 16.90 213 17.92 ¢
6 18.46 30.74 9.35 19.52 ¢
7 19.61 36.91 15.52 24.02 b
8 41.03 39.51 23.57 34,70 a
Average” 28.46 a 31.0la 1264 b
30 5 55.42 48.07 46.24 49.91 a
6 36.63 20.57 22.96 26.72 ¢
7 56.68 26.40 24.46 35.85 b
8 63.87 26.24 23.24 37.78 b
average” 53.15 a 3032b  29.22b
35 5 124.01 89.96 59.63 91.20 a
6 101.18 57.85 43.46 67.50 c
7 59.18 37.13 34,57 43.63 d
8 105.74 67.91 55.24 76.30 b
average” 97.53 a 6321b 4823 c

40 5 141.35 104.74 94.68 113.59 a



6 143.24 66.02 49.41 86.22 b
7 109.24 63.96 63.96 79.05 ¢
8 117.63 42.24 21.29 60.39d

average”  12786c  6924b  57.34a

YIn a column of each temperature, means followed by a common letter are not
significantly different at the 1% level by DMRT
?In a row of each temperature, means followed by a common letter are not significantly

different at the 1% level by DMRT

Table2 The percentage inhibition of fungal growth controlled by B. subtilis from

different conditions.

temperature % inhibition of fungal growth
) Pr 24 h 48 h 72 h averagey
25 5 30.97 25.00 26.60 27.52
6 27.60 25.10 25.57 26.09
7 29.43 25.23 26.90 27.19
8 29.80 25.90 24.70 26.80
Averagey 29.45 A 2531 8B 2594 B
30 5 31.14 23.50 25.47 26.70
6 30.80 26.27 26.87 27.98
7 25.70 25.60 24.17 25.16
8 26.10 23.87 24.60 24.86
Averagey 28.43 A 24.81 B 25278
35 5 38.62 31.2 29.81 33.21
6 40.56 32.05 32.26 34.96
7 42.18 31.41 34.62 36.07
8 41.21 29.72 29.27 33.40
averagez 40.64 a 31.09 b 3149 b
40 5 49.13 48.83 47.13 48.37 a
6 48.83 47.43 46.47 47.58 a
7 48.17 46.13 44.53 46.28 b
8 46.37 aa.47 42.80 44.54 ¢

average”  48.12a  4672b 4523 ¢

v In a column of each temperature, means followed by a common letter lowercase are
not significantly different at the 1% level by DMRT
o In a row of each temperature, means followed by a common letter lowercase and

uppercase are not significantly different at the 1% and 5% level, respectively by DMRT



Table3 The percentage inhibition of aflatoxin production by A. Flavus controlled by B.

subtilis from different conditions.

temperature % inhibition of aflatoxin production
0 A 24 h 48 h 72 h averagey
25 5 36.85 34.76 37.64 36.42 AB
6 36.51 32.87 30.65 33358B
7 41.66 38.73 37.98 39.47 A
8 42.91 40.48 36.09 39.83 A
average” 3948 A 3671 AB 3559 B
30 5 46.64 43.16 43.33 44.37 AB
6 46.95 37.01 28.20 37.39 B
7 61.95 39.00 25.03 41.99 AB
8 66.77 54.97 37.04 52.93 A
average” 5558 A 43.54 B 33.40 B
35 5 58.05 53.83 46.91 52.93
6 52.12 48.03 49.49 49.88
7 56.37 4375 43.27 a47.79
8 55.71 45.89 48.08 49.89
average 55.56 a7.87 46.93
40 5 62.99 44.85 40.81 49.55 a
6 48.58 37.89 33.65 40.04 ab
7 53.68 47.72 49.67 50.36 a
8 38.19 33.98 34.64 35.60 b
average”  50.86 a 41.11 b 39.69 b

1
In a column of each temperature, means followed by a common letter lowercase and

uppercase are not significantly different at the 1% and 5% level, respectively by DMRT

2/
In a row of each temperature, means followed by a common letter lowercase and

uppercase are not significantly different at the 1% and 5% level, respectively by DMRT
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Figure 1 The relation of time and temperature for the growth of B. subtilis.
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Figure 2 The relation of time and temperature for the percentage inhibition of fungal

growth.
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Figure 3 The relation of time and temperature for the percentage inhibition of aflatoxin

B1 production.
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