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(Executive Summary)
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msﬁﬂmsl,uﬂ%gaﬁt,ﬁaﬁmsnwasuaqSw%waﬁ'amwdwﬂﬁamimﬁauwmamawqﬁmmﬂlﬁm water
activity  (aw),  gaumgiluazUSunauingansueuleeenlense  (n) NIADUALBINISIIIYTONTDT
Aspergillus flavus Aaérsansozslamendy waz (1) msadrsansozramendy 91 Wesiad sansozl
awenduidauenldanudednluiuiinianyusenvessemelng fwuiwimun 3 lTeluavldus A
flavus BUU24, BUU52 way BUUSG fianunsaadieansesvamenduy 91 fissdumnududufiannse
#5995 EAlAlA Bl ANUTNTUTEINS 2.5-480 lalasnsu/nlansy

lupmsiunsiasyuesdesusaglolalanuuomsdes 3% rice-milled  agar  HFUKUUNITATYN
AReAAsTuNgmMall 20-40 °C, 0.85-0.99 aw azUsunuiwarsueulasenles 350-1200 ppm @013
MNUIZAUADNIIAIYVDUTOIIRRN 30-35 °C taz 0.98-0.99 aw nelianiziasuniilosaini (0.85
aw) Wwernfeunnlaluanliaunsaasylaliinsedvanmgiivasinvasueulaeenledls  a1nns
Wpsinadfuandiiui aw uargaumgilutedeninasesses lag phase wazdnsNIsaTQYVes
d‘l L4 dl = 1 a v o o dIQ a 1 U U dld =]
wesneldanneildlunisnweenelitudfny (P<0.05) Tuvugndvsnasiuszrineladendnwluiing
AON1TNOUALDIVRNLTDT (P>0.05) 2uz lag phase LiinTuagsitsdAgLiloosnasyneldaniizid
sEAURMQiiuAy aw WNUIRURENINSEAUANIENIMINEaY  dniunavesdvEnasiuseninaladunis
=~ a W 1% 3 & A o v A a
WasuuUasanmgilonadednsinsasialesveatosidauenls WudndiguluuNIneUaUeY
AdeARsiuNgamMall 30-40 °C, 0.90-0.99 aw uazUIuufiwaisusulasenles 300-1200 ppm lng
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ppr luvauziileriuusinaienisueulneenles (1200 ppm) Shsimsadialeventosanas a1n
foyatiufinnmsmevausstentonis 3 lelaian wulnannefimnzautenisadiaesedl 37-40 °C
LavUSinaeasusulaeenled 300-550 ppm waziivinanidasyann (>0.97 aw) Wesawnsa
a$1sauasiaunnnin  4.0x10° auas/nsu/u 91NN iesieinsadakandlidiuinvievadeluan, aw,
gamgll wasUhinufeafueulasenlediinasodnsnisaialesesiitoddy (P<0.05) luvned
pnumpiliifinadednmmsainsades meldanmzanuedeadomini 090094 aw) laiditsesu
paunpiuazyiinafnensuaulneenledln wuidnadudinisadavevendoridntes dwdnins
avavasilodorssymeldann: 097099 aw  nwudrdvswaswszwinelede  (Wunafne
ansuaulneenludfifisnnntu x gamgl) fnadensaiavedifiumniu

Tunsussiliunansenuredninasiuseninegamgil (20, 30, 40 °C) wag aw (0.99, 0.95, 0.99) fadn
mm%zysuau%asw A. flavus BUU52 Uuammﬁyw,%ja 3% rice-milled agar Imamﬂﬁ’ﬁ%ﬁuﬁmauaum
aunsnaanuuieomsadamansidiolilumahuenasnsnsaigiuiavendenld Tnsuuusiaes
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ABSTRACT

This study has investigated the interaction of climate change factors such as water activity (ay),
temperature and carbon dioxide on (a) the growth responses of aflatoxigenic Aspergillus flavus,
and (b) the production of aflatoxin B1 by a strain of aflatoxigenic fungi. Aflatoxigenic Aspergillus
flavus were isolated from stored paddy rice grains from east regions of Thailand. Only 3 isolates
including A. flavus BUU24, BUU52 and BUU54 exhibited the potent aflatoxin B1 producers.

These isolates produced detectable aflatoxin B1 at concentration ranging from 2.5-480 g/ks.

Overall, the growth of each isolate on 3% rice-milled agar was similar over the 20-40°C, 0.85-

0.99 a,, and 350-1200 CO; ppm ranges. The growth was optimum at 30-35 °C and 0.98-0.99 aw.



Under severe a,, stress (0-85 a,,), most of the isolates unable to grow regardless temperature
and CO; levels used. Statistical analysis indicated that aw and temperature significantly affected
lag phase and growth rate within the range used in this study (P<0.05). There was no evidence
of statistical interaction effect on the lag phases prior to growth and growth rate of fungal
isolates (P>0.05). The lag phases were significantly increased at marginal temperature and ay,
levels. For spore production rate, the similar profiles for rate of spore production over 30-40 °C,
0.90-0.99 aw and CO, 300-1,200 ranges were observed. Rate of spore production were
significantly increased at CO2 300 ppm, while the spore production were decreased under
elevated CO, exposure (1,200 ppm). The optimal condition for spore production was found to
be around 37-40 °C and CO, 300-550 ppm with more freely available water condition (>0.97
aw), higher spore production was obtained (>4.0x10° spore/g/d). Statistical analysis indicated
that fungal strains, aw and CO; levels significantly affected rate of spore production at studied
stress condition (P<0.05). While the temperature had no significant effect on the spore yield
(P>0.05). Under severe aw stress (0.90-0.94 aw) regardless CO, and temperature used, slightly
inhibitory effect of spore production was observed. Spore production under 0.97-0.99 aw, the
impact of the interaction between combined factors (elevated CO, x temperature) were

pronounced.

Response surface methodology was used to evaluate the combined effects of different

temperatures (20, 30, 40°C) and a,, (0.99, 0.95, 0.90) on radial growth rate of A. flavus BUU52
on 3% rice-milled agar when glycerol was selected as a,, depressor. The established model
provided an acceptable accuracy prediction for radial growth rate (R°=0.86) These predictive

models are a useful tool which can be applied to predict the growth under in vivo conditions.

Under elevated CO, (1200 ppm) with high temperature (30°C) and more freely available water
condition (>0.95 aw), the aflatoxin B1 production by a strain of aflatoxigenic A. flavus BUU52
was stimulated. These studies suggest that the ecological factors including temperature, a,, and
CO, play a role in the productivity not only in fungal secondary metabolites, but also can
impact on growth of fungi. This present study provided ecophysiological growth patterns and
aflatoxin B1 production by aflatoxigenic A. flavus in the response to the combined climate-
change stresses (aw x temperature x CO,) on a milled rice agar medium and rice grains. The
maximum, optimum and minimum conditions for growth have been detailed. This useful
information may be the additional explanation in interaction effects on growth and aflatoxin B1

production. Moreover, this rises some interesting questions in the responses of another



potential mycotoxigenic fungi to such stress conditions. Thus, this provides the challenge for
intensive research to gain a better understanding in order to minimize fungal contamination

which can occur during post-harvest handling of other commodities.
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Table 1 Experimental factors and their levels used in 6x5x3 factorial design.

Table 2 Experimental factors and their levels used in 7x4x3 factorial design.

Table 3 Radial growth rate and lag phase of A. flavus isolates at 25°C for 7 days on
MEA,
PDA and CMA agar.

Table 4 The statistical analyses examined in relation to both lag phase A\, days) and
the growth rate in relation to strain x a,, x temperature using the Kruskal-Wallis
test (non-normality data). The significant factors are in bold.

Table 5 The statistical analyses of the six strains examined in relation to both lag

phase (A, days) and the growth rate using the Kruskal-Wallis test (non-
normality data) and ANOVA (normality data).

Table 6 The statistical analyses examined in relation to spore production rate on rice
grains in relation to strain x a,, x temperature x CO, using the Kruskal-Wallis
test (non-normality data). The significant factors are in bold.

Table 7 The statistical analyses examined in relation to spore production rate on rice
grains in relation to a,, x temperature x CO, using the Kruskal-Wallis test (non-

normality data). The significant factors are in bold.
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Figure 1 Reverse of CCA cultures of aflatoxigenic strains (A-C) showing a blue-green

fluorescent ring around the colony and non-aflatoxigenic strain (D) of A. flavus
observed under UV light after 10 days of incubation at 25 °C

Figure 2 A. flavus BUU24 colonies growth at 25°C on MEA, PDA and CMA agar.

Figure 3 A. flavus BUU52 colonies growth at 25°C on MEA, PDA and CMA agar.

Figure 4 A. flavus BUU54 colonies growth at 25°C on MEA, PDA and CMA agar.

Figure 5 Effect of a, x CO, x temperature on radial growth rate and the mean lag
time of A flavus BUU24 grown on 3% rice milled agar. Bars indicates
standard error of the mean.

Figure 6 Main effects plot of the mean of radial growth rate of A. flavus BUU24.

Figure 7 Effect of a,, x CO, x temperature on radial growth rate and the mean lag
time of A flavus BUU52 grown on 3% rice milled agar. Bars indicates
standard error of the mean.

Figure 8 Main effects plot of the mean of radial growth rate of A. flavus BUU52.

Figure 9 Effect of a,, x CO, x temperature on radial growth rate and the mean lag
time of A. flavus BUU54 grown on 3% rice milled agar. Bars indicates
standard error of the mean.

Figure 10 Main effects plot of the mean of radial growth rate of A. flavus BUU54.

Figure 11 The observed values with the model predicted values plot for A. flavus BUU52.

A high correlation (R?=0.86) between the predicted data and the experimental
data was observed. The average error from the model is encapsulated in the
RMSE (= 0.78). RSEP value was low as 13.33%.

Figure 12 Mean of contour plot of growth rate profile of A. flavus BUU52 in relation

to ayw x temperature on a milled paddy rice agar.

Figure 13 Mean of contour plot of growth rate profile of A. flavus BUU52 in relation

to aw X CO, on a milled paddy rice agar

Figure 14 Mean of contour plot of growth rate profile of A. flavus BUU52 in relation

to a, X temperature on a milled paddy rice agar.

Figure 15 Effect of a, x CO, x temperature on spore production rate of A. flavus

BUU24, BUU52 and BUU54 grown on rice grains. Bars indicates standard

error of the mean.
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Figure 16 Interaction effects plot of the mean of spore production rate of A. flavus
BUU24, BUU52 and BUUS54 grown on rice grains.

Figure 17 Mean of contour plot of spore production rate profile of combined data (A.
flavus BUU24, BUU52 and BUU54) in relation to a, x temperature on paddy
rice grains.

Figure 18 Mean of contour plot of spore production rate profile of combined data (A.
flavus BUU24, BUU52 and BUUS54) in relation to a, x CO, on paddy rice
grains.

Figure 19 Mean of contour plot of spore production rate profile of combined data (A.
flavus BUU24, BUU52 and BUU54) in relation to temperature x CO, on paddy
rice grains.

Figure 20 Effect of a,, x temperature x CO, on aflatoxin B1 (AFB1) production by A.
flavus BUU52 grown on 3% rice-milled agar for 10 days at 25°C and 30°C.
Bars indicate standard error of the mean.

Figure 21 Effect of a, x temperature x CO, on aflatoxin B1 (AFB1) production by A.
flavus BUU52 grown on stored irradiated rice grains for 10 days at 25°C and

30°C. Bars indicate standard error of the mean.
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1.1 anuduuivasdym

mstudouvesderludniifstuludunounouninfiuies (ore harvest) uaswdamaifiv
1A (postharvest) annsadssaliiAnanudeesonnnnuesdn, anuannsalunision wazgua
meoseduningy  vildudyviitalaassionanminlusumiuaonfevesems  (food
safety) Aensuuidewvesanslulanendy (Mycotoxin) Lt azWamendu (aflatoxin), 99ATIMONTU 1D
(ochratoxin A) uay Wluddu (fumonisins) 1Hudu Fsgnasrduanidesilundu Aspersillus sp.,
Penicillium sp. waz Fusarium sp. \Jusdiu lasanslulanandussiinanednidnszgndunds shuTenu
wardmidesdusiasdvinuamnduduihiny  venanilulanendussgniadumsnoundiduaudn
el

arusfunssdiuems  (food security) nanenduadofiiarwddniluitilan s
mamwuﬁLﬁﬁmﬂmim?{auwaaamwgﬁmmﬁ (climate change) ABHANGANINITINTAT UATAMAIN
vos0wns Aninermansliauadladimnniulutiogiu eeemgediedduudvesnisinmein
Ao (isk analysis) wislurnaulafionisfinwdswansgnuvestiadomsanmglennatenisuuton
voudorlufiadlilanendulufimnuasnssy uaznisaimsiviulanenduanidenlfesndls vy
wivasewandulng waglna lngladenaningiiennia (climate factors) lawngumadl, Jainesueniil
7 (water activity, ay) wazAnududuiAint uvesansuauldoanlas (elevated CO,)

¢ a 1Y a Y v = N ) Y v
Pnmseansalndsnaenludn 10-25 Y9ty azdinsivasullasnesszauautLdy
yaansuauloanlenluussemafintuasmsoauwiiantaglu (31n 350 s 1000 ppm) uazdl
A a t:’f( O éju 1 ,&J -&J a v a a t:’f( A =
QUMQTLAY +2 ua g+5°C uanniifmuinnisuileuveaiesinaialulavenduiiivunnyuiiied
QUMQH  UasAULILAWINYY  Aetuniswisuwlasesaningliennimlsdealviinnisiuasundas
pgsnnfeUsINMIBLTTIas waEn siwlulAeangu

wihasilniseneatunsuuideuansiulanenduludnludssmelng LLG]IIEJWU?SJJEJ%aLﬁI‘EJ’JﬁJU
NSANYITINATDY interaction §2INN climate factors mensasgyule wagnisaswanslulanend
o fiwenldandnlulsemdlne  fukiadudesivhaulasnfinuiseiasvinlifamnudla
fanaves climate change saiosifiaddlulemendu uaznisadeaslulanendu weduteyaiiugiu
Tumsihluwmunnssaniswanannisineasiiiennudasndovesensssly
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1. Mmsdnuenidesiiadtsansosvamendud 1 :nwandn

2. Anwnavesdninasiuseninladgunll, a, wavlSuaieasveulaeenleddenisasyves
Fosfiadslilanenduluemsideate

3. Anwmavesdnsnasusenindifueamadl, a, waslsunaufingansveulneenledsednsinisas
alasuaznisadreanseramendu U 1 luwdadn

1.3 YoULIAUDILATINIGIVY

1. firnendesitadreanslulanenduldun evvamendu 91 9nwEadn

2. Fanenidesfiassansivlilanendunnudsdnluiuiinians ueen

3. ewieildadufnuinavesdvinasiuseuinetaduniaeieanienienw  (abiotic  stress
factors) iamun 3 waldud CO,, PNl uay a, somaiyvendeniiadsasesrlamendu
31 luemsiasade uazidndn

1.4 Yszlgwunaindnaslasu

1. Ifesdmnuimadilefimansenuvesdvdnasinsenietadomeanmgiionniaiiduasens
W3ey warnsadenslulanenduanidesiiuenldanadadig

2. pspmnudildnnuideiannsndiluiedeseniiefuuuimslunmsufuuseiauinis
fansnandaninnuaseiadu ieanuUasndevesemnsiignadntunielianioznis
Wasuwaswesanmgienmasely fegrwesnshluideresemdunsuszgndldloloy
Tusdatnlvefiedinersnsifiv wazmsanuTunaueaslulavendu Wud

3. mamﬁﬁaﬁamﬂuﬂidwﬂmLi‘]wﬁaaﬂaﬁﬁmjﬁmé’uﬁamiﬂizLﬁummﬁawmmmﬁum
msewnsvestningluduamidsimenuaisisagy Afsudostunsnisasuntas
anmnfionnia Fesenulasaevesemsiignuuideusiedenitadsaslulanondu tas
A1nIrdusElevdiodinaunsuiInNsinens wasuningrqeysn lunsilumeuns
warUszendldiufiuiasugiaduseld
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Frudundduomnavdniilan  aneiusiniivernransinismnsugnlufiuiifiuensaiui
lan mwﬁmgﬂﬁﬁmﬁuﬁmiwazﬂqﬂéf’gaé’ﬂwmzmqgﬁmam%mww W 19u1and (basmati rice) Tu
UsemrBuiie wasUfiany visedrivienwsd (asmine rice) luusvindalve anndeyaditinauiAsugia
msinuastull 2556 Ussmelneiimsndatiifondseanm 38.3 audiu dweenusyinn 6.7 a1udy 3
WarN1saeenUseannd 142,976 a1uum (@innuasegianisinens, 2556) msdamsdntateuuas
vE M nAuAeTA dwalagassenaniminlusuaulasnsoresaimns (food safety)

INTIBIUYBIDIANITOIANTUALINEATURIENUTZY 1R (Food and Agricultural
Organization, FAO) Milfiwemsinlanatsiiey 25% wunsUutouvesanslalanendu (WHO,1999)
fawfnsvuwdeuanslulanenduludninenunmuteslowSouidiousuinuluSyiveindy  ua
fndaduomsidsadenia flannsnauayumasiyiulnveaten wazNIATNEn iy
(toxinogenesis) Mnmsnadeun1sldiduomsiissdeiennaeufanssunisadvensivanidosiiuen
16 (Bars and Bars, 1992) fisnsaiunisnululanenduuisviialutnaindszmelve launaisoznaimen
Fu U1 TudSaanududy 37 Tulasndu/nn. (Tanaka et al,, 2007) 8451 BUR uaz ANTT SAATEITE
na, 2552 seunstuilenvesansuenamendy T 1 wavaisleasmendy o ludnndsuazdnnum
Nnuvdsdhetlungam lngnaiedsveseeslamendu 1 fwdludnndeavindu 2,912
Lulasnsw/nn. wagludneniviinafinuedesitu 0702 lulasndvnn. dmuliuaaievedeonsi
nendu fnuludnindeasintu 0292 lalasniu/nn. uarhimunstudeuludnen Tasanesgiuves
Usendlneauszmeves nsevsnansnsngy mvuslitinsuuleuresansoswamenduluotmsld
TaiiAu 20 lulasndu/nn.

L%@S’ﬂumﬂm Aspergillus sp., Penicillium sp. Wag Fusarium sp. LﬁuL%aiwﬁﬁmmmmsQﬂﬁm
wenlganudadafinulaluwdadiuden (paddy rice), $17v17 (polished rice) wazdandes (husked
rice) wagimnuduiusiunisadreanslulanenduludna (Tonon et al., 1997; Trung et al., 2001; Park
et al., 2005; Makun et al., 2007; Nguyen et al., 2007) L%@i']ﬁgaammjmgﬂ%’mLﬁuﬂfjm%ﬁ
fiflennuddyannialusyyiit werluens dlildidumneanuamsalunisadeanslulanendy
lovanevdin wu svvlamendu U1, Wlud@u Y1 (fumonisin B1), e8ATVMENTY 1B, VSlAMTILA
(trichothecenes) oy @518lul (zearalenone) (Magan et al., 2003; Park et al., 2005; Tanaka et al,,
2007; Magan et al, 2010; Magan et al., 2011; Medina et al., 2014) usiaInNMsdnAnguansneusiss lng
2aAN33delsAUBLS WA, IARC (International Agency for Research on Cancer) agwlamendugn
Fnolunguansreuzifangudl 1 lneflezvlamendu 91 Fonduansrieusiseiinuldviluomsomsan



wareNIdnd wardeuansalunisiluansnensiSs (carcinogenic agents), @nsnelinnisnans
Wug (mutagenic  agents)  WAA1INBMAAAAINURAUARYDINITHAILINITINNIENITAIUATIA
(teratogenic agents) mﬂﬁqm (IARC, 2012) wenandffmusenuismiuduiugssuinnisuuiou
vavezrlamenduluemsinonmzesediufyaiin  Aunsfsusdeiululsemanensnn  uazdu
(Bababunmi, 1978; Li et al. 2001) exwlamenduduasiivusioniuiou uazgnihangldeinluszming
AsTUUNSHaR FetunislasuansesnamenduivennsanelfiianansenuiuuiBeundy uasigess
seffuslnalaniamzegnddunsn  uasidin  FeiliAemssiruamasgunisuuiiouvesasesian
nondu waghilavenduluomnslunaneyssmariilan

dan1ieilonnia, gaumgil, water activity, @1eWug¥es1, TnAIng19dun3d (Microbial
ecology) uwaranmglunmsdaniswantn WudnilsdunaredadeiiieSnasgsBssonisassansiula
nonNTU (Magan et al, 2004; Park et al., 2005; Makun et al., 2007; Nguyen et al., 2007) ANTU
[ & < a a | gj dyé( [} < a v Y [
TriUFenva N UNEITAININNTY 22% YIaHTUAUTEEEAIvRINISNUALT wasaewusd (@Wne
\ a a & 2 v | aa o
FITIUTINN UavAMY, 2554; NIUANATUNITNYAT, 2556) N1sanUSuIaAUTuveLUaATUIENS1Y
LEMAN ¥IeNSitATasRUANANNTY IeanUSamNsUlRaUsEINM 12-14% TingussasALiie
Wnerglunisiusnwdn uazsnwigunmdn e nUinnuaudy uwezauvgiinalaenswe
fanssuveades neinsassdasesinaniasianuwlsiuunnvsetestiu Juiuniseentuuvedalaiiv
1M, lsaiu ielndsuialug nsvulouvesdosluwdatnenauudld 2 svey lngszezusniinain
& \ o & v ] 2 A A a X 2 v
nsUulauluseninansiauIveLlandn? (RaunstAuen) wavsvesnasaianisuulauluiwantng
Pimuanysaindy (ndinsfiuier) Jadedinsuuieu wazdinisainanslulanenduudy a1sranand
fapsagfaudiiesnuuleunmsly

MBATIERAUEDY  (risk analysis) GuaamamzmﬁLﬁmmﬂmiuJ?isJuLuJaﬂamwgﬁmﬂm
(climate change) FONANAANIINSLNYAT wazAMAMYBID NS nanenduhdeiithingmansly
auddluilanlusdvesanusiuaaneituemsfianas (food security) Wuiienfunsieliian
mmﬁmmqéﬁummmq% (public health risks) BslduAnnuUasndovesems LATUYENTT (Miraglia
et al, 2009; Peterson and Lima, 2011) aniymeanuvaensevesensns Mdeudestunsnig
L‘lJaIEJULLUaQaﬂWWQﬁmmﬁ mmUaamﬁmaqmmsﬁgﬂﬂmﬁauﬁasﬁa'ﬁ Fudurdeiifinuddy
pgadaauiuiy (PCC, 2007) Vadiilosantadersanimgfionnia (climate factors) léurgamagd, 28
WmesuoATiIf (water activity, a,) wazmududuiiiniuvesnniveulneenles (clevated CO,) inasie
nsasreanslalavenduiliiaty snmstudewvendeniiaslilaneniu Mieunazndsmaiiuiien
(Magan et al, 2004; Magan et al., 2010; Medina et al., 2014)

c’l’u A a di( a A a 14 1% v & [ v aa J
wenanifmuinieaumalgeliu waranueseamiinanauures Sadudadenaniiinase
nsiNANNTLTUTR Rz AT nwes1 A. flavus ivwUeulutnalwe (Jones et al, 1980;
Payne et al., 1985; Shearer et al,, 1992; Todd and Narrod, 2006). luussinanilnie1n1ANAa



(semiarid climate) 1 Kenya fis18aiunisnuosvlamenduiiuau lunanediindsniussauanuuis
ude luvagivssmdluneuguiinenumsmuuessiamendulusziudunne  Weuanidleiiuifen
viselndszornsiiufies  (Shiferaw et al. 2011) wasnnmsidsuudawesanmgionnia fvhls
pumpiiiugeiy  viieiansuiaudduisiuil  nsanauvesmstuidoumslulavendulufivemns
wén Jaduliymsuusaiianause food security uag nutrient security Tunangussmanifdaiamnly
waseu wazlumeuguvadlan (Magan et al,, 2011) Uszndlnetuduusemelumndouninsuandiad
diguedan msdilafimanszmuves climate change senisiwSaidesitaddlalanendu wavms
asvanslulamentulusdadniadudihhadlofny TnemAteiiingusrasdiiodnuenideniiais
anshilanenduanudndn uasAnuinares interaction szvigamd uay a, fensainentos
warnswaslilanendy TiuveinsAnuIHaYes interaction ved climate change factors 5¥#119 CO,,
PN Uag ay somslaiyueation uagmananlulavendy LﬁaL‘ﬁwﬁazﬂaﬁugmiumiﬁﬂﬂﬁwmmi
fnnsuandnnisinensilonnuUasniovesemsnely
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ANEINEIAERTLaTAAUAERT UNINGIRBYITNT INBNIRTUNYT

3.2 33N15AIUNI5IY
1. N1SARLENLYIITIEF19a1TaWaMaNTUINNUAATD

fetramdatnldnmaiviesuuudiluiuiineesfueensms 7 dwda Wuadmia
AUTINTT YAUT 203 TUNUT 2803 A31R UT13UYS @ssui eaiuduuiediudindnediades
500 n¥u Tugslwdiefidu (PE) inmsuendesanndetaudadnlnglifestimamindefuinuies
W&eda (surface disinfection) Tnennaudatnasuuemsiaeade dichloran 18% glycerol agar
(DG18) wé’ﬂmﬂﬁ?uﬂmi”iﬁqmmﬁ 25°C \unen 5-7 Yu vhmsuenidesiluidesuuaimslyal PDA lngg

INANULANANNFUFIWINGIVDAYDT

mﬁmﬁ’mumsﬁaiwLﬁyméfuﬁﬂﬁimmﬁﬁﬂmé’ﬂwmsmaé’myuﬁwsnLLazmsmaauﬁﬂwmﬂf-ﬂaﬁwmmi
Aspergillus flavus and parasiticus agar (AFPA) msasiadeuntsadiasevramendudoiuilglag
nzEsLdoTidauenldunenng coconut cream agar (CAM) Uuifi 25°C WJuaan 10 Ju asvaeuna
melfuas UV (365 nm) lnsdungnisadsdidudedidenhiuiifewasseulalad  wasvhinig
mmﬁau@mmmmﬁaaéfn (qualitative screening test) Iﬂaisi’fsz;mmmaaumsaw\lamaﬂ%uﬁwL%’«Jgﬂ
ScreenEZ Aflatoxin ELISA test kit (U. @unudulnesaneds, NFANN-1) As1adeUasaTaflaINs
LWWL?:ENL%’ai’lﬁﬁ'mwﬂlﬁuummi Yeast Extract Sucrose Agar (YES: 2% yeast extract, 15% sucrose,
0.05% MgSOs 7H,0) Vst 25°C fiunan 10 5u iiudesidnuenldluonmsideade Malt Extract Agar

(MEA) Nigaungil 4°C witavins@nwsialy
2. NIATIAFBUNTHI9ET Aflatoxin Bl

ﬁ%gg’e}i?ﬁﬁmwﬂlﬁ Lgawummi Yeast Extract Sucrose agar (YES: 2% yeast extract, 15% sucrose,
0.05% MgSOq 7H,0) 71 25°C WJuan 10 Ju Tae agar plugs I¥anmsinzomsiasadeniduloves
Fosnasy Taensld cork borer uALEuEuAugnaUTEINa 5 mm ledwiu 8 agar plug ldadly
Eppendorf tubes auin 2 ml fifnsdimdnmaeaarliiSouteouds Tuitndwminid aar plug



iU M9 ntuRy chloroform Usunas 500 UL waslidiulaeldinieawenduiat 30 i Ui
anzauved chloroform ldaslunasnlni Uaeslnssmeatumu

N13ATLUSUNN aflatoxin e HPLC vilalaenisiinansazate hexane aslilunasndiagausuim
200 P wdsnduduansazans triflourcacetic acid (TFA) U3 50 L wasliidniu 30 Fundi dadis
13 5 uniudain acetonitrile 10% Usues 950 LU waliidniulaeld vortex Wluman 30 Fuil wazda
fisld 10 wiilelfAnnisuendu Taeduves hexane argnidaia usduivdotadiunisnsoie
syringe nylon filters 0.22 pUm  wazlalilu HPLC vial Wiesomsimsziisely 19 reversed-phase
HPLC Tun19itasigit AFBL 19 C18 column laedl mobile phase A® methanol:water:acetonitrile
(30:60:10, v/v/v) & flow rate WU 1.0 m/min (Mohale, 2013)

3. N3ANYINAVIBNTNATINTENINQUNYH a, wazdsuufirgarsuaulaseanlunsiaszes lag phase
KAZINIINTTIIY VBNWYBINEF A TRzNAMBNTUTUMSIEYD 3% rice-milled agar

mawdsnasusosaUeiililunisvassandeuldnnunsdeatesiluoms  MEA  Uuflgamgd
25°C \Junan 7 Tu leewSeuaisuviuaseadesliviiannududusindu 10° ales/da. venaisuuiuase
alefadluemmaaeuiieseulivsines 7 llasaas ewnsdsadeiuguililunmsmaanaesifie 3%
rice milled agar (FaLUaIn Caimns-Fuller et. al, 2005) fnsusuan a, $e glycerol il ay,
Wi 0.85, 0.90, 0.92, 0.95, 0.98 waz 0.99 (lifaulaan a,) AsI9d0UM a, FIELASDS water activity
meter (Aqulab, Decagon device Inc., USA) aumgaseiinseederissutesudildandes
polyethylene  Tnendesfiniseanwuulianunsafiveinefifissdvanududy  Co, weaeu  léud
atmospheric air filAnududiu CO, Wi 350 ppm, synthetic air Aiflaudiudu CO, wihiu 750
uay 1200 ppm yhnsudesfinaaaeulyiianududunaaeunn 2 Ju 7 flow rate 2U/min wluyud
gunniinadou 20, 25, 30, 35 LAy 40°C insiaLduiuaudnaialy 2 danemniy euumsns
ﬂ’]iLﬁ]‘%QJfUEJ\‘]L%’EJi’I w&R1nuls 10 Y 1Aufee1a agar plugs T8dusas treatment iethun3asgyiv
pududures aflatoxin Bl senuuunIsaaesiislianunsafnuduaredvsnaiusening water
activity, gl wazANUduduvasATuaulaeenlys ModnIINTSATe wae aflatoxin B1 lagldnisns
WHUNITNARDILUY 6x5x3 factorial design ¥ 3 6??1 (Table 1)

Table 1 Experimental factors and their levels used in 6x5x3 factorial design.

Factors Levels

aw 0.99 0.98 0.95 0.92 0.90 0.85
Temperature (°C) 20 25 30 35 40

Carbon dioxide 350 750 1200

(ppm)




4. M3UszanAlEIsnuRInauauasluNMsIUIEdnsINTRSYRUlnvaLesT Aspersillus flavus
a¥easeznamendu: navesladenisivdsuudasaningiiennia

2MUKLNNINARBIUUY central composite design (CCD) tleadsnuudnaedlunmsviiuienavessns
mm%igsuml,ﬁ?iyaiwﬁﬁ@ia aw (0.90, 0.95,0.99), geaunigil (20, 30, 40°C) wagUsua CO, (350, 750, 1200
ppM) 98NKUUNITVARBILAEILATIENUBYaN19adRAI8lUSWN TN Design Expert® version 8.0.7.1 (State
ease, Inc, Minneapolis, USA) lun15ns1aaeuaugniesuediuudnged (validation) 19n1531eununis
NAADILUUTNAY (validation) T9n19919UMUNTNABDILUY 3x3x3 factorial design 11 3 g A a, V89
pwnsiABaTafiuguniiiu 0,92, 0.95 uay 0.98 wazilszauamgiinaaauwiniu 30, 35 war 40°C lag
fsgAuanudutuvesfing CO, wiriu 350, 750 wag 1200 ppm (WS35 WazANE, 2560)

5. HAYBIBNTNAIINTLNIN water activity, gauugll uazanududuvasasvaulasenled dadnsn

nsadavasvazadrsanslulananduvaadiasnluudndnn

= a a [} <@ v aa v a | o 4‘
nnaesfneNaesdsnaTitluwantdnsaesidlnuu 12 kGys nsudanlglunisneasdiie
ann1sUuieuresdasivlindu nsAmuUas water activity veaudadnilalagnisifisdnusunng

e aslUlumdnd1n 10 n3u YauwAulin 4°C, 24 Falus duninen water activity ¥nswannsgiu
moisture adsorption curve 33‘1/1’5’1&1]%1%31 (ml) wazA1 water activity mﬂsﬂ’a;ﬂaméjlﬁﬂsﬁuma
Ww3sLUAndATnsaLUaIAn water activity fisediusnag wieuudad et water activity nadeu
WU 0.99, 0.98, 0.97, 0.95, 0.94, 0.92 uaz 0.90 a, MEWINTULHLANTUVIUADE spore (10° cfu/ml)
winlddniu  thdegeiidnmsiedosideusesudsldanass polyethylene nelundasiinissnu
mm%uﬁuﬁwéama (equilibrium relative humidity) Til#szsu water activity nagoU Fumaunsiis
omlsilssziunndudu co, naaeuhldnude 3 diluvuioamgiinaaey iiusegimniud o, 5,
7,10 way 14 Wemdasmsadrsatesveaiosmaasy vilalaoifu tweens0 (0.01 %) USuas 10
fiaddns  adlunindiedns  welialesvgaesnainuandn  duaveinelindesganssmilagld
Hemocytometer Imﬂﬁmiﬂﬂﬁa%fwaﬂa%mlﬁmﬂmiﬁﬁa;ﬂaiui’uﬁ 0, 5, 7, 10 uag 14 1Ugunsm
HunsslagaunsNsanaeellady (Linear regression) lasns1nsasneauas/nsu/u waziiudeeng
Wetuessimeannududuves aflatoxin Bl senuwuun1snaaewuu Factorial desien laefiiade 3
ady Ao aw, sumgiuazUiinafmsusulaeenles uanifnsed 3-2 vhdwou 2 %1 lUUu
gumgiagey YinmsUsesiweniusulaeenladlminn q 2 fu Asasnislvavesinewindu 2 ans/
it Mo Tui 0, 5, 7, 10 Uz 14 9BALUUNNINARBILUY Factorial design Tnefitade 3 Uade
Ao ay, samgiiuasUsinuiwansusulaeenlen (Table 2)



Table 2 Experimental factors and their levels used in 7x4x3 factorial design.

Factors Levels

aw 0.99 0.98 0.97 0.95 0.94 0.92 0.90
Temperature (°C) 30 35 37 40

Carbon dioxide 350 750 1200

(ppm)

5. N1SATICANNEDR

ponLUUMIVIRaBILaLAlATwidayasaiAsnelsunsy Minitab 16 (Minitab, Inc., USA) iiledeyadils
NNMINARDIEINTINTEIETeTRLALUUUNAILYINNITIATIERAULUTUTIN  (Analysis of Variance;
ANOVA) uagld Kruskal-Wallis nonparametric ANOVA iledieyafiliannsvaassiinisnszaieves
Toyaldund (P<0.05)
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UNN 4
NANISNAADY

1. N15ARLENLYS I UBIAUNE1N50E5198150sWaanTunanTy

MnegadadnluaeiiuiinaneTuoen lHuddmindunys sves vayd uazasia Wevhnmsdauen
Fosiiadsenserramendu  wuhausadauenldiomn 6 laI%LamLﬂuL%aiwiuaqa Aspersillus
flavus msmaaumaa%ﬁqmsazﬂa’maﬂ%uﬁaaé’ﬂummstgﬁaLs?iya coconut cream agar (CCA) Wuin
Foniidauenlditinisaireansdmasduemmeaeuiazdievmmegeunelduas UV wudiiinig
Bowadtnidu Faglinunsidewadulelsaniiliaunsoadrsansozamendu (Figure 1) usiognsls
AmnudafiunslelmaniilufinisiFewasnelduas UV uadmnuansalunsadsansilanendudie e
yhmansadeudanun e (qualitative screening test) lngldganmanuansesriamendu
d1593U ScreenEZ Aflatoxin ELISA test kit Tngvmsnsanseuasatafildainmsmzasaiesiidn
wenliiuuems Yeast Extract Sucrose Agar nwuiileleianiifinisiSeuasnglduas UV fnnsadns
asozramendu annsadmdontdnommn 3 lelawanldun Asperaillus flavus BUU24, BUUS2 waz
BUUSA iovhmsiaszsinsassansozrlamondulaeld HPLC wevhnstudunanuin 3 loleand

MsassansozNamondu AFB1 luuSinaiiunnsieiusiaus 2.5-480 LLe/kg

Figure 1 Reverse of CCA cultures of aflatoxigenic strains (A-C) showing a blue-green fluorescent ring

around the colony and non-aflatoxigenic strain (D) of A. flavus observed under UV light after 10

days of incubation at 25 °C
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2. anwasnduguIngiasiuvawiasinasnaisaziamenduiaauenlauuainisiassie

devhmsinuduginendesiuvesden A flavus 3 lelaandidausnldannsaniaylaily
9WNsAsNTeslaun PDA, MEA wag cornmeal agar (CMA) Tnewdiasn A Flavus BUU24 fignsinns
Wigveadlegeaaiviniu 4.723 mm/day WelaSyuueims CMA figumndl 25°C (Table 3) dnwasy
vouduleideiaiauueins PDA fidnvaueyAdeseulasidulefiongiiosiegueulalaiiidvn ey
Tuemadsate MEA ilsvesdeniidnuasrinnniiderfeudsuivemadonte cMA alad
Svaidou diledu vevvedaladdlowsyluemsidssdenuindeudninay (Figure 2)

A) Corn meal agar B) PDA C) MEA

Figure 2 A. flavus BUU24 colonies growth at 25°C on MEA, PDA and CMA agar.

o351 A Flavus BUUS2 $18ns1nsiassyvedidulyasaniiniu 4.74 mm/day 1lelasgyuue1vns PDA 1
gaumndl 25°C (Table 3) dnwazvondulelionsyuue s PDA uay MEA Tanvuwiseu duledud
a ] 9 ::1' v A Aaa 41' a & & Ao a
dengeulnardulefengiesiegvaulalatiidy Wesgyuuemsideuss CMA lalatiiidnuaeisey
asaduledunin vevvedlalatidiowigluomsidutes PDA waz MEA fanwauzaAsudsnau (Figure
3)

52 MEA

A) Corn meal agar B) PDA C) MEA
Figure 3 A. flavus BUU52 colonies growth at 25°C on MEA, PDA and CMA agar.
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Wes1 A Flavus BUUS4 18ns1n1siasayueduleasanviiiu 4.69 mm/day elasyuuemms CMA 1

gaungfl 25°C (Table 3) dnwarrasdulodioiadyuuaims PDA uay MEA Sdnunmdou dulodud
dseulnsidulefiongtosiioguoulalaiidun Wewsyuuewnadeate cMA Taladfdnvasdey
aaduledudvendileddonduiy dilesevveulaladifidvntosniviinudiowsauuemis PDA wax
MEA vouvadlalafidewsaluemsdeantennaouii 3 vinidnvardeudianay (Figure 4)

54 MEA

A) Corn meal agar B) PDA C) MEA

Figure 4 A. flavus BUU54 colonies growth at 25°C on MEA, PDA and CMA agar.

Table 3 Radial growth rate and lag phase of A. flavus isolates at 25°C for 7 days on MEA, PDA
and CMA agar.

Isolate Medium Radial growth rate Lag phase (day)
(mm/day)

A. flavus BUU24 PDA 3.80 0.65
MEA 4.34 0.34
CMA 4.72 0.22

A. flavus BUU52 PDA 4.47 0.18
MEA 3.87 0.65
CMA 4.18 0.34

A. flavus BUU54 PDA 3.19 1.86
MEA 3.55 1.35

CMA 4.69 0.38
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3. NAYBIDNTWATINIENINY water activity dampiuazaududuvasitsaisvaulasanlen dants
L3y VaLasaslulananduly rice-based medium

MNNTANWIHATEIRUNYT, water activity wazUSunafinganiveulneenlensednsinsasyendule

wagsee lag phase 103031 A flavus 3 3 lolaannuin WWes A flavus BUU24  figaumgil 20°C
waziiaunnIeaiu a, swasUSunafiigansusulaeenlenissus lag phase indwlleiSeuisuiud

gumgiadeudu Tagseey lag phase fitosndt 2 Yueglutasgaumndl 25-90°C, 0.95-0.99 a,, uaz
Vsinasfnaansuaulaeenles 350-750 ppm wazifesldszeznaineusuiinisasamnni 8 Judle
\3yflgumndl 20-25°C uay 0.90 ay Snmnmaasyreaderiefivtudediuinanhdasyluoms
sy (0.98-0.99aw) Tigaungdi 30-35°C Tnsiufiwaniveulneenledinadensiaiquendesiios
Smsaiarendesuniiganiifu  8.8710.37 mm/day figauvndl  35°C waz  0.99aw el
anmeidusinanidaszdes (0.85aw) nuiides A flavus BUU24  ladanunsanasells (Figure 5) a7n
NTUATILANTINBVNBNANSN (main effects) Giaé’mmmﬁﬁgsuaﬁl,%asw A. flavus BUU24 (Figure 6)
‘W‘UjﬂL%@iﬂﬁﬁ@i’]ﬂ’]ﬂ‘\]‘%@mgmﬁﬂLﬁ@LﬁigﬁQMﬁQﬁ 30-35°C wagdl 0.98-0.99 aw lneUSunaufine
asualpoanledinateninainuendontdos nmsaiail 0.85aw uasfigamgdl 20 °C Twadudsnis
LRTRYAN
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Figure 5 Effect of a,, x CO, x temperature on radial growth rate and the mean lag time of A. flavus

BUU24 grown on 3% rice milled agar. Bars indicates standard error of the mean.
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Main Effects Plot for Radial growth rate

6.0 Water activity Temperature

] /./\. M
3.01 %
1.5

0.0 1

C T T T T T T T T T T T
8 0.85 0.90 0.92 0.95 098 099 20 25 30 35 40
= Carbon dioxide

6.0

4.5 1

3.0 1 ® o— -

1.5 1

0.0

350 750 1200

Figure 6 Main effects plot of the mean of radial growth rate of A. flavus BUU24.

dvEnaTINsEnIeamal, aw wasUsnaiwaniveulneanlendedniinisasyuarssey lag phase
z o . o R ¥ y . o
W91 A. flavus BUUS52 wanssa Figure 7 WU118M31N15493 00909189 91800914080910A aw LNz au
sonsiasgyldifisyaugamgiuazuiinafingaisuaulaeenladlafinu Taedidnsnisadyawn (8.54
+ 0.51 uw./3u) Ngamall 35°C uag 0.99 aw wazliANUAMUIURDRUMILEWY (40°C) 1NN
Woslelglanduiiseau 0.95-0.99aw wazles1 A. flavus BUU52 ldamnsaasglanieldaniog
ANUASEALIBIAINTT (0.85 aw) TivnaamgiuasUSunaiwesuvsulaeenladnaaau gamgil 20°C
‘:1 ) a & ¢ o a X A = a o
waziiaunnIeiu aw wasUsunaieesueulaeenlenissus lag phase iadullaiSeuisuiui
goumnivnaeudu nessey lag phase 7desndn 1 Juegludneamall 30-40°C, 0.95-0.99aw waz
Usunaiemsuaulaeenled 350-1200 ppm Haztdesldszeziainsusuidnisiasyuinnin 6 Tudle
W3TRamnd 20°C waz 0.90 aw MINNTAATIEINTINGVIENANEN (Main effects) HOTNITINTITYVDS
W1 A. flavus BUUS2 (Figure 8) wWuanaesn A flavus BUUS52 Linsnaudusssatlalsnagaunan
wiloufunnululeluandu  Tneldnsnisasywdegulionsyiigamgl 30-35°C uazh 0.95-0.99 aw
TngmsifindSinaingasveulaeenlen 1200 ppm  dwaiiudnsinisiasyeisveudosiuantion

a

N9L93eY7 0.85aw uarilgaunndl 20 °C finadudanisasyunn
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Figure 7 Effect of a,, x CO, x temperature on radial growth rate and the mean lag time of A. flavus

BUU52 grown on 3% rice milled agar. Bars indicates standard error of the mean.



17

Main Effects Plot for Radial growth rate

6.0 Water activity Temperature
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Figure 8 Main effects plot of the mean of radial growth rate of A. flavus BUU52.

meldannenaaeuies A flavus BUUSA dsuuuunmisnevauewieladenaaeundendaiunmuluie
silelewandu (Figure 9) lneflgamall 20-25°C wagdiszdu 0.90-0.95a,, Wns¥AvvesUTuwig
s ¢ =~ a X A ™ a o A a o
msusulaeenladnagaey Hsser lag phase WndudlsiUSsuiiguiuneaumgiinaaeudy lnessey lag
phase fitlosndt 2 Jusgluigumgil 25-40°C, 0.95-0.99 a,, uarUSuuiwarsueulasenlen 350-
1200 ppm uazesldssuzianeusulingasyuinnd 8 Tullewsayieamgil 20°C uar 0.90 a,

Samnsasyrendenildiiutuilefiusinanidasyluemsiiinty (0.98-0.99aw) ‘Vlaamm 30-35°C
TneUSinaieniveulaeenledinadenisalyveadosios amwmimmaqLsziaﬁwmﬂmammmu
7.9740.52 mm/day flguvnll 30°C wag 0.98aw meldanneiifdusinanidasetios (0.85aw) WU
F031 A. flavus BUUSA  ladanunsawdayld 9rnmsiaseinsnlavsnandn (main effects) siodnsinis
Lﬂ%ﬁgﬁuam,%ﬁ A. flavus BUU5S4 (Figure 10) Wm"]L%@ﬁ']ﬁé’@ﬁﬂﬁﬂ%@ﬂ?ﬂﬂ@qLﬁam%aﬁqmmﬁ 30-
35°C uawii 0.98-0.99 aw lasmsasuwlasUSunafhemsveulnsenleniionsissayvesdesios

Tuvaueinisa3eyi 0.85aw wasiigaungil 20 °C nadudenisiasyunn
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Figure 9 Effect of a,, x CO; x temperature on radial growth rate and the mean lag time of A.

flavus BUUS4 grown on 3% rice milled agar. Bars indicates standard error of the mean.
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Main Effects Plot for Radial growth rate
Water activity Temperature
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Figure 10 Main effects plot of the mean of radial growth rate of A. flavus BUU54.

dovmsliesgrinaialaesiuns 3 lelganwuiilelaan, aumgivae aw dkadesvey lag phase

11NN Tngloluanluiinasosnsinisiaseyveduly Tuvugnnisiasunlaslsunaing
Asvaulneanlealiinanesniinisasyvsadulonazszes lag phase (P < 0.05; Table 4) Wiiayvinnng
Wnsgrimnsaialaguenudazleleian (Table 5) wulguuil uay a, dWafeNIINTSRIYUALITZEY

lag phase lwdeswis 3 leolwan lmensiasuuwdasuSuuigasvoulneenlenliinasednsinig

Wwiguoadulonayszey lag phase sniulinasioszes lag phase lTulies1 A flavus BUU24

Table 4 The statistical analyses examined in relation to both lag phase A\, days) and the

growth rate in relation to strain x a,, x temperature using the Kruskal-Wallis test (non-normality

data). The significant factors are in bold.

Factors
Strain Strain aw Temperature CO2 (ppm)
(°C)
A. flavus (BUU24, P<0.05" P<0.05 P<0.05" P>0.05 Lag phase (A, days)
BUUS2, BUUS4) P>005 P<0.05" P<0.05" P>0.05 Growth rate

(mm/day)

“ significant



Table 5 The statistical analyses of the six strains examined in relation to both lag phase (A,
days) and the growth rate using the Kruskal-Wallis test (non-normality data) and ANOVA

(normality data).

20

Factors
Strains aw Temperature (°C) CO; (ppm) aw X Temperature
X CO;
A. flavus BUU24 P <0.05"2 P <0.05"2 P <0.05"2 N/A Lag phase (A, days)
P <0.05"2 P <0.05"2 P>0.05 N/A Growth rate
(mm/day)
A. flavus BUU52 P <0.05™2 P <0.05%2 P>0.05 N/A Lag phase (A, days)
P<0.05* P <0.05%2 P >0.05 N/A Growth rate
(mm/day)
A. flavus BUU54 P <0.05%2 P <0.05"2 P >0.05 N/A Lag phase (A, days)
P <0.05"2 P <0.05"2 P>0.05 N/A Growth rate
(mm/day)

* significant, * Kruskal-Wallis test, > ANOVA

4. n1susznalyisnuianauauadunsiiuednsinisasgyiulnuadtiast A. flavus BUU52 i

a¥1sa1saznamnendu: navasladenisiasuuwlasaningilainie

*INMTNATIINERANldINMmeassneunthinuhdadumsvdsuudasanmgiiennianldlunmmeass
loun a, wargamall Jutladeninasednsinisadyvesdes A flavus BUUS2 (P < 0.05) wiinu3unafing
msusulaeenlenvzliinasodniinisasylugie a, (0.85, 0.90, 0.92, 0.95, 0.98, 0.99), gauuivadey (20-

40°C) usiflevihnsiisginaadlutag a, 0.90, 0.95, 0.99) wavgamaiinaasy (20, 30, 40°C) WuUIH
ﬁwm%vauimaﬂlsziﬁlﬂuﬂﬁaﬁﬁmaﬁiaé’m’]mimﬁzymam%aﬁ A flavus BUUS2 satutiadenisiaeuudas
anmgfiemaia 3 Jaduldun a, guugiussUSiafwansueulneenlefdagnidenlidutiadeioans
wuuaesmaadamanslumahuesisninaiglunsdnueded  semsUszgndldiiiuimevauasdums
asuuuasmadamanslauuudiaosuanauasia (coded values) fsaunis

y = 6.21 + 3.47x; + 1.40x, + 0.70x3 — 0.40x5x5 — 1.45x% — 2.98x3
+0.40x% + 0.22x,%,%3 — 1.31x%x, — 0.41x%x5 — 2.09x, %3

e y whiugnsnsasyueadon /) e x1, x2 way x3 Aetafeminisdnwlaun aw, aaumgiiuag

USunautaensuaulaeanlanmudinu

ANNTIATILIN AN AN DNAFDULUUINADY, AnduUsed

a

715
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(coefficients) WaZAINITVINANMNIZANVDIENNTT (lack of fit) VBILUUTIABINUIN WUUTIADINTEAATY
(P<0.05) annsnilllumnennsaldudsoy y 1§ uenanidmadffifetosduiinuegluluusaesd
Tedfey (P<0.05) fewuiu Aduuszanimssnaulavien R? veawuusassdimwiiu 0.98 wandlimsui
wuusassiianinsoesunenuiuuUsvesmsaevausdly 98% wazen lack of fit Laifideddny (P>0.05) wana
Fuvuiaesdinnuismesedeyailld MslieszimunniinuuamARnds (residual plots) wuindl
NNINILAUAIVOAAANANOYNDATEMULUAAUNTY  LHUAINLAANANINAUNITIATIZRAIUNBLEAINIT
nsgeduluunfivenaunnd (Figure 11) Tun1snsasdeunrugniesraswuudass (validation) a1nen
Funafildainnmsmaaes nuiwuuassainsainemldlndidesiuaiildanadana de1 R =0.86 Tuns
finsananuaenndessninadeyadannuazdoyadiviiune a1ne Root mean squares error (RMSE) wuindl
AU 0.78 wazdlA Relative standard error of prediction (RSEP) AU 13.33% wenantnsAnens

Pa a 1

Imaﬁwé’aﬁwLﬁ:ummLsﬁﬂﬁ]@iagﬂLLUUmimauauawaaL%31ﬁﬁmaamwammwdwﬁﬁamﬂ@ﬁ‘u

[EEN
o

3 4 5 6 7 8 9
Observed radial growth rate (mm/day)

Predicied radial growth rate (mm/day)

Figure 11 The observed values with the model predicted values plot for A. flavus BUU52. A high
correlation (R°=0.86) between the predicted data and the experimental data was observed. The

average error from the model is encapsulated in the RMSE (= 0.78). RSEP value was low as 13.33%.

Figure 12 kansdvinasiuseninadady aw uavoumainednsNisiasavedtos wuhilkadenisiasaiuls

a

lngigeildnsnisasyiiuduile aw Wady (0.85-0.99aw) an1zlunisasyivilidesildnnisiasyge

£
Y
a

Aefigamnll 30°C lhazwisidesiiszdu aw Tafenu wazanzlunisedyfitesfidnsnmsasyuinni 7

o
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u/3u Fengumnll 26-38°C waghl aw 1NN 0.95 Tuvgagumgivesnii 20.55 °C uay aw Hoendn 0.91

annsnandnnsasy Wulavesdeadls (feendn 1.0 wi/%) Wesd Smsnsiasyifintuidle aw vty
NNTNLAAIDNTNATINTENINIUY aw ag CO, Gi@ﬁﬁi’]ﬂ’]ilﬁ]%ig“ﬂ@%%@i’] (Figure 13) annzlunisiadayil
Forildnmaeiaminndt 7 au/Au Aelt aw 11097 wasiiUSinasfne CO, stmdne 976-1200 ppm
Tuvagiinelfannueisaideninih 0.90-0.947 aw) aw Wutadeiifnademaasuulasanmaasyues
WWosnnnniUBinafing Co, widlessiu aw Wutu (>0.97 aw) Uuasfng CO, fnadednsnsiasayiivues
oyt LLazﬁqmugmumiwangsi"mdﬂ 21°C awnsaandasmsiesarendesild (Weendn 2.5 uw/
) lahasmzdssdissduuianafie coz Tafimu Figure 14 WARINaYRIBNENATIUTEIaladegungiiuay
Uswaifng CO, wuinmswded gaunil 29-34.7°C uazdluTunuig CO, 1130-1200 ppm \WosTiensins
\W@3RanAdN 7 uu./’?uﬁqmmmumsmwLgsm@i"wmh 21°C uagdiU3aunay CO, 350-700 ppm @1U1T0AASNT
n9syresdentld (Hesndn 25 wu/Hu) flgamgd 30°C BHnasmnedesiiseduie o, Tafnudusedy

s . = & o ) a & £ o
PUNYUNMUIZAUADATITLIIY VDD Tnefiseauing CO, G (1200 ppm) BRNIINITLITYUDITDINVSYUNY

szauaamilunsineites
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Figure 12 Mean of contour plot of growth rate profile of A. flavus BUU52 in relation to ay,, x

temperature on a milled paddy rice agar.
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Figure 13 Mean of contour plot of growth rate profile of A. flavus BUU52 in relation to a, x

CO, on a milled paddy rice agar.
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Figure 14 Mean of contour plot of growth rate profile of A. flavus BUU52 in relation to ay, x

temperature on a milled paddy rice agar.
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5. NAYDIBNENATINTENTNY water activity, aamnil uazadududuvaarsuaulasanlen fdadns
n1sadealasvaiasluwintgig

PNMIANWIHAVDI 2y, guuTuazUTInafiwaivoulaeenledieodniinisaivalesveaton wui
domdrulngfiszduen a, i1 (0.90-0.94 a,) T8ns1nsainalesiliinfigungi uassedufiie
arsveulneanledlafiniu Tnaidesidts 3 leloand d8nsin1sadreavesiosfiusuiafig
ansuaulaeanledivintu 1,200 ppm (0.5x10° aues/ndu/u) usidle a, LWT\IIEJQQ‘%U (0.97-0.99a,,) taxil
snasfausinamsuatlaeenles 300 ppm Wosniisnsinsadalesinnty Yssna 7x10° aled/
n¥u/%u Wes1 A flavus BUU24 fguuniigegalunisvaasy 40 sarmwaldoauazyduufing
msueulasanles 300 ppm nuindsnsinsaiisaUasgeaniiseiu a, s¥ning 0.98-0.99 dULT037 A
flavus BUUSA WU ian1EAfian a, 6 (0.97ay) ﬁammﬁ 4009ANLYALTUE ﬁé’mwmﬁa%waaﬂa%m
slenFeuiteuiude A flavus BUU24 uaz A. flavus BUU52 wandlidiuin 1Wesn A flavus BUUS4
mmmmmaamammmmmsamLuaaﬁmmLLauammuvammmﬁLsuaimmaauau (Figure 15)

5.1 navadnanasiusznitelade water activity, aungiiuazusunnfiivaisvaulaeenlensiadnsd
Asas1saUasvaadasn A. flavus

[y

Mnmsfinynauesdrinaiuszvinetlade a, uargungiredamaaisatosvontes nud fsedy
8., S 0.90-0.94 a,, BvBwaTiwszninatiads a, waronmniinadednmaainsatostos uiile
586U a,, faus 0.97-0.99a, uargumgiiiudu (30-40 ssrnwades) wuhdanmsaivatosvonde 3
lelaniufiudnsnasiuseninedads (Figure 16)
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Figure 15 Effect of a,, x CO, x temperature on spore production rate of A. flavus BUU24, BUU52 and BUU54 grown on rice grains. Bars
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Figure 16 Interaction effects plot of the mean of spore production rate of A. flavus BUU24, BUU52 and BUU54 grown on rice grains.
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PRI ERasenavesladelann aenugiios a, aumgll wazUsuaiieasueulneanlyd
RodnIINTATNalasventen A flavus wuinladeaneiugiies a, warUsunaiwasueulaeenlys
[d v aa 1 v 2/ s & & v s 1 Ay o W aa
Juladeniinadednsnisainaleiventes A flavus e 3 a1eiug egreliladdgvneadia (P<0.05)
wigaumaiiutadenliuiinadednsnisasalesveaios (P>0.05) (Table 6)

Table 6 The statistical analyses examined in relation to spore production rate on rice grains in
relation to strain x a, x temperature x CO, using the Kruskal-Wallis test (non-normality data).

The significant factors are in bold.

Factor
Strain Strain a, Temp. (°C) Co, a x Temp.(°C) a,x CO, Temp.(°C)xCO,
A. flavus
(BUU24,
P<0.05 P<0.05 P>0.05 P<0.05 N/A N/A N/A
BUUS52,
BUU54)

LagINNTIATIEINERALae s itayakenluusalolaan nuinsasuwlasgamgiiliiinase
dnsn1sasnaUssveudeslelaian A flavus BUU24 waz BUUSA (P>0.05) WeiszAy a, uwazU3uim
& s [ =] 1 £ b % s ‘&J ] a o o w dgl’
fgasvsulneenlaninasesnsinisaiaUssveudesiessiiiodifny  (P<0.05) Wes1 A flavus
BUU52 nswasuniaivesgaumgiilunsiasey wazUSuaimaeniveulaeenlenliinasednsinisaiia
aUesueudosn (P>0.05) usnsidsuudasen a, Huadednsinisadwalesvesdosiegnsiltodfy
(P<0.05) (Table 7)

Table 7 The statistical analyses examined in relation to spore production rate on rice grains in
relation to a, x temperature x CO, using the Kruskal-Wallis test (non-normality data). The

significant factors are in bold.

Strain a, Temp. (°C) Co, a x Temp.(°C) a,x CO, Temp.(°C)xCO,
A. flavus BUU24, P<0.05 P>0.05 P<0.05 N/A N/A N/A
A. flavus BUUS2 P<0.05 P>0.05 P>0.05 N/A N/A N/A

A. flavus BUUS4 P<0.05 P>0.05 P<0.05 N/A N/A N/A
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5.2 NAYIBNINATINTTNI19UFLRRINTINTTAS19aUBTVRUYBI159UNe 3 lolaian A. flavus
BUU24, BUU52 wag BUUS4

n13@nwINTI Contour sa'aEJLﬁumflm%’ﬂwiagﬂLmeimauauawaqL%@i'}ﬁﬁ@ia@w%wa%am
seinetladennndelu annsnndeyasnainmsadalssventon A flavus W 3 leleian (Figure
17) nuhdesiidasmmsaialesiiaty doseiu a, 1finTu (0.90-0.99 a,) @anmglunisiasayiivily
Hosfisnanisainavesgafediguund 37-00 ssreaidoa fisedu 0.9750.99 a, Tnefisnsnisain
aUosunnndn 4.0x10° aUes/n3u/fu uasiisedu a, 339919 0.90-0.965 liinasimneidesiigamgiilaf
AuRaus 30-40 sarwalTed TemsImsadsaUn ity 2.5¢10° auad/ndu/Tu 21nnsluansevEna
sausenineilady a, uaz Usinainemsueulaeenled desnsinisadisalsiveaiiosn (Figure 18)
wud anmlumsedyiideniidnsnisasealesannnia 4.0 x10° aded/n$u/Tu fefl 0.98-0.99 ay,
wazfiusinaieniueulaeenled stuing 300-550 ppm Tuvaisiineldannzaieniesaini (0.90-
0.9324 a,) a, Wudadeiifnadenisilasunlassnsnisadalesvondesnunnninusuafig
asuaulaoonles uidlossdu a, Wity @t 0.94 a,) Usnaieaiveulneenled inadenis
a¥avofveadesufiutu (Figure 19) uansnavasdvinadausevinsiafoguuniuasuiuufie
asuaulavonles wud Weswia 3 anesiug Sdnsnsadsatasiuszana 0.6x10° ades/n3u/Tu e
fUsnafnwanusulaeenledszming 1,100-1,200 ppm figamail 30-36.5 ssriaifea
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Figure 17 Mean of contour plot of spore production rate profile of combined data (A. flavus

BUU24, BUU52 and BUU54) in relation to a,, X temperature on paddy rice grains.
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Figure 18 Mean of contour plot of spore production rate profile of combined data (A. flavus
BUU24, BUU52 and BUU54) in relation to a,, x CO, on paddy rice grains.
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Figure 19 Mean of contour plot of spore production rate profile of combined data (A. flavus
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BUU24, BUU52 and BUU54) in relation to temperature x CO, on paddy rice grains.

6. WAYDIBNENAIINITLNINY water activity, 9uugll uazUTuufirwaisuaulasanlansanisadig
A130:NaNaNTUVBUYBT A. flavus BUUS2 luamisiaesiiia 3% rice-milled agar

mndeyadninisaigivlaiventen  Shsinisadualeiuasinumsosnamenduiitonadetu
wuhdes A flaws BUUS2 Wuleleaniifignideniefnumaresdvinatiuseuinedatonis
Wasuuasanmgiiomeaienisadsasesamenduidluewnadesdouarlumdadn  inwans
yasomuiuilegamnfifintuiissdu 30°C, 098 aw warUSinafemsuoulasonles 1200 ppm o
sifinsa¥aasosnamendudiuiu neldanmseioaidenintn 092 aw) bifissiugamgiuae
YSunafiwesusulaeenludin wuhUSinuaserrlamenduiidesaistulifiouuandisiy
(P<0.05) (Figure 20)

400 400
25°C B CO,350ppm 30 °C

CO, 1200 ppm

300 1 N 300 A

200 ~

0.92 0.95 0.98 0.92 0.95 0.98
Water activity Water activity

AFB1 (ng/g agar)
AFBL1 (ng/g agar)

Figure 20 Effect of a,, x temperature x CO, on aflatoxin B1 (AFB1) production by A. flavus BUU52

grown on 3% rice-milled agar for 10 days at 25°C and 30°C. Bars indicate standard error of the mean.

7_NavasdnNsnaangendng water activity, auugil uazuiunufitwaisuaulasanludsanisaiig

d13593Wa1NanTUVD IR A. flavus BUUS2 °lum§ﬂ°ﬂ"1'3m§an

Figure 21 u@nswaueINsasvanseznNamendunelaanneilasulsununigasveulasenlen 350

ppm Wag 1200 ppm AszaU aw TLAnaeiu (0.92, 0.95 uaz 0.98 aw) UWLAATAINIUNTRB5E
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Wisuiisuseninefigamndl 25°C way 30°C wudnil 0.98 aw, 30°C wagUTinufwaiuoulnoonled
1200 ppm 1@o31 A flavus BUUS2 a%ﬁqmsangmaﬂ%ulé’mﬂﬁam (271.2 ng/g) Lﬁaammﬁiumﬁ
WSayvendesuintudu 30°C dewSeuiflsuiuil 25°C LLamﬂimmﬂwmsuau"Lﬂaaﬂlenmwmu N9
a¥sansevamenduventes A flavus BUUS2 iafu fisediu aw fhiwdwdu 0.98aw e
Wisuifleuudl 0.92aw (CO, 1200 ppm) Usinawesansesrlamenduiiatu 12.5 wh Tuvaeiidled
nswAsuudas aw 90 0.95 Tuliu 0.98 (CO, 350 ppm Hag 1200 ppm) wundiuaualsazwainen
Juiidoratiatulifaruuaniieiu (P<0.05) uasdl 0.92 aw iszdugumgd 25°C uarUinaufineg
msveulaeenledln wuisinaasesamenduiidenasaiulifinnuuansneiu (P<0.05)

400 400
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CO, 1200

— 300 - W =D 120em 1 300
2 2
(@) (@)
E S
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Figure 21 Effect of a,, x temperature x CO, on aflatoxin B1 (AFB1) production by A. flavus BUU52

grown on stored irradiated rice grains for 10 days at 25°C and 30°C. Bars indicate standard error

of the mean.

Tnemluwdrdenlungy A flavus awnsodyldiissiue aw nauaznudeanmzukaudslda
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