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Abstract

This study examined the antifungal activity of essential oils of cinnamon bark, Citrus
grandis peel, kaffir lime peel and potassium sorbate (positive control) against Rhizopus stolonifer
and dspergillus flavus using agar dilution method. Cinnamon oil showed the highest antifungal
action to R. stolonifer and 4. flavus with the minimum inhibitory concentration (MIC) of 20 and
80 pg/ml respectively, followed by potassium sorbate Citrus grandis oil and kaffir lime oil. Effect
of cinnamon oil at concentration of 0, 5, 10 and 20 pg/ml on growth inhibition of R. stolomifer
and at concentration ot 0, 20, 40 and 80 pg/ml on growth inhibition of 4. flavus on Bread Model
Agar (BMA) at four different water activity levels (a_ 0.87, (.90, 0,93 and 0.97) at 5Cand 30C
was investigated. No fungal growth in all treatments was observed at 5°C throughout the 21-day
incubation. At 30 C, reduced a,, in combination with addition of cinnamon oil in BMA resulted in
synergistic effect on growth inhibition of these fungal species. The higher concentration of
cinnamon oil added in BMA affected the greater inhibition of these fungal species. The growth of
R. stolonifer was inhibited throughout 21-day incubation on BMA (a_, 0.87) without cinnamon oil
added. At a, 0.90, addition of cinnamon oil at concentration of 10 pg/ml was able to inhibit the
growth of R. stolonifer, but increasing of a_, to 0.93 and 0.97 needed the cinmamon oil
concentration of 20 pl/ml to inhibit this fungal growth. For 4. flavus, reduction of a_, level to 0.87
on BMA without addition of cinnamon oil did not inhibit growth of A. flavus, but addition of
cinnamon oil at every concentration tested resulted in complete growth inhibition throughout 21-

day inhibition. At a_ 0.90, 0.93 and 0.97, cinnamon oil concentration at 40 pg/ml was needed to



inhibit 4. flavus growth, Cinnamon powder was then applied as bread ingredient. The effect of
cinnamon powder (0.16%, 0.32%, 0.65% and 1.30%) on growth inhibition of R. stolonifer and A.
Flavus on bread stored at controlled relative humidity of 75% and 90% was studied. Storage of
bread at lower relative humidity condition (75%) resulted in slow growth of these two fungal
species than storage at higher relative humidity condition (90%). In addition, higher concentration
of cinnamon powder added in bread affected greater inhibition of these two fungal species on
bread.
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F= ¥ -~ 1 t @ o
msguaaies lanhie nuanuiou unzeangNd IWAN ALY 36 urszgmhme1dfauen Tl
T138ma (proteinase) (Magnusson HAZAME, 2003)

Y { - d
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ﬂﬁ"!n“lufnsaaﬂqmnummmﬁaaﬂnﬂiumimmiﬁ'ma%aﬂmmmﬂﬁﬁﬂuaﬁﬂﬂnﬂ%’wmmu

=y o A f
mnalsaiumanuiotezilulaz Temiae 1 lueuna (Schnurer azanE, 2005)

or aoar d P
2.3 anudasa fsvsiHeniaaIvngs
nanfustunei g Ingf hitoeadsazisisdennnd 4.5 uazdl a, W00 0.84 Tan
ieranansattalsaamuesnan susiinings Idaudwesievdendud 1 wduniadusine
Ada = A o & A 3t P R - A e o
s'ﬂszmtuniﬁqwnﬂﬂmmmumwﬂmm 4.6 ngud 2 AendaduineiTlilTunIAfAe
Tfieygan 4.6 udezoond 7 uazngai 3 ﬂanq:m‘luri'flunsﬁﬂsanamﬂmmmmmimﬂumd

azlimAley AN 7 ﬂﬂ‘ﬂ“‘muilﬂ'i]'lﬂﬂﬂﬂﬂﬂ.l‘?'lﬂ‘l\i"ﬁ’lllﬂ"liﬂﬂllﬂﬂﬂ'l‘.llﬁ‘l“lﬂ‘ﬂ'vlﬁ‘ﬁ]'lﬂﬂ"lﬂw 1

-== L | oo o e
A17197 1 ATWOTUEIHAANUNIVLIND I

e Aoy
IR

yuuilerala 4.2-4.6
welila 42
n3ad)

vunilem 5.7
yuuiliTaaa 5.6
yuuilatamauFenTnuna 6.2-6.6
vunilinaudunzgnina 6.1-6.7
A4

yunilsda 6.0-8.0
wuwiladanaundae 7.2-7.9

#111: Smith Az Simpson (1995)
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361 Smith 1t0zSimpson (1995) ¥sarlazanvesnAatuaiuineiann aw']ﬁ'ﬂqu Aguf 1 nAa
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- ot Y ' r a o d = W At '
URUANSUMN a,, Haynn 0.6 ﬂqil‘lfl 2 HAANHNLUNBTNIWHIISUAT a,, Eigl.

] T T ¥ "
35M19 0.60.85 uaznguil 3 maasuaTLMETANANUTUGREHAT 2, 1NN 0.85 uaz Taena i

] 3 o o * - ol a J i
arefszning 0.95-0.99 Asiiediwwendaduaiiimadausnanma, anaad ua1I N 2

3 v .. oA o i
M7 2 A1 water activity (a,) VOIRGAAALINGT

nAAfATLINGS a,
anudud1
& 0.2-0.3
uAsnINes 0.2-03
Raurts
@BnsmanTatin 0.85-0.87
FanTnaaTain 0.82-0.83
wudiamans 0.82-0.83
IANATY 0.78-0.81
ﬂﬂﬁ"h‘ﬁﬂﬁﬂu 0.5-0.78
Judugs
wuuile 0.96-0.98
Taiintad 0.96-0.98
wiena 131 0.95-0.98
finuasen 0.94-0.96
AamiaAn 0.92-0.54
Faudn 0.91-0.95
AN 0.9
YBUNY 0.94-0.95
W 0.99 J

#1311 Smith 118Simpson (1995)
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o : ¥ 1 o o 1
(Bhat upzamz1989) myl¥matudaten wu Tnklema uazyeiium AMINTOAAANUAEIN

msiau Tavo udesmarmsadeaswe luuuwils (Lennox 1102 McElroy, 1984)
W e o A
2.4 wa Bimzayp lnsnlvdusayen

2.4.1 aule

Ui 3 &uTe
) http:/fwww. plantpro.doae. go.th/plantelinic/clinic/plant/pummelo/index.html

#uTe: Pomelo or Grapefruit

%m%mmmﬁﬂi’ : Citrus maxima ‘
’Nﬂn',:Rutaceae

#ule: Auimszqadeatuuzun & uasiiimivdgededlestumsaadelflumthiase

1 72 sesumariiu HmlSurainwaa mmnzdufaiy nizdumanigydu Taveaduny wanuIndi
Sevactums aaluwiuldfamis unzdeusmsndiunie shiumenszmenndule Mfudau
tszneulunmisay nfesdions vimen unzglummii nfesduimanueaneaed el
anuneminzdlumafiusana

dauild: 510

adu: lodu uaysinld

o13ual: puEY
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2.4.3 a1y

gUA 5 ewwe

1 hitp://www baanjiomyut.com.

q o~ o
‘i’EI‘J‘n AR Cinnamomum cassia

- o
Y8 M| Lauraceae

B

¥oalny: Cassia bark, Chinese cassia, Indian bark

o o ¥y - . = A @ oaa s

Yougmennumaas: fulddusnanmednnalvg gene 40 was alfepauiimbmanny
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By AIUNG U cassia ﬁwuﬂssﬁm%mwiumiEiui’?am'sm?iyuaaqﬁuﬁtﬂﬂ’lﬁ'ﬁuﬁ’ummﬁq
ﬁumﬁammsas@iﬁuﬁuwﬁmmm?mmmmwﬁﬂmaqﬁum’%’ﬁ'

Bullerman unzAmy (1977) lénaaeunaveniiimenszmeveseuive niung msudans
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‘ﬁv'mwﬁmi‘lumiﬁmmmEiugqmm?igtﬁuTmm Aspergillus parasiticus UONA il Montews-
Belmont 1182 Carvajal (1998) IRdnma nuasoveniiunesTzmosiia 11 i Tumsiuge
MsieTapAL Tauea Aspergilius flavus tudleuudadiaTna wuhihiuneuszme Cinnamon
zeylanicum (cinnamon), Mentha piperita {peppenrmint), Ocimum basilicum (basil), Origanom
vulgare (oreganum), Teloxys ambrosisoides (epazygium), Teloxys ambrosioides (epazote),
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3 511 5.19 5.07 512
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2. imTan agar dilution

¥
1343 83 Stock solution UYBIHTNUNOUTLHY

U

»
UNUHOUT LY

1nfu

“«—— 10%DMSO 10 iaatns

100,000 TuTasnsuseiadans

HETU

11 stock sotution JABATTHI

dilute Ainamudiudua1e) A

1 iinnaas

10 % DMSO

1 {iadaas

10 % DMSO

9 Hiaddens

™

9 Janans

10,000 TuTnsnsuAnianans 1,000 luTnsnfudenaddns 100 Tulasnfussiiadans
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Pvasana gLy 100,000 luInsniuaaiiaaans

O

100,000 11 TnspTudeiiadans

dniu 0.128 Hanans
» 1

1indu 0.872 ilanans

o
iy 0.512 WnnoAs

»
viniu 0.256 Gnnde
» L]

# []
1indu 0.488 UaBaNT 1170 8u 0.744 ifagans

640 ug/ml

640,000 ppm

2,560 pp/mi 1,280 pg/ml

2,560,000 ppm 1,280,000 ppm



Mmasafauudy 10,000 134 Tasniuneiadans

1iuiu 0.64 Uaaans

Fd ¥
Amau 0.36 ynnans

320 pg/mi

320,000 ppm

(

@

10,000 latTnsniuroiadans

>
1iuiu Q.16 Nanans

L d 13
yindu 0.84 aanas

80 pgiml

80,000 ppm

3
1nin 032 dnnans

» T
1IN 0.68 Uanang

160 pg/ml

160,000 ppm
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hvasananududy 1,000 lulasniuasiiagans

1,000 TuTasnsuAoiadans

» ¥ F-r-Y
iy 080 Ltanaas yinfu 020 Haaans
» v

11ndu 0,80 Hadaas

L d r

11nau 0.20 Haanas

40 pg/ml 10 irg/ml

40,000 ppm 10,000 ppm
yiniu 040 iadans

 d »

1110 & 0.60 Badans

20 pg/ml

20,600 ppm
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Wmaeananugudn 100 lulasnsuasiiadans

®

»
vy 0.10 fadans
o [

11108U 0.00 Hanans

=

5.000 ppm
: ar =y L1
U 0,50 yaaans

» [
1Ay 0.50 Haaans

2,500 ppm

100 luTnsnsuseianans

»
Wiy 0.125 Haaans

o .
1indu 0.875 LananT

600 ppm

»
i 0.25 Jaanas

»
111nAU 0.75 BadoaT

1.25 pg/ml

1,250 ppm
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3. 35U5uA1 water activity Tuo 1 sunuiladiaes (BMA)

M TUTLM water activity(a) TaafunAesenashfluens BMA fisumadeg Fedasns
5 a_T¥iTiand1ee 49 0,93, 0.90 Uaz0.87 azdewihnisdutTutanieesend 1500, 3000 ime
4600 TuTnsfnsde 10 Hadaas
4. msm3asuaail

4.1 gaauasimhvnuils

>

A UMY min (piu)
nflamuiliavim 1000
sh 620
shenanse 50
infe 15
e 50
Bad 10
i

» ¥
1. wisudaunauang Taolfhmindy 2.5 mwesgesdnampaugivenihldlass
vun ItguygliunaTa desired dough temperature) (H1RU 29-30 BaRIFATE
2. worundle Bad ihdaedu ldlunuarmismanuiay
3. avaneihena unznds T
3 L] = o ¥ 9 -y
4. wasazambanasludmrayvewtlwazdad merulidh iy Mumsvniagly
5. ¥ fienaunazurnsudountsldn
¥ )
6. thtauntlsimuaunmin Tasgudofvinaniewamadn (Fermentation) fuamt 1 42
Tus vufoundisauiiu 2 wh
1 : o A a o . e g-
7. piandlsananiyinndaans (450 aiu dimiuruile 1 Yeud) (Dividing)
8. anaf auntlaMinauuazideaziSou Rounding) Anfouudalszana 10 wH
9. Final Mouding 1¥1fadeRountlaliiduusu udmifafeoundafiuvounansvnamy
i ladeundlaslusudimiugvnn 13sevdn
o = [ ] o £ =
10. Final Proof W Aun Ttlminludh 28 esmnaaidon sunsziefeundleiuduninildiom
Uszaian 50-60 WA

11. suigaivgil 200 s uamded sz 40-50 117 HIvsunTINIgn
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4.2 SEdnnan s Tnamseuvsluvusile e
Zimseuis 100 niuezinifnaniiueg 0.61 i
miniissetiyeeg 100 x 10° Tulasnfudeniy azﬁﬂ?mmﬁlﬁuatj 0.61 x TuTasniudensy
Suhlfinaniit 0.61 < 10° TuTasnsudensy exilinseuseeg 10° TuTasniudeniu
Faaudady 10 TuTasndudensy sxdealfmeanys = 10° x 10/0.61x10° = 0.001625 AU
Faududu 20 TuTasndudensan sxdesldneeuse = 10° x 2010.61x10° = 0.00325 AfU
Fanututy 40 TuTasndudony szdealdmepnive = 10° x 40/0.61x10° = 0.0065  ATY
Fanuudy 0 Tulasndudensy exdaeldmeavye = 10° < 80/0.61x10°=0.013 AN
wflivunilel ATansueziinninTassmhiy 1,745 n3u
Fanududui 10 lulasnsudensy
Fufle 1 nFuozdoaldmeninye 0.001625 AFu
fuile 1,745 nfnezdeelynsouiye 2.83 N3
fnnududui 20 TuTasafudeniu
fuitle 1 nSuozdoldmenuiye 0.00325 nin

futle 1,745 nfuezdesldnonvn 5.671 nfu

fhudle 1 nsuozdesldneouive 0.0065 niu
Suitle 1,745 nsuszdealdneouye 11,3425 niy

iyt uR Tasniusaniy

=20,

Suitle 1 nfuazdeeldmeauye 0.013 nju

Fmdls 1,745 ninezdnsl¥meoun 22,685 nu
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TRt 7 amsalaoundasdueiguings (auBiums) veads Rhizopus stolonifer LU

g Tuunilisaes @ 1)

(ECHE PRI anusnmangusihdueinais {(cm)
rasiniuvan 3 3 y THunadten
“ne vniuautel dniuthila dnluneage 2fastln
Fudd | Jud | Jud | Jud | ud | Jud | Jufl | Tud
(ng/mi) 7 14 7 14 | 7 14 7 14
5000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2560 0.0 00 7.5 8.0 9.0 8.0 0.0 00
1280 0.0 0.0 8.0 9.0 9.0 a0 25 5.0
640 0.0 0.0 9.0 9.0 9.0 9.0 32 7.0
320 0.0 0.0 9.0 9.0 8.0 8.0 4.3 8.0
160 0.0 0.0 9.0 9.0 9.0 9.0 53 9.0
80 0.0 0.0 9.0 9.0 9.0 9.0 6.5 a.0
40 0.0 0.0 9.0 9.0 9.0 9.0 7.5 90
20 0.0 0.0 9.0 9.0 9.0 9.0 75 9.0
10 0.0 0.0 9.0 9.0 9.0 9.0 75 9.0
50 0.0 0.0 9.0 9.0 9.0 9.0 75 9.0
2.5 9.0 9.0 9.0 a.0 8.0 8.0 75 9.0
1.25 9.0 9.0 9.0 9.0 9.0 9.0 7.5 9.0
06 8.0 9.0 9.0 8.0 9.0 9.0 7.5 8.0

maei 8 mmsddeunloadurmuguinats (yuAnas) veue Rhizopus siolonifer UU

. P
a1suuniledians (1 2)

suRuATNUiiY aenvaddusingudaaia (cm)

naniniuvay . . i} Tnunsdon

sELAel dhsfuauie tafusuia ihilunsnga Haslue
Tudl | Sud | Juft | Tufl | ud | fufd | ud | Sud
(ng/mi) 7 | 14 | 7 | 14 | 7 | 14 | 7 | 14
5000 00 0.0 0.0 0.0 0.0 00 0.0 0.0
2580 0.0 0.0 7.0 9.0 9.0 9.0 0.0 0.0
1280 0.0 0.0 9.0 9.0 9.0 9.0 0.0 0.0
640 0.0 0.0 90 9.0 a0 9.0 0.0 0.0
320 0.0 0.0 9.0 9.0 9.0 9.0 9.0 9.0
160 0.0 0.0 9.0 9.0 9.0 9.0 9.0 9.0
80 0.0 0.0 9.0 8.0 9.0 9.0 9.0 9.0
40 0.0 0.0 9.0 9.0 9.0 9.0 9.0 9.0
20 0.0 0.0 9.0 9.0 9.0 9.0 9.0 9.0
10 8.0 90 9.0 9.0 9.0 9.0 9.0 9.0
5.0 35 9.0 9.0 90 9.0 9.0 9.0 9.0
25 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
1.25 9.0 a.0 9.0 9.0 90 9.0 9.0 90
06 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
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maied 9 simsilfewnlaudumaudams (uAag) veu¥a Rhizopus stolonifer UNETHS

¥ [
yunileiney @H3)

srdumIndudu anumnaLduriguednaiy {cm)
vaniniuvan j ] ] Twuvaiftonad

TEe UnsiuauLsn univdnia gufuugnga LR
_ fudl Yutt Tuit Jutt
(ug/mi) su7 | 14 | w7 | 14 | fud7 | 14 | 7| 14
5000 0.0 0.0 0.0 00 00 0.0 0.0 0.0
2560 0.0 0.0 7.0 9.0 9.0 9.0 0.0 0.0
1280 0.0 0.0 90 90 90 90 0.0 0.0
640 00 0.0 9.0 90 9.0 90 0.0 0.0
320 0.0 0.0 9.0 90 9.0 9.0 9.0 9.0
160 00 0.0 90 90 9.0 8.0 9.0 9.0
80 0.0 0.0 8.0 9.0 9.0 20 9.0 9.0
40 0.0 0.0 8.0 80 9.0 90 8.0 9.0
20 0.0 0.0 9.0 9.0 8.0 8.0 890 9.0
10 83 9.0 8.0 90 9.0 9.0 9.0 9.0
50 a8 9.0 9.0 9.0 8.0 9.0 2.0 9.0
2.5 9.0 9.0 9.0 8.0 9.0 9.0 9.0 9.0
1.25 9.0 9.0 9.0 9.0 9.0 9.0 a0 9.0
0.6 9.0 8.0 9.0 8.0 9.0 8.0 9.0 9.0

T " ¥
11199 10 Ansnfoundaudurigudnne (vuANAT) Yeuse Aspergillus flavus VUBTMT

> [
vuniledias (@ 1)

seum ity s vasdiushdudnany (cm)
. ; i 5 Tnunenfeanaas
uasiniunanszwe dnluauws hafudnia uunsnge ]
) fudt Fud
(ng/mi) ud7 | fud14 | 7 (14| 7 |14 | ud 7 | Jud 14
5000 0.0 0.0 0.0 0.0 35 7.0 0.0 0.6
2560 00 00 0.0 0.0 42 8.0 0.0 0.0
1280 0.0 00 B.5 9.0 5.0 8.0 25 50
8§40 0.0 0.0 7.0 9.0 6.5 9.0 32 7.0
320 0.0 0.0 7.0 9.0 65 8.0 4.3 8.0
160 0.0 0.0 7.0 9.0 B.5 9.0 53 8.0
80 0.0 0.0 7.0 9.0 65 9.0 6.5 9.0
40 8.5 9.0 7.0 8.0 6.5 9.0 75 9.0
20 0.0 0.0 7.0 9.0 8.5 9.0 75 9.0
10 Q0.0 00 7.4 9.0 6.5 9.0 75 90
5.0 0.0 0.0 7.5 9.0 9.0 9.0 7.5 9.0
2.5 Q.0 0.0 75 90 9.0 9.0 75 8.0
1.25 0.0 0.0 8.0 9.0 9.0 9.0 75 9.0
06 65 9.0 8.0 9.0 8.0 9.0 80 9.0
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1 + F 4
meh 11 smaddeuidaudurguinas (ruamm) vaule dspergillus flavus UUBIMI

yuuilesiand ($191 2)
seguaLiutiu anutnanduringutgnay {cm)
vanivivuan Trunsfienaad
sELMe isfuaun dludinla ahaenge wa
Sud Judt

(ng/mhb 7 [ Suft 14 | Sud7 ] 14 [ ud7 | 14 | 7| fud 14
5000 0.0 00 00 0.0 3.0 6.8 0.0 0.0
2560 0.0 00 0.0 00 3.6 7.5 00 0.0
1280 0.0 0.0 6.0 9.0 40 80 28 55
840 0.0 0.0 6.5 9.0 435 86 35 70
320 0.0 0.0 6.5 9.0 50 90 45 85
160 0.0 0.0 7.0 9.0 55 9.0 47 g.0
80 0.0 00 70 9.0 6.0 9.0 5.0 8.0
40 40 9.0 7.0 9.0 65 9.0 55 8.0
20 4.4 9.0 70 9.0 70 9.0 6.0 9.0
10 5.0 9.0 7.0 9.0 75 8.0 6.5 9.0
5.0 53 90 75 9.0 80 9.0 70 9.0
2.5 5.7 9.0 80 9.0 8.0 8.0 72 8.0
125 6.0 8.0 80 9.0 9.0 9.0 72 8.0
0.6 6.0 g0 8.0 8.0 90 90 72 a0

¥ L3 14
mnef 12 smanlfeuslaadusquénans (yuBnms) veude dspergitlus flavus UNBINI

. 24
yunilednes ATMm 3)

sraua iy auemyaddusgutinang (cm)
ganiniuvau 5 ) i} | Twunsmdauadad
FHR1E| uniuauwna uniuduia uunsnge e
Tutl udl
(pg/mi) A7 | ud1a ] 7 |14 7 | fuft14 | ud7 | Tud 14
5000 0.0 00 | 00 0.0 3.0 6.5 0.0 0.0
2560 0.0 00 00 0.0 40 8.0 0.0 0.0
1280 0.0 00 50 0.0 45 8.5 25 5.0
640 0.0 0.0 55 9.0 4.7 9.0 3.0 7.5
320 0.0 0.0 6.0 9.0 50 8.0 4.0 85
160 0.0 0.0 6.5 9.0 55 9.0 45 8.0
80 0.0 0.0 7.0 8.0 80 9.0 5.0 S0
40 40 g0 70 g0 65 8.0 8.5 a.0
20 45 9.0 7.0 9.0 70 g.0 5.8 9.0
10 5.0 8.0 7.3 9.0 75 9.0 6.5 9.0
50 55 g0 7.5 9.0 8.0 9.0 70 g0
25 6.0 9.0 7.7 S0 85 9.0 7.0 9.0
1.25 6.0 a0 80 9.0 9.0 9.0 70 9.0
06 8.0 8.0 8.0 90 9.0 8.0 7.0 9.0
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arnedt 13 nandoulaadumguinets (audnng) Yeule Rhizopus stolonifer UHBIHS

yuuthdmosdia a, 0.97 0.93 0.90 1Az 0.87 H @Al 36°C

anuguasLdusgudnans (cm)

! srRuANuLiTyNaY SERUATNLINGUNDA saueudinfiunaa
afuaue (ug/mi) dnTuauam (pg/mi) thafuavcin (ag/ml)
o | qud @ 1) (19 2) 1 3)
0 5 10 20 0 5 10 20 4 0 5 10 20
097 0 o0/ 00| 00j00 | OO|0OO0O| 0000 00| 00| 00]) 00
3 /30302500 /30)30/25]00]|30}30)23;00
8 62 | 60| 50| 00 | 62 |60 | 5000|6560 | 50| 00
9 90 | 88 | 85100} 90| 90|80 |00 ] 80] 80| 80| 00
12 | 90 i 90 | 90 | 00 ; 90 { 90 | 90 | 00 | 90 | 20 | 90 | 00
15 | 90 | 90 { 90 | 00 { 90 | 80 | 90 { 00 | 90! 9.0 | 980 : 0.0 ;
18 90 {1 90| 90 | 0.0 90 90 (90} 0.0 90 { 90 j 9011 00
21 90 (90 ! 90 ({00 | 90| 90 | 90 | 00 | 90 | 80 | 9.0 00
093| 0 (00| 00|00 |00 | 00|00 |00 00| 00j00]00]0O00D
3 25 |1 20 (15 (00} 32|30 |20 (00} 28| 22| 201} 00D
8 55 40 | 50} 00 | 65 | 55| 40 | 00 | 60 | 45 40 {1 0.0
9 85 (70|60 ;00 9080 (70|00 {90,;73 65| 00
12 1 90 ;90 | 90| 00| 90|90 |90} 00| 90| 90| 90|00
15 | 90 | 90 : 90 | Q0 | 90| 90 | 90 | 0.0 | 90 | 90 | 90 | 0.0
18 | 50 | 90 | 80 | 00 ; 90 | 50 | S0 | 00 | 90 | 90 ) 90 | 00
21 190190 ({90 |00 | 90| 90|90 |00} 90|90 90! 00
0907 0 Q0 | 00 | 00 | 0.0 00 | 00 0.0 00 0.0 0.0 00 | 0.0
3 15 1.0 1 0.0 | 0.0 15 15 0.0 00 2.0 1.0 0.0 | 0.0
) 25 {20} 00 | 00 3530 00,00 | 40 28 00 | 00
9 60 | 50 00 | 00 68 | 60| 00 |00 | 68 {55 | 00| 00
2 /90|87 | 00| 00!90| 90 | OO} 00 89|89 |00 00
5 | 90 790 (00 (00 } 90| 90 (00 (00 { 90| 90} 0.0 0.0
18 90 | 90 00 | 0.0 90 | 90 { 0.0 | 00 9.0 9.0 00 | 0.0
21 | 80 {90100 | 00 {9090 |00 |00 9090100 00
087( 0 00 |00 ;00 |00 00000000 000000 00
3 oo |00 |00 | 00| Q0O (0000 00} 00| 00| 00] 00
2] 0.0 00 | 0.0 | 00 00} 00 | 0.0 0.0 0.0 00§ 0.0 0.0
g 00100/ 00| 0000|0000 /|00 00|00)] 001} 00
12 00 | 00} 00 | 0O 00} 00 | 0O 0.0 00 | 0.0 | 00 0.0
15 [ 00 | 00 | 00 : 00 | OO 00} 00| 00 OO0 )jO00 |00 QO
18 ; 00 ; 00 | QO OO 00| Q0 |00 00}/ 00 |00/ 00; 00
21 00100 | 00|00 (00D} 00 | 00! DO 0000 ] 00| 00




¥ 3 4
anad 14 msiffeuntlaaduigudnae (xRS Ve uYe Aspergillus flavus UHRINT

yuyiladinesdia a_0.97 0.93 0.90 uaz 0.87 Ngungi 30°C
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anueMyanfurigugnaly (cm)

sedusnativuag syRtAuLDEunay seduazmLiingiunag
vmTuaue (pg/mi) hsuauaie (pg/mi) instuaua (ug/mi)
! ¥ 4 ¥y w o
o g @ 1) @ 2) @M3)
0 20 | 40 | 380 0 20 | 40 | 8O 0 20 ¢ 40 | 80
097 | O 00! 00| 00| 00;00 00|00 |00)|00)|00]00]| 00
3 34 |18 | 00| 00|33 |20]00| 00|29 | 22| 00] 00
8 73| 42 | 0.0 00 70| 5000/ 00| 62 50 00 ! 0.0
9 90 | 80| 00 (00|90} 70| 000090 |75 |00 ] 00
12 | 90 | 90 [ 00 | 00 | 90 90 | 00 { 00 | 90 | 90 | 00 | 00
15 | 90 | 90 1 00 | 00 { 90 {90 | 00 | 00 90 | 90 ;§ 00 | 0.0
18 1 90 | 90 |00 | 00 | 90 | 90 | 00 | 0.0 90 [ 90 ! 00 | 0.0
21 90 | 90 |00 | 00} 90| 90! 00| 0090|9000} 00
093] © 00 (o0 |00} 00| 00|00 ] 00|00 |00} 00 00|00
3 29 | 21 00 00 | 34 | 21 00 [ 00| 32i20 )00 00
6 82 | 43 {00 | 00 | 61 43 |00 j00 60|50} 00| 00
9 85 | 80!/ 00/ 00| 90! 80| 00| 00|90/ 80} 0000
12 1 90} 90 | 00 | 00 ;[ 90 | 90 | 00 | 00 | 90 | 90 00 | 0.0
15 1 90 {90 | 00 | 00 {90 | 90 | 00 | 00| 90| 90 | 00| 00
18 80 | 90 | 00 [ 00 | 90 | 90 ; 00 | 0.0 | 90 | 90 | 00 |} 0.0
21 90 |90 | 00 {00 | 90| 90 {00 | 00 | 80| 90 | 00 00
080 O 00 | 00| 00|00 | 00| 00|00} 00 ;00j00]| 00|00
3 06 |00 00|00 |03(00|00}00}05]00)] 00|00
6 22 (00j00|00|10{00|00|00{20|00;00]00
9 40 00| 00| 00!40)| 00| 00| 0D | 45| 00 | 0.0 00
12 | 64 |00 | 00| 00| 80|00 00|00 {63 |00} 00; 00
15 85 | 00|00 :00 (90|00 00|00 |83}|00|00] 00
18 | 90 | 00 | 00 | 00 |90 | 00| 00|00 |90 ] 00| 00| 00
21 90 |00 {00} 00|90} 00 0000} 90 00100] 00
Q87| 0 ooio00jo00| 00| 00|00 |00{00 )| 00| 00} 00} 00
3 03 {00 | 00| 00} 00 00l oD | 00 00| 00|00} 00
B 09 |00 | 0000|0800 00|00]|00| 00| 00|00
9 25 |o0o {00/ 00|15{ 00|00 |00 |10 00 ]| 00| 00
12 | 34 00|00 {00 | 30|00} 00|00 |30|00] 00| 00
15 52 : 001 00| 00 50 i 00|00 00 50 | 0.0 00 | 0.0
18 70 | oD | 00| 0OOD}70(00| 00|00 | 70} 00| 00] 00
21 70|l o0l o0o0'!o00 )| 70| 00|00 |00 |70] 00| 00) 00
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- 1 4 o - ] .
mTA 15 a1saldmulaudurhugudnms (vufinuns) yeu¥e Rhizopus stolonifer YU

o El A o o
yuniladmes NA1a,0.97 0.93 0.90 nagy 0.87 NYUUYN 30C

AT M 3IEURALEAR Y (cm)

srduaTuiduiunasssaaie (pg/mi) “s SD

@ a, Fudl 0 5 10 20
0.97 0 0.00+0.004° | 0.00+0.00a | 0.00+0.00A | 0.00+0.00A
3 - 3.00+0.008 3.00+1.738 | 2.40+0.168 | 0.00+0.00A
6 6.3010.170D 6.00+0.00c | 5.00+0.008 j 0.00+0.00A
9 9.00+£0.00C 8.9+0.00c 8.20£0.298 | 0.00+0.00A
12 9.00+0.008 9.00+0.008 { 9.00+0.008 | 0.00+0.00A
15 8.00+0.008 9.00+0.008 | 9.00+0.00e | 0.00:0.00A
18 9.00+£0.008 9.00+0.008 | 5.00£0.008 | 0.00+0.00A
21 9.00+0.008 9.00+0.008 | 8.00+0.008 | 0.00+0.00A
093 0 0.00+0.00A 0.00+£0.00a | 0.00+0.00a | 0.00+0.00A
3 2.80+0.35¢c 2.40+052sc | 2.00+0.298 : 0.00+0.00A
6 6.00:0.500 5.20+0.52¢ | 4.00+0.578 | 0.0010.00A
9 8.80+£0.290 7.40+051c } 6.50+0.508 | 0.00+0.00A
12 9.0010.008 6.00+0.008 | 9.00+0.008 | 0.00+0.00A
15 9.0010.008 9.00+0.008 | 9.00+0.008 | 0.00+0.00A
18 9.00+0.008 g.00+0.008 | 9.00+0.008 | 0.00+0.00A
21 $.00+£0.008 ©.00+0.008 | 5.00:0.008 | 0.00£0.004
0.80 0 0.00+0.288 0.00+0.508 | 0.00+0.00a | 0.00:0.00A
3 1.60+£0.288 1.10£0508 | 0.00+0.00A | 0.00+0.00A
6 3.301+0.76p 290+0.118 | 0.00£0.00A | 0.00+0.00A
g 9.00+0.008 6.20+16808 | 0.00+0.00a | 0.00+0.00A
12 9.00+0.00B 8.80+0.158 | 0.00+0.00A | 0.00:0.00A
15 9.00+0.008 9.00+0.008 | 0.00+0.00a | 0.00+0.00A
18 89.00+0.008 9.00+0.008 | 0.00:0.00A | 0.00+0.00A
21 9.000.008 8.00+0.008 | 0.00+£0.00A | 0.00+0.00A
0.87 0 0.00x0.00A 0.0040.00A | 0.00+0.00A | 0.00+0.00A
3 0.001+0.00A 0.00+0.00A | 0.00+0.00a | 0.00£0.00A
8 0.00+0.00A 0.00+0.00A | 0.00+0.00A | 0.00+0.00A
9 0.0010.00A 0.00+0.00a | 0.00+0.00A | 0.00+0.00A
12 0.00+0.00A 0.00+0.00A 1 0.00+0.00A | 0.00+0.00A
15 0.00+£0.00A 0.00+0.00A | 0.00+0.00A | 0.00+0.004
18 0.00+0.00A 0.00+:0.00a | 0.00+0.00A : 0.00+0.00a
21 0.00+0.004 0.00+£0.00a | 0.00+0.00a | 0.00+0.00A

a , 4 .
ﬂ'lmstl‘llﬂiﬂﬂﬂ'ﬁﬂﬁﬁﬂ! 3 %1

b 5 a o [ o e { F o T o by [ ' o o
FMuvosmndusawudndu Fenusnduduluudaznedun naadammuandwduod niitdetgne

a9 (P<0.05)
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e 16 manulaadusiuguings (yuauaeT) 183e spergilius flavus YUBIMT

yuuiledrans #iM1a,0.97 0.93 0.90 uas 0.87 NNl 30°C
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AaNumMItaddurhaugnae (cm)

gdusMMLiudiunassdauite (ug/mi) “+sD

@ a, Fuil 0 20 40 80
0.97 0 0.00£0.004% | 0.00+0.00a | 0.00£0.00A | 0.00+0.00A
3 3.20:+026c | 2.0010208 | 0.00:0.00a | 0.00+0.00a
6 6.80+057c | 470+0.468 | 0.00£0.00A | 0.00+0.00A
9 9.00:0.00c | 7.80:0508 | 0.00+0.00a i 0.00+0.00A
12 8.00+0.00a | 9.00:0.00A | 0.00+0.00a | 0.00+0.00a
15 9.00+0.00A | 9.00+0.00a | 0.00+0.00a | 0.00£0.00a
18 9.00+0.00a | 9.00+0.00a | 0.00+0.00a | 0.00+0.00a
21 0.00+0.00a | 9.00:0.00a | 0.00+0.00a | 0.00:+0.00a
0.93 0 0.00+0.00s | 0.00:0.00a | 0.00£0.00a | 0.00+0.00a
3 320+025¢c | 2.10:0.058 | 0.00+0.00a | 0.00£0.00A
8 6.101+0.10c 4 50+0.408 0.00:0.00a | 0.00+0.00a
9 8.80+0.29¢c 8.00+0.008 0.00+0.00A 0.00x0.00A
12 9.00+0.00a 9.00+0.004 0.00+0.00a | 0.00+0.00a
15 9.00£0.00a | 9.00£0.00a | 0.00:+0.00A | 0.00+0.00a
18 9.00+0.00a | 9.00+0.00A | 0.00+0.00aA | 0.00+0.00A
21 9.00+0.00n | 9.00+0.00A | 0.00£0.00A | 0.00+0.00a
0.90 0 0.00+0.00~ | 0.06£0.00a | 0.00+0.00~ | 0.00x0.00A
3 0.50+0.158 | 0.00+0.00a | 0.00+£0.00a | 0.00+0.00A
6 1.70+0.648 | 0.00$0.00a | 0.00+0.00a | 0.00+0.00a
9 38040288 | 0.00£0.00a | 0.00+0.00a | 0.00+0.00A
12 7.00£0.95s | 0.00+0.00a | 0.00+0.00A | 0.00+0.00A
15 8.60+0.368 | 0.00:0.00a | 0.00+0.00a | 0.00£0.00a
18 9.00+£0.00n | 9.00£0.00a | 0.00£0.00a | 0.00+0.00a
21 9.00+0.00A | 9.00+0.00A | 0.00+0.00A | 0.00+0.00a
0.87 0 0.00+0.00~ | 0.00+0.00a | 0.00+0.00a | 0.00:0.00a
3 0.10+0.17a | 0.00£0.00a | 0.00£0.00a | 0.00+0.00A
6 050+0.46e | 0.00:0.00a | 0.00+0.00a | 0.00+0.00A
9 150+0.768 | 0.00£000A | 000:+0.00a | 0.00+0.00A
12 3.10+1.21e | 0.00+0.00a | 0.00£0.00a | 0.00+0.00A
15 51040.168 | 0.00+0.00A | 0.00+0.00a | 0.00+0.00A
18 7.00+0.008 | 0.00+£0.00a | 0.00:0.00A | 0.00+0.00a
21 7.00+0.008 | 0.00+0.00a | 0.00+0.00a | 0.00+0.00a

a , 4 >
ANNAOYDIHENTTINRDBY 3 51

b

o

a0R (P<0.05)

i & neoor e - ar 13 ar » I r a ar
#furssamifiudnuifoaiu Adhesisniuluudazae fugd uaastimmunna wiues nilivdwigmis
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