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on Feeds for Ensuring Feed Safety

Bo-Ram Nam, Kyeongyeol Kim, Hee-Jeong Ryu, Minji Nam, Won-Bo Shim', Yohan Yoon’,
Jae-Hun Kim?, Ju-Woon Lee?, Myung-Woo Byun?, and Duck-Hwa Chung*

Division of Applied Life Science(BK21 program), Graduate School, Institute of Agriculture and Life Science,
Gyeongsang National University
'Institute of Agriculture and Life Science, Gyeongsang National University
*Team for Radiation Food Science and Biotechnology, Advanced Radiation Technology Institute,
Korea Atomic Energy Research Institute

Abstract Aspergillus spp. is widely spread in the world on feeds and foods. They have been known to produce
aflatoxins, which are mutagenic and carcinogenic to humans. The objective of this study was to determine the optimum
gamma-irradiation dose for controling the growth of Aspergillus spp. to ensure safety of feeds. Four species fungal spore
(107 spore/mL) exposed to 0, 1, 3, 5, 7 and 10 kGy of gamma radiation were inhibited in their growth and AFB,
productivity by >5 kGy. Meantime, the growth of fungal inoculated on feeds was inhibited at >3 kGy. However, AFB,
presented in aqueous solution was not be inactivated completely by <10 kGy irradiation. These results indicate that
Aspergillus spp. on feeds could be controlled by 5 kGy gamma-irradiation but detoxification of AFB, demands a higher

dose of gamma-irradiation (=10 kGy).
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HEe] AbR 9EE VS, AuT 3F 9 5 5ol F
zho] WP o2 ks glom o I elA e th
715 To= sjFolt mAE, 53] Fgeldl 93 2dvt

o] w9 ETH34). AAR HAT A7t o]FAA L Ue
AFQ ARSI AN Fgol o5 QAR B
HAEL glom, SEuve}t GA] BAtEE AlEOA FBolE
29 QAtE7E IS HaE S Qlth Kang $(5)° A+E%
of o FF, YR, FutE B o § 13F9 A8AES}
8E2] WIFAIES R FBo] QAES FAIRE At Aspergil-
lus, Penicillium, Rhizopus 2 Cladosporium?: 3050 F&2 &
dele] sUlen, 53] wigAtEClA aflatoxino] HEE ZAoE
H 3T

AflatoxinsZol X %= aflatoxin B,(AFB))2 YWtz o g ALREO|A
A SRR Aspergillus flavus®} A. parasiticuss 2] F8olol 2
3 ALEE FgelEAR Tl FFAR TS v e &
WA 7] 37, oA A -4 (International  Agency for Research
Cancer, IARC)OIA] ¢ME2 Group 1(carcinogenic to humans)=
TR AR A54S e, FE 37 2 AR 2dY
o] Az EAIE oF7IAZITH6).

AR T AETH QB8 AE AA] Ag AR A
Mo 2= E71E W (autoclaving)?} ethylene oxide, ethylene
S o]&dt= 7Aool AREE AL

ox ro o &

o[ m ot
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dibromide, methyl bromide



318 =21 E3)8k8] %] 2| 42 WA 3 E (2010)

ATH?). 2 A7 1EFHS 8-S A slde 4
AR ¢4 Rk opue), Ay} 22 VAR E FHZE Wt
I 7FRALEON A= Astel Ak o] dojuin del ofsl 71E
3 B s sk T15e] o] 2 S A 3
th kA Eg e AEE AlEe] s Aws ZdE & gl
WA TkaE T § Pl AR U] ZRste] 7hEo]
AFA =W WA AAE 7S & ATHE).

olggt A ES] TAMNS MAT F J= UiA AR
1960t F-E] AA| 2FAFG A o] &l WAL RAE o]
B3t she A7t AEEAL Uk HAMKD AR AIFS X
Ao JHE A% AT ¢ Jernz AaA] F Axg u
22} 9e WA = glon, AL BE A7t o]Fo]
A7) wZel Halde] =ud el mAe dFe] A 9
w3 A-e 2AEA S 2 FEoldE 8 BE AE
S APE A A, AT S TPFAR S EA S AEY

A FHAAME 2 A83te] 7R B2 Aem dEA 3
(9,10).

Al AEe] WAk AN AR TR A8 o)F
o)A 9o FAO/WHO/MAEA(1981)1XE 10 kGyol&F= ZA}
H RE AFY KAAS TR IFSIE Rk ofyg,
2003 (FAO)I= 10 kGy<] Zdehilst #AIglo] 2% HE A3
228 gAslAA AEE R 7|50 AR EHE W] o]
£& AR Ju1). vIF 5o AxF = fHE FEA}
B, A¥EE8 THAE, o, 2 T T84 YEAIEA A
7S BAHOE WAMATIES] ARS HACR srtste] d83)

Ao, FUdA = ofF] AE7A] olfE FEE AlECl
Ag3EA Ea e Ao uk(12,13).

w2 AM = AR ARES] kg AkS 93]
WARY Z2APIES o83t AlE T FEole] ASAA9 23t
ARl Fgo)E4 AJAke] Aojo] 3 ATE FHEAT

r

ox fo

HiEH
oH

M=

b}

B A A3 e ST EREAEKCCM)SH B E
AR E|(KCTC)NA 2% -2 A parasiticus KCCM35079, A.
parasiticus KCCM35078, A. flavus var. flavus KCTC60330 2
B Aol 2 ekl Beldt AFBS MAThs Aspergil-
lust: FFolE ol&3IeH, #55 Eslsla EAAE NS
ZAI87] $1814 sucrose low salt medium(SLS; sucrose 85g, L-
asparagine 10g, (NH,),SO, 2g, KH,PO, 2g, MgSO, * 6H,0 1g,
CaCl, * 2H,0 75 mg, ZnSO, 10 mg, FeSO, * 6H,0 2 mg, NaB,0,
2mg, MnCl, - 6H,0 5mg, Ammonium molybdate 2 mg, distilled
water 1,000 mL)S} potato dextrose agar(PDA, Difco, Detroit, MI,
USA)E HIXZ A3} T

To| H{ekn} ZEX|siEfelo| =X

48] F8ol5 SLSYANAelA 27°CR 3U7F viYgRE §- PDA
AraElA el 7Y ERF 33] AL A ElIAA FE3] A
ot @43k #FE PDAR YRR ] HF et 27°ColM 7Y F
ok ket &, FAE XA o] FE 0.1% tween 80 £ 1mL
B smLe] EFAE o838t EAE Aofo] mk)
ol9} 7+ WS 33] NhESly FElE IS Had A
27F 9 Azl 23t F ofaE ZARENS 34, AlF

3l ¥2F 5 107 spore/mLE ZA3F] 1.5mL9] tubeol] zHzt
ek & -70°Ce]] BAsPAA el AR

ZiolM =A}

Auld AR SR AT AR 38 T4 (Jeongeup,
Korea)] X191 “Co 7Hvpi ZAFA A (point source AECL, IR-79,
MDS Nordion International Co. Ltd., Ottawa, Canada)S ©]-&3}
qom, A7 10kGye] Aoz 0, 1, 3, 5, 7, 10kGyY] & &
FAFS A=E AT $549% 8912 alanine dosimeter(S
mm, Bruker Instruments, Rheinstetten, Germany)E AF&-3}%]3L,
dosimetryA| 2~8]-& A YA 7| FFIAEA)S] 4 F83te] &
T3k & AR

FUO[ZEXS] W= ! AFBMMS &l

FFole] AN 4] E1e H8) 2AIS 459 Aspergillus
& ZAEN (107 spore/mL)yS 0, 1, 3, 5, 7 2 10kGy2] Ao
2 A 2ARIGITE ZARE A NS 8,000 pmellA] 10
27F AR Al F AEds AASHL 0.85% NaClgols
100 pLg7ksked A FFapdek. A F-f-3k 2AFEEe o] 50 uLE
PDAEYHA] Foll HAE & 27°ColA] 79 &<t widshEA
colony®] HZmm)y& A48t FFole] 42 st

Aupe A W2 AspergillusSy 28019 AFBAES &<l
2 oA AHE o R XA ZARYA S A Aed
5 7t A 30 WA S Fstke] SLSHA Ao ZHzt E5gh
T 27°CoIA 209 &} Mgt vl Et 59 A= SIS
RS FHste] ARl F FAE AAT vhe SR
(enzyme linked immunosorbent assay, ELISA)E ©]-83to] 0]
=4 FEE AT, AREE ELISAZRALS 153} 74t} AFB,
9] ©=E8A] (monoclonal antibody)E 50 mM  phosphate-buffered
saline(PBS, pH 7.4)° 3,0008] 3]4135}3L 96 microtitre well(Nunc,
Roskilde, Denmark)®l] 100 pLA-& 55k - 4°CellA] 3R wb
SAIA welldl] 278 AIZITE WHSAIZ] well> 50 mM PBS contain-
ing 0.05% Tween 20(PBST, pH 7.4)8-& o]&3le] 33] A% 3+
% PBSTZ 38 3]4% SLSHIA|2} AFB,-HRP conjugateS 27z}
50 LS H7kete] 37°CelA 308%F AANES skt AANkS:
o] 1 wellS PBSTEN O ® ThA 63] AlH et 7]d-89(2-2-
azinobis-3-ethylbenz-thiazoline-sulfonic acid)S 100 uL? 3713}k
308-7F $AAZ] F ELISA reader(Bio-RAD Model 550, Rich-
mond, CA, USAYE ©]&3t F4% 405 nmollA Z438te] 7
AzAbe] We FFol5io YHAEE RIS

#HOpMo| Atz & FEO|ZXI2| W0l O|Xl= Yk

ALE &oll EAlhs Fo|EAe] ulde] gk A g1
< 9l 3 FF] TE ARG, =HA, MHE A3 SEAL
E= 7IFEEHY JAERA ALEE A9t A Felo] F
N AFEs= E4171(DA282-2, Daesung Artlon, Seoul, Korea)S A}
43le] 7Pl E B892, 50 mL conical centrifuge tubeol]
58 A F o ArHAE 30kGyE ARSI FHAIER
FH|SIATE HaE ARl Aspergillus®s 380] IAEAEAS 107
sporeZ Z}ZF HE3E & AL E 0, 1, 3, 5 ¥ 7kGy9] ZwpAe
2 ZA8E, 0.85% NaCl & 20mLE F71ste] s e
SFATE oF 2327 AAAR F FeAE 10-100= Al 34
3ld 1 mLE &318A 3l (pour-plate method)Holl ™} PDA

o} EFRE F 27°CellA 36217 viFste] wgelE Al

N
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Fig. 1. Effect of gamma-irradiation on the growth of aflatoxigenic fungi. (A) A. parasiticus KCCM35078, (B) 4. parasiticus KCCM35079,
(C) 4. flavus var. flavus KTCT60330, (D) Aspergillus spp. isolated from herbal medicine.

AFB.2| Xz} ol

Zupdel o3k AFBe] A7tst a3 &jlsl] flel AFB, &
A& 5F methanoldl 1, 5, 10, 50 ng/mLe] FE=Z FH|gk
kRS Z4z} 0, 3, 5, 7, 10kGyE ZAVele] F3o)E4 §
TEH A7ES HPLCHO R U3 7+ 7oz FRIsH
20 L& post-column derivatization(PCD) system©]
$3E S HPLCOl Fstel Fslglon, 2y ¥ feAls
(PCD)= coring cellell ©J3] 71818402 wAsl= HEo| %
4032 o]FoJHt}, HPLC system< Waters 717 HPLC system
2 Waters 474 scanning fluorescence detector(ex. 365nm, em.
435mm)Z AR AL, columne SunFire™ C-18 reversed-phase
column (3.5 um, 4.6x150 mm, Waters Co., Milford, MA, USA)

S AHESIAT ©]F/d &Vl water:acetonitrile:methanol(6:2:3,

VAR o154 1.0 mL/min®] #4502 28 AFBS 248190t
a3 3

Aspergillus% =HZ0|EZXIe| MFEt0l

459 Aspergillus® EAFREAS AvbHdoR 0, 1, 3, 5, 7,
10kGyZ ZAFS & PDAA HAsI 79 F<t wjFabaA
colony 715 243 A3} Fig. 19014 B vle} 722o] 03} 1kGy
2 ZARA] A7) Aol wEt Fgol7F B3t colony 2717}
Azr S7kele As #1T F UNeH™, 4 flavus var flavus
KCTC603309} SHfAlollA Eelst Aspergillussy =8°le 242t =
7147 6.6+ 6.1 mmollA Wi 7LolE 19734 232 mm= A%
g A& RIS, 3kGy o] 7l AR w717 E1t

Fgole] 7ol BRI kol b ZAll oJa) w3l A
o] A HAT}E. Zeinab S(14)%= vk o] 0-25kGy7HA
71ekol Wl 4 flavus®] 3ol ARH O E 7HAdte] 3kGy &=
Al e ddatA] gden, Fgol5id ANE e A oe
te v AFEAHAE BASIAh ZeY A parasiticus
KCCM350783} A. parasiticus KCCM35079% 3 kGy2| ZHvbd %
AbllM = 034 1kGyst PRRZIAIRZ 239 vl 5 wgole] A&
o] FRIFY oM, w7 B9t A&EHOF colony ZL7]7F A
ste A @Rl & At oA AHAE E ) 4 parasiticus
7V B2 Aspergillussy 50| BTt Zwpde] digk ZAdol o
e Zlog AZEW, Aziz S(15)% eRAelA E2lE Aspergil-
s F301E Aolsh] AsIHE 5kGye| AFo] gFAT
BT webs] wjx] ol SAsIAY =53t AspergillusSy
%o B 2R &S Alojatr] flsi= S5kGy o] 7wt
A AP Hasitia Azt

SHO[ZXI| AFBMMs &l

2 0, 1, 3, 5, 7, 10kGyE ZAVS: Aspergillus®s EAE
Etelg SLS AR ol HFsle] 20 St vigsiHEA AFBA
Q58 =438 A7}, Table 164 B vk} 7o) 03} 1 kGy<]
ZAPIA 452 o BT AFB o] AHEE 2 21T F AU
3, A parasiticus KCCM350789} 4. parasiticus KCCM 35079
& Wj%F sUARE TE 259 ol Vo vhe B AFB
AstAtt. A parasiticus KCCM 35079, A. flavus var: flavus
KTCT603303} kol A E2]¥ Aspergilluss: #8°l= 3 kGy
olel Zuhal AN Zgele] Agel Asislo] AFB,el A
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Table 1. Determination of AFB, produced by Aspergillus spp. cultivation in SLS medium after irradiation (Unit: ng/mL)
. Irradiation dose Storage period (Days)
Fungi
(kGy) 1 5 10 15 20
0 NDV 485.1 >500 >500 >500
1 ND 485.9 >500 >500 >500
A. parasiticus 3 ND ND 3.6 7.6 15.9
KCCM35078 5 ND ND ND ND ND
7 ND ND ND ND ND
10 ND ND ND ND ND
0 ND 228.8 >500 >500 >500
1 ND >500 >500 >500 >500
A. parasiticus 3 ND ND ND ND ND
KCCM35079 5 ND ND ND ND ND
7 ND ND ND ND ND
10 ND ND ND ND ND
0 ND 3.8 161.7 209.9 2124
1 ND ND 16.9 174.6 194.8
A. flavus var: flavus 3 ND ND ND ND ND
KTCT60330 5 ND ND ND ND ND
7 ND ND ND ND ND
10 ND ND ND ND ND
0 ND 40.5 209.4 >500 >500
1 ND 89.8 266.6 >500 >500
A.Spelrgigufi SPP- 3 ND ND ND ND ND
e tom. ; N D D N N
7 ND ND ND ND ND
10 ND ND ND ND ND

UND: Not detected (Detection limit: 3.5 ng/mL)

AR ekdel. o]# et A= Zeinab 5(14)2] AAE|R]] A4
AavusE FE38I] 26°CollA oF 847t vllgst A 1 kGyZ FA}
Aol AFB,°] oF 3000 ul/LZ HIXE o]FH 7wl ZAEF
o] 7Kgl wWEl AFBQ FX=7F #Ast 3kGye 2AMIA =
AFB,°] A=A ekokthe AT} vlss 23S e Wt
W A parasiticus KCCM350789] 799l 5kGy °1/3e] Zvhd
AP A FFole] Ago] A o] FFolEATt AYEHA &
%O, Chang 5(16)2] A= 7Hupd ZAlRFo] F7Fgel
w2} B]olA aflatoxin®] 4] AEtal Aziz F(17)l <l&hd
28°CllA] 30 Bt BlgsiAe Wl 3kGy7HAlE ubdEe] S
7¥ghol| w2} AFB,©] A oH, 5kGye] b ZAMIA =
AFB°] AQ=A] ekokthar Bsiar glof £ Aol fAls 2
F= Jeplilel. 2822 7updd AR o] S7He ulet &
golo] o] A=l AFB, Ade] AEE IR & YA
I, 4 FFolT EA] Al AFB, A FEolE Aslstr] $Ish
ME 5kGy olde] 7hatadFro]l a7 ES 1T 4 Uitk

AR & ZEo|=EXfe| Ziopd Z=d &l

T TRl TR e 2] AR &l EAldke w30l
A= 7kl ZAbe] gk 2] WEkE JERE S Q] o)
It TF] derd TEARRC FHo|TAE YR 2
Zukd Ak ek S SRS Aspergillusss
olZ FEALFEO 107 spore/S g2 QAAIZ] F FwlX(l, 3,
5, TkGy)S %A} A3}, Table 2014 BE ule} o] zhmpd S
ZARBHA 28 (0 kGy)lle 5.5-6.6 log CFU/g, 1kGyZ FA}

-

ol df Mo R
o> 2
E g
i

el

| ALEOIME 1629 log CFU/gL g Fgo|7t ARsEE A&
A = AN, Aspergillusss 4% BT 3KkGy ode] ZAMI
FollA At & FBol7t ASSHA FueH, 7 ALRFFE

A= FFo| R e et Zhupd 4] frolake flith
Shin 5(18)= MEALE Fo SAFUAE FFole 2kGyo| 2A
2 #5471 AAS] AU, 5kGye] RALEA Zgo] Fo] F
2lo] AAHATE B8tk Aziz 5170 d&d FF, F,
ol 4 flavusS SFAA 5kGyel Zwbd ZAF F 28°C, 304
Bt Mg A A flavus®] Aol A AT BISIAA,
Saleh F(19)% 2F A=A FFole] AL JAsl7] 23]
ME 4-6kGy2| A AP ATy Busky Qo] B A
ToF fA AE ER1E 5 JSTE 2By BolFeE B A
TFAHNM = FFo|EAAEN] 4 parasiticus= 3 kGy2] A%
A FFgo] AL F HA AL RIS, Al eHE
FFol= TUS Mol BEEA FAUTE Webb(20)2] A4
ol o8l Zhzhe] Fitghge] thE &4 FEolE 294
715, WA AL & 2GS A 2.5kGy Al ko]
13.5%9F 15.5%%1 739 °F o/l st FFole] o] gle
L, 18.5%9F 222%= °oF 59§ FEol7t 4 Zle s Hist
Atk B AFAFeNE Alge FRIo] o

kGy AFo 2 Fgole] A& AT F IS Fo=Z Aoy
uf, Fgolel tigh WARd S A R ol 33
ol9] FRel 7, AlES B 2 B A & AREY F oo
Fet 270X YIS v F AUk wiEbA 3kGy Bk bAS
A7l 5 kGyel ZvhdS AN, A-e AN A

X

¢}
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Table 2. Effect of gamma-irradiation on the survival of Aspergillus spp. on feeds

(Unit: log CFU/g)

. . Irradiation dose (kGy)
Fungi Variety of feeds
0 1 3 5 7
y B Dog 6.1+0.1 2.6+£04 NDV ND ND
. parasiticus . " 4
KCOM35078 Pig 5.5+0.3 2.740.2 ND ND ND
Mouse 6.2+0.2 2.9+0.1 ND ND ND
y B Dog 6.3£0.0 2.5+0.0 ND ND ND
. parasiticus -
KCOM35079 Pig 6.3£0.0 1.8+0.0 ND ND ND
Mouse 6.3+0.1 2.4+0.0 ND ND ND
o y Dog 6.6+0.0 2.8+0.0 ND ND ND
Savus var. flavus .
+ +
KTCT60330 Pig 6.440.1 2.4+0.0 ND ND ND
Mouse 6.5£0.2 2.9+0.0 ND ND ND
Aspergillus spp. Dog 6.6£0.1 1.9+0.1 ND ND ND
isolated from Pig 6.6+0.1 1.6+0.2 ND ND ND
herbal medicine Mouse 6.6+0.0 2.2+0.1 ND ND ND

UND: Not detected (Detection limit: 5 CFU/g)

Hoz PR AR & Aypegills? BFo|el A%L ol
o] T} QHAF ALRE AN T AL Ao e,

AFB2| XZst 51t

=30l AEAAE QI3 7w ZA} o]Qof] FFolEA AA
7VsAdS gelsly] 98l AFB, ¥FE2(, 5, 10, 50 ng/mL)ol ok
oFal Muke] 7hbA(3, 5, 7, 10kGy)yS ZAkele] Fdol&E4e] A
78-S HPLCE 8913 A3} Table 3004 e nje} ko] Zhuhal
ol Z7KIol weh AFBS] Fwrt Base, 53] AFE( ng
mL)eIA 2] AFB,& 3kGye]l ZANIAE 0.5ngmLE 50%2] A7+
& BoH 5 kGy ol AR 93] AA =k 2y
5ng/mL o142 FLME 10kGy AFlE AFB,2| 93 A
A7}F o] FoXA] BUTh Paul FQRI)E 2.5kGye] kA AR
AFB,©] A78l7} Loty ek A5 o] 3kGye] Ambile
Table 3. Effect of gamma-irradiation on AFB, presented in
aqueous solution

AFB, concentration (ng/mL)

Irradiation dose Reduction
(kGy) Before After (%)
irradiation irradiation
0.5 50
5 4.0 20
3 10 7.6 24
50 48.1 4
1 ND" -
5 23 54
> 10 4.0 60
50 24.5 50
ND -
5 1.9 62
7 10 53 47
50 15.1 70
1 ND -
5 1.1 78
10 10 24 76
50 11.7 77

UND: Not detected (Detection limit: 0.4 ng/g)

o AFBel AZEE 2 BT 5 Ao AFB S 3]
AA) N W B APl LTEE FAT 5 Itk v

2hA Zvpdol 9%k AFB,S] $Hdd AATE off I Eae] FIE
A7 271 b T FAHTNE o] FolA|A| @2 AdEfol7] wiiEel
AFB 9| A28} e Arpde] AR ol8ste] wgo] A5
A 3 FFelEa H7h v 5aeHQl Aes AE

o oF
el =

AR AT AR ek Fgolsk FF R AR
9 TFsol BouR AR tFt FYol W Sk B
b 87E3 e Agelth meb ¥ AT AR AR A
Sfal oS ol gl MRSl FAON FAF T v
Fgolsh FFoIE& Aojol e A7E FYSA WA,
Fol TARE o] Zubie ZAYE A9 Fholel A% F
S2 Y5 SkGy o1l AFANN AofHigon], AL
Fgolel] i Aok 44 AL 0% 1kGy AN E
6

ol

3to

-}

o i o

W
@
o
=3
R
@)
&
@
&
N
)
=3
R
@)
eS|
=
b
o3
o
=2
2
o
olN
N
>
=
=)
AL

o] F7F AASIAL 3kGy ©)/de] RAMAFX = Fdol7t
SHA] ¥ktl. 23y AFB2 A (10kGy)el ZAMIA=
st A|AZE HA ot FFolFAe] AojE fEiXE F H
tapd o] HQ3tE g Figo|5Ae Aotk FFo]9
Aghs 2ol FEAIES] S Fnsied T84
A=A AE8H R ALR £l AFB S 29AZ
7FsA30] U= Aspergillus®: =301 5kGy ©1°3e] e ZAL
2 aHH0R AT F AeH, A5 BAAd FRE S
e AFB, A4 gol¥nt ollzt, 8 380|542l ochratoxin
A, zearalenone 53 7+8 S84 FHolo ASAAE 9% 7+
vl AL @ Aot ALRAY] AL sl #E AT
L A&HoR Fofrjolof & Zlo=w AY7tET

Jo flo P %o o
_?1_‘4

fllo N

r0 ox HF e ox mi
poy

o

19

HAtel 2

E AFE 2007 FEAA AldY st AR 7SN EANE (F
AMA71E o8 7HHEe] o] © B4 Aofd #3 AF)dl
o3| o]Fojyon, dRHEI UAELE wSHT 7&F BK21
zgaPo] S 3 Wk
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