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ABSTRACT - Nivalenol (NIV), deoxynivalenol (DON), T-2 toxin (T-2) and zearalenone (ZEN) are mycotoxins
produced by some Fusarium species known to be very frequently contaminated in feed. The study for simultaneous
analysis and contamination survey in animal feed carried out. All mycotoxins were analysed by using high perfor-
mance liquid chromatography tandem mass with internal standard. The limits of detection (LOD) were 2.0 png/kg,
1.0 ug/kg, 1.0 ug/kg and 0.1 ng/kg for NIV, DON, T-2 and ZEN, respectively. Two hundred and thirty nine samples
of feed were collected. The average concentration of DON was 212.3 pg/kg, 207.8 pg/kg and 812.1 pg/kg in chicken,
pig and cattle feed, respectively. The average concentration of ZEN was 31.2 ug/kg, 35.6 ng/kg and 147.2 png/kg for
them, respectively. Especially, the levels of contamination for DON and ZEN were higher than those of NIV or T-2.
And, the levels of contamination for four Fusarium mycotoxins in cattle feed appeared higher than those of pig and
chicken feed. It was investigated that the high level of mycotoxin contamination in cattle feed was caused by corn

gluten feed of ingredients for feed, mainly.
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oM AlsHA AR, SAF g4, Wl A8 By
ol FEZAH(vomit)o] YER} vomitoxin®. B Ea]7)
P50 DONS Q159 W& AT TRols
2 28§ AEH HH A FAHA go) wFE oA
T FF AEE @ HA ] 7P U Aoz B
IHIL goH, s FEdE Aoz Aol e A
Q‘E ﬂ;l E—]jj-’.. (}j’lr}j,l%zo)'

T2 A type trichothecene® 2 B typelt} 40| ¢ 7}
gt 22k A A L-A Aol A JEE vHE
& HFHT ARgEo] AUlA WE8e dovz, Fuy
T (alimentary toxic alenkia, ATA)T #& & EFo] T
22 g oe.

ZENE B, &5, ARsS, 2 5o E graminearum
#H F culmorum®] LG BAAHE FFo| ZhoP,
ZEN® 387z o4 3EEQ iR A H$sle
o] £4F A3 7152 LA ST (estrogenic syndrome)
& doA FE BY, 4%, 2890S T A7
et S48 e, 58] =i gigsisY, ok
€ Wt AL Forr dHAA, EY, viGol At 4t
T & Hole ZeE RuEI ot

2 drelide 23989 SUl Az AN A9 1A
FARE E4A(NIV, DON, T-2, ZEN)E HPLC/MS/MS (high
performance liquid chromatography/mass/mass)S ©]-&3}o]
A BY5). 7180 FHolEh Bode F2 WY
21314 9 (immunoaffinity column)S ©]-83% HPLCHS o] &
o), o] e FAFTEL T URE G AR B
Aol Agstar aivte]7] el v]go] ol AQHE F
o] EA7F Ak A2 LOMS/MSZ|&9] 20 wal gut
A4 SPE (solid phase extraction) ZHOE A& & v}
2 AFRAZ T4 B48ke Zigo] 8 9 dddx
AT B AN o 2] (Varian) A+e] SPE ZH
(bond elut mycotoxin)&. 2 4% 9] FHo|ELE AAT £
WF EEY S o83 YRR FA] BAslgon,
I ZAETE RO E AR A 2 F3o)EA o
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200910 AAHE S HEALR 2397 S AJEE AR
ek AFERHA B $2uEre] 1670 A - EolA A
A Alsd Y et g4 e 99 s F
20643 Wi AR TN AH AT @E) AR 33 o)
At 2068 Al - = FE glo] & AR 60F, WA AR
607, B AIE 4083 AEA ©nl AL 4680) TR =

ARE R A FAGS 9] AR 33EL iy AlE 2
A3 DON3} ZEN°] Z+z} 1,000 pg/kgt 200 pgkg ©17%%
AZE AR AE 68)E A gAlA AH AT A
o]t

Aot 3 717

(1) Aok

EFEAZ sigma k] nivalenol (200 pg/ml, 2 ml and 5 mg,
USA), deoxynivalenol (200 pg/ml, 2ml and 5 mg, USA), T-
2 toxin (5 mg, USA), zearalenone (5 mg, USA)YE AHE-3151
o, W5 EFEFZ deoxynivalenol®] TIAFHES] deepoxy-
deoxynivalenol (DOM-1, 200 pg/ml, 2 ml, USA)®} zearalenone
o] AMIES] zearalanone (ZAN, 200 pg/ml, 2 ml, USA)S
sigmaAtollA] FYBAT. AlE 58 A%FSZE merckA]
HPLCH acetonitrile (Germany), 215 )-8 SPE cartridge®
varianAF2] bond elut mycotoxin (USA) AH L AME-31ATH
ol A AZFA sigmarle] ammonium acetate (1 kg, USAYE
F7Yste] ARS8t

() E&89

SAEAR EF LY 02 NIV, DON, T2 toxin, ZEN 2z}
Z}& acetonitrileS AHE-3} 1,000 pg/ml, 5,000 pg/ml, 5,000
pg/ml, 1,000 pg/mlZ THE F HGFE st ZAEIA
t}. o] A3 FHF(AwWE o83t 5 EEEHLE T
F THA] 20% acetonitrile 3]4]81o] AMg-sFoITE A &
A BFEgd9 FZE NIV, DON, T2 toxin®] 10, 50, 250,
500 pg/l, ZENS 0.5, 2.5, 12.5, 25 pg/lireo 2 238k A}
£3l9om, E EFEAL DOM-13} ZANO] A]dojA
Z}zk 500 pg/ish 20 pg/Vt H =8 A7ske ARS-EFATE

(3) 7171 & A

459 FAEE 54 FA BAE A8t agilent 1200
series HPLC7} #-2H¥l applied biosystems AF2] Q TRAP
3200 AFEA71E AHESISATE YMC C18 HJE (4.6 x 150
mm, 3 pm)¥ guard ZH(C18, 3.5 um)E AMEEI LM, 7]
EFSH| 2 A| 554 7] (Perten, Sweden), homogenizer (OMNI,
USA), 31843 (Sartorius, USA), 94E2]7] (39, Korea),
A& 2HE7], vacuum system (Agilent, USA), Mili-Q RiOs/
Elix water purification system (Millipore, USA)YS AH8-315] T}

L

Agel el

A& 25gS & B3t 100l acetonitrile:dw (80:20;
vivYE ¥ 3, homogenizerE 10,000rpm O E 257k 3| AA|A
NIV, DON, T-2, ZEN& FZ3%t}t. 5598 whatman No.
49 AZ 35 F A 2mlE 12 ml FEF &4
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g@okrt o] Hof] R ZFE29 DOM-13 ZANE AJd o
A 500 pget 20 pgl7t F =2 50 pg/ml DOM-1 10 plo}
1 pg/ml ZAN 20 pIE 7H2} 23t ©] 9 2mlE bond elut
mycotoxind] EFA|713L, THA] 712 2 ml12] 80% acetonitrile
A& FHANAY FHol o A 2 BHE A4S
AFE Aol FEa oy, 2YL 59 94 BFE 50°C
oAl AAag 29 AZANZTH 1 ml¢) 20% acetonitrile® T}
] =0 022pm ¥R IHZE 35t & Adoz AR
Eiy=y

S

717188 =A

Agilent HPLC7} 928 LOMSMSE ARLEI3tH 2Ee
YMC-Pack pro C18 RS (150 x 3.0 mm, 3 um)S AHE3I3 0
o, o] 542 ASH(SmM ammonium acetate/dw))7 B-&H
(5 mM ammonium acetate/acetonitrile)®] 7¥]Z 7 (gradient)
& AHEEITE #4203 mlmin, Y &E 25°C, FY
10 W2 319t} FIA (flow injection analysis)E %3t 2}z
o] A& thdk A 2] compound parameterS €3t
NIV. DON, ZEN2 negative modeol|A] T £& 0] 2312 1
goer T2 toxin positive mode?| A ¢} o] 23} 7%
< 2o waks E4Ede] 4F wel retention time
1E7HA = negativeZ =2 NIVSF DONE 243107 118
N 126874 positive mode® T2 toxing FA1819.2
™, A 1265 o] Foll= negative L8 Wsle] ZENG
F-41319 ). negative mode®] ion source 7S curtain gas
(CUR): 20, collison gas (CAD):medium, ion spray voltage
(IS) :-4500, tem:500, ion GS1:50, ion GS2:500]% 0w,
positive mode®] ion source 72 ion spray voltage (IS)%F
©] 5500VZ negative mode$} B3t} ZHzthe] AJEol o)
g MRM3} compound parameter= Table 13} 73t}

Table 1. Conditions of MS/MS

Milting samples(particle size:600 ym}

4

Weighing sample(259)

{ add 100 m¢ 80% acetonitrile

Blending for 2min (10,000 rpm)}

]

Filtering extract through filter paper (whatman No, 4)

i

Moving 2 m¢ filtration solution to glass tube

1 add 20ul of 1ppb ZAN and S0ppb DOM-1

Loading to cartridge

i

Loading 2 m¢ 80% acetonitrile to cartridge

i

Evaporation all efuents at 50°C under N;

¢

Reconcentration with 1 m¢ 20% acetonitrile

i

Filtering(0.22 ym filter)

Fig. 1. Simultaneous analysis of 4 mycotoxins derivertized from
Fusarium spp. by LC/MS/MS.

Zrzte] AR ek AZalE 1YWL Fig. 29} Zt)

E4(NLV, DON, T2, ZEN)9] 3|48 4
7F 29 5A &2 tiFHel| NIV, DON, T-

) Conditions
Mycotoxins
Q1 Q3 Dwell Time (msec) DP EP CEP CE CXP
371.1 3111 150 -30 -8 -14 -12 -4
NIV
371.1 281.1 150 -3 -8 -14 -14 -4
355.1 265.3 150 -25 -3 -42 -16 -4
DON
355.1 138 150 -25 -3 -42 -32
T 484.1 2152 150 21 6 25 29
484.1 185.2 150 21 6 25 31
317.1 131 - -4, -20 -40 -2
ZEN 150 50 4.5
317.1 175 150 =50 -4.5 -20 -34 -2
319.1 275 150 -55 -4 221 -28 -2
ZAN
319.1 205 150 -55 -4 21 -34 2
339.1 231 150 -25 -6 21 -17 -4
DOM-1
339.1 2492 150 -25 -6 21 -16 -4
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Fig. 2. Chromatogram of 4 mycotoxins (NIV, DON, T-2 : 250 ug/l, ZEN : 12.5 pg/l).

= 50, 100, 250 pg/kgS ZENL- 2.5, 10, 25 pgkgo] &
Z¥z} 71k & gke] MSMS Wl we} 33 wHE-dle] 23
3ttt
HESH A
NIV, DON, T2, ZEN®| H&¥H= signal/noise (S/N) H]
&°] 31 7|ELE 3900 AFIAAE SN B Lo
10:1 71&e2 =439t

sl 5

—

0

i

A ALt

AN AL st 7=ty 23s] Esio
NIV, DON, T2 toxin2 500 pg/kg?t SIE=, ZENS 25 pg/kg
7} HEE T o)A 20% acetonitrile® 3]4] 3} z}z}
10, 50, 250 pg/ke®} 0.5, 2.5, 12.5 ugkg’t HEE s} ¥F
S& sttt 2t 2589 HPLCSF LOMS/MSe &
Yslo] W= WAL ALY 2t BEEF ] Ul e 7+
9] WAL T EB AL EM AFAE AT

o
SEhES

4 1
2N 3T
B =y
£ AFddAE WE EFY(intemal standard, 1S)E ©]&

g LCMSMS #41& o] &35t DONO tAHEZ ]
DOM-1-& 72 trichothecene”d] € 2] DON, NIV} T-2 toxin
< A% WE EFEAE ARSI, ZENY gAEZS]
ZANS ZEN9] U§ B3 EEZ ©]8313tt. DOM-13 ZEN
2 25 A dAREER RO FaF o= BAEH
] @&7] mEel ol8dozE FHFU AL 2FHY Q)
g2 gtk

BFEZZ NIV, DON, T-2£10, 50, 250, 500 pg/kg, ZEN
< 05, 2.5, 12.5, 25 ug/kge] HHAAA 20% Acetonitrile=
3|43t ARSIl e YR EFEZQ DOM-13} ZAN©|
247} 5005 20 pgkgrt HEE F7HeE & - ZEHA o
2 AFAE AT FFATE 0.9993~0.99989] A A
g BA

N

o
flo

3l Yy

NIV, DON, T2, ZEN9| 3]5&2 ofgfe] HeA HKo]
77.42~111.20%Z 1~10 ng/gFFNA 60~120%, 10~100 ng/g
FFolA 70~110%, 100 ng/gel gl 80~110%<] 3+&-&
AA e ZY2 sl =gl TEIIN Y. ANEEAR}
(%RSD)= 1.91~13.88%2 Z}7}e] F=X AAE= 15~30%
oly¢] kg BF TSIt
Hygarst

32 Yol7l SIN=3Y W& 7|Fo% HAESIAE A
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Table 2. Accuracy and precision of 4 mycotoxins determined in Bzq}
fortified feed at three concentrations
i‘clce)igr; gp  Mean orsp Mean  Spiked *_|'§ QAT XA} At
%) SD %RSD  (ng/g) Z 23979 ALROA 4% FARRE SNV, DON, T-
80.59  8.89 11.04 50 2 ZENYE !‘fﬁ@_ as ZE Aol Hed dye=s 2
NIV 7742 148 487 191 605 100 EENEH, AT LGE IAFEHE Table 334 2.
8147 423 520 250 oAl BZo] NIVE Wi AR 5 B ALRAM & A}
o Hlg] 2 o9 A=rt 7P Wtk 28y 29 A
956 1327 13.88 >0 o= B ALEONA Hat 83 ngkg, Hh 484 ugkeo 2 713
DON 788 7.1 88 902 1008 100 wo ooue Atk 20009% 7} AlEolA ol ol
8327  6.11 7.34 250 2ot o ALE, B AR F 0% ERo|EAE DON
8307 1621 19.51 >0 3} ZEN©|23, S UEE DONo| %7200 pgkgl9l, ZEN
T2 7837 553 945  7.05 1140 100 o] B35 pgkeOE Bole & H&E 2dwE yeh)
86.68 6.61 7.62 250 At e EoldA A ALRYAE DONo| 812 ug/
11120 10.40 9.35 25 kg, ZENo| H#147 pgkgo 2 4] A% EA 99¥ Ao
ZEN 10869 690 7.18 635  6.63 10 2 Yebgth zt £ o) AR £ Aoz g 4
101.01 424 420 25 A WiF AL AxFA ) w2t § AR HA AlEe 9

HE ©r AFRE EFE 747 g HA AR E T
BRI SIN=104 HE 7|Eo2 AFAE A4 Aoz AT 5 AN, & AR B9 BolsiA &
Th NIV, DON, T2, ZEN 217} 2ug/l, 1pg/l, Lpg/l, 0.1 @ 3ol ¥4 Uehdo 2y & AR T Eo7ke 3]
pg1e] AEIAE HAoH, AFMAE 27 6ugl, 3pgl,  Shol Bo] xEE Wy AlETL Ag RoZ 25T F

3ugl, 03 pglol et AT, A Rl Mg AR AiHOR Eid

Table 3. Incidence and levels of mycotoxins in feed

Feed Toxin Average (ug/kg) Maximum (ug/kg) Contamination rate (%)

NIV 7.1 109.4 19.6

Component DON 173.2 3400.0 84.8
(n=46) T-2 16.7 522.0 28.3
ZEN 414 480.0 93.5

NIV 1.0 33.6 5.0

Chicken DON 212.3 908.0 100.0
(n=40) T2 8.3 48.4 71.5
ZEN 312 141.8 100.0
NIV 8.2 91.8 46.7
Pig DON 207.8 1566.0 100.0
(n=60) T-2 2.7 24.0 38.3
ZEN 35.6 262.0 100.0

NIV 123 122.2 533
Cattle DON 812.1 2940.0 100.0
(n=60) T-2 1.6 31.0 18.3
ZEN 147.2 558.0 100.0

NIV 19.3 136.6 47.1

Component DON 1300.6 8480.0 64.7
(added, n=33) T2 3.0 30.8 17.7

ZEN 286.3 1072.0 97.1




6 Dong-ho Kim, Hyun-jung Kim, Han-sub Jang, Yeong-min Kim, heng-bo choi, and Jong-sung Ahn

Bol 2949 AR E Al dEE ASE dr] AEE
F7IE ZARBlY 2 A3 IdvtRoE A EdeEye wel
Zy AR A RA oA e] B ke T Atget FIE F£ATE
33489 @ A1Re] FF/7F A4S TE BT opE Roj
A&t 7o) 7120l BAE o] Alg e} viasle B2 o d
FAE YeRlAT. A S A #hs ool 71&35t %t

cho| AlR

z} AlmoA 9] F) gk Tr] ALFOA NIV, T2¢] LEEE
w831 o1} DONI ZENS tf22e] AlBdA A&
ok B Qg vt AAFoE & QPFES
HolA] &t z2elv tiF5e] ¢ DONel Bt 720 pg/
kg, A 3400 ugkg & LUEE HSoH, ZENS Hi
123 pg/kg, U 480 ughkg 9 LIEE B T E79 &
0] Algo) ¥)5le) M B CEEE BT TR F
AHE & Tt e LdEE A4E F UM
o} thFEoA s BolFo R 2 QHEE HolAl: 2%t
oh 3 84 SR NIVe ZE5X) ¢fsker, DON
& 69 pgkg, T-25 16 pg/ke, ZEN 82 pg/kee] QAAEE B
Atk 25 YA EoA DONo] ZENETH £& 9HES
Holx Zlo] dubdolt ol3 AHE B R Wiz
o] 22 & FFH] A3} 442 ZEN9 A
A3} #FAo] glg RoZ AzhEo]

Table 4. Incidence and levels of mycotoxins in components

st AR

g AR 4080 Wity 29 x ZAME S DON# ZENS)
EFFo] HwE BL AoE Yelton AT A&
Table 59} 72},

NIVE & AR F Akehg $¥ote] AlR9 $AI%7] A
BT =R, 2 AETES vHEIATH T2¢]
BS Bz 7S Hi 194 pgkeot 100%2] 29
&8 2 F AR FoA 7MY AT L4 E B
DONZ EE § A5 2950 Sl Ao AL
o, HF 103438 ugkg o LEFEL Yehdch 28

= S$AL AIERUE AERe ALEolA DONY 29 =7}
2 Aoz Yehgon, T2 viRVAZ 4gzr] AlE
AN M B 2EEE HSth ZENYA AR AlEt
$A ARET 2 29 A=rE ASIEE, 2 SN E At
27] AN 718 AE LEEE vEo] AR S4
5 AgA, 58] @z AlRA 7 52 LH9EE
el Ao BHNUL & LETEL HolM e
uhe} 7o) 238 AL oo, AR AR
A HnE 58 0FdEE YeEhiZlom, DON} ZENS] 7
¢ BE ANE7F 2¥50] AUk M E BT o]
23t FHo|5AEC] FAl BT AL oA T &
A F AUPom, 3 A5 FE 3 A5FeS eA] F
7H1 A7t 9agh Aoz AZkErh

Toxin Feed Average (ug/kg) Maximum (ug/kg) Contamination rate (%)
Soybean hull (n=5) 32 15.8 20.0
Polished and broken Grain (n=7) 0.0 0.0 0.6
NIV Soybean meal (n=11) 0.0 0.0 - 0.0
Food industry by-products (n=7) 11.6 56.4 28.6
Corn gluten (n=10) 0.0 0.0 0.0
Soybean hull (n=5) 720.1 3400.0 80.0
Polished and broken Grain (n=7) 96.5 340.0 71.4
DON Soybean meal (n=11) 373 94.0 63.6
Food industry by-products {n=7) 37.8 51.8 100.0
Comn gluten (n=10) 69.3 170.8 100.0
Soybean hull (n=5) 6.2 31.0 20.0
Polished and broken Grain (n=7) 0.0 0.0 0.0
T-2 Soybean meal (n=11) 2.9 17.1 18.2
Food industry by-products (n=7) 0.0 0.0 0.0
Com gluten (n=10) 16.1 50.8 80.0
Soybean hull (n=5) 122.7 4800 100.0
Polished and broken Grain (n=7) 5.0 29.2 85.7
ZEN Soybean meal (n=11) 4.6 25.8 90.9
Food industry by-products (n=7) 29.5 176.0 100.6
Corn gluten (n=10) 81.9 284.0 100.0
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Table S. Incidence and levels of mycotoxins in chicken feed

Toxin Feed ‘ Average (ug/kg) Maximum (pg/kg) - Contamination rate (%)
NIV Chick, laying, young (n=3) 0.0 0.0 0.0
Chick, laying, middle (n=4) 1.3 5.0 25.0
Laying, early (n=5) 0.0 0.0 0.0
Fatting, early (n=12) 0.0 0.0 0.0
Fatting, last (n=12) 2.8 33.6 83
Breeding (n=4) 0.0 0.0 0.0
DON Chick, laying, young (n=3) 207.9 314.0 100.0
Chick, laying, middle (n=4) 403.5 908.0 100.0
Laying, early (n=5) 437.6 664.0 100.0
Fatting, early (n=12) 116.0 220.0 100.0
Fatting, last (n=12) 188.6 304.0 100.0
Breeding (n=4) 102.5 119.2 100.0
T2 Chick, laying, young (n=3) 5.8 9.0 66.7
Chick, laying, middle (n=4) 6.7 9.5 75.0
Laying, early (n=5) 194 48.4 100.0
Fatting, early (n=12) 8.5 10.2 91.7
Fatting, last (n=12) 6.0 13.7 66.7
Breeding (n=4) 41 8.8 50.0
ZEN Chick, laying, young (n=3) 233 56.0 100.0
Chick, laying, middle (n=4) 39.0 65.6 100.0
Laying, early (n=5) 93.7 141.8 100.0
Fatting, early (n=12) 20.7 66.8 100.0
Fatting, last (n=12) 234 454 100.0

Breeding (n=4) 6.2 8.2 100.0

Table 6. Incidence and levels of mycotoxins in pig feed

Toxin Feed Average (png/kg) Maximum (ug/kg) Contamination rate (%)
Fatting, early (n=17) 75 68.8 294
Fatting, last (n=5) 53 11.8 60.0
NIV Pregnant (n=10) 16.7 91.8 50.0
Piglet over 5 kg (n=18) 5.9 36.4 55.6
Lactating (n=10) 6.4 19.9 50.0
Fatting, early (n=17) 156.0 472.0 100.0
Fatting, last (n=5) 227.5 366.0 100.0
DON Pregnant (n=10) 364.9 1566.0 100.0
Piglet over 5 kg (n=18) 139.7 360.0 100.0
Lactating (n=10) 251.2 556.0 100.0
Fatting, early (n=17) 39 24.0 47.1
Fatting, last (n=5) 22 6.0 40.0
T2 Pregnant (n=10) 1.1 5.4 20.0
Piglet over 5 kg (n=18) 34 13.0 50.0
Lactating (n=10) 1.0 52 20.0
Fatting, early (n=17) 284 79.6 100.0
Fatting, last (n=5) 41.1 63.0 100.0
ZEN Pregnant (n=10) 56.7 262.0 100.0
Piglet over 5 kg (n=18) 243 68.0 100.0

Lactating (n=10) 44.1 814 100.0
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EHX] AlE

HA AR 60 U3ty SHE FALE AAF A
Table 6942} 23ttt

AL F70) weh NIV T2 5.3~16.7 pghkedt 1.0~3.9
ugkgd B LAFES 242 YeRAATE. DONZ ZENS
140~365 pg/kg <k 24~57 gk Hed LAEE HYoH,
H AR} v AR 100%9] 2882 B SR Alg
T E AR AN M FL LPEE Yo
DON B¢ 3649 pgkg, ol 1,566.0 pgkesl LFT-EL
How, ZENS Ha 56.7 pgkeg, A 262.0 pgkgel 24
FEE YERIITH ZEN9] A =2 §87)EX]7F 43
o] A 9k YEL 1,000 pgkeE BBt Yok, &
Ho| 7tel=gll S HH A ALR 9 A$- 250 pekgol 3ol
7] Qi o|H ZAMAH] wE L HEe} v B w &

Table 7. Incidence and levels of mycotoxins in cattle feed

et AlEE A3 R AT opd AL BR1E 5 3l
Ach. ZEN# DONS o2 FEE F A 7P R7Es
RAoT BWUHT I, 53] A=A GA At BY 5&
Fadithe Bt e 1 L8R AREA F 6 Al
A% #rF B3 Ao AztE.

A AL

& AR 603 tisle] LEE ZARE AAEATH AA
& BAAI oot 2t

4 AFR¥E DON, ZEN, NIVS} T2 25 FE9H =
Z50o] AATE NIVE 4-30ughkg & HF LIEE 2G
o, ol 122 pgke’t AEHE AEE U DONS 7
$ 446 pgkg~1,174 pghkg & BFLEEE I oA, 7]
A YA1$- ALE (beef cattle, pregnant)e} 4 B]§F7| & A}

Toxin Feed Average (ng/kg) Maximum (ug/kg)  Contamination rate (%)
Beef cattle, pregnant (n=14) 16.2 44.0 50.0
Dairy cow, middle (n=5) 29.7 1222 60.0
Dairy cow, early (n=10) 6.7 44.6 30.0
NIV Dairy calf, middle (n=4) 35 10.5 50.0
Dairy calf, last (n=4) 11.5 13.7 100.0
Cattle, fatting, early (n=9) 10.2 63.2 66.7
Cattle, fatting, last (n=9) 12.2 68.4 333
Beef cattle, pregnant (n=14) 1173.5 2940.0 100.0
Dairy cow, middle (n=5) 851.2 1296.0 100.0
Dairy cow, early (n=10) 445.8 1294.0 100.0
DON Dairy calf, middle (n=4) 446.2 1104.0 100.0
Dairy calf, last (n=4) 991.0 2420.0 100.0
Cattle, fatting, early (n=9) 687.9 1504.0 100.0
Cattle, fatting, last (n=9) 1020.5 2840.0 100.0
Beef cattle, pregnant (n=14) 04 59 7.1
Dairy cow, middle (n=5) 1.3 6.3 20.0
Dairy cow, early (n=10) 0.7 6.8 10.0
T-2 Dairy calf, middle (n=4) 1.5 6.1 25.0
Dairy calf, last (n=4) 7.8 31.0 25.0
Cattle, fatting, early (n=9) 3.5 7.7 55.6
Cattle, fatting, last (n=9) 0.0 0.0 0.0
Beef cattle, pregnant (n=14) 2231 558.0 100.0
Dairy cow, middle (n=5) 166.6 193.8 100.0
Dairy cow, early (n=10) 72.1 149.8 100.0
ZEN Dairy calf, middle (n=4) 79.0 159.6 100.0
Dairy calf, last (n=4) 118.7 1424 100.0
Fatting cattle, early (n=9) 104.2 179.4 100.0
Fatting cattle, last (n=9) 212.0 478.0 100.0
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E (fatting cattle, last)®] 73-%- W 2B =71 1,000 pgkg ©1%
AEHN T, H) 2,940 pug/kest 2,840 pgkeel 27X E
BUE 5 & AR Fo4 /M =& oddeE Bt A
A & AR FolA 233%(1470)7F 1,000 pekg o)l 94
T YERAITH ZENS HE+ 72~223 pughkedl 2LAEE
BHom, DON#F npayiA 2 317)4 Qale Az 24
H 5378 AlFEolA B 223 ugkedt 212 gk, ATH
558 ngkedt 478 ugkeZ 7MY & Q9EE BgoH ZEN
HA] 200 pgkg ol HER AE7T 23.3%(1470) 1=t

DON3# ZENS ZE & ALBOM AEHoH, & A8
A ARE SR AR (FAE ARR)OIA 9F mRREEA]
2 AT ALBOAA 53] 53] 2 LAEE B wg
F7F ZAF R A F AAVEE AlRl gk o|E FsFo)
540 0FE AATIE A Bast Aoz A7

2 YoM = AR Tl & ARAdA T S5
HiRH ALRETE 52 F3ol54 LYEE Bl u %
ol5a7t FA HAEE wiE AR AMSE A EA W] A}
Fol| st FA AR OH, e CHE A I

Table 8. Incidence and levels of mycotoxins in components (added)

Table 83} 7t} ZAME @] AR ES IWHA0 2 ALE T
Hell M} 7k Aol fJEehs ©v] AlRETdE 1 R
T oE ¥ ol F3o)ed ’go)stsith. NIV
A9 EF(com)ll A HF 284 pgkest TS (com gluten
feed)yoll A 49.0 ugkegs] LH =8 YERSITE. DONS £4-
<, =< ol com germs meal), 73 ¥Hcom distillers
grain)oll A 70.1, 350.3, 335.0 pgke?l Ho LGES YeRY
Rom, 53] oA Ha 4,551.1 ngked] LHEE
ERARICE ZEN B3t Thelgjol| A B 8122 pgkedl SH=
& Epdth

g AFR AR Al ARREE B0 AlRE FE

e

Ea
'gT'I"I‘,

9, W5 5 20309 AN7E €Tk olF ARl THE '
2 S5re FE B AR Y Ael 50-60%E A
e W & AR iR AlE 30%AE AR, B
TEYeE S thal IS 10-20% AREStaL AR
o Wb, SHE ZAF Aot 2ol & AR £330
a7t ¥ol 29 U E AR AR A F80547t
ol od¥ T3 AHEE A7 S Sl

Toxin Feed Average (ug/kg) Maximum (pg/kg) Contamination rate (%)
Corn (n=7) 28.4 136.6 28.6
Corn gluten feed (n=9) 49.0 88.0 100.0
NIV Palm oil meal (n=4) 0.0 0.0 0.0
Corn germs meal (n=4) 0.8 3.1 25.0
Soybean meal (n=6) 0.2 0.9 16.7
Corn distillers grain (n=2) 2.0 4.1 50.0
Corn (n=7) 70.1 214.0 85.7
Corn gluten feed (n=9) 45511 8480.0 100.0
DON Palm oil meal (n=4) 0.0 0.0 0.0
Corn germs meal (n=4) 350.3 656.0 100.0
Soybean meal (n=6) 22 134 0.0
Corn distillers grain (n=2) 335.0 670.0 50.0
Corn (n=7) 10.2 30.8 429
Corn gluten feed (n=9) 0.0 0.0 0.0
o Palm oil meal (n=4) 0.0 0.0 0.0
Corn germs meal (n=4) 4.4 9.0 50.0
Soybean meal (n=6) 0.0 0.0 0.0
Corn distillers grain (n=2) 6.8 13.7 50.0
Corn (n=7) 9.2 252 100.0
Corn gluten feed (n=9) 812.2 1072.0 100.0
ZEN Palm oil meal (n=4) 2.7 52 100.0
Corn germs meal (n=4) 455.2 872.0 100.0
Soybean meal (n=6) 10.1 30.2 100.0
Corn distillers grain (n=2) 95.4 190.8 50.0
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1 %

AR T FAREE & 3%l A SANIV, DON, T2,
ZEN)?] 2% ZAL A3 vig AL NIVE  1.0~123
pgkg, DONS 212.3~812.1 ug/kg, T-2& 1.6~83 pg/kg, ZEN
< 31.2~1472 ngkgel Bd L9=E Vel on, DON#
ZEN| 7§ 2E ulg Al A& HATE olE FUY A
28 fE AMET) o8 FHelEA FEHEA =5
o] §Fol geld Aolrh. HA AA o8 ezt 29
AR, AAE S £ 52 2t A N2S
of Z&33 Uty DONS 7% 952 1,000-5,000 pg/kg,
YE-2 1,000-4,000 pg/kg, B2 900-12,000 pgkegz 43
#FE8taL o, ZENS o] 1,000 ugkg, FH°] 100-
3,000 ug/kg® ohFsiAl A3t Fsta ik ol F
Aot Blasted B o) e} AR FHelEA 29
AEe =] Au)rles vlas)] o3l Eojzog Eu)
I & = ok 28y DON, ZEN 58 4938 2 o9
b 58 A02 YL, RARNY 01540 wg
FEAHA ed=Y dem, o wAe P 23 549
B52E Boll Ui At olF FEA & gl &
o IR AR A9 $HE 93 Fx] PR E Hole
ARE E wel b3 AR FFS 9% A3 o)
13l ot AeE Azbdr).

9

2 o

S REARE 2398 distd FARIS & FBo
4Z(NIV, DON, T2, ZEN)®l| t)3le] QG=zAE A1 8
o} dutz o2 FFo|EA Al Bo| AlREHE W25
AP AN ool Uyt SPEEES 04313109, HPLC/
MS/MSZE FA] 24813t} ZHzte] AE H=E 77.42~111.20%
o] BFEH 0320 pgle] 433 FATALOD)E B
th 4 i AR Bl RARNVY Fgol5 AT FEdst
A LEH] Ao, EFDONF ZENS ZE vl ALR
oAl Ut & ALE S B $ DON3} ZENE 3
812.1 pg/kest 1472 pghkgd SEEE B g AlgY HX
ABET o MiAE B 09EE Hyon 1 982
AREE ©H] AL E ZARIR A3 £ gyt Fo 0
HEA Roz golghin)
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