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ABSTRACT - Deoxynivalenol (DON) and zearalenone (ZEN) are mainly contaminated mycotoxins in feeds. The
study was carried out to analyze and survey the contamination of DON and ZEN in one hundred thirteen samples of
feeds. After cleaning all samples with immunoaffinity column, the mycotoxins were analysed by using high perfor-
mance liquid chromatography/fluorescence with diode array detector (HPLC /FLD with DAD). The average recover-
ies of DON were 88.76 and 95.40% at the levels of 200 and 1,000 pg/kg and 87.09 and 98.40% of ZEN were
recovered at the levels of 100 and 500 pg/kg, respectively. The limit of detection (LOD) were 6.0 and 3.0 ug/kg for
DON and ZEN, respectively. The average concentrations of DON were 372.1, 324.0 and 990.9 pg/kg in chicken, pig
and cattle feed, respectively. Those of ZEN were 76.1, 43.7 and 196.2 ug/kg for them, individually.
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Ak

FFEEL sigmarte] DON (200 pg/kg, 2mL and 5 mg,
USA), ZEN (200 pg/kg, 2 mL and 5 mg, USA)S A-83141
om, A elg A% sigmarle] PBS (phosphate buffered
saline, pH 7.4, USA), 212H(phosporic acid, 85%, USA), merck
AFe]l HPLCH acetonitrile (ACN, 4 L, Germany)$F methanol
(MeOH, 4L, Germany)2 AME-3T A& W 2
R-BiopharmA}2]  immunoaffinity column$! DONPREP (50/
box, Sweden), EASY ZEARALENONE(50/box, Sweden)S
AH&-shai Tt

200 ug/mL §%=2) DON, ZEN J& X FE2 S ACNSZ
g4t 27t 10 ug/mLot 5 ug/ml7b s 39t 7}
7re] Holx 0.1 mLE #3$ F FH(distilled water, DW)
0.8 mLe} E3tele] 7 Texe] ¥FEA-E BESIT) o
500 ulel 20% ACN 500 uls A &3] H3sle] 4o =
ThA o] &ghel o] 200, 100 ulst 34198 8007} 900 ulE 7
7 Ested UmA HEgds A8
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A ool =w= DON ZENo] ZHz} 50, 100, 500, 1,000
pg/L ¢k 25, 50, 250, 500 pg/Lol A},

2171 o HX|

DON, ZEN2| HPLC A #4548 151 agilent 1100 series
(G1322 degasser, G1312A quaternary pump, binary pump,
G1313A autosampler, G1316A column oven, G1321A fluores-
cence detector) & AREEIATE AR B 4 FEE $)8H
Al B8 7] (perten, Sweden), homogenizer (OMNI, USA)&
AHgBl o, FES flsle] AAEE7I(EE, KOR)E At
a3t 71EPH) 2= 818F 3 (sartorius, USA), YA E-2]
713+, Korea), Al WHH7], vacuum system (agilent,
USA), Mili-Q RiOs/Elix water purification system (Millipore,
USA) 52 AR&stith
uuw

X2

H]-2-A] Y 2] = (Deoxynivalenol, DON)

2 Bd A& 20 o] DW 100 mLE %3, homogenizer
£ 10,000 ppmo 2 287-7F 3148l DONE F&38131th o
3}X](Whatman No. 4Y& ¢|-8-5f] F& A& 23t & of 3}
o 3 mLE #3ted immunoaffinity columnol #-4-<] 2~3 mL/
minE =% £33 AZch 5mL DWE columns A3 $

L Sampling 20 g J
{

\ Adding 120 mL DW J
v

’ Blending (10,000 rpm, 2 min) J
{

\ Filtering (No. 4) 1
:

‘ Loading 3 mL filtered extracts _}
)

‘ Washing with 5 mL DW ]
v

‘ Elute analytes with MeOH 3 mL J
v

’ Evaporate (under N2, 50°C) ’
)

L Reconstitute with 1 mL 20% ACN ‘
b

L Filtering J
:

\ Inject into HPLC/DAD J

Fig. 1. Flow sheet for DON analysis.



216 Dong-Ho Kim, Kyu-ll Choi, Kyung-Suk Hong, Hyun-Jung Kim, Han-Sub Jang, Hyun-Jung Cho, and Gye-Su Han

Sampling 25 g |
!
Adding 125 mL 75% ACN \
v
Blending (10,000 rpm, 2 min) ]
{
Filtering (No. 4) |
\
20 mL Extract + 86 mL PBS
:
Refilter (No. 6)
3
Loading 25 mL diluted extract to IAC
1
Washing with 20 mL PBS
3
Elute analytes with MeOH 3 mL
1
Evaporate (under N2, 50°C)
{
Reconstitute with 1 mL 20% ACN —‘
¥
Filtering }
J
Inject into HPLC/FLD \

N

TPt rrr T e et

Fig. 2. Flow sheet for ZEN analysis.

3mL MeOHZ backflushingS 33] AAJsbHA Z8o] 5
DONE &&AZITE o]ojA], o] AE S0°Coll] "4z A
ANZAOH, ACNDW =20:80 1 mLE T Zo] AJoio g &}
L3ty EHEZESE Fig 134 2t

- Bl A8 25 goﬂ -"F-‘%OQ(ACN:DW - 75:25) 125 mL
& %3, homoginizerZ 10,000 rppm o2 2870 3] 4 5}o]
ZENS £330}, o 3% (Whatman No. )& o] &8} &
Z4E A F 20mLe FHdted 80mLe] PBS 3} &
Faiditt o] E3lS oAl S of3slr 1 F 25 mLe
immunoaffinity column®] f-4¢] 2-3 mL/minE]‘:% &3 A
Zith 20mL PBS MO 2 columnS Al E £ 3mL MeOH
2 backflushing 33] HA|shEA FEof 23] ZENE &
AT olojA], o] A& 50°ColA] WA HIAHL
ACN‘DW‘”O'SO ImLE ThA] o] Ao AREeRiTh

X525 E Fig 23 2tk

Ruse R

P BN XA

DONZ} ZEN #412 #15to] ZORBAX 80A Extend-CI8
column (reversed-phased column, 4.6 x 250 mm, 5 pm)*+ guard

Table 1. Conditions of mobile phase

Time A (DW) B (ACN)
0 88 12
6 88 12
10 20 80
14 20 80
16 88 12
20 88 12

column (CI8, 5um)S ARE-3F45L, 30°ColA] 2047 #-4
;}Oﬂﬁ} ACNZ} DWE ol54 02 dlod FH] 2 (gradient)
2 AMESI]I(Table 1), 752 1.0 mL/min= AR5k
Qleke 50 e 319.0m, DONI ZENS] B8 $)5}e]
5347 % 7| (diode array detector, DAD, 220 nm)*} 234 %
71(fluorescence detector, FLD, Ex=275nm, Em =450 nm)
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Fig. 3. Chromatogram of STD (DON: 1,000 pg/kg, ZEN: 500 pg/kg).
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DON ZEN®| AZE3HA| = signal/noise (S/N) H]&o] 3:1
7IEL R FAsen FHgeA= SN H&e] 101 7)F
o=z A8kt

At Art

FHlE BFE89d98 HPLCY FYste], DADS FLD®
AETIAL, A2ke] Fo] g v=e] WAS agxe
Aoz AYgAS st

2 _,1_]-
=N AT
DON=t ZEN9| il 24438 fato] zzte] BaEe
50, 100, 500, 1,000 pg/L#} 25, 50, 250, 500 pg/Le] FEZ
glfsted ARgetlnt. 2o SHa el tigk peak ©f ¥

Aoz AR 23R o H(Fig. 4), A AL DONH
ZEN°| 7}7¢ y=0.0714x +0.12829} y =0.053x + 0.035¢] %1
k. AAAFRYE 25 09999 o]
DON®] 3582 2002} 1000 pg/kg
o|glom, s 4%}(%RSD) 4.0} 1.4%°]9c} ZEN
2 100+ 500 pg/kg <eollM 3523} A EFH2H%RSD)
7y Z+2t 87.13 984%, 9.12} 2.8%= ebutth
A g A= Table 29 74t}
=19 Hol7k SN=3Ud & 7]F2
I SN=108WE 7522 A S
DON®] 739 2233 6.0 ugkg, 8 %3HA 20.0 pgkg 12

4] 95.49) 88.8%
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Fig. 4. Calibration curve (a: DON, b: ZEN).

Table 2. Accuracy and precision of DON and ZEN determined in
fortified feed at two concentrations

Toxins (E;Vlfgl) . c/zvveer:;g(e% ) Res“fs(gg/ k&) orep
DON 200 954 190.8 = 7.7 40
(=3) 1000 88.8 887.6 £ 12.4 1.4
ZEN 100 87.1 87.1+7.9 9.1
(n=3 500 98.4 492.0 £ 13.8 2.8

28E A} it

HHEFALR
SAES] A9 200951 % DON ZEN©] H+t 212334
312 ughkgel 24 FE2 B2 Ao Hlste]h 201080l =

Tk ZENZ Z}7F 3.0 ug/kg # 10.0 ugkg ¢ AZ, A st 37213 76.1 ngkee 2 A9l 2ufg =] @ 9HEE Yehy
= HeEri i Atk AA FEIF Aol w0108 =7 A sl v E)
Table 3. Incidence and levels of mycotoxins in compound feed
. Sample number Average(ug/kg) Maxium(pg/kg) Contamination rate(%)
Toxin Feed
2009 2010 2009 2010 2009 2010 2009 2010
Chicken 40 30 2123 372.1 908.0 938.7 100 100
DON Pig 40 30 207.8 324.0 1566.0 1128.8 100 100
Cattle 60 30 812.1 990.9 2940.0 1941.2 100 100
Chicken 40 30 312 76.1 141.8 556.6 100 100
ZEN Pig 40 30 35.6 43.7 262.0 175.8 100 100
Cattle 60 30 147.2 196.2 558.0 608.0 100 100
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of Awe] 8/ AREL ASS A5 5 AU &
Al BE AlRolA 2ol BlE HAALRS] 7 2009

=ol DONZ} ZEN°| Hit 207.87 356 ngked S8
< BRI vty 201010l 324.03 43.7 ng/kee] &
?3«’?%% %EMO% HAREob vtk e Yepiith &
7% 20092 %9 DONZ ZEN©] Z+zb 812.13)
147.2 ug/kgf?% LGS HlA Hlste] 20100l

HNr

/ I
FAHNO™, v

1 o
ALE S} 75% ALRE -]

55 ARl
99095 1962 ughkg o & A §ALRY HAALRAY S8/ E dAsA e A FEstor dn. 7P
2010958 §EAIET AdEd] Holed FUAoR £e  HE 0PEE UB I52 248471 §AEEH DON
FHFolEA RS VER o AAE B4 Table 3 ZENo| Ha 159899 4714 ngkeg® 2 2009419 687.9
33 2t o} 1042 pg/kgst vladle] & uf 433 =2 S UE
Wt A ZAATE Table 49F 2T
N
T 3059 Ak diste] 9% 2ARE AASITH EHXIALR
AR SR mEM 9Fom FHtete] BAE S AR g Al AL Absel A DONO] 486.0 g/
Table 4. Incidence and levels of mycotoxins in cattle feed
. Sample number Average (ug/kg) Maxium (pg/kg) Contamination rate (%)
Toxin Feed
2009 2010 2009 2010 2009 2010 2009 2010
Beef cattle, pregnant 14 7 1173.5 914.4 2940.0 19412 100 100
Dairy cow, pregnant - 3 - 749.7 - 9143 - 100
Cattle, fatting, early 9 2 687.9 1598.9 1504.0 1769.1 100 100
Cattle, fatting, middle - 3 - 1121.7 - 1941.2 - 100
PON Cattle, fatting, last 9 4 1020.5 1004.8 2840.0 1696.5 100 100
Dairy cow, early 10 2 445.8 735.6 1294.0 851.4 100 100
Dairy cow, middle 5 2 851.2 1093.5 1296.0 1346.3 100 100
Dairy calf, middle 4 3 446.2 1078.0 1104.0 1502.7 100 100
Dairy calf, last 4 4 991.0 7247 2420.0 1030.9 100 100
Beef cattle, pregnant 14 7 223.1 160.6 558.0 559.4 100 100
Dairy cow, pregnant - 3 - 122.1 - 185.7 - 100
Cattle, fatting, early 9 2 104.2 471.4 179.4 608.0 100 100
Cattle, fatting, middle - 3 - 2234 - 3533 - 100
ZEN Cattle, fatting, last 9 4 212.0 191.8 478.0 332.6 100 100
Dairy cow, early 10 2 72.1 114.6 149.8 122.0 100 100
Dairy cow, middle 5 2 166.6 297.0 193.8 480.2 100 100
Dairy calf, middle 4 3 79.0 231.2 159.6 397.6 100 100
Dairy calf, last 4 4 118.7 124.6 142.4 225.3 100 100
Table 5. Incidence and levels of mycotoxins in pig feed
Toxin Feed Sample number Average (ug/kg) Maxium (pg/kg) Contamination rate(%)
2009 2010 2009 2010 2009 2010 2009 2010
Pregnant 10 10 364.9 486.0 1566.0 1128.8 100 100
Fatting, early 5 5 156.0 2345 472.0 3594 100 100
DON Fatting, last 5 5 227.5 267.4 366.0 487.1 100 100
Piglet over 5 kg 5 5 139.7 288.1 360.0 383.0 100 100
Lactating 5 5 2512 182.1 556.0 268.9 100 100
Pregnant 10 10 56.7 423 262.0 57.7 100 100
Fatting, early 5 5 28.4 32.6 79.6 50.5 100 100
ZEN Fatting, last 5 5 41.1 90.0 63.0 175.8 100 100
Piglet over S kg 5 5 243 21.0 68.0 25.7 100 100
Lactating 5 5 44.1 76.0 814 175.8 100 100
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Table 6. Incidence and levels of mycotoxins in chicken feed
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2 201085 AR 2 9FAE HERLY, &
3 ABE7IA s =%

Tl at

EX ZelEglch

SO AR

S 450 749 200990 DONZ ZENo| e 70.13%
9.2 ng/ked LAFTS L}E}LH AL, 20103 7H2} 224.6
3} 77.8 ughkg?l LAFTE YeRfo] A oR iR
E4 Yol 4l & 7} AIEAEE ARSESS g
fr AT o] -9 20099 5] DONZ ZEN©] 7t

F 455113} 812.1 pgkge) BHLY FEE vepdd) vls)
OJ ool &= 3150.49F 308.5 pgkgel LAFEE VERNS
oh 9A @ B 29EE YE T AR o, ZENS

Toxin Feed Sample number Average (ug/kg) Maxium (pg/kg) Contamination rate(%)
2009 2010 2009 2010 2009 2010 2009 2010
Chick, laying, young 3 3 207.9 427.5 314.0 560.3 100 100
Chick, laying, middle 4 7 403.5 485.5 908.0 724.1 100 100
DON Laying, early 5 6 437.6 44123 664.0 938.7 100 100
Fatting, early 12 7 116.0 361.1 220.0 610.9 100 100
Fatting, last 12 7 188.6 186.5 304.0 234.6 100 100
breeding 4 - 102.5 - 119.2 - 100 -
Chick, laying, young 3 3 233 67.3 56.0 117.4 100 100
Chick, laying, middle 4 7 39.0 63.6 65.6 118.1 100 100
ZEN Laying, early 5 6 93.7 150.0 141.8 556.6 100 100
Fatting, early 12 7 20.7 72.2 66.8 184.3 100 100
Fatting, last 12 7 234 33.0 454 46.0 100 100
breeding 4 - 6.2 - 8.2 - 100 -
Table 7. Incidence and levels of mycotoxins in components
Toxin Feed Sample number Average (ug/kg) Maxium (ug/kg) Contamination rate(%)
2009 2010 2009 2010 2009 2010 2009 2010
Corn 7 4* 70.1 2246 214.0 3298 85.7 100
Corn gluten feed 9 S* 4551.1 31504 8480.0 5541.2 100 100
DON Corn germs meal 4 4 350.3 37.8 656.0 209.8 100 100
Corn gluten 10 5 69.3 207.3 170.8 1184.8 100 60
Distillers grains 2 5 335.0 721.5 670.0 2881.6 50 60
(Corn distillers grains) ) 3) ) (2405.0) ) (2881.6) e (100)
Com 7 4* 9.2 77.8 252 2773 100 100
Com gluten feed 9 bR 812.2 308.5 1072.0 519.7 100 100
ZEN Corn germs meal 4 4 455.2 116.9 872.0 187.2 100 100
Corn gluten 10 5 75.2 510.8 284.0 1329.9 100 100
Distillers grains 2 S 95.4 163.1 190.8 374.0 50 80
(Corn distillers grains) “) 3) -) (264.4) () (374.0) ) {100)

*:.Imported from USA
**:Imported from china
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