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ABSTRACT - Contamination of ochratoxin A (OTA) was studied in 194 compound feeds and 59 feed ingredi-
ents samples distributed in South KOREA in 2006 and 2007. The degree of OTA contamination in feed ingredients
was 27%, and its detected levels were ranged from 0.27 to 3.39 ppb. Seventy six percent of compound feeds were
contaminated with OTA at concentration between 0.21 and 13.64 ppb. The highest degree of OTA contamination was
observed in compound feeds for dairy cattle (96%) followed by for poultry (85%) and swine (79%). Beef cattle exhib-
ited the highest level of OTA contamination (2.2 ppb). Compound feeds for dairy cattle and feed ingredients for veg-
etable proteins showed relative lower level of contamination at 1.6 and 1.2 ppb, respectively.

Key words: ochratoxin, feed ingredient, compound feed, contamination

ol
oo
o
it
P>
it
Lo

o
&

% AbEe) o
{12 Siek) A

g Se) el
lom, o) 34 3o F40]
FLE, $E7t weld

AxHow A2

N
T
X
S

[e]
il
Jr
o

1
T

Q)
=

o & i ald rlf ox ¢
) [-\)I* o

;21_;1:&2

:in_m.é

o 4
23

{
X

R

Eﬂﬂ%ﬁ(OChratoxm o) AA A de] &3}
ZAEEEA, ol FHEA, FEUANTH HEY FF
olEAe] A Edolrt. 2 IE =4S L-B-phenylalanine
9] ol gl oln|=Zdito g AZAE 3, 4-dihydromethyl-
isocoumarinf- =3 3o} Zo|thFig. 1). = A. ochraceus
S} P verrucosums® ¥l &5 AiEE eIwtE
A1 OTA, OTB, OTC, 4-hydroxyochratoxin A 5 175:2]
SAH 7Y 9o o] & EAo| 74 748t A o] OTAC|tHY

LAREALS FEAA AEFEA, A5,

o= O
"olA g, /1Y 2 F FL FHA,

-

T

A4,
53] 4%

*Correspondence to: Chan Lee, Department of Food Science and
Technology, Chung-Ang University, Ansung 456-756, Korea
Tel: 82-31-670-3035, Fax: 82-31-676-8865

E-mail: chanlee@cau.ac.kr

353

3 7hae] YA £4S FE A0 FHHFOED
L AZEALE phenylalanyl-tRNA synthetasecatalysed reac-

tionoll A phenylalanine?} Ao 2H Thid PA4E A
a7 e 3} ol ZetEAl e ATtEAl ] FAlY AE
o LEHNS A MR B FMIIE AsEAE
VER W A 11 0}9} AR ’1‘3—:4 92 F&9 A e e
ok BaEnh

T Ehd QAE FEL F1He] ARz A 7

o Al 2HE0 B4 D WS ZAT Bt of
ek, food chainel 81 Tl ARelA 23 et 2
otk ol wa} AA AT E AEFH AN F
Fol B2 827128 A4 ¥ Utk SYUE A

o)Al OTA 200 ppbE 3|E&71EXE
o] I:]— 10)

=] AbEAZ
Atz A ALEl

z,\} Al 349, ﬂ};q

A ste] Aestal

?’{P

3L Z
[s)
o

==

5 FOPU%,
LA -1 = S X1 A
= A9 Fols
H ALBAA &
& Faut 9o

Ay oo b
o -
g pY

=
> %
AT
é

ol
s



354 Han-Sub Jang et al.

HO._O
N 0
H

o/ CH,

Cl
Fig. 1. Structure of ochratoxin A.

L oYE ZAANE AR AR AxAY F B
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seldeel FESE AR F Qa8 Y
H3tel ARG} 24E 2 2 FFEY PAYL A
27 o9% 2AHE AN,

Nofr o B

s 9 AJef

2 TFEA(OTA)] LEE FAF AIEE 200604 2007
dro] s AR AZFFNA F5E adAEs
AEE ARESIATE 25 kg ANIES E= 18 W (ton bag)
2 AIRE g E AT ALEHEHAAY AR AH
s e 249 F2HoE ¥ FE EY 1 kg B
T BHAZE AFs EFEA YoM FaF EF
& F 4o R 500 g =Y ABEE Al 450

OTA ZFE 22 SUPELCOAIY] OTA(50 pug/mhE AME
3} t}. Methanol/glacial acetic acid(98:2 viv)%} E&
LIvivE %3 edo7 F2FES oF 10009 345t
stock solutione A F3 F o AfEN TFELMoZ ALE
3139 th. PBS-buffer(pH 7.4, SIGMA, US.A) 2 A &E A
g sl¥oen, o5 2 = |92 = HPLCH Acetoni-
trile(Merck, GER), glacial acetic acid(Junsei, Japan)E A}
£3ATh AE AAE WIHHEOZ immunoaffinity
column(OCHRAPREP®, R-Biopharm, U.K)& R-Biopharm
S 2HE YIS

72171 R 3

OTAS} AZFEHE fste] FBHE71(G1321A fluoresc-
ence detector)’} “32E HPLC(Agilent 1100 series, Agilent
Technologies, U.S.A)E A3t} Agilent ZORBAX 80
A Extend-C,, column(reversed-phased column, 1D. 4.6x
150 mm, particle size 5 um)¥ guard column(C; 5 pm)
< 283t OTAE ®431Att Al5847], #2471 (OMNI
International, Vernon, U.S.A), 383 (Sartorius, GER), 9
218871, A1¥3 24t7), vacuum system, KOBRA cell(R-

Biopharm, UXK), Mili-Q RiOs/Elix water purification

system(Millipore, Bedford, MA, US.A) 522 A]
A it

=l

A29 HHF

OTAE ZZ317] 9ste] 500 go] AEE & £t
oF 250 go] AEE YAE7) 600 pm BT HES A
FRH72 B} o] AE F 25 g& AT Aceto-
nitrile/water(60:40 v/v) &89 100 miE B3 #27IE
10,000 rpmo| A 287 FE&Ah FEFAL AFAA
(Whatman No.)E 73 F A5 4 mE #H3dt 50
ml conical tubedl =7 ©otth. oJ7]o| PBS-buffer(pH 7.4,
SIGMA) 44 mlE F7}ste] ¥il ww7)olxM E3e F
SAEIZZE 10,000 rpm A 287 AA R BT 0
A28 A ZFL Immunoaffinity column®] #%©] 2-3
m/ming =2 £33 AZ o 20 ml PBS-buffer(pH 7.4,
SIGMA)E columne A& 3 & 1.5 ml methanol/glacial
acetic acid(98:2 v/v)Z backflushingS 33] HAAISIHA ¥
o 93 OTAZ F+EAAL 1.5 ml®] £ Immunoaffinity
columng EFAA viale]l Fold F 3 miE THEIJT?
o] AEENE IWriolA &3 F 0.22 um syringe
filter® oj3}ale] AZHoZ AMESIATE HAE AAHS
feokste] Fig. 20 YR

PPN =1
OTAZ #24317] 913l Agilent ZORBAX 80A Extend-

Feed sample milling(particle size : 600 ym)

( Sample weight(25 g) J
I Addition of 100 mi 60% ACN

[ Blending for 2 min(10,000 rpm) ‘

.

—

( Filtering extract through filter paper J
l Whatman No.4
[ Supernatant{4 ml) 4‘
’ Addition of 44 ml PBS pH7.4

\ Shaking for 10 sec. ]

}

[ Applying the diluted extract to the IAC

l flow rate 2-3 ml/min

‘ Washing with 20 ml of PBS }

L flow rate approximately 5 ml/min

Elution OTA by gravity

|

[ Passing 1.5 mi of distilled water through the IQ

|

Filtration(0.22 um filter) J

Fig. 2. Process for purification of ochratoxin A.
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Cy; column (reversed-phased column ID. 4.6x150 mm,

particle size 5 pm)¥} guard column(C,q, 5 S AH&-34
3, 40°Col A 1087 243384 th. Acetonitrile : water :

acetic acid(51:47:2 vWiv)E A Z3td ojFAo =z ALE-3)
L 452 1.0 mVminE A3 FUFOE 50 ul
2 3113, ¥37E719 HE94L excitation wavelength
333 nm, emission wavelength 443 nm% A3 34Tt API
3000 4] 7](Applied Biosystems, U.S.A)E LC/MS/MS ¥
A& AS3HATE ESI Positive jon mode® 24131901,
5500 VE Jon Spray VoltageS 474313},

Y32 4y

OTAY LHHA @& 2 AR tiF9) OTA BE2§
A& 088 pgkg’, 442 pgkg'®) FEEZ A7HT 24470
T A=A F 9o AFE A oR 33 whEs)
o 35E&S A5 Signalnoise ¥]&o| 3:1Y s

71F0 2 OTAY ZHEIHAE 2As19a, A= s1gnal/
noised] 0] 10:1Y W& 71Fo 7 24314} OTA &
£8-S HPLC columndl] ¢35t W39 WAL ;qmg}
R ZE REF) gl the A4 93 BHE gy
AN e 24 Ade AAsE.
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o] EFFOZE 0055, 0.110, 0.276, 0.552, 1.104, 2.760,
5.520 pgkg'®] B oA desorption solution : D.W (1:1)
Sdo 2 M5t ALEIIH e OTAYS) 3t peake]
dHe® HFNE A8k AT E 09999 o)t
2 eyt
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Fig. 3. Chromatogram of ochratoxin A standard solution.

Table 1. Samples for ochratoxin A analysis

Compound Feeds Number of ' Feed Number of
samples ingredients samples
Cattle feeds 39 By-products of grains 24
Swine feeds 58 Grains 3
Poultry feeds 41 Vegetable proteins 32
Dog feeds 28
Aqua culture feeds 24
Duck feeds 3
Rabbit feeds 1

Table 2. Recoveries and relative standard deviations(RSD) from
blank feed spiked with ochratoxin A at different levels

Type Sp?i;fg%)vel Reczvggla (%) RSD(%)

Cattle 0.88 842 +284 337

442 82.0+3.00 3.66

0.88 1109 £ 044 0.39

Soybeen mezl 442 98.9 +0.50 051
HAL, HFEEE 076 ppb FFoIUTh. ZHF & 49
RIS %’ F% 1.24 ppb FEO=E °°d5]91 H, L
9= 033 ppb-2.14 ppbE AHF F 7F & 298 =
g i‘}f{t}. FEF 33 F 174 064 ppb T=FTY
OTA7} AZHAY ¥F 328 5 113 34%)2 ALE7}
OTA®] LE=HReH, HFEEE 1.24 ppb AL, 5=
#l= 037 ppb-3.39 ppb FEoIATE £ ) 124 F

40] 2P, ﬁ&%&t 1.44 ppb T}, OTAoﬂ o4
H U5Ee Hisx=E 339 ppb LR AA G@RAL
5 E A =2 09AEE Bt LFFFREHOAE
4%1 LEHNOT HHAFEE 0.84 ppb S0t &
gajobdt 23 Oﬂ i% TA7} HFEE 149 ppbe] 55
o2 AR, FIFE+E 261 ppb 2 UIFHE E}—o—o
E £°S7é+a i%it}. 718t AEA 9F 68 F A
uﬂﬂ# 180 e 1.52 ppb Fx9 OTA7} AEHAY. &
FE OTAY B#sE7l & &4 5okt > of
FEb > AWy > SpFFRd 22 JEigon o
i, S48, M= OTAZE AEHA &ttt
200439 2#Q1e] Jaimez 5o FASE Hlo| &3HA &
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Table 3. Presence of ochratoxin A in feed ingredients

Samples No.(%) of contaminated No. of smaples with OTA concn of OTA concn® (ugkg™)
Type Total no. samples’ ND¢ LODLOQ*  >LOQ Mean+SD Range .
Danbeak-pi 7 - 7 - - - -
Bran ‘Wheat bran 5 2 (40) 3 1 1 1.24+0.90 0.33-2.14
Corn bran 4 - 4 - - - -
Others 8 (25) 6 2f - 0.29+0.02 0.27-0.30
. Barley 1 - 1 - - - -
Gi
TS Wheat 2 1 (50) 1 1 0.64 -
Soybean meal 12 4 33) 8 2 2 1.44£1.15 0.56-3.39
Vegetable Corn gluten 10 4 (40) 6 3 1 0.84+0.47 0.42-1.63
proteins  Corn germ meal 4 2 50 2 1 1 1.49+1.12 0.37-2.61
Others 6 1 )] 5 - 18 1.52 -
*Samples with OTA concentrations = LOD were used for analyses.
" Samples with OTA concentrations > LOD.
°ND, Not detected (OTA concentration in sample < 0.200 ugkg™).
410D, limit of detection.
¢LOQ, limit of quantification (OTA concentration in sample = 0.750u gkg™).
*Soybean hull, Barley bran.
£ Coffee meal.
Table 4. Presence of ochratoxin A in compound feeds
T U Samples No.(%) of contami- No. of smaples with OTA concnof ~ OTA concen® (ngkg™")
e sage
P & Stage Total no. ~ Nated samples® ND° LOD“LOQ* >LOQ Mean+SD Range
Breeding Pregn@cy 4 2 50 2 - 2 1.51+043  1.08-1.94
Lactation 1 1 (100) - - 1 1.29
Beef cattle
Fattin Calves 3 3 (100) - - 3 1.51+043  0.95-1.98
- Finishing 7 3 43) 4 1 2 3.78£3.70  0.63-8.96
Breeding Calves 14 14 (100) - 14 1.66+£0.75  0.82-3.57
Dairy cattle ine- _ - -
airy Lactation Drymg off 4 4 (100) 4 1.56+0.88  0.96-3.07
Lactation 6 5 (83) 1 1 4 1.62+0.83  1.01-2.83
Piglets 10 7 (70) 3 5 2 0.53x030  0.23-1.08
Piglets over 5kg 4 4 (100) - 4 - 0.37+£0.13  0.24-0.57
Swine Beedin Pregnancy 10 9 (90) 1 7 2 0.46+£023  0.26-0.84
& Lactations 10 7 (70) 3 5 2 0.61+0.56  0.24-1.70
Fatting  Growing 24 19 (79) 5 16 3 0.60£0.56  0.25-2.81
Laver Chicken 7 4 57) 3 2 2 0.79£0.35 0.46-1.34
d Y Laying 15 13 87 2 7 6 0.82+0.56  0.21-2.02
P
oulry Broiler  Broiler 18 17 (94) 1 5 12 1382097  0.27-3.80
Parents stock Breeder 1 1 (100) - 1 - 051 -
Young 9 5 (56) 4 4 1 0.54£031 0.29-1.12
Dog Growing 12 8 ©67) 4 3 5 0.90+045  0.33-1.68
Mature 7 5 an 2 2 3 1.33£120  0.37-3.66
Aqua culture Aqufmuhm 3 1 33) 2 1 - 0.53 0.24-2.59
Cultivation 21 14 (67) 7 10 4 0.67+0.80  0.79-2.59
Others Duck. 3 1 (33) 2 1 - 0.46 -
Rabbit 1 1 (100) - - 1 13.64 -

*Samples with OTA concentrations = LOD were used for analyses.

> Samples with OTA concentrations > LOD.

“ND, Not detected (OTA concentration in sample < 0.200 ugkg™).

4LOD, limit of detection.

*LOQ, limit of quantification (OTA concentration in sample = 0.750 ugkg™).
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UIARES] 264%04 QAEHEAle] AEEUOH 0.14-12.24
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2.64 ppb FTOZ OTA°] 2.5 o]
AALE FAUEAY] AFR - E ALEE 8.96 ppb
o] OTA7} &= Hdzrel =4 Yebgth

A AR 247 F 23%(96%)2) ALRAIA 1.63 ppb
9 OTAZ} A=HIUh 24 ¥AE AlEE HdsE
1.66 ppb o2 0FE Ao E BAE O, HSL
S 29EC] 1.59 ppb2 WA & AlRRT} o7k v o
Foldith. 3, dAFolA] A E 3.57 ppbe] OTA
7V A& A AR F M B2 Q93 EE HAY

2] ARRE BAS A o3 2 58 5 464
(719%)8] At5o0M HaFT 0.54 ppb 559 OTAY) A&
5107, 0.23 ppb-2.81 ppbd] L.FE& UERAATE &4
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gk A9 AlgeA wbgo] A EHE T A=A 0]
HIFEALEO B oA® ZAME QFE ALE S OTA ¥
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FEOE B2 0YES EYT
3 A3t 358 (85%)2] AHE7F OTA
Ro Vehgtth 099 A sEE
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PES YR 28X A Alm 24 F 174
M= FaE%7) 081 ppb TR 2HHN oW $A
£ AE 181 F 17894 E 1.38 ppbe TEE OTA7}
A& A 53], SAF-7] A=A 3.80 ppb TS
OTA7} AEF o & AR F HIEEE YT &
A AR 1FeME 051 ppb 355 OTAZE HEHUTH
s, 7] AL 283 5 181 (64%)%] AFECIA Het 092
ppb =2 OTA7} AZHNLH, 29€ AHRY =4
1 0.29 ppb-3.66 ppb ©1ATH N Al F HAIFE
27 AEIAM 3.66 ppb Ttk
Aol T3 o] 78 AR 248 F 158(63%)2 At
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FFolth 28 Fold AIEE HHEE 0.67 ppb T
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Fig. 4. Fragment ion mass spectrum from the [M+H]" ion(m/z 404) of ochratoxin A.
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OTA7} AEHAL, 53] SHE7] A5 132 13.64 ppb
o] FFELE QPHIUEH ol OTAZAL AR 5 71
xo o@&zo|qt}

3HH OTAY] 7% =¥ oA 200439 Jaimez o] =
AFE uboll st MiRALEAIM 333%9) 2UES HA
AZHYE 042-1.89 ppb FFOZ ZAMFHUTH?

e

AEE 2 3= LC/MS/MS2] Rl

AEE OTAS] MS/MS mass spectrum? Fig. 4o e}
Wit

OTAZ m/z 404& YEMISH o] o233 E£AS
MSMS EEoA CIDE 33 FHY collision
energy(7 eV)E FIU& W RZbo|(m/z 239)°] YEREL
o] ZzZ}o|23 OTA(m/z 404y ©l-8-3te] MRM(Multiple
Reaction Monitoring) =2 843 A3} FUS 937}
vEbstth o] A2 5EH A8l HEE EFo] OTAS
TUE EHYS Y F Ah

2 o

oA A" ALE(2006-2007) F 253- (AR
194, SHIALE 59)9] AlROJA LIATFEL] 0¥UEE &
AbstgdTh ©UALE £ OTALEEE 27%0|97 9%
E& OTA 0.27-3.39 ppb FFol3dth viFAS A OTA
LAETF 16%E EF O™, B 0.21-13.64 ppb T2
AEFTEZ BAHUY BE AR F FAAIR(96%)> &
ALE (85%) > A ALR(79%) 2.2 OTAC| 95 A&
RAeE Yeiton, OTAHHEsEs 74 ALEQ2
ppb)oll A 71 Eokom, RAALE (1.6 ppb), WF(1.2 ppb)
F£o® aHE AR Ve
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