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Abstract

In Korea, a large proportion of raw materials and compound feeds are imported. To
manage domestically regulated residual and contaminant substances, a modified
QuEChERS and QuPPe analytical method was developed to analyze various classes
of hazardous substances. Through validation, it was confirmed that quantitative analysis
was possible for 327 pesticide residues, 7 mycotoxins, and 121 veterinary drug
residues. The method was applied to three matrices—corn feed, livestock compound
feed, and pet food—at concentration levels of limit of quantitation (LOQ), 2LOQ, and
5L0Q, with three replicates each. The recovery results ranged from 60.8% to 119.7%,
and relative standard deviation (RSD) was less than 15.0%. Using the established
method, monitoring was conducted on a total of 546 feed samples distributed in Korea
(239 single-ingredient feeds and 307 compound feeds). Among pesticide residues,
pirimiphos-methyl, piperonyl butoxide, and propiconazole were the most frequently
detected. In single-ingredient feeds, higher detection rates were observed in fiber, bran,
and meal types. In compound feeds, the detected substances differed between livestock
and pet food, which was attributed to differences in raw materials. Most veterinary drugs
were not detected, although some compounds such as clopidol were found at levels
below the quantification limit. All detected mycotoxins were within the acceptable or
recommended limits. However, some substances not regulated domestically or not
registered for use in Korea were detected. The characteristics of these substances—
including toxicity, exposure routes, regulatory standards, and feed-specific residue
tendencies—were investigated.

Keywords: QUEChERS, Feed, Pet food, Hazard substance, Investigation

153


https://crossmark.crossref.org/dialog/?doi=10.5187/ait.2500005&domain=pdf&date_stamp=2025-12-31

N2 3 TRSY, SRS, THOISL B4

Competing interests
No potential conflict of interest
relevant to this article was reported.

Funding sources
Not applicable.

Acknowledgements
Not applicable.

Availability of data and material
Upon reasonable request, the
datasets of this study can be
available from the corresponding
author.

Authors’ contributions

Conceptualization: Na TW.

Data curation: Chang E.

Formal analysis: Chang E.

Methodology: Na TW.

Software: Choi JH.

Validation: Chang E.

Writing - original draft: Chang E, Na
TW, Choi JH.

Writing - review & editing: Chang E,
Na TW, Choi JH.

Ethics approval and consent to
participate

This article does not require IRB/
IACUC approval because there are
no human and animal participants.

154 | http://www.e-ait.org

A F HE AR edEdRe 59 $E8dE, #golEa 5o Atk o2 SRt
&2 AEA daol ARSI 9E 7He/d] woH, s=8FE B¢ T=4 drll AR
o 7Fs/d0] 1] 5% sE&FFol HesHA AR B, T2 Aol A4t 9%
2 U 5 Ut 5 ARELL T2 AGA & A4 Aol FEAY dFE vE
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Algf & TE

D= FFEZL Sigma-Aldrich(St. Louis, MO, USA), AccuStandard(New Haven, CT, USA)
9 Cfm Oskar Tropitzsch(Marktredwitz, Germany)2] A& ARESFATE Acetonitrile(ACN),
methanol(MeOH) ¥ water2 Merck(Darmstadt, Germany) 2 7€ 5%t} 100 to 1,000 gg/mL
pure standards®] 7 stock solutions& ACN E+= MeOHOA] Aokl -20TC o4 R}t
2 A 7 stock solutions ACNOZ L3t Fe J)Asto] A2t #40] ARSH
= gufE LC-MS(mass spectrometry) 52°] At} A4+ Milli-Q_system(Millipore, Bedford,
MA, USA)E &3] 9Att. Ammonium formate(HCOONH,), magnesium sulfate(MgSOs),
sorbitol, sodium chloride, D-(+)-gluconic acid-(-lactone, 3-ethoxy-1,2-propanediol, acetic acid &
Sigma-Aldrich2 8¢ <=5}9t}. Formic acid(HCOOH) ¥ shikimic acid< Fisher Scientific
(Pittsburgh, PA, USA)°l 23] 33% %tk Ethylenediaminetetraacetic acid(EDTA)2 Bioneer
(Daejeon, Korea)ol|A] 451t Bondesil primary secondary amine(PSA), Octadecylsilane(C18)-2
Biotage(Uppsala, Sweden)Z2E AZHUTt 4 ¢ of MgSOs, 1 g of NaCl, 1 g of NayCeHs0;
and 0.5 g of Na,CsHO7& T-f-olk= QuECERS salt mixture:= BEKOlut(Bruchmiihlbach-Miesau,
Germany) 27 FA5FATE A|Qo]| AREH Matrix-matched calibration materials @ feed(corn and
compound feed for livestock and pets)= AR T4 D AFo|A FUsIFoH, i B3 20|
= ZE FIstith. LC-MS/MS A28 A] 2F 8949 pHE matixof wheh g2hd 4= glon
2 ph 52 28517] 919 buffer soluon ALBEISLOH, o] Y0 5oF 5o o2
o] FG3t buffer solution® 2 100 mM ammonium formate aqueous solution(pH 4) A&t
Analyte protectant(AP)= GC-MS/MS A|AHEI9] active sites?} oA A% 2hg-oto] E4E9]
o), B3 £ E O} Solt o ASEATHILL GC $AL Ao, AP misturels TF3} o]
Azt WA, 0.2 g of 3-ethoxy-1,2-propanediol, 2 mL of D-(+)-gluconic acid-§-lactone stock
solution, 1 mL of sorbitol stock solution & 1 mL of shikimic acid stock solutionS Volumetric
flaskof] 29It} Volumetric flaskS 10 mL9] acetonitrile 2} water(7:3, vv) 2 A1 4T oA EH
o} ARESH7] Ao o] M 5% formic acidS T-E-SF acetonitrile(3:1, vAv)d} ulE] Eggich.

ZA CHY M2 2 e

S AR F TR AGY BUSS BAS] 915) AT ol okt 295
o g HAHSA W A UGS Slshy] Slo) Tt R, BEEOIGE, BHol5A
2 guste] B4Y 4§ olR2 IStk R0 274, Tl 54 7HE, FREo
F 121450 B 24 A8 2 BUIL Suster
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LC-MS/MS ZGC-MS/MS &4

LC-MS/MS £42 Waters ACQUITY UPLC I-Class/XEVO TQ-XS A|AE](Waters, MA,
USA)olA =30t AR E2lol= Acquity UPLC BEH(bridged ethyl hybrid) C18(100 x 2.1
mm, 1.7 ym)9] 24 AYo] ARLE It F=2utE I8y 2ElE 5 mM Ammonium formate &
0.1% formic acidE E3sH= E(Z1 A5 mM Ammonium formate™ 0.1% formic acidES X35}
= Her&(E By ARESHT oY o]E5A; AlABIA multi-class hazardous materials analytical
method 12 0-1.0& 5<% 10% B, 1.0-19.05 52t 10%-95% B, 19.0-22.0& 59t 95% B, 22.0-22.1
£ 59 95%-10% B, 22.1-25.0% 5%t 10% B2 gradientE ARESIo] =L, multi-class
hazardous materials analytical method 20| E= 0-1.08 =9t 10% B, 1.0-6.0% =<9t 10%-40% B,
6.0-10.05 591 40%-95% B, 10.0-15.05 521 95% B, 15.0-15.15 521 95%-10% B, 15.1-18.0%
5%t 10% BY gradientE AREsto] =T} T 9] BY 2AqA FPEHA0H, 5452 0.3
mL/min, 28 Q& 2T+ 45TE AAYH #4 E4E2 ol HE Ee 302 HEOA
ZAA} BF 0|23} AAXEVO TQ-XS; Waters)7t Z2H A5 ARS=AF A5F 47 (triple quad,
QqQ_MS)ollA o5 ¥RS- Y E F(multiple reation monitoring, MRM) REE ARE-5lo] 4%
tt. #&7] w74 source temperature 150T, desolvation temperature 2% 500C, desolvation
gas flow 700 L/h, cone gas flow 150 L/hth. 73] B9 Aeiy 2tE el Hust JFE Hs|
oz 9 ZYEFMRM)O] 3= At

GC-MS/MS £42 GCMS-TQ8050 NX(SHIMADZU, Santa Clara, CA, USA)S|A| 48]

Aot AZotE T S A9 Aglinet DB-5ZH(30 m x 0.25 mm, 0.25 pgm)S ARSI
I QAE O] 2= 280CE AASHH BES 24 AR AR o 452 1.5 mL/min®]
Atk 28 2= Ao 0TE AAshL 3% F FA th 20C/mind] £=2 Fdf 120
7 R 17, 718 £58 8C/minC & 300C7HA] H &1L 3% &9 AR 2F
2471 MRM REOJA ZFHL, o] &4 2ke 230C At

NE HHz
A2 2 dddolA Ao Adet S Z-85HtH6,8]. A

%
BAoln w34 2o] A

o

2oz WAl 132 QuECKERS 7]Rte= 7idd = A
St Aol 282 S 24 FE0 AP QuPPe 7|WIo= Add ZAUHolt +

7 24l diet AlFANGS FiledS Fast 4 4% it EA4 k= Fig 13

AelAd, A4, LOQ(limit of quantitation), FSE U AIULo] tjg
AESY. FEAUEL ABOHEFAAS A 5 AT 4 BELE AA(1200]
2 S1s) il vl A9 RIS A NS

A]
o2 =1
A% A3, BH2EY S90S Age] We 97 g AL SR AR 49
J J

e a2 ASE)E A8stel BrrsIsieh Ao tid LOQ: SN B129) 9eo] o
She TS AFSHAt. BARS) 5% FREIRE, AREAY VX SES Avfo|7jet
F 34582 2%

Aoto] g E0l6lY 1, AT ESHA K (relative standard deviation, RSD)E
e
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[ Take 5 g sample for analysis ] [ Take 2.5 g sample for analysis ]
Extraction [ Add 15 mL of EDTA (0.2 M) ]
[ Add 10 mL of acetonitrile ] [ Add 10 mL of 1% acetic acid in MeOH ]
Shake (3000 g. 1 min) Shake (3000 g. 1 min). Cenfrifuge (3000 g. 10 min)
4 4 N\
Add 2mL of supernatant to sorbents mixture
Add 2mL of tant to a d-SPE sorbent
Clean-up ~ — (4 g of MgSO,, 1 g of NaCl, 1 g of NaCitrate, of supstnatant 1 @ Sorbents
050 of disodi . ihvd (100 mg of C18)
L .5g of disodium citrate sesquihydrate) )\ y
Shake (3000 g. 5 min) Shake (3000 g. 1 min)
Centrifuge (3000 g 10 min) Centrifuge (3000 g. 10 min)
s ~N
Dilution o Add 100 pL of supernatant to ( Add 200 pL of supernatant to )
600 uL of 100mM ammonium formate solution 600 puL of 100mM ammonium formate solution
L and 100 pL of acetonitrile J L and 200 pL of acetonitrile y
Filter (PTFE. 0.2 pmy) | Add 1mL of supernatant to a d-SPE sorbents
(25 mg of PSA. 150 mg of MgSO4) Filter (PTFE. 0.2 pm)
Determination — [ LC-MS/MS analysis ] [ GC-MS/MS analysis ] [ LC-MS/MS analysis ]

Fig. 1. Analytical flow of the optimized QUEChERS and QuPPe method for the analysis of hazard substance in feed samples. EDTA,

ethylenediaminetetraacetic acid;

https://doi.org/10.5187/ait.2500005

LC, liquid chromatography; GC, gas chromatography: MS, mass spectrometry.

ME & RSIEE 7 ZA

2023\ 445E 29714 Ul §5 AR 2 SUAR 54682 FeE 2 S04 st
Aot DulAbE 2394 HikARR 3074 EASHTh TrAlR Y 442 v Aok SR 214
U 454, ARAR 474, DR 314, ANSAR 134, TR 1Y, g2 EAEm 4, ¢
WAF 174, FARE 54, A7 24, 77 14, 4 dvAkE 9%, whelss drlAka 433
O o|Fo] ot uigAtRS] 4L thET Atk JiAbR 1033, LAMRE 847, 1190l 457,
2] 354, o 264, HESE wiFAIE 64, 7% WiEALE 37, o8] 24, O 14, & 14, 94
1802 o]Rojfth. BE A&EE 1 kge E45t] 4 mm AE FHAZLH, olF ZAA7MA|
—4ColA Y5 Hustg

W75 27848, FHolEa 74%E, TEEANE 21982 2T F 4557 & Ff
= 918l 7P F7_E Aol (transitions)E 7|¥ R U W HUYE T

< P AFA o] 22 AForE

SAAFRAA AAltE AHad —lr‘ﬂrﬁ‘ﬁ—% o|-g-sto] <l
SHATH13,14]. AFA] o] 23 YAE o9 A% E5 ”H7H S M 2E 89S A4
A EA4710] FAsto] 24 =i 249 LC-MS/MS MRM 2&% s ZAEE meg)
YAEE REoA ZF g4} S3HE9] o] 238} g H|WEAL. GC-MS/MS MRM 24L&
g SRHE 2 AEE A7A ol HA AW P
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® T fo1RY B4 1

HA e Avge] ureh, B0 3255, B4 THE, FBECIRE 92480 it
EHMRM) 242 AYoHAT, g NEYARTEY 3582 245 48L 5o A
g4o] 71 £ MRM 242 2439tk 434 712 95 LC-MS/MS 849 A9 1-
100 pg/L Apo19) 67] & A H 7 GC-MS/MS £419] 49 1200 ug/L Ao]9] 77] & A4
o AWAE THUT LE AP WAL £ = 0982 L4 AP etk

® T2 S8 24y 2
AAE A 240 wel, ok 248, BB 0J0RE 294 Bo| et AaknA A4S A5
3, TR AR R | 3488 SAsts 4

A9 A4 F712 98] LC-MS/MS E4e
2 A AN RE Pl B4

lo mlo ?R

x2tstry

FIUASSANTE HFeHA ALPTH Zhol=eielof met AAME1a[13], 455702 #4] &
AE40] 3t LOQ_#-2 0.5-50 mg/kg HYATE. 1L F 75 3277 AJE(71.87%) A A
g A 1HAA 0.5-25 mg/kg, Al 254 2.5-20 mg/kg®] LOQE 71531, %] 54 74
AAE(1.54%)2 120 mg/kg 7153 oH, 12170 HE29] TE899FE(26.59%)> AA ] A1H
oA 1-25 mg/kg, Al 29A 2.5-50 mg/kg= 71EFT}.

FEE ¥ yYE
HeA3} AU EE MFDS 71o|= 712 (8)°] uhet 3l4+&3} RSDE £7g3te] B7=|9lch 34
& ARE SPPARYEE, IS8 iR, oldEEE MRS 233 359 WEZ A o

3 Z+ BHEZ 9] LOQ, 2LOQ, 5LOQ HE4Zo)A 33] BHsgltt. 2 BAEZ(4557] A8)9

Sl Al AR, AAER F 13014 5 523257 448)2 RSD7F 14.9% of5iel 3359 W&

o] tis] 61.3%-119.7%2] 2 7153 FE8AAE(927] )2 60.8%-117.3% (RSD

<1500 3182 71EPoH, Fol F4(7/] FB)E 623%110.0%((RSD<14.1%)9] F5-&

< Bt} 2¥oAE 2 Bok2 AJE)0] 83.3%-101.7%(RSD<9.8%)9] 3488 Y1 55

BO]OFE(297) A3H)261.3—119.3%(RSD<14.3%)2] 3|4=&2 7|EJc}. thfet WjEZ A0 wp2

3|58 vlw AT, 455719) BAEAL 854 AR AR tidf 61.3%-118.7%(RSD<15.0%)2)

3482 7IEY, Y& HFAEE 61.3%119.7%(RSD<14.90%)2] 3|48 e o, of

AL HIFAIELE 60.8%-118.9%(RSD<15.0%)9] 3|58-S Hich A4 3483} RSD %t
< HIsk= WA goJEAEE Table 104 218 4= Qlct

Table 1. Summary of LOQ, recovery and RSD by type of target hazard substance

Method 1 Method 2
Type No. LOQ Recovery RSD No. LOQ Recovery RSD
(mg/kg) (%) (%) (mg/kg) (%) (%)
Pesticides 325 0.5-25 61.3-119.7 0-14.9 2 2.5-20 83.3-101.7 2.4-9.8
Veterinary drugs 92 1-25 60.8-117.3 0-15 29 2.5-50 61.3-119.3 0-14.3
Mycotoxins 7 1-20 62.3-110.0 0-14.1 NA NA NA NA

LOQ, limit of guantitation; RSD, relative standard deviation; NA, not applicable.
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(a)

Mycotoxin

Pesticide

SHHQESY Aol M US|

SE4 43 YA FAT S YU AHY SRARATY BAPL ok IS
Ge 3 Bl ZRsSlgt. ol #2809 FHL G FAY BN BEte] 22
AgEE fohEasel tat SARAY B Fristact. Bt Zelatt B4 2t
B450] g3t 24jo] /5L Isigon], 1 o2 b Y Log P 3he Awin o
nEA RESHIL 9ee ¢ 4 ArkFig 2),

High 3 g AL 5464 TR 1745004 m2juZAvE 5 424980] 3445] AEHU
o, o5, drdRolA dEd otMEm|Ze| =g} o] ujHelseh2 213004 164E0l
32%] A&, AU, 7B EAA A AEH oFFALERN Zo] 3T Akm F50f 7]Ee] 4
A 2 Bk 133014 134d20] 323] AEH U 38710l AHHA e dEe2 B
T 3871 oW Augre ZA A MY w2 WEE HEH dE2 O vuzadg
A3A), @ HE RIS AYFAA), © ZEAIUEETA]) SolgleH, Ul
O5E FA7F 22 HEE HEH0 98 59 w2 % &= 7191 AL

—_

H oy
rEl
L
e,
o

O As 48E &7 B4 =4

1] 2] ZAH E (pirimiphos-methly)2 57]Q14 &2k organophosphate, OP)2.2 &0 25
Bl AES Eo5P] Hs) F8 = AL I7100A 4] AR E, dutd o AgE SEof
A AEEHER FoF R0l AI7F "ok E3E, yu|ZATELE ARG A Aol AR
of EAistks 78 g B AFA F stuE AR FTH15,16]. AL&FoIA EnzAmE 2
71 §71R1 ASA19 =4 HAUSS ABA Y otEZHAHAI(ACKE) 34 84S

(b)

Pesticide - N | "

Veterinary drug <

°
by
L J
L4

I

Log P

Fig. 2. Classification according to LogP of 459 components to be monitored. (a) Is a material applied to method 1, and (b) is a material applied to method 2.
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goto] ot dERlo] e B HAAR, FE, D B, 4o, v,
g /g0l UehdtH17]. 2fF Aol wh=d m2|ujzAet T giA=de 4t
3} AEHAE el e R B oiye fASAES 4o Ao gk vE
T Qe Alo® YETH18,19]. 19929 JMPROJA = H2jv|xA-HEo] A 3§ HHF
(acceptable daily intake, ADI)& A% kg% 0.00-0.03 mgl.Z AHFTH20]. FAME F TFv|E
A-fEo] FHo ZH A (maximum residue limit, MRL)}= ¥ 7 mg/keg, 254 7 mg/kg 52
AA o] 9loH, codex?] 7|&0l= ZE&E 7 mg/kg, D7 15 mg/kg D B4 FEA AE 0.01
mg/kg 5O AAE ] k. Aol tisii= F3 A} 5 mg/kg, U= 8 mg/kg W Codex 7
mg/kg2 AAE o] qirt.

Hu &Y FEAC|E(Piperonyl butoxide)= F& A=tA(ll: 254, s TA AE) 2 F
F 22 AFOl ARSE o] 282 AR v 4 9loBg R4S thFofof gt
S=oA IR 9 257 A5 4o o AN AT &S oA gt XtelA
b0 2 9] S A= ¢lom TARC(International Agency for Research on Cancer) M3 55
of o3} 3oz EREH21]. T& YA Ao i HE B U}-?—*Oﬂ s Tt
gl ol EAAHAS AEH AR AF F 45T} o, 7haR, &5 Soldth 23
& tido] AAAES] HlSol B AN 1o Almete] EAtol= mu"'} AhE e
Y REAo|So] et F 712 35 20 mykg 44 30 mghg SO A5l gou,
codex?] 7|20l E &5 2 mg/kg, 7HEF 7] 7 mglke, 254 715 80 mg/kg 5 O.2 AAE 0]
Atk A& AA Y F4L 2A 2 AL R AL A, 7HE b= dEEEY] A4S
Bt 7di O] A2F worol Wt A& 0 ® & 7hsAo] Ak A2 I WA
F579 7|deg TE g AtolA WA Bt 7dieS 11A2 EektH22]. ol¢t
A “W—E"q SRAZAETE 2 7 AEEY, WA IR WS dFAE
5,000 pm NOAECO.2 $8 5] A0 A0] AFgAL 248 A2 B4AToNA
1,000 ppm NOAECCO.& ZHolE|Qith23]. 181 HHaY REAC(ZE 90.78%)S 14 B¢t
0, 100, 600 131! 2,000 ppm(Ee BA) wE=2 40t 9] v|ZoA ARE Bo E3AIZ] AT
A= 2,000 ppm FEY Y4 HFOIM AF Aa, BF FHLHE d4 A A
ZHede aa 249 $7h 1 5% 571 AR HI$o] ASEAKERIY Waker #E Qv
7850l YEdtH24]. o]AY A&Aog HizYd FEALY ad BFf 780l 2
4 om, vtelsEo] e ALY A7t A o2 wE sigAdRel Hgt 7IE HE
L3l 7log HoA},

I 21 IS (propiconazole)> #5019 MU0 ZHE t}ofst ZHEE Bool= o AR H
= Egol& AuAolth. TR 3] FZE(propiconazole, PRO) T2 Ed|o}E AtA|e}t vpzlr}
A& et EIAEHE BAdS Wafiote] At AEH] FAdo FFE mFITH25]. e
ool ATAL TEl TRUTUEL Holh ofHT FUAT SBAEAN 4oz
22 T4 SHL Uehini26) Z2UIUEEROME AN AR5 27H27), BHEE(8)

I

9 254 A9l Bl J AR HusY AARE R T B0 44
AFNA ZEIFUE E0] TAZ AF 2 459 TAE S7H Bdo] A= Aor B
AUtk U= EPA= ZEIIUESS A7 T E4= AEC30]. 29I 542
15 kg 0.00-0.07 mglo 2 AAFr}.

20049 JMPROJAE U 318 HHHADDE A
Propiconazoled] et S| AR 8712 FR(Y, B, £D)o] 47 2 mg/kgtt TR 5
mg/kgo] 4ol ek, Codexdl At Selttetol H12:sHA] S50 Ff(suaw)e] Thal 2 me/ke
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50 Hal 5 mg/kg 2 propiconazole®] HFo]-&7]E0] A 0] L, v=9] B AFo|
5} propiconazole®] 10-40 mg/kgC 2 7]&0] A= o] Ut

ol= AFofoREe Aol Hard 201299 RHRwoF BUEY AR31]5 AW EH, v]=of
A AR 17389] Alm S F 34.1%7F AR387IE otz AEHAL, 2
2 23319tk £ AR 11089 AE F 27.1%7F Z7F587|% 0|5t AEE U, 1.9%7}
N2 87122 2549 Ethoyquind} malathiono] 74 AEHEA %8 Hoko|gl1, 9-2)
uzte] RYEFA AEH pirimiphos-methyl, piperonyl butoxide, propiconazole™ A% &F
of Zetdt. 20159 =W 5 Akmol Higt soF AFAE A Ao WE=H[32], AR F
S ARAH 2ARE A8 =W fF AR 12682 FASHAAL, 12689] ALE F 1067 (84.1%)
| EFE0IUL, 208(15.9%)1A4 7420] sAIF3E7E ootz &= &Nzt
2 5% 2= pirimiphos-methyl¥} cyproconazoleZ ZYz} Atz 504 HEE Q). o] Ho
I propiconazole, azoxystrobin, tricyclazole 5-°] HE&% T}, Pirimiphos-methyl2 HjgtALR 54
oA 0.12-0.30 mg/kg =22 AEE I, propiconazole> AFAANR 3704 0.10-1.48
mg/kg $£FO0 2 AEHAT

o

@ AR ERd ZF B4 A

SHAR197-) M = A (AR 354, B 424, 5 8, ANSAR 24, 5%
24, AT 13, 37 18)0A 364 911 AEHAL, 7IeHE3d AlmolA 8
217 A9t JUFIN ASUE 4 £E HOFE SAHE yhalothrin(), acetamiprid(3),
bifenthrin(3), chlorantraniliprole(3), chlorypyrifos(3), diuron(3), malathion(3), thidiazuron(3) 5|
. AeAFAgA AE Bk §& =2 5F2 AR propiconazole(7), azoxystrobin(5),
epoxiconazole(4) <=olt}. TH|AtE 5o WE o AEES AREF(E0%), T F(33%), &
SEAEO%), HR6%) <& A YEthth AREF, doRM 22 4582 Ao,
Hiehits em e HIHsHA AMgE o sid F5 T HigAtR] §87]ES AAsHAY EY
% A8 ANV BaT Aow mawE

HIFALR(1508)0ll A= S5E (4 474 914, |4 254 507, & 184 294, & 14 14, 27
28 27) 937 1737 FAEEUH & AfECA o] AEH FUZ propioconazole(20),
pirimiphos-methly(16), 24-49) %08 FZHUh WA Aol Hol AZH o
pirimiphos-methly(23), piperonyl butoxide(14), melathion(7) <=0|tt. AR oA Wo] HEH 59F
2 pirimiphos-methly(16), piperonyl butoxide(6), deltamethrin(3), malathion(3) <=0]t}. HIZFALR O]
A olgEsefo] AEH Ao 47oH, EFuY, HE =, dudeiie] FEHAH-

W52 ARROA = 3682 AlmolAM 5779 Fofo] AEEHUH. 7l AlmolA @ol HEH
52 chlorpropham(12), pirimiphos-methly(8), piperonyl butoxide(7) &o|t}. 10| ALz A
wo] A&4 592 chlorpropham(6), piperonyl butoxide(3) <=0]t}. u]#e] 5ol AEH A
+ 271011, 11 4R Bt R FoY, ygeolt. s ES MFARIAT HEE 2
ERIZHL T2 AF QY 284, Aok, AzAl, ASA ARE B, 54 Folzr gt
s=OA BHAT 34 =A40] UEtue WA ARHLDS0) HE B Fof A] 700 mg/kg,
A B Fo] A] 2,600 mg/kg, E7] BT Fo A 5,000 mg/kg, ¥ AT+ £ A] »5,000
mg/kg® UEFTH ESF, JAIGH HEO] kmEA] HA| F4do] TAEHIH. IARC FHEE &7
oA Ao T 257 B7EEE AAE AHGroup 3). H3Fo] EHTAATETL, 2=
2rzdg AU T4 =4 a%E Yedie sE= 99 359 4+ Fo &, 7,
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2% A%, v 2¥, U7 9T, 284 2L TP 27] B4 DU 5L 57
U, B, TRF G, 9o, 19 D AFOR AHY By A% g o, § 2

@, AV45F o1 B WE} ehei), e
i =] AN W6 SEOE FTECR 0L %?l
W W U RIYY ARG FR2ARGE 0142, o) BB
oA T2 FelshAt thoao] otz Folge ) :6;4_ B R e
YAEES PR T ATO) AGH S WA e AG S0t AN ek 092

o AT Foltt 3 Pl SRRLERS 1% e AN AR AGAch ol T4 g
A SRIEA] oress). SREmege] et T 712 GAW codexd] 7|l 437

0.1 mg/kg, A 30 mg/kg 522 A E o] rk(Table 2).

En.gglofz

54670 7120 SEEOIGES AEE A%t Golth AT LOQ ofste] ghol FEE A

+ Clopidol©] 94 HZ&%%111(0.0098-0.0207, &AMR 17, 71 47, 11%F0] 374, 7Ha%Fo] 17)
Virginiamycin®] 571(0.0245-0.0372, 744t 54) A& A

QA A 59 712 9 FANE AR ) A 45T FEOE 57 U AH871E0)
AAHo loH, o] F AE F= 9T F 850 FFATA(UHA], UEHFE, SHEAE
YES, vRetuloldetn, BUAGES, Aelwrioldl, AF ey, AznS)olt. Y2

AleAle 7R Z]—qu oz ANEHIL SloH, W7 RA AR EHER AR7Rsdo] e =

G @ % ok A ARELE B ATlH, UrkEsl L dgeres ge S5
E42 ARE AR :‘_?— A 247 Bat FRlS LH9AE 5 o, OE AlRE 294
G ook w6, ofel A7) e AdE A2 OES e TEus 3 By
ArE g8 29 flo] Aitete AL E7Fsolthal HAHT37]. o] 7isas gE bt
=Y B ol FFAlE el ASHHCE EE 4 Qo] Mz 7IEe] FastH,
QA ) 71zo] sl S O GRAE SR R ol hblolt ti3ekE
i} o] &2 ALY shgtEelANt =i Alm H7HE AE7Rs S Ausel ditt 7€ &
E7F 499 0% wdH

ZR29EL FIZAEAR Eimeria tenella, E. necatrix, E. acervulina, E. maxima, E. mivati D
E. brunettid] A%t FAIESS Il SA A SEEHEAIS | WA Mycoplasma
synoviaeol|] Tt T LUrAE AoJFtTh Reid & Brewers SE2IE0| 7HF9 A¥ETL
RS AT B ofl2, AF F719 AR HE BEE SN AHAe SanT
[38]. E2TE2 B3 O 7|80l HisiA = aabadl 2oz yedt 7, Botd, dsol,
AzbolA] SERS Wetelol Fof vhe TS BIPTI9], ofd o] LB Al AT B
9] Leucocytozoon smithio] XM= G237} = AL L]-E}u‘ll}[zto] 22052 7|3 9y
o Hage AREe AAES S Slo) A BEH. vlFolA] 2uEL
5= % HA A5E A 552 FFAEAH F= %L‘?Xﬂ 24 SAARL AdE Am
HA7HAR 25 o] AFEHTH41]. B %—9-% F22 AR Y 0.0125% E= AFR Y] 9F 0.25 1b/
ol v]2e 017de] A0 FAT PAY S SOt PEo] AT SoiE
A ¥ (veterinary feed directive, VFD) 2.2 A|3tTH42]. S=Z1]E(clopidol)> HEA5-E(sporozoites)
7} FFEE(trophozoites)ol| Al HIEZEZop of|A] PikZ AAFO =M ofolH|Zol F

,
o

0

162 | http://www.e-ait.org https://doi.org/10.5187/ait.2500005



Chang et al.

Table 2. Levels of 327 pesticides in 546 feed ingredients and compound feeds in South Korea in 2023 (n=3)

Classification Sub-—classification Compound detect’: 3‘ so':mples W&%T N(I;XQ"/TLZT ;(A;Zr/akggg MRL
Cyhalothrin 4 0.03 0.04 0.03 NA
Acetamiprid 3 0.35 0.65 0.47 NA
Bifenthrin 3 0.03 0.06 0.05 NA
Brans Chlorantraniliprole 3 0.03 0.09 0.07 NA
Chlorpyrifos 3 0.04 0.09 0.07 NA
Diuron 3 0.40 0.59 0.52 NA
Malathion 3 0.02 0.06 0.04 NA
Feed Thidiazuron 3 1.13 3.08 2.15 NA
ingredients Propiconazole 7 0.03 1.19 0.34 18
Azoxystrobin 5 0.03 0.11 0.06 15
Forages Epoxiconazole 4 0.03 0.13 0.08 NA
lv 3 0.10 0.44 0.33 0.6
Pyraclostrobin 3 0.03 0.09 0.07 30
Imazalil 3 0.03 0.04 0.04 NA
Others Piperony! butoxide 3 0.03 0.05 0.04 NA
(Food leftovers)
Tebuconazole 3 0.05 0.06 0.05 NA
Propiconazole 20 0.03 0.80 0.14 2
Pirimiphos—methy! 16 0.02 0.93 0.12 5
2,4-D 9 0.21 0.95 0.54 0.5
Chlorantraniliprole 7 0.03 0.19 0.09 NA
Piperonyl butoxide 7 0.03 0.53 0.17 NA
Cattle Azoxystrobin 6 0.03 1.45 0.42 NA
Methoxyfenozide 5 0.06 0.10 0.08 NA
Bifenthrin 4 0.03 0.09 0.05 0.5
Malathion 4 0.02 0.21 0.08 8
Compound Cyhalothrin 3 0.04 0.06 0.05 NA
Pirimiphos—methyl 23 0.03 0.95 0.20 5
Piperonyl butoxide 14 0.03 0.47 0.18 NA
Swine Malathion 7 0.04 0.37 0.13 8
Deltamethrin 3 0.04 0.05 0.04 NA
Fenitrothion 3 0.04 0.07 0.05 6
Pirimiphos—methy! 16 0.02 0.35 0.1 5
Piperonyl butoxide 6 0.03 0.19 0.12 NA
Poultry ]
Deltamethrin 3 0.04 0.06 0.05 NA
Malathion 3 0.06 0.30 0.15 8
Chlorpropham 12 0.03 2.23 0.44 NA
Pirimiphos—methyl 8 0.03 0.24 0.09 5
Dogs Piperonyl butoxide 7 0.03 0.23 0.08 NA
Companion Difenoconazole 5 0.04 0.40 0.12 NA
animals
Malathion 3 0.04 0.19 0.09 8
Cats Chlorpropham 6 0.12 0.74 0.33 NA
Piperonyl butoxide 3 0.03 0.08 0.05 NA

MRL, maximum residue limit; NA, not applicable.
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(Eimeria spp.)®] Z27] &gl tisf FHLT FAELEE B4S 7H 92t =(pyridinol)o] Tt
[43]. FAFLAEEE 7148F tiAte] 932 1A 7185 Aoletd A2E AR o= A4
Sk Aol anpHolA|Yt A7 Ao 2= WS S7HIE £ AL, a7l AR ok ARES
AB|RES] Ao oGS HRITH44,45]. 2RYE =S Q% AT FEOIA vA= IF
2 =4 WiAYSl Higt AeRt SA= BEoith SRuEL sEolA B A3 T HEA
E5Ho] A=Y 7|9 3L, F2IE 16 mg/kg bws 13 E& ofy W A Bt
&, 90% o]4fo] Fo] & 24417k ofufjol] Ao HIHEGITH46]. FoIA 10 mg/kg E+= 50
mg/kgs T FoIgt BF FolE WA 247 oF 65% 2 80%7t Ao ® HiHE (A U
Az tiHo g HldEATH47]. 5, E7], 7|45 19] LD50 g2 8,000 mg/kg bw ©]4o] it}
29 & ZH7F 15 mg/kg E= 5 mg/kg bws WY 9l Feo} oA ofFd Stk HEER|
23ka1[48], 2 53t 7oA 200 mg/kg/day7HA| 9] G F4 AL Y= AR UETh
9]. FollAl 500 mg/kg AJEofA & AtiH, 900 E 1,800 mg/kg A& LFoA= B4 gt
ZHEA] okt 719 A Aol e SRYES A% E719 FAY, A4l L&Y, F
T 719 B0tk FA8-S kAl SRt BhTh T1Eu B F AFolAE 71
B4 oA 100 E= 200 mg/kg bwo] &7 FolotH ot AlEa} 2717} Faste] SEy
0] 79 A o G2 v & Aot HuFch EBo A W fA54 A9 Aol
A 23| Eo] W0l I &2 & = v AES YHAY, SR EY 98] §E
AAEd 4 AASEL Holgrt ESAstERE IRl 99 EA4S J&MOM kil
A F7F Aol = ofof FHH50]. Capleton et al> E/J5H4] £
(ADD), =4 &7 b4, Ho YA, A4 B4, 417 =4, |9 =4, Y

of

—
~

r

o) 4, TEe
4 272 )0
0= 8379 FZE8%E0] 3t Total Toxicity Profile Score(TTPS)E Y2 T tertilesE A4t
sto] 7} SRS w2, 'S4 B R 0E A 54 ZERdS ERAH5] 9 558
SloRgol AT % Ut Aol TTPS M4t S7Holod. ol2ia ANt %2 4 ooy
(http://www.emea.ewint), SFsF QRO ot A ZZ I (http://www.inchem.org/) L
TOXNET (http://www-toxnet-nlm-nih-gov.libproxy.knu.ac.kr), 41&L]eF= 42018} ME](http://www.
fda. gov/cvm/default html)E ZuPch 1 23 E2ME2 AUA B4 29 BR 'WH8(<19)
o) W2 BRIAT. EU 3% W E28 ooHEel A8 et dolelo] gad Funs
—(Boxall1 et al. —4 ol wes2), w ARt > 108) 08 ERE A XW] 3 =/t
A 4oy AR HlolEl= F7t= AR oloF SHAY, B2 For BHiEe =8 AAE
AFOE AGHE it A =& 7HsAol § goEw X]#Xj]ii EUEY &
Zaido] Atk &S 199049 o2 =7IoA &5, Al 9 7|6t 220 FAFAEE ARE0]
o= AR AEY FAFLHE ARES A4 © |Es] AFEIL ZYEFEo]of qith
H2Uottol A2 &, #A], SorA 9 4% 4, Ataae A 2 A ol E 250 2:0]
I o] YAl £ 7ol Atk ER B EES wigAR] AEE HEHYES Y
T ARAGROIAY, 7150 A, FtAl o& AREE O] Ym0 o%t E}olgtal Koyt
=4 2 7ol WM A&Hor HYEY & B4 At
S=E&YAFY T FEENF Hele ARl E3t 7heRt 952 AYstils E4E VI
T2 8okl o, IR o199 B S0l A&A R n|F A&l weh A& BYF
go] Zast, Atm A4 ® BEYUET 29 ol digt 7IE 270l Zasit

A3 dut =A AESA vz, A &AL ZESE of g uf 7S]

=549 d1'

0
—

Zi

[o

;2 ne o

i

Ol

10
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Mycotoxins
FHoI5A 1142 g3 H5F =
ollct. HlEAIYTE=2 897

23}, Byl ol EEA, QAENL 2
A A
ok Gl A9 P T

2l
Ao Si9108, BolaEelA 337, WAkl 540
1

57, 9 157, 57 24, Ak 14, ARAR 14, S

14 08 F2o] Hoy, Mg AR 398 HAARIA 72, BARAA 37, 7
AROIA 24, &, F, GaolA 2 144 A2t
oISt 7150l Uy Bt 34 B4 2oslt vl Bgo] 59 24 YAREold,

A+ =491 Deoxynivalenol, Zearalenone, Fumonisin =& Fusarium Folo] 9 AJAteTt
[47). Fusarium 5+ 2 AGoA 71 &3t 54 A dFolH S5, 4, B, Ag &
A AABOR Tt ZRo|A] WARICHs3-55). Rodrigues & Nachrer[s6]= 2 A7 wh] A}
2 U 2Y Ao B%0] Savt EAUTE 3909 2AS HUAT oFEATAAR)
ZEN(zearalenone), DON(deoxynivalenol), FUM % ochratoxin A(OTA)= 1|5, -8 4 ofAJo}t
oA F vl WU, &4 Tujakz ME 9 DIDDGS(distiller's dried grains with soluble)& gt
S = BN AME9] 33%, 45%, 59%, 64% LU 28%°f| A AEEH AT FUM, DON, ZEN £07
2 TAES B B3 32 AEEH ol Ad= oA JAdt=49 54 T4l
A B ATH57-59]. ZENTF DONLS L5 Fusarium graminearum = F. culmorum©| 25|
AATE]7] 2ol ZENTF DONO| SA] WA 242 HlS-g AFRO] 48%, S479] 39%, ¥ M&
o] 28%° M AEHUHZENT DONZ & HEfA 71 A5 W npo]ZEA] 23o]7] =
?). ol ©F velEZEA 249 AlYAl B3E iHske A°] Fasiths Aol AxHEH

HEAYEH=(DON)E F. graminearum H F. culmorum©] YHHH o2 AHAlst= BE Ed|H
Ao H2)of & avet Ao o Aol fieo] FESAZEE 4¥A Utk DONE
9+ 170C-350C 99 2=5 At e WAool o1 #7%0] 54 2] Akl 40|
L9 =doltH60-63]. DON9| §4 5/ FTole +E, HAF & A& F4o] 23HE 3 DON
of Ao E LwEHW A& B, 4 A, Uy =4 4 B4 54& FEETHe4-66].
DON % #d tAAIE HFe & 28T 4 e FAR 273 A2 Hsh7] A8) ol=fet
=49 A9 MHFH SR (tolerable daily intake, TDI)O] I3t wHEo] LEEHUTH
FAO/WHO(Food and Agriculture Organization of the United Nations/World Health
Organization)2] A& 712 AE7} 35 HYS(JECFA)= Fdf TDIE DON, 3-ADON ¥
15-ADONY9] o]l tiaf 1 pg/kg bw. day '2 A3t E3H DONY 19 5-84=HADI)
2 A9l 3, ojFo]: 1.5(ug/kg body weight)olth. ul=r 24]E2|eF=(Food and Drug
Administration, FDA)2 4]&°] DON°| tfist 1 5|8 t=E 1 mgkeZE AR v]= W
2 2 g AEY 58 e 4 mgkgs 2AAE o Hobal A dixAer, 4 A%
o] & 7}F 4 8§59 DON &2 <0.75 mg/kgo]ofof s o] Alghe vl a A5t}
DONg F& {4, He, A2, 29, &4, 44 5 50| B2 745 L9479, 1 5 9,
2, A7 7P 2950 ATS5,67]. AF R 5= AEolA DONO| T2 543}
AE 9 AR FET 9 A4 7o Fa3F ZAoltH68,69]. oFAlof, ofLe7t, o7t
74 ¥ 352 25 DON 299 g fh=rH70]. 2 99k HiAo] t2d tojAlg
g B3tz o] DON s B9 42 5vl, SH1, 79, oFAloh, Aok o}, ofxLe|7jo)Af 2}
7Y 1,947 pg/kg, 51-237 pg/kg, 88-968 pg/kg, 61-691 pg/kg, 94 pg/ke, 745 pg/keClFTH71].
SHME & 56719 2 AEClM DON 29 $22 #A43T72]. 11 F Algd A&
89.3%7} 259-4,975 pg/kg H912] DONL& 2 f= o] At FYAA HARE 3 AtofA

H
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I ME(6570)2 12.8 + 5% A 30.5 + 13.3% pg/g B2 DONOZ Q@ FE|QITH73]. Pietsch
et a2 ZH SFNA £ H YL olF AR ME (119 81.8%7F DONC.Z Q= glcty
HIRT B OF G 289 ug/kgoltH74]. AN R} AR AT 217} 91305}
53.3%0°]4 DONe] H&E 3] 13H75]

Aol A AFH =2 F 3974 AEol HAoH, drALEAA 16, BidAE A 23710] 4
SH U @rAtRe] H¢ 70”411— 97, ¥R 57, IR ARERoIA &4 14 &2& HE0
AT, Hig AR S 4 ARROA 157, 7iAME, B, SiAl AbrolA ZF 24, 119fol, & AR
7t 14 A&ol] =HAH76].

AL =(ZEN)= 25 Fusarium @5, 32 F. graminearum©] 28] A== H| A Zol=
F39 oAEEZ vlo|ZEAlO|TH72]. ZENL 35t 127} AAH 08 Aot o AERZTL
QAR o] AAERA BHL AT ek SfAERA 8 (estrogen receptor, ER)
Zesto] A7t FEONA Hn] net AYE W 5 AeH77,78]. ZENS| g4 =42 A
Ao g vof FAUYATAIARC)] sl ZENS 37(IA I E4= 7 4 35 4=
Az B2EotH79]. o)A &30 w2¥ ZENS vHd A= g4 B4 7 B4, WY =4,
A =4 9 IS ZAdt o] v B4 aaE I 4 IEH80). EEL ZENO| 17t
2 QIZEY] e Y 9ol ST e At AR 559 BF ZENO| EHH
A 5718k E4F2R £71, £Y, ARl HE= ojojd & itk #7A SEoA A= =5

% Z 4 SITH81]. A= 715 FollA ZEN| 71 FoRt 5E&
HUEQIth ZENS F9F j7]9] A2 AollE 4271, 7153 7ol Y fash, 44
71%e] Fejohs] WolkE dod 4+ Stk E3F FAA odT DNA 715 o2 fidekal d54
/\}O]Eﬂ?_ FAE 24T 5 ATH82]. FA AFEA7IFHFAC/WHO) Abst AE47He 35

AZ7H93)= 20009 ZEN9| 4 58 HHFHTDD= AF kg3 0.5 pg2 & 4R [83],
EFSA(European Food Safety Authority)x= 201140 TDIE A% kg@ 0.25 gl 2 FFct
[84]. FH AHEUV)F oA 5= AR 75 ZEN 3] 3] gk & 4 %4\*’?
#%4 79 3 mg/kg, 7F5 ARl A 0.1 mg/kgo]tH85]. ZENT} 1 thA} AHR-S £

o, me), 742 9 7le AR ohjel Y, Biv] 2 /e BEA AEoIE Azad, Ha
MHEE =22 104 9 1007204 2 740007 o14e] ABOIH 2L BHoIEA i
E 8FI}(58]. RAF Ao =W ZENS AA| 5= AHRY 3t F30] =4 F shiolH,
A MEY 45%0l|4 HAst Y ME F Bt L7 55 pg/kgolth ZEN 292 &
(44%), Z4-DDGS(75%), tH52H61%), B(33%) R H&(20%)014 HAFTE E3F, S5,
o, 72 9 7Je 32 92 A9 307} 412o] tiet Ao ZEN WHSo] s e
TH57]. AARA7FHWHO)= A AlA Aol ZEN %}ng 2 ARt A3t AE9f oF 30%-

f

40%7} ZENof| @ =0} Jetil B I FH59]. ZEN LFEL & 2 J:."% 714k AF AEoA
2012 AP o, He]o] OF 46%9F I AZO] 24%7} ZENZ 9%% A 21]0}5]041:]-[80]
EFSA g9l A& XAl BEW &540]A ZEA T4 RlE= 33%01] gom Bt FE

15 pg/kgoll =ETHB4] . &= vob QUoflA ZEA A2 86%2] T n% H| 8-S A0
o] W FL 72 pg/kg O F =YTHS6]. Lee et al-> A 108 S9t0] A AJA 24 glo|g =
S5t B5E9] ZEA HYET | $F0] 42 46%2F 3,049 ng/kgd2 AAIFTHST]. A&
% 2 Aol ZENS] S AMAHe SA0lch 22 R0k uKo] 2R o), Fy

o], 8, otAlot, @AJokL o} Bl ofxLe|7to A Alm Ajm Y AtmolA ZENO| 9 g 42
217 pglkg, 0-111 pg/kg, 3-37 pg/ke, 32-219 pg/kg, 50 pglke U 25 ug/keC]ATH70]. E 7|04
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L 7% AlE7t HlAEE AE9] 4520004 ZENCE Q] Qlom[88], AlR ARLS HH HE
©] 31.58%0] 4 ZENO.Z QHE|ITH89]. &=HI7|otof A= 200490 HAEH 7HF7 A A
£9] 88%7F ZENO| 2 G= ATH90]. obAloret QAo ool A Binder et al& Alw g2 Bt
ZEN 2% 42%0] 0.077 mg/kgol2tal BEXFTHI1]. F=rol A= 0.009914 0.405 mg/kg AH]2]
SEE HAEH AR 98%0l|lA ZENo] HEE|TH75].

Aol FHYARZ F 1251 HE0] HAUoH, DHAlas 397 HiRoAE 8674 H&e] H
e}, HuAkR o] B9 wiRolA 167, 3ol 157, FRolA 37, ARas, SdACIA 2 24,
FARECIA 11 dEe] HAL vigitas 2RO 457, HiRIARECIA 164, SARRCIA 117,
7iAkEolA 87, QEARROIA 27, J1dol9t <, A4, 71t HigAkEolA 14 HEol HIAk

ERUAL F. verticillioides, F. proliferatum 4 718} FALEE £oll I8 A= At 542,
FE U S5a BAREO|A THET 10744 o] FryAle] EEEIl 451 QI
Bg FEUYAI(FBL, FB2, FB3 3 FB4)X AmolA 7Hg &5t A FEUAIQ 2oz 34
(HEE BE FEYAY 95% o). 29H ol 7HE de] B 580] m4% FB1
7P B/g0] 4% Ao AR 92,93]. o]’ Fae ABIAE IS Weffsto] o At
ol At ZAIE 4o 4 AnH94]. FRYAL §4 =40l
H AR B4, AR 54, 1 B4, 1Y 545 2T 5 Jon gttt 5= § E Y
23t AlA"e] 54 538 & € 5 HH95) FEolA FRYAlE T WANASRS[96],
A HEE SFL97], 79 A=A F AF4[98,99], 71Et S HEIM AZAIES A2
719[100], Q17+9] Ax oS JukstrH101]. ZATATLATARC)Y| W2, F. verticillioidesOl| A
Frefet FB1 QI7tol| et FrU 4] Iebdo] vt SA7F RN A S0l diet 5=
3t SAZ A3f 2B, S ARtlA &Y 7HsAol e A= BIHETH102]. A F A7+
(FAO)9} AIAEAZ|HWHO)= FHUAS] AAJAQl 2o 4 8 HIHFS 2 pgke
bw/dayZ A7t F-H AT Y3 (European Commission, EC)%} SH=ojl A& Alg f
AElE E40] Hd & gho] AAEHUL FREYA(FBL + FB2)9] 4% Atmol et A3 gh=
S g B4 BAE 60 mglg FET AR 20 mykgO R AT vlF 4B
(FDA)E 2001410] €Izt 41% 9 52 Al2o] FRUo] ot A3 558 2HUT(103), F2
UAIO] S ppm BIEOE BRE 94 B S BAES BE 58 Amol ALgalvlo] e
Ao w gttt FRYAL FH(51%)F obAoK85%)o A T ske A AlA o= e 7l
% 2410]cH104). Marquard:®h Madhyasthal= 2 A7 A2 9 AHR0] choft 54 428 %
Pk 50% olFe] ¥ MER M w2 TAELS B, dorAlot B FHorAIoL ||, B
% opzme|Ftof A AU B3 Alm F AFOIA HE B 549 9 FRYAY ES
ot=&lE|LH{105], EeH2[106], $=107], o[&2]oH108], Z=FZ{109], A¥<1[110], TR o}
(111] & ei=x{112]2 22 gt 57kl A BalE: Serrano et al[113] Bl=2] &4 HE
1871104 FRUYAIT} obEetEAle] TS HAtstyl S 2 BE0A FB1 3 FB2E &4
SkaL F. moniliforme YU F. proliferatume 22|}, vl=ollA 4% A+to] M2 FB13t Rl e
EERE S4d BB 34ch 942 I3 MBS S3oIA] 2k EATTHT BIEEH114]
200704 20109 Afo] Hepdolx 4 7|k AFoM FRUAS AE5H] A% A7t
Sy=E|glom, FB1Z FB27t Z47F 82%9t 51%flA] A= Atk B grH115]. =19 75
A 9 AR HS SoFAoA FB1 % FB2o] o3t 2 o] #EEQITH116]. Abdallah et al&
tjsopAtoll A FB2% ochratoxin A%t BO| FA WS TAFPH117]. Hetdo M= F
wertclioides?] I3 FEUAIS] Ao] S4o] Qe TBI} T2 T8 BN WAL Ao

b b
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N2 3 TRSY, SRS, THOISL B4

2 BusYt i8], FAolEY F ATE HAED
6,000 pg/kg WSO FHUAOR Qs glon Bt
[119]. |AFSE A7} Greco et al.of] Qo] HILEATH120].

AollA T-2 = ©ojolA 27, wigkataolA 1
oA 174, widAzE HAAECA 11 HEel HU
HT-2 =
< FF0IA 24, ZER,

A HEEUK(Table 3).

—_

48

BE S35

& 67 AEo] HUed driAtEAA 54, WA=

=
]i}—‘l'l’y

ArERAE 24 11 d&e] =AU

AR AE(537] AZ)o] 220-
Q% 422 2,733 pg/kgolTT BIHTH
[

gt BuARE 3R

o

A 17 AEE0. gra=
T v kR SAARR A

QlEChERSQ} QuPPeE 3859 Ndet 27H4] BAH-S E-8oto] thafst AE9 7%
A 459480 tiet BAHS A o] & Z-E5to] 1d 5 AR F 54632 BAI5HA
E} U fFeAtRANA AEE JReFE BT F87]E ojUlE ERIFHIT 5E89dE
BF BT AERHA vnte g SRIEY. FFol540] B S HYLl okESEAITL
QFZEALE BE BEHE0ISU SHANE YR 7|Eo] AAE 0] YA @2 ROy U AR
55 B4ol o | A& o= 98 59 =2 9 JETA 7|g Aoz
THEAY ® S0l dsiMe 4R, W] T Hixtg, 58 7% 4
T 5= dES g 0199 FFedEFDES] IR o] FUARNA
g 5 Qe Aol e EES00 et A&l BYEYo] B Aor K
Table 3. Levels of 11 mycotoxins in 546 feed ingredients and compound feeds in South Korea in 2023 (n=3)
. I _ e No. of Minimum Maximum Average MRL
Mycotixin Classification Group Sub-—classification i s e Tl (mg/kg) Gl
Brans 15 0.09 5.81 1.25
) Fedgd " Vegetable NA
ingredients Meals 15 0.38 1.77 0.95
Deoxynivalenol Cattle 39 0.10 1.80 0.40
Compound Livestock Swine 7 0.10 0.63 0.32 2
eeds
Poultry 3 0.36 1.22 0.67
Brans 9 0.23 1.93 0.97
. Fede_d " Vegetable 3
Zearalenone  Mdredients Meals 5 0.11 0.71 0.29
Compound 5 estock Cattle 15 0.10 0.36 0.21 05
feeds
Meals 16 0.1 2.29 0.73
. Fegd Vegetable Brans 15 0.05 29.51 8.94 60
ingredients
Grains 3 0.31 1.41 0.77
Fumonisin Cattle 45 0.12 4.08 0.55 20
Livestock Swine 16 0.1 0.46 0.25 5
Compound
feeds Poultry 11 0.10 6.74 0.89 20
Companion Dogs 8 0.10 0.47 0.24 5
animals

MRL, maximum residue limit; NA, not applicable.
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