Journal of the Korean Society of Grassland and Forage Science 36(4) : 333~339, 2016 ISSN 2287-5824  (Print)
http://dx.doi.org/10.5333/KGFS.2016.36.4.333 ISSN 2287-5832 (Online)

Research Article

UHPLCE 088t W&l AKMEIXIS SHAIRES| 23151} Mgk
MY 5N
3| - 23|A - 0| HO} - O|& - 47| - O|C 2| AL - TARYZ|*

AAEH, 45 55365

p
Ho

Optimization of Analytical Methods for Ochratoxin A and Zearalenone by
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ABSTRACT

The objective of this study was to optimize analytical methods for ochratoxin A (OTA) and zearalenone (ZEA) in rice straw
silage and winter forage crops using ultra-high performance liquid chromatography (UHPLC). Samples free of mycotoxins were
spiked with 50 pg/kg, 250 pg/kg, or 500 ng/kg of OTA and 300 pg/kg, 1500 pg/kg, or 3000 pg/kg of ZEA. OTA and ZEA were
extracted by acetonitrile and cleaned-up using an immunoaffinity column. They were then subjected to analysis with UHPLC
equipped with a fluorescence detector. The correlation coefficients of calibration curves showed high linearity (R* = 0.9999 for

OTA and R? = 0.9995 for ZEA). The limit of detection and quantification were 0.1 pg/kg and 0.3 pg/kg, respectively, for OTA
and 5 pgkg and 16.7 pg/kg, respectively, for ZEA. The recovery and relative standard deviation (RSD) of OTA were as follows:
rice straw = 84.23~95.33%, 2.59~4.77%; Italian ryegrass =79.02~95%, 0.86~5.83%; barley =74.93~97%, 0.85~9.19%; rye="77.99~
96.67%, 0.33~6.26%. The recovery and RSD of ZEA were: rice straw =109.6~114.22%, 0.67~7.15%; Italian ryegrass=
98.01~109.44%, 1.65~4.81%; barley =98~113.53%, 0.25~5.85%; rye =90.44~108.56%, 2.5~4.66%. They both satisfied the standards
of European Commission criteria (EC 401-2006) for quantitative analysis. These results showed that the optimized methods could
be used for mycotoxin analysis of forages.
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FAETE 18%E AR o] T 9 HA(FB, FUM) °] Sith(Bhat et al,

ZAIRE A9 &+ &= (DON), FE
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I AbdE A 9] 72%7)F Hit 854 ngkgel FEE DONOl &
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1. A2

oA AREE HAE HEAA AR
{2015 AR EARIEAE
ghol 1t HEE, 9
& ATttt 3% A
=R 40T olgtllA &

Ilshin, Korea)=2 71x3¢F & F2fj3to] AME-3SIT

2. A2t

RETH2 OTA (10 pg/ml in acetonitrile, Biopure, Austria),
ZEA (100.1 pg/ml in acetonitrile, Biopure, Austria)S AF&3}
Rom Ay gz ofAEUEZ (ACN, HPLC grade,
Fisher, Korea), ™€ (methanol, HPLC grade, Fisher, Korea),
phosphate buffered saline (PBS, Oxoid, England)E, 544
AS 93 HAR394 (JAC)S OTA AAZAH (Ochratest™
WB, Vicam, USA)¥ ZEA AAZY (Zearalatest™ WB,
Vicam, USA)S AR5} tt
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OTALE ¥+ 10pg/ml & 22 0.1, 1, 5, 10, 50, 100,
500, 1000 pg/kge] T=7F HEE ACN §uid 3|43},
ZEAS T3 100 pg/ml S ZzF 5, 10, 100, 500, 1000,
2500, 5000 pgkg®] FE7F HEE ACN &ufol] 345t
A 2dol ARgsFTh

4. A2 MM

A= Vicam AR viFES AR ko] WEHE Fof
883153 T (http://vicam.com/manuals?EID = 101427190&CID =
12063156). OTA AAE 93] F=x3 AlF 500 g& 43}
o] HASAZ T, 1 F 1gS F38k] 60% ACN 20 mlE
7Veta 127 5¢ 170 rppm o2 wHbele] OTAS FE31%
t}. FEE2 9% (Whatman No.l, GE Healthcare,
China)2 &{3}3F & oj3}ol 5mlE PBSEY 25mld} &3+
ste] @l ] o#stoirh IACE PBS &9 20 mlE 4
6] ool 24mlE FRte] T o5 F
T 10miz AlHRE $ wgs 2mis
AL §ERL dLaTteE The
AAst Az F, 50% HEHE 1mldl =
olal Al##] ¥ (0.2 um, Silicycle, Canada)® o33k &
UHPLC-FLDE 43}l th (Fig. 1A).

ZEA AAE 93 FH3 A8 500 g& AEEHATIE &
Azt dHsAZl . 1 F 1gS FHske]l 0.5g NaCl
(sodium chloride, Daejung, Korea)Z} 90% ACN 20 mlE 3
7Fskal 1A1ZHESE 170 rpm o2 nWHste] ZEAE FE351
th FEES AR AR F ARd s5mlE 1%
Tween 20 (Tween® 20, sigma, USA) 20 ml¥} =33&}5ich

25 10mlE IACY FYste] F=Hd s 34

=
=
AE &

rlot
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713 S5 10ml2 A3 & fege 25mlE 7keke] 5
4% $EAAG 8 W2AE ool SuE A
ZAZ F 50% e 1mlol] %o]3l 02 pum ZHZE o3

sto] UHPLC-FLD® #4139t} (Fig. 1B).
5 217|#M=x=A

OTA$} ZEA+ UHPLC (Waters
Class, Waters, Singapore)S AF&3}o] #4319
2 Acquity UPLC® BEH C18, 1.7um, 2.1 x 100 mm
(Waters, Ireland)E A3 AFE3FATE OTA += ols’

water : ACN : acetic acid =49.5:49.5:1 ZZ oA isocratic S =

Acquity UPLC® H
om BAMA
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Fig. 1. Flow diagram of sample preparation methods
for OTA (A) and ZEA (B).
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m. g2 g =t al. (2011)°] wigt 2 ©ujAlgo A HPLCE ¥4 Al B
St A=A 3 pgkg Hukes o7 =94t
1. 2E 2 HEEHA
2. AENM

OTAS] AZETAE 0.1 pghkg, A= 03 ugkg °13

o, ZEAE 77} Sugkg 16.7 pgkgs YERHATE (Table A 2ZHS 98 OTA 89S v= H2 843}
1). OTA9] #HZE3A= Dalcero et al. (2002)°] &9} =] o] AL&&on 33 wEslo] =43 Ax} B Aol 7]
AbsellAl HPLC A1 Al Bagk &3 10 pgkeet 71H%E Z1olx] A AT (retention time, RT)-> 2.5+0.04
Fraga et al. (2007)°] HPLCE ©]-8&3l] & AlSolA &4 Al &, T899 % ¥ 4 a=zvEadl HAe] AAA
Bud HEIA 1 ugkg RUh Yol £ AA] AMEsE = 0.9999F UERTE T3 ZEAC] RTE 2.85£0.01%,
N712 w9 e FEE AEo] JFeds Utk ZEA  ZAAATE 099952 Aol 2o A4S ®Y) (Fig
o] AE3AE= Fazekas and Tar (2001)7} =% 2 ALZA  2).

LCE o83 Bnud HEH 10 pgkg B W3l Kim et

Table 1. Linear equations, correlation coefficients, LODs and LOQs for OTA and ZEA analysis

Mycotoxin Linear equation Coefficient of LOD LOQ
y q determination (R?) (ug /kg) (ng /kg)
OTA y = 30803x — 32256 0.99995 0.1 0.3
ZEA y = 1980x + 10585 0.99946 5 16.7
(A) B)
g 3500 8 1200
8 3000 | y = 30803x - 32256 € 1000 | y = 1979.7x + 10585
: 2500 R? = 0.9999 : R2 = 0.9995
I 800
© 2000 ]
2 2 600
< 1500 <
400
1000
500 200
0 0
0 200 400 600 800 1000 0 1000 2000 3000 4000 5000
Amount Amount
© (D)
1000.00; 260.00-
900.00 240.00
220.00
800.00 200.00
700.00 180.00
0 160.00
6000 140.00
2 500.00 2 120,00
400.00 100.00
80.00
300.00 6000
200.00 40.00
100.00 20.00
0.00 —
0.00 -20.00
1.00 1.50 2.00 250 3.00 2.00 250 3.00 3.50 4.00

Minutes Mnutes

Fig. 2. Calibration curve and chromatogram of standard solution : OTA (A&C) and ZEA (B&D).
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3. 3Fg ¥ AEFEHEXt T4 98.01~109.44%, RSD 1.65~4.81%, HEHE 3I+&
98~113.53%, RSD 0.25~5.85%, =U< 3|48 90.44~

84.23~95.33%, * HoATelA ARG B IA T]Eed Ebdei AR
EHA(RSD) 2.59~4.77%5 YElH o, olgEt #o] Jhsehs & 4 Stk ©]& Dzuman et al. (2014)°] E3HA}
JekiaE 348 79.02~95%, RSD 0.86~5.83%, 74Er3]h FolA] UHPLC-MS/MS® ZEA 4] A & 3|58 93~
3+ 7493~97%, RSD  0.85~9.19%, imi _ﬂ 98%<}t H|SStAY =& FES UERNTE Egk 9o W
77.99~96.67%, RSD 0.33~6.26%= UERlfo] ¢ oﬂﬁ oF ZAE AA B A% A9 HAE ALEA T A
AAE 715 (EC regulation, 2006)¢] “3]4& 70~110%, = 4% ¥4 AZvnlEaHoM OTAS ZEAo| 1H&EH
RSD 20% ©|3F’'E WEA|Z U (Table 2). ©]% Driehuis et §lo] ©dyaz BElE o2 Hol o] WMol & X3
al. (2008)°] AFLE|A A OTA £24 Al 42 35& 73~ 9 A8d% X 7[58 AoR HIY.

111%3} FAFSE =x]o]t}, $H Dalcero et al. (2002)©] 4, ol9} o] H Ao M= i AakEe] thRES AHH

Ao faA 2 AEA d5S s W AMYEA,  108.56%, RSD 2.5~4.66%%S YEFHN O, Table 30149 7+
olgrz|Qt gloleks, HHeE B W 4FS 44 54 o] AR 715 (EC regulation, 2006)Q1 “ZEA 50 pg/kg
T 3 = 3 gEgds Huiste] Al 2 B4 ojitolM 34 70~120%, RSD 25% o3PS wHEAA
3 th OTA EAolA Wz 3¢g S ol

|

A D E7] AR A OTAE w418 Ade 2w o= Bz Al e} sAALE A= Uik OTASH ZEA
2 AFAREg 71719 OTA AZSAZE 1008y ol FAHS HAS slal o= Fu] RANES] #30] 54
54 HETES gAY I8 (9396%)2 ¥ AE¢S TrEAHoE 83 4 9S8 Folth bt AR5 A
Bk 7 A7 $4E SAF(Vieam)©] IACE AHES]  HAS AMLE|AE AREStaL o]gEet gho]iets, HH e,
LS AAEI S E B AFAela FFgo] e A TS QRS ALEI AS AR pH, FETH So] &
o= Hol ALz o] TR SAFEUO Aol7t dlgge]  f A &8 94ES VXAl (Dzuman et al., 2014) $-4
FEgS WA Aoz Helth B Ao ARl B oA difite] WA FAAEAES AMYEAE v
ZALRS] A A 520 FEEES o] Yl AREE B9 7150l Foste HollAd AR e & k. @
A nxste] A7 &olsiAl slal FEAIRME VI A dddEolA= 2()02Lﬂ~2004ki ZAe %?? A g
3084 1AZEe R 58 459 FAFRAA 70% o]ide]l A9 72%7F DONOl L AEUL 1.4%7} FBol QLFFHAL
AFEs 48 T AT v (Drichuis et al., 2008), °}2 LFALMWE 20053~2006'

ZEA #AolA= BiFe] A 3FE 109.6~114.22%, T3 D AFE9] 45%7F DONo| L AEUTL S5 Als

RSD 0.67~7.15%% YERHOH, ojgel gto]1etiae 3] 9 4%7F AFB o A=At p_u} UL B = (Roige et

Table 2. Means, recoveries and %RSDs of OTA spiked feeds

Feed Sp l(lffgkgvel I\/I(iag/ifgS)D Recovery (%) RSD (%)
50 47.66 + 1.43 95.33 3.00
Rice straw 250 198.33 £ 5.14 79.33 2.59
500 421.17 + 20.10 84.23 4.77
50 48.50 + 0.41 97.00 0.85
Barley 250 18733 + 17.21 74.93 9.19
500 437.67 + 5.95 87.53 1.36
50 47.50 + 041 95.00 0.86
Italian ryegrass 250 197.54 + 11.51 79.02 5.83
500 406.00 + 23.33 81.20 5.75
50 48.33 + 1.03 96.67 2.13
Rye 250 194.17 £ 12.15 77.66 6.26
500 441.00 + 1.47 88.20 0.33
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Table 3. Means, recoveries and %RSDs of ZEA spiked feeds

Feed Spiked level Mean®SD Recovery RSD
(ng/kg) (ng/kg) (%) (%)
300 342.67 + 24.51 114.22 7.15
Rice straw 1500 1,644.00 + 18.02 109.60 1.10
3000 3,340.33 + 22.51 111.34 0.67
300 294.00 + 17.20 98.00 5.85
Barley 1500 1,598.00 + 16.97 106.53 1.06
3000 3,406.00 + 8.60 113.53 0.25
300 328.33 + 15.80 109.44 4.81
Italian ryegrass 1500 1,503.67 + 52.66 100.24 3.50
3000 2,940.33 + 48.40 98.01 1.65
300 27133 + 6.80 90.44 2.50
Rye 1500 1,510.67 + 47.49 100.71 3.14
3000 3,256.67 +151.89 108.56 4.66
al, 2009) %o = OTAS ZEA ©|9]d AFs, DON, FB 5 Ad] &8& 4 &S AAekgith
T 2ARdA A7) 91g BAN HASE 28T 3 (FA0 A AL YA, sAAEAE, A5 AEY
o% Helth S R Eadacs L)

V. 2

A5 A(OTA) o xﬂﬂaﬂi(ZEA)A
A
o]ELg]o]— a].o]ja]./k XJ_H;_{Q <
HE OTAE 50, 250, 5,000 pg/ke,
ZEA= 300, 1,500, 3,000 pg/kge] F=2 2ubolRstal W
A3gd AHE o]gdte] HA4AE AAIFE & UHPLC-FLD
£ ol&ste] #AETh A Ad mE&e] HEAS
OTA7} AAAT 09999, ZEA7} 099952 =& AMAE
LrER o, 2 s OTAZE Z4H7E 0.1 ngke,
0.3 uglkg, ZEAE 2+ 5ugkg, 16.7 pglkgs YFeEbATE #
AU AARAI OTAE HZo] 348 84.23~
95.33%, ALEHE A} (RSD) 2.59~4.77%, o|&kg]et &lo]
B2 35S 79.02~95%, RSD 0.86~5.83%, FHTE= 3

48 74.93~97%, RSD 0.85~9.19%, ZHL 348 77.99~
96.67%, RSD 0.33~6.26%%5 YEIWH o™, ZEAE HHo| 3
109.6~114.22%, RSD 0.67~7.15%, o]&#] ¢t zfo]1z}
3|48 98.01~109.44%, RSD 1.65~4.81%, AKXz
38 98~113.53%, RSD 0.25~5.85%, ZWe 3|4
90.44~108.56%, RSD 2.5~4.66%= UERHo] A
AT 7l RS kA ARl A AlA| g
Ae FUle] HA 5 2AE 454 OTASH ZEAS

=
I
HE

R =L

-0
T=
A=
=1

e fr > o

AF

TEATAR (FAHE : PI010914)
}6#71% AT INEAS (HAHE

VI. REFERENCES

Bhat, R., Rai, R.'V. and Karim, A.A. 2010. Mycotoxins in food and
feed: Present status and future concerns. Food Science and Food
Safety. 9:57-81.

Binder, EM., Tan, LM., Chin, LJ., Handl, J. and Richard, J. 2007.
Worldwide occurrence of mycotoxins in commodities, feeds and
feed ingredients. 137:
265-282.

CODEX Alimentarius. 1995. General standard for contaminants and
toxins in food and feed (CODEX STAN 193-1995).

Commission regulation (EC) No 401/2006 of 23 February 2006 laying

Animal Feed Science and Technology.

down the methods of sampling and analysis for the official
control of the levels of mycotoxins in foodstuffs. 2006. Official
Journal of the European Union. L70:12-34.

Commission recommendation of 17 August 2006 on the presence of
deoxynivalenol, zearalenone, ochratoxin A, T-2 and HT-2 and

fumonisins in products intended for animal feeding (2006/576/EC).

—338-



Ham et al. ; UHPLC Analysis of Ochratoxin A and Zearalenone in Forages

2006. Official Journal of the European Union. 1.229:7-9.

Dalcero, A., Magnoli, C., Hallak, C., Chiacchiera, S.M., Palacio, G.
and Rosa, CD.R. 2002. Detection of ochratoxin A in animal
feeds and capacity to produce this mycotoxin by Aspergillus
section Nigri in Argentina. Food Additives and Contaminants.
19:1065-1072.

Danicke, S., Brussow, K., Valenta H., Ueberschar, K., Tiemann, U.
and Schollenberger, M. 2005. On the effects of graded levels of
Fusarium toxin contaminated wheat in diets for gilts on feed
intake, growth performance and metabolism of deoxynivalenol
and zearalenone. Molecular Nutrition and Food Research. 49:
932-943.

Driehuis, F., Spanjer, M.C., Scholten, J.M. and Te Giffel, M.C. 2008.
Occurrence of mycotoxins in maize, grass and wheat silage for
dairy cattle in the Netherlands. Food Additives and Con-
taminants. 1:41-50.

Dzuman, Z., Zachariasova, M., Lacina, O., Veprikova, Z., Slavikova,
P. and Hajslova, J. 2014. A rugged high-throughput analytical
approach for the determination and quantification of multiple
mycotoxins in complex feed matrices. Talanta. 121:263-272.

Fazekas, B. and Tar, A. 2001. Determination of zearalenone content
in cereals and feedstuffs by immunoaffinity column coupled with
liquid chromatography. Journal of AOAC International. 84:1453-
1459.

Fraga, M.E., Curvello, F., Gatti, M.J., Cavaglieri, L.R., Dalcero, A.M.
and da Rocha Rosa, C.A. 2007. Potential
ochratoxin A production by Aspergillus species in poultry feed

aflatoxin  and

processing. Veterinary Research Communications. 31:343-353.

Kao, C. and Robinson, R.J. 1972. Aspergillus flavus deterioration of
grain: Its effect on amino acids and vitamins in whole wheat.
Journal of Food Science. 37:261-263.

Kim, D.H., Choi, K.I., Hong, K.S., Kim, H.J., Jang, H.S., Cho, H.J.
and Han, G.S. 2011. Analysis and survey for contamination of
deoxynivalenol and zearalenone in feed by high performance
liquid chromatography. Journal of Food Hygiene and Safety.
26:214-221.

Monbaliu, S., Van Poucke, C., Detavernier, C.L., Dumoulin, F., Van
De Velde, M., Schoeters, E. and De Saeger, S. 2009. Occurrence
of mycotoxins in feed as analyzed by a multi-mycotoxin
LC-MS/MS method. Journal of Agricultural and Food Chemistry.
58:66-71.

Muscarella, M., lammarino, M., Nardiello, D., Lo Magro, S., Palermo,

C., Centonze, D. and Palermo, D. 2009. Validation of a
confirmatory analytical method for the determination of aflatoxins
B1, B2, Gl and G2 in foods and feed materials by HPLC with
on-line photochemical derivatization and fluorescence detection.
Food Additives and Contaminants. 26:1402-1410.

Muscarella, M., lammarino, M., Nardiello, D., Lo Magro, S., Palermo,
C. and Centonze, D. 2011.
aflatoxins B1, B2, GI, and G2 in foods and feed materials.
Methods in Molecular Biology. 739:203-210.

Pfohl-Leszkowicz, A. and Manderville, R.A. 2007. Ochratoxin A: An
overview on toxicity and carcinogenicity in animals and humans.
Molecular Nutrition & Food Research. 51:61-99.

Roige, M.B., Aranguren, S.M., Riccio, M.B., Pereyra, S., Soraci, A.L.
and Tapia, M.O. 2009. Mycobiota and mycotoxins in fermented

Simultaneous determination of

feed, wheat grains and corn grains in Southeastern Buenos Aires
Province, Argentina. Revista Iberoamericana de Micologia. 26:
233-237.

Schenzel, J., Forrer, H.R.,, Vogelgsang, S. and Bucheli, T.D. 2012.
Development, validation and application of a multi-mycotoxin
method for the analysis of whole wheat plants. Mycotoxin
research. 28:135-147.

Song, T.H., Park, T.I., Han, O.K., Park, HH., Cho, SK., Oh, Y.J.,
Kang, HJ., Jang, Y.W. and Park, K.G. 2013. Effect of harvesting
time and making method on feed value and fermentative quality
in silage of whole crop barley. Korean Journal of Crop Science,
58:362-366.

Stroka, J., C., Anklam, E. M. 2003.

Immunoaffinity column cleanup with liquid chromatography using

von Holst, and Reutter,
post-column bromination for determination of aflatoxin Bl in
cattle feed: collaborative study. Journal of AOAC International.
86:1179-1186.

H.G., Lee, S. 2011. Studies on fungal

contamination and mycotoxins of rice straw round bale silage.

Sung, JK. and Seo,
Journal of Korean Society of Grassland and Forage Science.
31:451-462.

Zollner, P., Jodlbauer, J., Kleinova, M., Kahlbacher, H., Kuhn, T.,
Hochsteiner, W. and Lindner, W. 2002. Concentration levels of
zearalenone and its metabolites in urine, muscle tissue, and liver
samples of pigs fed with mycotoxin-contaminated oats. Journal of
Agricultural and Food Chemistry. 50:2494-2501.

(Received July 20, 2016/ Revised August 29, 2016/ Accepted August

29, 2016)

—339-





