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A Study on the Simultaneous Determination of Residual
Zeranol, Zearalenone and Their Metabolites in Beef by
Gas Chromatography/Mass Spectrometry

Eune-Sub Lee and Yong-Wook Lee
Department of Environmental Health
Graduate Schoo! of Public Health, Seoul National University

ABSTRACT-A simultaneous determination method was improved for the determination and confirma-
tion of zeranol, zearalenone, as well as their isomers and metabolites, in beef. The analytes were
extracted from tissue by CH;CN, hydrolyzed enzymatically(for glucuronide conjugates), cleaned up by a
strong basic anion exchange resin combined with a liquid/liquid partitioning, derivatized using MSTFA
and confirmed, quantified by GC/MS/SIM with a internal standard, zearalane. The results were as
follows : (1) All the estrogens were separated on the GC/MS chromatogram under the extraction method
and the chromatographic conditions improved, the retention times of zearalane-TMS,, zearalanone-
TMS,, zearalenone-TMS,, zeranol-TMS;, taleranol-TMS,, and @ -zearalenol-TMS,, f -zearalenol-
TMS;, were 18.49, 19.44, 19.63, 19.71, 19.79 and 19.99, 20.08 minutes, respectively. (2) The calibration
curves of residual zeranol, zearalenone and their metabolites showed constantly linear(r=0.99) in the
range of 5~20ng. The minimum detection concentration of residual zeranol, zearalenone and their
metabolites was 1 ppb. (3) The total average recovery of residual zeranol, zearalenone and their
metabolites from spiked beef was 60.2%(CV=29.7%) at the 1 ppb and 63.5%(CV=26.5%) at the 2
ppb. 72.9%(CV=18.2%) at the 4 ppb. (4) The preservation method for analysis of 6 estrogens was
more simplified than Jose's preservation method and GCMSSIM method for 6 estrogens was improved
for the fast running time(21 min) and MSTFA was utilized for derivatizing 6 estrogens for improvement
of recovery, for good resolution, for characteristic mass spectra unlike Jose’s method and Tina’s method.
The utilization of zearalane as internal standard showed good quantification result for zeranol,
zearalenone, as well as their isomers and metabolites, in beef.

Keyword (] Beef, GCMSASIM, residual zeranol, zearalenone and their metabolites, MSTFA, inter-
nal standard

[o] L

Zeranol(4¥ ™ . Ralgro)2 A4&73 Algag 1 ¥ non-steroid anabolic estrogen®. 24 F%o]
=
b |

49! zearalenoned #YEolrt Y

2 del 2o Zeranol® 7734 $8l+= zearalenone?? ©}37}A]
2 F5A FZ zeranol® A2E2A 3 v£8 g
8o ofs] dojur Ayt WA 43



2 E S lee and Y. W. Lee

g8 e AAH T 2E Bulo A5 dod
# gtz ggo.?

Zeranol& Ztell X tiAleo] 22 FFoz wjds
U zeranol® AMIE Q] Z7E Tl A& taleranol
A1l A+ taleranol >
zeranol €28 B Z&AME zeranol >zearaleeno-

e ©22 Bo] Fddm 3¢gch* RatolA zera-
nol®} LDsy2 40 g/kg 1 taleranol©l} zearalenone 5
2 LDyl 10g/kgoletm agch.

FAQO/WHO(Food and Agriculture Organization/-
World Health Organization, 1987)91A zeranolel tf
§ dU 47883 ADI(Acceptable Daily Intake)&
0.5 ng/kgo2 8|1 HUAFILIAE %"“
e Lapg/kg, TAHE 10 pg/kgo 2 & A
eh3tAth S SYALNME zeranold) A4S
32 Fi o uaM AR HEHA o
u) 29 49+ zeranol¥ taleranol 59 FFFE &
H 949 4$% 0.15 ppm, LAME0.3 ppmo 27
39 A4e $%AA 0.02 ppme2 HdFHFH
L3AE AAE v UG FFe s $500A
zeranol® 7% 2 ppbz FAIStT Yk ¥

23d) zeranolol F4H I v $EE0| Fusanu-

>zeranol >zearalnone £2 2

A
3
6)

Er& rul

m ZHold o AAE F2 toxinl 8 29H &
& HA F A% zeranol# zearalenone®] Ao 4
-’1‘45171] Ha watA olg g FEEAA A A&

[e)

19.

% zearalenone % zeranol® 1 AFEEo] #
o] 74 F8 7tsdol A7l WEA zeranol %
zearalenone®} |9 WAMIEE BF(6% )0 ths)
A o#, Etf L EE3e Aol Yo o
Azkhoh, a8 $850 AR3AE o5 6% T
ANEN Y& BLEHE 2%A BA 42 AAo
T hAAER oM ET FAM EAEe AR
= zeranol® 7% DES (Diethylstilbestrol ) o1\ 178
-estradiol 59 THE anabolic steroid 5% FAE
Ao, zearalenoned 7% AHo] old FEo| A
29 M 9 parent drug®l #Ao] HahA B o] Fof
Atk 38 ol A A B E free drug ©
dgax EAT e

A 9] zeranol, zearalenone ¥ 1 HAMIEEE F

9]of| glucuronide conjugate

Z28W7) Y8 Arolut Fad 9F sieEsiv 2o
a1, §FHY 240 BFF AN RS B OF
o HHEAEE A B Wairt 2 5 o &
8 zeranol, zearalenone 2 1 WARMEEHY B
Eo2 AF3n de BHES T 247 4
M= FRE 2 BRMo] $a3t22 HPLC(High
Performance Liquid Chromatography), TLC(Thin
Layer Chromatography), RIA(Radio Immunoassay,
EIA(Enzyme Immunosorbent Assay), GC(Gas Chr-

omatography ) ) €& zeranol, zearalenone % 1 T

APFEE 65 TAO) EA37o 244 & WY
501 olleln Aetsn vl GC/MSelle A EFY
S 8 Axale] e A7t wHo] Bag ¢HS
3124 ol 7t drEgAdE 1{IHEA HET}
22 o]2EY HZE3 = Selected lon Monitoring
(SIM) Capillary Gas Chromatography Mass Spec-
trometry(GC/MS) ¥ (&2 E pg)ol zeranol,
zearalenone 2 1 AMIEEY] Y [#iE, TE
< A3 AAT HEEY BT BHRES BN E
_/‘r: = oi /\]-_'?;_Ell:]— 2—4)
weld B A4 oln] ¥R 559 i oA
EZAEY BNE A% F&, FA € fzAshy
W, GC/MS/SIMH#HY & HESS 1 9HE B
: &
3

oI AT
cat o
:.:.
x
=,
Z«‘L
O
il
<l
2
N
N
s
o)
EZ
o?L
o
I
™

3
7<1] A eranolb} a °] A 2 EH*}" 2L B2 4%
24 T8l 2g5of —r% 59 FA4t
H7} ¥2 zearalenone ¥
o] AAEZHES FA HA 2
o2 Astuat AA s

o
i
o b

¥ - S
i o i
ofN
lo,

o
i3

M R Lk

Al 2

Zearalane, zeranol, taleranol International Miner-
als and chemicalsAtZ#-E](Terre Haute, Indiana,
U.S.A), zearalenone, «-zearalenol, f -zearalenol,
zearalanone, /3 -glucuronidase(type H-5), MSTFA
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Table 1. SIM(Selected Ion Monitoring) of six estrogens

Retention time

Name Specific ions (min)
Zearalane TMS, 435 18.49
Taleranol-TMS; 379, 433, 453, 19.79
523, 538

Zearalanone-TMS, 335, 449, 464 19, 44

Zearalenone-TMS. 317, 333, 429, 19.63
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3 -Zearalenol- TMS, 305, 333, 446, 336 20.08
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Fig. 1. TIC(Total Ion Chromatograms) of six estrogens from a spiked beef(SCAN mode. 7 1| ppm conc. : 1 ; zearalane 2 ;
zearalanone, 3 : zearalenone, 4 :zeranol, 5 :taleranol, 6 «—zearalenol, 7; 3—zearalenol).
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Fig. 2. Electron impact mass spectra of zearalane, zeranol, zeralenone, and their metabolites.
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&t Aol JoseE? o] AME-3 sodium sulfate oF 10
g< buffer ¥ acetonitrile EYell 713t EFA
S AARH L 8921 sodium sulfate7} buffer 2
acetonitrile £ WA Ae] S F574
acetonitrile® & A2 E7t o]FA A Yo}

Michael 5'*'o] DES$} zeranol®) BRSEA AL}
AY HeZA sodium sulfates} vlR7IA 2 E379
AgHo] 4% #7144l dichloromethanes ©} &3t
Al 9qct. & dichloromethane A AEZAES] &
A7t AY gl Gy ARAAFH] e E
g B3 AFHo| A== dichloromethaneS

acetonitrile® sodium acetate buffer(E A &0l EA4)

9to) % Egd 7l BEAR T AHsHA o
ZEYE gozH Bl 3o} de FAEZEH &
A AAST RIS N 2EZAE] F7HE2| ace-
tonitrileZ ol Fo A=& 2#Fs}At. T 5 &
& ¥9]7} $18 dichloromethane 1 ml$} acetonitrile 4
mlE 7H F&3Ad. 22l {7 8ol o3 oA
W F acetonitrile F2HE T W e LS
@&317] st golld APEAxo] 60Ty #&
Ao A 50ml 5 vie FetAAE LRSS g
2% A% Michael™# TinaF* o] AHEE o
(20ml¥] scintilation tubes& AH&-3t] AA7}2E &
B 458 A TY)H wmate] Favkae) Abgglol
0% 3% @EAZ & Aok B3 GC/MSel 9] F9]
< Y3 Alge] AAHAe | Badez Bt WE
AZHell Ao AAE 87] A8 Tinas o) zera-
nol®l A E A8 o] &AE ZE7A Fol & udy
A (pH 11 o] Aol M A AERAEL o] Fxof g
ol slA €k & 2M NaOHE 9o 23t o 2E
ZAEL ZEr4oz wHA Ha old FA¢
chloride o] &3 w#atA €t} )& ol &3l ANH
02 ${dM frAlE Sl HEAEE AAF
1 zeranold EEE 6% NAEZANES BF A
A + AU

MS £4& 93 fFxAsly 552 3Lde
A7l BAstz st didEdY gHiAol
THE ANl 98 oty WFEAT AF
¥ 2%E A8 YA 3 fragmentation pattern®}
mass ions FAFoZH KIS FEY B¢ 2 B
o] g3} FFL BE TR L A AvtdE A
T8 Foh. FEAME-ZAdE alkylation, acylation®|
o silylations°] k=4 silylation®] @A} 7} ol
2z,

£ ol
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Silylatione 18} #x de] 2olu & FwA 3}
Aleke 2 Al TMSI, BSI 9@ MSTFA, TMCS( Trim-
ethylchlorosilalane) 0] 1o o] Fo) A MSTFA
7b 7 3bdel 31 BTk 2 silylation doner
strengthE 23 13, GColM Hojdh Exoz BmA
=2 ¥4H e %Q‘ﬂ N-methyltrifluoroacetamide
7} MSTFA 2 Bt #E WTE e 22
Qo] Bargz Qs FrAs 4B B =
WA e g1 BSA, BSTFAE MSTFASH #
o 5% silyl doneroly} ©1 52 31 &0l M (metal &
metal ion®] EAY A4 Qo ‘ﬂ”ﬂﬂ a4
T Ba%%0 uet B AN JoseSol| 93t 50
#1 n-hexaneo] 54 50 9] BSAZ A} 431 §5 4
A F 3~4 u1E GCY stainless steel capillary
injectorl F#9J3te 713A1 71 AU Tinas®' 9] Wi 3
H 10 #19] ethyl acetate® HF HENE =9l 3 ]
15 GC& FAlol #3ta A 2 ]9 BSTFAS
et GCH stainless steel injectorol A @&
(270T)oN M &1 3ol 98 S =3} wg
L8 A FEA Aty FrAs Ao AHwA
257] St MSTFAS AHE-8bo] 60Tl A} 20
188 383 =4822 & GCY injector
15 Fdsty B¢ 50 419 #o] MSTFAR
AH FolX 2087 T3 FEAGALL
718l = ¥ FrA s} A e Ttat
5}*]71ﬂ4 £ GC injector ol M9 § &=
] 45} 5] £e u—lq;ﬂo DL—y _};1_[;}, 7].;713].

b4

a

O

e orir

;t‘ mg —{N ml

A f
A

zg Eﬂ/‘]?ﬂ o] Elof] A 15—‘_r 3
31 MSTFAE 50 #¢l ZqE'MSTFA lule Ag ]
ngd Zgtte Abdel 4 A Az wet 2R
Folzty AZEd *'E slete ko] w8
Aokt Algd &) uheS doA o
Al F3E AANA fFEH8 83S Az 2
A3} RE N2E2NEY 1, 2 2 4ppholA % 34
&2 65% % JERYT Zeranold ALE 1 34§

o] %AEN & ZtorEZAEE
g0l & Yehie 43 A9EH(Fig. 2)58
T dAh

N
e
oXx
o

o rfu

B FEALGEY GC/MS 93 M)A g
2 HHe 7hsditd WREZERS 2 3
th. ©1% mass detector®] N4 W Eo] 9H gz
T WHE o] Holzt Aldte Fga Fae s 2
@37 giolth. 1gn WREFEAL ez

7b A Algol 3814 e @ ololof st
o Tina%$"'o] zeranol®] ¥4 & 9a) o] &8 38} @
&< zearalane zeranol# 848727} SAMst D
(zeranol®] 79 B4 X oA —OH77} getd 744
T3 A2, zeranolH 8 F2I} §A}E thARA
2ol o4 A 121 zearalenone® I WA} AEE
AAE HEG WREFEAQL Hoz Y750
zearalanes WHEFEAZ *4“0}04 43 49
Fig. 1914 £ 5 Ql%o] &§ $a) t4ERST 6
29 A2ERAESD P&s) BeyUn AW
T Ak

ZhedE B EYAZHE 213)7 e B

t.

& 27 A3 HEE gas chromatography ZAE
A8t & MSTFAY 93t dl2E24 $54
a-gd

3t AZo] Adder nEAF (A Z B2k 200
ol MSAHEAA et 95 ) BB
YEEE F2 AR HFAHYEA ]

2 M= 4 100% methyl silicon HP-1 capillary col-
umn(id 0.2mm, 20m)& AF&§ A3 0|5 & o 2E
i’“%ﬂ FEASERTY AW BE o2E A7t

SRS aRHoR IHEAEE AAY 4 YA
L3 helium gasE ol 402 o] £31Y T o 7]
WEEE 36cm/secE 31 column hear pressure®
18 psi, split vent flowe #+% 594 6ml2 3t 10
D19 splitB] & Fo] AE9 £ Fxol 93 MSe)
L9884 ppbte M FY JAEZAL B
o 3¥¢ 458 4L 5 AU ZeranolF 6%
AzEz A} MSTFAS & TMS FExS9 A
23 ALEeES 77 939 stainless steel split/s-
plitless injectore 270T oA A FA 88 I columnol A
e Hol 713t 6% ol2EZANEY $2L uy)
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98t} GCoF MS9He) AZ ¥ 92 transfer lined] &
EE 20TAA FAAY 659 d2E2AEY
F& BE5 g 47 98 GC ovend] REZ2 Y
& o33 Zol AFsAY. F 80THA £9F 12T
A 150CAHA AeAA S0 BEES EHRYL
A #2 8CH 258 AA3] 45A1A 2359 o
ZA @ g5, HE4EAd olE A2ERA £8F
% $5 fH Y EAEY JAat ME FAe RS
" 38t7] fste] B3 20TH G438 45AA 290CH
2o 2xdof olZ & ATt 18Ftholl F4{0] A
ztglo] oF 48 ojuof] RE EAo] AFHEEZ Y
I ENo] Bt F o 2ERH 59 B¢8 S A A
71 3t 310CHA =g FANSAZ F L7
A28 ARG 1 A APy BF EcER
g #Ae) Wl gle]l A&H oz FAE 4 AU
Zt iEZAEE EAHY o]2EE 7] Aty
MS9 =1 thg 3 Zo] Azt F AlgY o
£37F dojuE ion sources 176'CE FAAIA R
AE ol 2EL 3dE FF aAride wdse
mass filterss 100CE F2AA 29 electron impact
ionization mode(70 electron volt) & A48 1

m

REE A7) Y8 electron multiplier?) - tunedt
o600 = EA MdAsACE tg WA SCAN
moded A} HAEH S &t 6% 9 mass spectraE &
oM piFE AUEE S0l 5E 4 drESR
A 3R 57 A ' A3 F Table 13 2o
SIM modedll Al B4 2 HRFEAE 90 ojw 7
o] & dwell time S5 200 msecE 3ko] B A3 7+
B

B2 540 g AHEHS AL 4 YY)

i

O]Am} Lo] A8 8B gm; L gA ]EOIW 659

31‘8‘??}74](—8% L.4ppbl & 583 UFAIL

A E Ao 639 frERAE] £
&2 1ppboll M 60.2%(CV=29.7%), 2ppb
63.5%(CV=26.5%), 4ppbollM¥ 72.9%
(CV=18.2%)2 ¥/} 5o}2 $8 3485 Zo}
AL ANEL BMeate Hwl wolAR(CV,
coefficient of variation) % 2o}zl Aee 2 4 9]

Ath

T8 WHFE

= 652 | 2EZAE zeranol, taleranol, zearalanone 18] 1 zearalenone, @ —,

13—zearalenol—¢—.E %*10*1 B4 2 3% 2Yete A TEe gk & SRoje HAA

WA free form 2 AR o] HAuz PB <
SHaisl] 7] 4ofol #F == FgE vR )2 AEE 629 rERASS
$2%81 3 n-hexane, dichloromethane %9 #7180 93 G mAle AW

glucuronidase & 7f
acetonitrile® AHg3ld F

449 glucuronide conjugateF el (el £ —

L IHEAE AAED acetonttrileS HF FFAZ T 2M NaOHE ZEZelgA A 2d714 &
ol W FAE FHAA AL WEEFEEEL zeranol?) 883 FALA 9 zearalane s 7+
g 2EZAE HYAE Fu 4 BAME 540 T AF 2 EQS A7) A8 MSTFA
2 FzAF T F AdE GC/MS/SIM(Selected Ion Monitoring) modei M E45hed o231 2

< A%E AUk

. 2 A2E2AEL M2 & Fesos 8300 33 #oh. WEEFE AR zearalane
TMS, ¢ 7% 18.49% 011 2.1, zearalanone- TMS, ¥ 19.44¥ 010 1, zearalenone-TMS,& 19. 635,

zeranol- TMS;2] 74 $-= 19. 7180l o, & taleranol-TMS; 9

A4 19.79, a —~zearalenol-TMS;9]
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4% 19.998 001 B —zearalenol- TMS;9) 73§ 20.08%-o]%ich.
2. 6%9) N2EZANEY FEFHL1, 22 4ppb(591A 20mg)e] FEHAANA A M (r=0.99 o]
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