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Analytical Methods for Diethylstibestrol and
Zeranol in Muscle Foods

Jaeho Ha

Korea Food Research Institute

Analytical method for diethylstibestrol (DES) and zeranol, which are growth promoters, in muscle foods was
studied. Through selected ion monitoring analysis by GC-MSD for hormones, M* 412, 420, 416, and 433 for

DES, D,DES, B-estradiol, and zeranol,

respectively, were selected for quantitative analysis.

Removal of

interferences in meat was done by passing the meat through 1 cc of strong anion exchange resin, Dowex 2 x 8,
400 mesh, whereby the recoveries of DES and zeranol were achieved. Recoveries of DES and zeranol were
ranged from 85 to 110%, and 75 to 110%, respectively, in meat using D,DES as an internal standard, while were
82 to 105%, and 65 to 120%, respectively, using $-estradiol as an internal standard. These results show that both
D,DES and B-estradiol can be adopted as the internal standard for the analysis of DES and zeranol in muscle
foods. Limits of detection of DES and zeranol were 0.05 and 1.0 ng/g, and limits of quantitation were 0.5 and
1.0 ng/g, respectively. The results of this study revealed no DES and zeranol were present in 14 samples of beefs,
porks, ducks, chickens, mutiplicated flat fish, and trout.
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B A7NNE @R BREo] ehad] =i
H1 e ZEER 7 %o 5=+ DESS}

2 A3 ARE Ase A 249 e wspdeA

= A4, §arig e WE AAY & AA, 2 Z
oo} Foj= 7FEREE FH3 g Buchi mixer-400(Buchi,
Swiss)2 587+ vl & ARS8

Diethylstilbestrol(D-4628, DES)E  SigmaAl, zeranol(262-
01461)2 WakoA}l, P-estradiol(E-8875)2 SigmaAl, diethyl-
1,1,1'1'-d,-stilbestrol ~ 3,3'5,5-d,(98.2 atom% D, D-2849,
D,DES)= CDN IsotopeAH(Canada)oiA] 73] A28l T},

bis(Trimethylsilyl-) trifluoroacetamide(BSTFA, T-1506)}
N-trimethyl-silylimidazole(TMSI, T-7510),  B-glucuronidase
(G-8885)= SigmarlellA FYste] ARE-SFSIT}. Trimethylsilyl
FEAE W=7 Asle] BSTFASL TMSIE 98: 2(viv)] H)
S8 EFetd AMg-start

DESS} zeranol®] EFEZS Z47b 20.0 mge 100 mgs A
gs] 2o} 100mLe] methanoldll %<1 th& stock solutions
Y31 stock solution 1 mLS methanolol]l =] 100 mLg v
£ ¥ working solution®.Z 3}t

WHEFEZAZ DDES 104 mg3} B-estradiol 10.0 mgS
methanol 100 mLel =4 stock solutionS 7HE3L stock solu-
tion 1 mL& methanol®] %4 100mLe W& ¥ working
solution® & 3} TH1o,

LOD&} LOQ =X

DES®} zeranol ¥F#EHE methanol2 3]sl zhz}
0.05ngmL, 0.1 02ng/mL, 0.5ng/mL ¥ 10ngmLE 3 &
GC-MSDZ #4133t} =1 A} signalell D)8t noise H]E©)
3 ole] He wx9 et He BEE 71719 LOD
(Limit of detectiom® 73}t LOQ(Limit of quantitation)S
AA3E7] flstel A8 Sgoll sk 0.5, 1.0, 2.0, 5.0nglg F
T2 Jole] dolXe HAFES LOQE AT,

DES®2} zeranole| &

ZS83] vRlE AlFES °F 5¢8 S0mL coming tubed] 3
St 7)o AT WEREFEZL 71eoh 10mLY
0.04M sodium acetate bufferE 2 T2 acetic acidE 3
g 7hste] pHE oF 425-4752 z2Fskth o714 B-
glucuronidaseE 70 uL(2} 10,000 unitol] a§) 7hakar 37°Co)
A 12~167M7F B9 wEEAIFTE WHEo] Euw 16 mLe] o}
ABEVEZS 71 b 150 mpmollA 9F 30827+ A&t
o|RA& 2,500 rpmollA oF 287 YR sl 2S5 A=
< ¥ 2 452 o2 50mLe corning tubed]]
Y o7]e] 2mle] dichloromethane® 8 mL2] hexane2 7}

slo] 27 32E0] Zolgly MHEYE F(E1HE, Ay
25l 50mL 52 Zeha30 BTh B2 HFo] 4mL
ol EVUEZZ} 2mLe dichloromethaned THA] 718
FH3| TENFI OMMEVEE ZF7HE, By £E5)
T oM EHEZ Z(A, ByS F3taL o]A & 50°C o]a}l
A AR IAIF T

2 do lo

DESS} Zeranole] EX|

A ATE AEo| 2mLe isopropyl alcohol/methanol(l : 1,
vivy§H4E shetal oF 587 Z 59 thd 05mLe 2N
NaOHE 713l th. ©o]AS A& Zo] Dowex 2X8(400
meshy2 AT g 33 FFFE FAS AlE89S
2t WelEdS AAS] $18t 4mLle] methanol,
2mle] Z§FF, 275mLe] 5% acetic acid, 1.75mL®] 25%
methanol2 718} &8 BUlZ HEHSeZ 3mLe] methanol
2 DES9} zeranolg £E3Ith §&28 AL HAU|F 3l
A A A3AIZ] T2 BSTEA/TMSI EFAE 20l 713}
o trimethylsilyl -F=AE v & GC-MSDE 4313t}

GC-MSDof| 23t #4

Ao AHgE 717]1¥ Hewlett-Packard 6890GC/5973MSD
oo ZYPL HP-5MS(0.32mm, i.d.X30m in lengthX
0.25um in film thickness)S ARSI £4 2722 GC
QPO ZI)SEE 240°ClM 287 FAAZ O BT
10°C A 280°C7HA] “d5A171L 280°Cell A 587 A3k
FYHE 280°C, interfaces 325°CE. A AT 24|
HFS 79 1.8mLE UL FY7]olA B &S 1:

—“S}ﬁq(lﬁ-w)l

i)

iy

fi

A

Z3 o 18

DES®} zeranole| REEA AHERZo EY

DES% zeranol®] dAHER Alo] Al EA]LS Table 1
o Yehltt. DESE ethyl group] 1319l whebr] 7<)
o] A3 A (cis, trans)”} 7Fs3FH mass spectrumollA m/e7} 412,
397, 383%] o]&o°] Ao EE F& AAGL S ¥
Boollet ThE S2E9 peaktt FHol HA 9kSi) 412
o] A9 M©|Z 397& M'EH-E] methyl group(-CH,)°]
FojA Uzk Aol 3832 M*llA ethyl group(-CH,CH,)°]
7 "DojH wzk Aojrt. o5 o]o] AR F= A<
intensity7} 71 skl FHEN S AT BAoleo® st
gt AAl 24 sleixlE © F intensity’} 7HF 7%t
4120125 M35

DES®] #4UxE F74a9U42 X871 D,DESS] 7-¢
DESE A#HZ o= #AM37] 93l WEEEERAR AMEH
= &3t 422 DESS HYU3AIRE mass spectrumol]
A= DESHU mfe7} 8 F7ksted 420, 399, 38571 5730
o2 Uehyth olF AHEANE g o)L 4208 HHs}
ATHY.

Zeranol®] 7= M7} 5382 el 523, 433, 3970
ANHCZ F2 intensityE WERo] AFEM S AT 54
o208 A3t AAl B M= 4339 intensity”}
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Table 1. Characteristics of DES, D,DES, zeranol and B-estradiol
Components MW M.W. of silyl Retention Time o eritic Ton Selected Ion Remarks
derivatives (min)
DES 268 412 3.1 412,397, 383 412
D,DES 276 420 3.1 420, 399, 385 420 1s?
Zeranol 322 538 6.2 538, 523, 433,379 433
B-Estradiol 272 416 53 416, 285, 326 416 1S
UM.W.: Molecular weight.
21S: Internal standard.
71 ZdsA vebt 4338 A sk o 743 Lol TR E ARl 2 RS AT
HE-F A7kl 9loiM= DES$ DDES% oF 31E0E & o} &0l wEFAE FHEHE AR Boee <ol wet
Agt A7t SEEHUAL zeranol®] 735 628 &5 F Abgsle oFS diElstedol shEdl 2 AN e Solx
AEL e & g & 4 9»191@. FEAE Aol 0.5cmel ZHo FA3k] Z=HAIZ resin®
¥, A DESY 8BS 918t AME-E= DDESH zer- oo wE DES9} zeranol®] §3 ¥ wiseES S35

an; A3l AHEHE zeralane FYPHOZ AR
g 94 efste] 2 AL Sl DDES
54 FE2AANe efste] 7]le] ThsatA 7ol
HIR7] wEol] d/dARl EA4E 918t Bestradiol W]
22 AT

-estradiol®] 7-¢- #AFEFO] 2720|903 TMSHEAE v
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Table 2. Recovery of hormones as a function of resin volume
(%)
resm(zg)lume DES”  D,DES” B-Estradiol’ Zeranol”
0.8 84 68 33 23
1.6 40 34 33 14
2.4 17 12 24 4

1234 Added Conc.: DES, D,DES and B-Estradiol-1 ppb, Zeranol-2 ppb.

Table 3. Recovery of DES and zeranol without an internal
standard

Table 2% resin® %2 08cc, 1.6cc & 24ccE &}
DES 1 ppbs*<&, zeranol 2 ppbTi= 22 loading 3 TH 3
FEe AEE JUHoR Z43te] JERAAT resin®] %

] 08ccel A7t 7MY £ 348 B resing] ol

2 1.6ccE NS A% 08ccoll WIBle] DESS; zeranok <F
1/2«] 342 BYth resing ¥E 24ccE 3 A
2 3 Ao wlsted of 159 3¢
08ccHER 3k Aol A&

3%+ 08cc

FE Kol resin® WS

DES®2} zeranoll] 3+& &3
DESS} zeranol®] 34&8 &8sl sty s=2Ho] 7
25 ¢ 4379 DESE 05, 1.0, 2.0, 50 ppbrlo g
3}al, zeranolZ 1.0, 2.0, 5.0, 10.0 ppbFTLE 71§ vhE
B8] o A3E Table 39 YERNITE. DESY 3|5&2
o)zt wf-¢- A 20~102% =S IFES JEPNAT zer-
anol®] A$E &2 xpol7t mie- A 10~110%E5 HERA
2ivk. wWebA zeranols}; DESQ] &3S 4=t Jof WjF
FEEALS NIEAl 8 ZoF Uit
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Zeranoloﬂ v]ale] AutAo g F4go] £ Aoz el
;. DES9] 7% 85~110% AX0|L zeranol®] 7A% 75-
110% "9 s,es Yepisich
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Table 4. Recovery of DES and zeranol using D,DES as an
internal standard

Components Added Conc. Number of Recovery Components Added Conc. Number of Recovery
i (ng/g) trial (%) P (ng/g) tial (%)

0.5 3 43-98 0.5 3 86-102

1.0 3 25-102 1.0 3 95-105

DES 2.0 3 20-95 DES 2.0 3 96-104

50 3 30-85 50 3 85-110

1.0 3 10-95 1.0 3 76-87

20 3 15-96 7 1 20 3 75-95
Zeranol 50 3 23-110 erano 50 3 33.104
10.0 3 35-103 10.0 3 85-110




388 S EAE A A 34 A 35 (2002)

Table 5. Recovery of DES and zeranol using B-estradiol as an
internal standard

Table 7. LOD and LOQ of DES and zeranol using a HP5-MS
column

Components Added Conc. Number of Recovery
(ng/g) trial (%)

05 3 82-95

1.0 3 90-105

P 20 3 95-105
50 3 90-104

1.0 3 65-92

Zeranol 20 3 78-95
erano 5.0 3 80-110
100 3 82-120

Table 6. Comparision of correlation coefficient of response on
GC-MSD/SIM by the different internal standard

D,DES as IS B-Estradiol as IS
DES? Zeranol? DES? Zeranol?
W/LLF 0.9970 0.9923 0.9675 0.9864
W/O LLF? 0.9998 0.9980 1.0000 0.9996

YW/ LLF: with liquid-liquid fractionation.
PW/O LLF: without liquid-liquid fractionation.
*»Added Conc.-DES: 0.5, 1.0, 2.0 ppb, zeranol: 1.0, 2.0, 4.0 ppb.

B-Estradiol zeralane} D,DESti4le] YR EZEDZ A}
£7Fs37ME 24359 Table 59 YeERNATH DESS 72-¢-
0.5, 1.0, 20, 50 ppbrEo g 715t9S W 35L& 82~
105%°1J 3L zeranol®] 7A$- 1.0, 2.0, 5.0 2 10.0 ppbFEL
2 7FEE o) 65~120%2] 35&S JERRIT

o] A A AEFFY] BASZEA] BAHAA Ul
BRFEZZE AAFH J= DDESH vzt S w DES
o} zeranol®] IF&E A9 Zo]rt GIATHO.

3, Table 62 EFEZ S DESS®} zeranol®] =& zbzt
0.5, 1.0, 2.0 ppb 2 1.0, 2.0, 40 ppbE 3t GC-MSD/
SIMo|A 550 et responsed] AHAAZS &A st Vel
WAt DES9} zeranol GC-MSD/SIMo|A D,DESE W+
BFEAE AMEIIAE 5 099987 0998002 ¢ H&
AADAE JERNAIL Bestradiols WHEESEA R ALLs}
FE 7% 1.0000 L 0999602 v|¢ o AARAAS e}
WAt

DES9} zeranols FEHE 713k §9S liquid-liquid frac-
tionationgt T ©]& GC-MSD/SIMC.E EA3lgct, o 2
% D,DESE WHREFEEAZ 3I%S W 09970 0.99232 =
=2 AUBAE HAFIYL B-estradiols WHEZEZZ A}
23 7% 096759 098642 DES$} B 29 £ A
FAHAE Yepldoh. WA DESS zeranols £41% 7

[e]
REAul T
D,DES ti2lel] B-estradiold WHE-EFELAR ARSsle] F &

DES®2} zeranole] LOD ¥ LOQQ| MA

R TEEE B 95t HPSMSZHES ARE3
o) EAd¢] DESS} zeranol @ WEEZEREZ ALES
DyDES7} B-estradiololl tHe A&3HA(LOD) ¥ A BT

fr o

Components S/N Ratio” LOD (ng/g) LOQ (ng/g)
DES 3.0 0.05 0.5
D,DES 3.0 0.05 05
B-Estradiol 3.0 0.05 1.0
Zeranol 30 02 1.0

DS/N Ratio: signal to noise ratio.

(LOQ)= Table 734 Zt} S/NHIE 3002 & 7% DES9
D,DES®} LODS$} LOQE 0.05 ppbet 0.5 ppbeliz, B-
estradiol?] LOD®} LOQ+x 72} 0.05 ppb, 1.0 ppbol3lem
zeranol®) LOD$} LOQ+ 0.2 ppbst 1.0 pphE ThE TE2E
of wate] thar A vERsTH
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& M* 416, zeranok® M* 4330] 7P £& $4M|E el
QL oE o]2L AMHY ¢ a&doz FHo] skt

7} Lol #3%2 Dowex 2X8, 400 mesh Z3 1 cc
of BAIZl ZAg WalEHe] E&HoE AAHIJN 35
&o] 7} =it} D,DESS WRAFEAR ARS3l 3
£& =X AF DESE 85~110%°]A X, zeranol=
75~110%°1%12 ™ B-estradiols WEZFEZR AMS A
DES®| 3582 82~105%, zeranol® 65~120%°)9T}. =3
DDES tialol] B-estradiols WHEFEEZ ARS8l DES
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