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=5 <213} ). Estrogens (17B-estradiol, 17a-estradiol, estrone),
androgens (17pB-testosterone, 17a-testosterone), gestagens (progesterone)®] AT E2E 653 YT 2R 35
DES, RALs (zeranol, taleranol)S RUEY t) $2H 0 F GC-MSZE £4I31500H, o|ZHE T2H9]
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£ AAEdtE AAl 15079 AE F Y s2EAE HEEA e, ddsadAs volhe
FA5H= progesterone®] YHHE Q] FE= HIE BT
Abstract: To determine the trace level of synthetic and natural hormones in food, the improvement of official
analytical method and new development of simultaneous determination of hormones were established. On the
basis of developed analytical method, the background level of natural hormones and distribution of residual
hormones were monitored in meat. Target hormones were six natural hormones such as estrogens (173-estradiol,
17o-estradiol, estrone), androgens (17p-testosterone, 17o-testosterone), and gestagens (progesterone) and three
synthetic hormones such as DES, zeranol, and taleranol. These hormones were analyzed by gas chromatography-
mass spectrometry. Newly developed multi-residue analysis method was applied for meat sample which were
collected from market in the capital region and monitored the presence of residues of synthetic and natural
steroid hormones. No residue of synthetic hormones were detected and endogenous level of progesterone was

detected in cattle, pig and liver samples tested.
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I A+ GC-MS && LC-MSZE Agstx ct
Sl A= 1Al Alzhsk F-2h8- Bl owkekel A
02 A AAHSR AHgo] FAE oA g 2|
E((DES)F T8 SHFETNA 4EFE s28A
A2 g AREEI U= Al (zeranol)ol] st =
2EE RS 8ES AR oA ARE 94
A AAREAL Atk A FeFE A oA = 2002
BE] AZ ZA] dAZTEE 2 DESY zeranole] &
AREAHEE FYstal o] &7 A RUHHES
gk vk ok oy A FuiA] F ASABA R Hds
Z 2] estradiol, testosterone, progesterone 3%+ DES
9} zeranol 2Z¢] A T EEA RUHY dF1E E
shel 712 Apmre] S3E Aol it WEAZYY

=
50 4FEAL A3 AHSE AF I sEEA
Sol el FhAAE ok FAE 34 23 3
7] mol FRe EAL L BAY se] o FolX|7]
31 9lek,

£ ATIINE AF T FrReR EAse WY
9 g4 TEEe A% S JF2 95el B9
A2 WREFHS AL, DU LAY 55
2 BANES FYste] Al K7 HF AR F 2
A % e o E2EES B §
A 23] B ohje AALAG 27 Sl AR
o] AA PR FRAFAN YgE2EA 2

2.1. A|ef

EFEZZ A8 diethylstilbestrol, o,B-estradiol,
estrone, epitestosterone, zeranol, taleranol, progesterone
£ Sigma (St Louis, MO, USA)°|A], testosterone-
Wako pure chemical industries (Japan)l Al % 3l
54 T AMgsdth WEEFERZE DES-dg
testosterone-d, = CIL (Andover, MA, USA)S A}-8-3} %1
© 1 estradiol-d; 2} norprogesterone= Sigma (St Louis,
MO, USA) AFS AME-atlh 2t e EEE4S
W EH-E (estrone> MAE)e] =] 1000 mg/L EFHY
S AT ZEYAE A% G2 g4 &3
3lo] 24%E(0.1~100 ng/mL)e] EFEZNL 6tH)
oY ZABAT R EFEAE EFEZT o] 1
B0 o] 1000 mg/l EFLNE AL FFEY
ANe WELR 31X st 2FTE=EA 1~10
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Table 1. Retention times(RT) and mass spectral characteristic ions(m/z) of hormones

RT

Characteristic ions

Compounds Abbreviation Quantitationion (min) (relative abundance, %) silylation
Diethylstilbestrol DES 412 12.62  412(79), 397(11), 398(4), 73(100) (O1vS)
Diethylstilbestrol-dg DES-d8 420 12.59  420(100), 405(19), 389(16), 73(42)
o-Estradiol E2a 416 1497  416(44), 401(4), 285(62), 129(36), 73(100) L(OTMS),
-Estradiol E2B 416 1534  416(61), 401(6), 285(75), 129(36), 73(100)

Estrone El 414 15.12  414(21), 399(14), 231(18), 155(42),73(100)  -(OTMS),
B-Estradiol-d; E2B,-d3 419 1534 419(100), 404(10), 285(76), 73(59) -(OTMS),
Epitestosterone epiT 432 15.04  432(55), 417(4), 209(14), 208(14), 73(100) (O1vS)
Testosterone T 432 1552 432(54), 417(7), 209(12), 208(12), 73(100)

Zeranol ZAL 433 16.85  538(1), 523(2), 433(15), 307(20), 73(100) (OTMS):
Taleranol TAL 433 17.00  538(2), 523(2), 433(15), 307(21), 73(100)
Testosterone-d, T-d2 434 1552 434(100), 419(13), 211(11), 210(10), 73(47) -(OTMS),
Progesterone P 458 17.68  458(13), 443(10), 247(6), 157(29), 73(100) L(OTMS),
Norprogesterone norP 444 1727 444(33), 429(35), 235(14), 157(32),73(100)

mg/L)e] EFEFNHS ZA| 5T

FE=A3} AleFe 2= PIERCE (Rockford, 11, USA)
A F 2] N-methyl-N-(trimethylsilyl) trifluoroacetamide
(MSTFA), Merck (Darmstadt, Germany) A%< ammo-
nium iodide (NH,I) 22|32 Sigma (St Louis, MO,
USA) A|&2] dithioerythritol (DTE)Z 1000:4:2 (v/w/w)
2 Z3ste] ALgstdh Bl gaaA=Z B-glucuro-
nidase-arylsulfatase (Sigma, St Louis, MO, USA)E A}
|39tk A & ZH-2 Phenomenex (Torrance,
CA, USA)AE] Strata Cy(lg, 6 mL)St Strata NH,
(05g 3 mL) & A &3tglom 7]et £uj= HPLCE
(J.T. Baker, NJ, U.S.A)& AH&-&F3TH

22. |

A A2 E 2 - A FEA 7= Agilent 6890
plus 713 ZZulE2e 9} Agilent 5973N AFEF2¢
d AR 7] (Agilent, USA)E AH&-3tth &
DB-1MS §-§ A7} 71922 28 (30 mx0.25 mm,
0.25 pm film thickness)S o] 293 24 A4=E 2
HAA 2 (direct interface)S AFE3IA T QE 2%
Z7] 120°CoA] 287 HEE F 29 15°C/ming]
5= 2500074 &8 F TA] B9 5°C/ming]
£ 200°C7HA & T sE e HEA 3§

e %
& %

| FUH(split, 10:1)SZ 1 pL
JaR o™ FUAT LLE 250°C, QB H | AL =

280°C, 28] 3L WA= AE(99.999%)S AHE-3HA L
42 | mL/min, H+ A% 39 em/seco] AT
AFEA 7 AHEE o]23t e AR AW
(electron impact ionization) 2.2 ©]-&3} =] 70 eV
oA AMg-El o, o] 2% 230°CE AT
AESHER HFREAS flote] d&o]27 M (selected
ion monitoring, SIM)ol 4 Z}z}e] g &ro] &3} &Qlo]
25 A3t & Ao Ak A7 o] g
WHEHL vF-F AZHE Table 1] AT

2.3 Mg
A o] 2 &AL, A7) 2
F ga%e) we

2o Y
L% g AR AA st A
g P A oe] A Fdske] A8 &
FAEERL], EHX] 7], 27HE 200 g o)A B3]
2 Zo} #2338 F W5 (-20°0)00 B &
27 ARG 73S 718 HRAE EAHS 4 W

st ARS-3HA ]
2T AR 5 g8 Dol &R/ AR 79 5 mLY
= £ & microwave® 30%7F &390, 7F
9 7§-C’rT‘Z‘ %%—"}F th A1 5 mL acetate buffer (0.2M, pH
52)8 Yo E5oF Ut} 91719l 80 uL glucuronidase
S Y3 incubatoroll Fo] 52°CelA] 15417k o] WHE-
S 30 mLY S &
A

-20°C9] % =310 308 o)At
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HolFo] A H & SIAZ F AEAE ueh A
9 AYAE AASAT £715 W22 Aol
T AE5da AHAe T3 5 IR Ao vFI=2
IAY FEE 198 sE3AT AR BAE
8] 5 mL HMErLT 5 mL £F5E G SPE 7LE
g e T 9] HE 7|3 5 mL THRTE 871
o} ZHERAE AH T F AH AL Wi 4 mL
BEE BAES I5E 74 &EA7 & a2 5
=712 %3

o Dol H o] E/m EFE-(80:20) 2 mLol| 59 &5

& X3l oA H ol E ZF o dolAH o] E/FF
(25:0.68) 5 mLe} o ol El o] E/m| eH-2-(80:20) 5 mL
2 A S NH,-SPES| &3 § o dojAlH o] E/v| gt

5 g ground meat

- 5 mL DW

- ultrasonication 30sec
- 30 mL MeOH

- add ISTD

- centrifuge

- ultrasonication 20min (60°C)

£ 4o

&l 529

S

£(80:220) 6 mLZ &&FA17 F o] £&9S FAa ¥
=79 TEAA &rE oA
statith. FEA s B
A& #ol] MSTFA/NH,I/DTE (1000:4:2, v/w/w) 80 uL
S} FA ]ﬁ.—%%’é
Y B3 5 100°Co A 20%-7F
2131, 1 LS GC/MSS AN B2
BN N E Fig 13 2t}

phenanthrene-d,, (1 ppm) 20 pLE
W F ARedA

shelch AA A

A SRS 20 elel e

5 g ground liver

- 5 mL acetate
buffer(0.2M, pH 5.2)

- 80 pL glucuronidase
(52T, 15hr)

- add ISTD

- 30 mL MeOH

- ultrasonication 20min
(60°C)

- centrifuge

‘ Freezing -20TC ‘

|- filtering

| Cs SPE |

- condition :

5mL MeOH, 5mL DW
rinse : 5mL DW
loading

elution : MeOH 4 mL

- Ny dry

SPE

- N2 dry

resolve w/ EA/MeOH (80:20) 2 mL

condition : @ EA/H:0 (25:0.68) 5 mL
@ EA/MeOH (80:20) 5 mL

loading 2mL

elution : EA/MeOH (80:20) 6 mL

‘ Derivertization ‘

- phenanthrene-dio 20 uL
- 80 uyL (MSTFA:NH,:DTE 1000:4:2) 100C,

20min

| GC/MS

Fig. 1. Analytical procedure of hormones in meat.
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Estradiol> <54 38-70%<] 17a-estradiol
17-45%9] estrone®. & EA|3ITE, A 2o 25
A 5¢} v s BXE RolH wEkA conjugation
He FH R ug- AA S5} o]of] wiate] Al
ol 7+ A oA = 17a-estradiol-glucuronide, 17[3
estradiols°] A3t Ao 2 dEx Q)M =3t
FolR] 9] 7Hll= 17a-estradiol, 17a-estradiol®] B-D-
glucopyranoside, 17a-estradiol®] 3-b-D-glucuronate L
2] 3L o2 estradiol 9] 17-glycosides7} &4 gtk &
#HA Ak

F5 AAE 3F5FaE BXE 17B-estradiol?] T
Ao BRHE Z{ ALRAqN Fa RS
17B-estradiol &} estrone©. 2 e H S ™, 17a-estradiol
& 2w ZAFe] thAl SIS o]of whate] Al
A3 7+ z2ZH oAM= free steroid®} glucuronic- 3}
glycoside conjugatesE 5 33lod 17a-estradiol®] o)
AFA| 0] I 17-estradiol = &% &4 3ht}. catechol T
A= HAEEA 3T

Progesterone®] 74 -$-% ZSZZ = 54%2] free
steroid7} =) 5hH X HZ2F o= 69%2] free steroid”}
TAG 25ol= 2 2o Fa HARAIR 16%]
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4% steroid glucuronides 2

o

fo Kt lo

pregnen-3-one,
7+ 3%9] 3a-hydroxy-5a-pregnan-20-one S ©] =4 3}
Ao dEA Uk AWzRHdE °F 3%
conjugation® FE|7} EA|&F=d] Aol A] EA
HE gAHE F 2% =2 484 Jdoew 1 F
F 11%g =7} 20-B-hydroxy-4-pregnen-3-one®] T}-'* 1}
2}A] progesterone®] 7J-9-I= free steroid9] conjugation
Fe= SASA =k FHH v=e] AAUY =
2234 a2 AT E st & dFolM e U
TANE AFE 2 25(DES, zeranol)3} 7Hg ol
AREEE HAE AR I8 7 I FYA =
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=,
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7} th& SPEE Ah&-3te] EE et Fi AGHER
tE AAAEE AT 2y E APelMe =
ZH|Zo]= &322 stilbenes®|t} RAL's, estradiol 52
HEA LHZol= 8 o}yl androgen®| L} gestagen

2o A4 Z2HROEE A FEdhs WS A
4311t}

& A5 AS FE2H @i dsE 529 3
71998 A SFHFFE B F 300 WollA 307t
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60°ColA 10127+ 257 & 55 Al=atith At

7t doju= 7F A1E9 79 deconjugations 93]
glucuronidase/arylsulfatase 2] & 3} o™ o] -4
52°CoN| A 15A]17F Wh-&l= Sof gtz §]_7]. 010114_
22 deconjugation ¥ ZS9FE3I9 0 S
2 IAY FF SMEZAC &9 F¢ /\]E_ =
Suero) s FhEe)A7} BtalA Hol AAH
35& Aspt dojuEE Algel FE80E DA
sto 2 x gkl A 3k(deproteining) S A A FES
ojsHAl L F&E T &S =Y T AU

2% ol 2250 AW o] HolA Jerm
Fol ARE 4Colq APR st 5
o] ZolAA Hrt. ol A=
& F AL ool oa AAsHH

‘ﬂu]—_Q_

u “’1"
=

gﬁr
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oo E o

A HFA] B

A AE 3L triacylglycerol #3
AAAA 2@ 3 A% F
FARE 92 15 mLE 23] FE314] £9

CRA] Al A ST mEbA FAIRA R
ZA9 NA AAEL HiF 97.1%=E &

og, o °
oft

r_}ménLJ

v WEe
progesterone®] F 50%7% 2
A4 SEZAEY] IFEo] HdasHl He

% i 2o

_7-6_0

BT EF FEL gL o 3
T MEZ Ho|BnE orloME FEE &) i
dct. webd] A 2204 Aol AHgHE &

A9 F2 Folw x=

T 92 triacylglycerol

A Q] 35ES ol o3
RS gIHo g AAFY

o=

Analytical Science & Technology



. _
FHAEFT =

o

O
R

i 3

A 3H SEES st w2 3k &
Cs 7FERAR SAH §E|A7]7] 9lte] merE2
SN7IE 20E ARSI wEbA 13 BA 3
I AR E % Cy ZH e AA 47 2 EA 9
ek B4 2 2 FA 24 FYsa o] 24
MM AA 952 ATEEAEC] BT Hi 8575
RoH 95% o] v T IFES HATh F4
EAAAZ 98 olu=x 2 JLE (05 g 3 mL)
AN BE EZo] ool H o] E/H EHE(80:20) 4 mL
ool A BZE AL 90% o]te] 35S Bl

3 Cy cartridge®| 3 AANH S #8380 959
2 2
[<)

WREEYS ol 8519] GOMSHE Qojxl 4]
WEA REFEAT Z2te] Rz 9
3

<
gk A4 DL~5 pg/kg #9114 0.999]
Fo] & RS YeA L, T E 280 H]F
HEWE7T =2 progesterone 0.2

~20 pgkg¥t 1~50 pgkg®l F TR thro] A
& Tk

ANEEE AY Wyl dig A& AE Tk 9
sle], 237] 2 A7HS 200 gol Y A EEE F 7]
Algol ZEEAE FH7tste] 34 AP sk
Progesterone> 1 pg/kg, 1 ¢ 8F<9 TEEL 05
ngkg FE7F E|= 8 Hrbete] AAE] 3GE AR
7zt 20 g3t AEADL)YE 717190 "ig dE
SHARA SIN>3 02 3 Aola, RAPAETA
(MDL)Y= 28 #AHS AR S79 WA, 2579 A
B 72t iR i3 T 28 T IFHAE o)&
skod 3.143x6 (99% A F]F7HZ F3 gho|t}. o]
= Table 29 BA3FAT]

i)

B4R

&l 531

S

Table 2. Method detection limits of hormones in meat (n=7)

D MDL (pg/kg) National
Compounds * bovine ~ MRPL
(ke beel o gk
Diethylstilbestrol ~ 0.02 0.04 0.05 2
a-Estradiol 0.05 0.2 0.2 2
B-Estradiol 0.05 0.2 0.2 2
Estrone 0.05 0.4 0.4 -
Epitestosterone 0.05 0.1 0.1 2
Testosterone 0.05 0.1 0.1 2
Zeranol 0.1 0.2 0.2 5
Taleranol 0.1 0.2 0.2 5
Progesterone 0.2 03 0.4 10

*Instrumental detection limit S/N >3
**EU national minimum required performance limits

ANEHE ad By 3|
IEEA FFE 10 pgkes 2%
ol Hrlste] 34 A5ty U=
kol AR UM 9% B TE2EAE 66~
112%9] 3588 HAt 3583 ZFHAE Table
300 YERA ATt

71Ee] B ET ¢ 22 A S 3FS AMESte] #
Aoy FHo AEAIERT 453 23S
HAX AA §7 AF A5 HE&slde AH3 3

Se3 BEUAE R

34. FFAENM SE2EN9 24

S5, =5 2 29 UWAZAEHe tisl F 150719
ANFEE AL B A Y] oA st &
Atk oA g FUi SA4L 13%, =
A AL E 21%, 7 5% o] ATt

AA A B TS =EQ] DESS} zeranol 18] 3L

Table 3. Method Recoveries and RSD(%) of hormones from spiked in meat (fortified 10 pg/kg; n=4)

Mean Recoveries %(RSD %)

No. Compounds
bovine liver beef pork
1 Diethylstilbestrol 81.1(5.2) 96.3(2.3) 65.6(6.9)
2 a-Estradiol 96.8(4.1) 94.8(4.1) 88.0(2.7)
3 B-Estradiol 94.2(3.4) 96.1(3.0) 90.6(2.1)
4 Estrone 106.4(4.5) 100.7(2.6) 89.1(0.9)
5 Epitestosterone 85.3(5.8) 76.9(4.0) 71.9(2.7)
6 Testosterone 83.0(4.3) 80.4(2.8) 76.7(1.1)
7 Zeranol 106.6(3.7) 88.6(5.9) 88.0(3.8)
8 Taleranol 112.9(6.3) 83.6(6.5) 83.8(5.0)
9 Progesterone 100.9(7.7) 98.6(3.1) 81.1(5.5)

Vol. 21, No. 6, 2008
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Table 4. Average concentration (ng/kg) of steroid hormones in meat (ng/kg)
P
Samples DES E2a E2B El ET T ZAL TAL (No. of Postive)
0.01 2.80
beef n.d. n.d. n.d. n.d. (1/60) n.d. n.d. n.d. (39/60)
Domestic pork n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.79
(8/30)
bovine liver n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
Imported beef n.d n.d 0.16 n.d n.d 0.02 n.d n.d 0.59
p d. .d. . .d. .d. . .d. .d. (10/40)
*n.d. : not detected (below method detection limits)
Abundance
1S—1 6, 1S-3
(12.59) | (15.52)
90000 d |
5,18-2 |
80000 | (15.34)
70000 ‘ ‘
60000 (1§_12) 
50000 ‘ 1 3 ‘
‘ (:/2-62) (15.04)
40000 Il
I 2\ I1S-4
30000 “‘ “4{7\"‘, | g "V o
20000 1 I 7 ““\i) | l )
| NIl | (16.85) I
10000 | [ ‘ NG
Time--> 12.50 13.50 14.50 15.50 16.50 17.50

Fig. 2. Total ion chromatogram of growth hormones extracted in spiked pork sample (10 pg/kg). Peak's identity as follow,
1: DES-(OTMS),, 2: a-estradiol-(OTMS),, 3: epitestosterone-(OTMS),, 4: estrone-(OTMS),, 5: B-estradiol-(OTMS),,
6: testosterone-(OTMS),, 7: zeranol-(OTMS);, 8: taleranol-(OTMS);, 9: progesterone-(OTMS),, IS-1 (12.59 min): DES-
dg-(OTMS),, IS-2 (15.34 min) : B-estradil-d;-(OTMS),, I1S-3 (15.52 min): teststosterone-d,-(OTMS),, 1S-4 (17.27 min):

norprogesterone-(OTMS),.

= 1

estrogen® = A8 AEEA &%t 17B-Estradiol
HRIF R AGHM dF SEolA ulf 22 5
o2 wA" F I FFolA 17B-estradiol®] Tt
A& estrone®} 170-estradiol 22| 3L glucuronide
conjugates®] t}.!! 17a-Estradiol®] 73-%- bioactivity7} i
S HojA UWkg S Z background levelS =7 314
2=t

U 2F &327] 173904 epitestosterone®] 7 E = R
t}. Testosterone> WRIAH 2 A= w dF FE|
A e TR WA F T Testosterone®] 17a-epimer
9l epitestosterone> =249} A BFA 0.1~1.0
pgkedl ¥EE HAEE & Aoy HyE vk Qo
ol EA M= 0.52 pgkgdl FE7F AEHJL o]
Ao R Lo AEE F A UIA &

FEolth

Z 7S 2ol AEH TEEL2 proge-

o

&
lo, 27

5

sterone®| T}, =4t &G0 710 A= 6071 9] Al 5 39
7, TP 237 40709 AE F 1070] HEHEU
ot FUat SR 7)ol M= 840 HAEEHAUL B A
TFollA HE4 progesteroned] HiFEe ULt §-
& AFAA AEH AET 4 430 pgke, T
$-9] 3% 238 pgkedl HAEEE B T8 4
S AENETF 22 3$ ABoM SHE &
WAE 0.52~31.73 pgkgl A dutxow B yH
el o= EAjehs 3229 AR 7he 7RIt &
ZF AR AL 20 AR T IS Hole AlEE
RATh 2 SFAFE e B AFAE Table 40
e AT

ZH R0l SRR AAFEE 7l AE, 5,
A&7 oA, Ae 59 =AY, Al F, AXY
55 ohde 81l oJa] M = it ols 54
of Ml ¥AY s2E AR} Aol A
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