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Abstract: The method of gas chromatography/combustion/isotope ratio mass spectrometry was developed for the determination of

progesterone in beef samples in this study. The beef'samples were extracted by acetonitrile oscillation and ultrasonic-assisted extraction, and
were dehydrated by NaCl to induce separation of water-and organic layers. After centrifugation and evaporation, the extracts were further treated

with ZnCl, to remove lipids an ified by solid phase extraction using LC-Cs, LC-Si and LC-NH, cartridges. After Pre-HPLC purification

using a Cyg co , the samples lyzed for progesterone by GC/C/IRMS system. The 5"*C value of endogenous progesterone in beef
was about 701Q3%0 (n=6), and the &

analysis<of vai e(ANOVA, p=2.23x10"<0.05) indicated that there was a highly significant difference between the endogenous and

*C value of exogenous progesterone spiked in the sample was about -30.6420.24%o (n=6). One-way

exogenous d-C value of progesterone, while there was no significant difference between the exogenous and standard solution 8"*C value of
progesteronie. Meanwhile, the simulation experiment showed that the 8"°C value of mixture (endogenous and exogenous) of progesterone in
actual sample was homologous with the exogenous §"°C value of progesterone. The results showed that the method was specificity and reliable.
GC/C/IRMS can be a powerful tool to investigate the origin of natural hormones. The method will fill the domestic technical gap for identifying
the origin of hormones.

Key words: beef; progesterone; endogenous; exogenous; GC/C/IRMS

WiksBER: 2017-09-17

EEWH: BEHNERBEERRHEIIR (HK004-2016); EEHRIERAER (16142201500, 15395810100, 17022293700, 17D72201100); K =ARHE&1E
iE (17395810102); HRS|SHARHEAREIR (YDZX20173100004528)

BIES: B8 (1979-), &, #t, T, Mishn: ARRESRS

233



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.12

R BA YRS TER) Cy KR HER, L4
N, BATEBZVE RS B R, 58 AR I
MYERFETHDIREVE T« Z2HRAE B Ol H A Tt
EhIEI AR FEANHESRN T, BR B T SR € 1 2
EE N N P 2 e S0 U (LRS5O 7 BT,
AN A B i b A RO B B A B e ME— AN ol
M@, BT e SRR, AfEsh)
YRR (AP R RS, DRSS R
VAL A AT H AR 3 A I 25t 1, 3 AR
PEfi T, RGP N A

SR BT /K e /TR AL 3R B S 9 (gas
chromatograph/combustion/isotope ratio mass
spectrometry, GC/C/IRMS) »& H {4 5o KR 1A
ROT. FRESAREIE &, EmiR IRl B
Bem CO, Uk, HBTEACNE CO, HRE IR (I
BC 5 ") A MAAHME, SEERLL 6 (%) HE
e BB TR A AEFRIRIR ERAREYIR PDB (Pee
Dee Belemnite) < [HJB% [ £ 2 ELAR AOARR 22 53«

5]3C(%0) _ {[(ISC/IZC)ﬂ:h': _(ISC/IZC)PDB]}XH)OO

(13C/12C)PDB
T T iR R T I, R R

IR, AVEAS RGeS Y IR R,
R R AR A, 4K, F
TP S0 e e DR
B 18012, [y i ok SR PR ATV PR
SRR B .

AV SR P 2R CPC L
TR RIS 7Rk O3 A C4 R
MR RR EY, T2 A

TN C3 MRS, AAEBARAT e e ™,
M AR 8 e 22 i ] 5 ISR o T A5 HL

\ PILHLLU PR R JE 4
IR LR, O NCR AT, B, SO
ﬁ%%gﬁ‘E%%%%QE¥SEGQQmMV£
SR ARG KA PR, v S R
0, AR R R T S AR ER, 27
T T A A BRI B AR A

1 MRERE

L1 5

IsoPrime 100 [F47 2 F S HEAXC GC-5 BREE AT,

B[ IsoPrime 2 7 ; it 7890A A %, 52 [F Agilent

AT 1200 B 25 v 0O EnE A SR A MRS I 2
(DAD) (Pre-HPLC), [ Agilent AH]; JEiniR

234

wf

%%, T8[E Heidolph A F]; AEAIRY#, HA Yamato
AF: 70H HBAEDLSE, EE Elma A7) WK
%, Hit: Buchi Anl; &HBNEWAL, FEE Caliper
Tl GL-18MC i i DAL, TR B LA BR A
Ay ARIEEOHL, £ Sigma AR BEiidy, EE
Gilson A a]; [EAHZEEAE (SPE #:): Bond Elut Cig £+
(500 mg, 6 mL), 3&[F Agilent /A #]; Supelclean LC-Si
FE (500 mg, 6 mL) F1LC-NH,#: (500 mg, 3 mL),
<[ Supelco A .
ZAfR (progesterone, P) FrifE iy (46 99.0%),

I E #£ [ Dr. Ehrenstorfer GmbH A ] ; FHEE, 2.

FHEE. 4RO, IEC i ST 3R AN E e
(HPLC %), WHHAEE Merck . FAMEE (ACS
40, WEMEE CNW LAl & R 20, A

KHAR AR AT
PR T2 H R P, R e A 2 R TR
IS 2 )
S FIRE s ATIREELRE R 1 P VM B A Bl e 4
b, [RLIL, MEPRICE AR s R AT
< LA B FE AT RE

#&%éehsé
122 i r AR ] 4

ZAFRABRAE I : RETRRREE AR EY) R S mg O
%2 0.1 mg), DAFEERLHIEE N 500.0 mg/L Ik
W, TAREIRH-30 ChgfF .

ZAf AR PUFIBLAD, o AR BOE =4 mibs
AR, BARREIET, LARABIGR IR S AR AR s pr
TRkEE, LA#% Pre-HPLC Frf; A AMERTLAIR
ORI BT ARk,  LA4: GC/C/IRMS FTH .

1.3 N#ESHK

1.3.1 Pre-HPLC &4

i, Agilent Eclipse XDB-Cjg (21.2x250 mm.
7 um); VB, 75%CNEKEW; 1B4THE], 15 min;
FEfR, 06, W#, 15 mL/min; BEFEE, 500 pL;
MK, 242 nm,
132 GC/C/IRMS &4

iR, Agilent HP-5MS (30 mx0.25 mm. 0.25
um); RS, A HEREE, S pLs BRI
FE, 250 °C; HRE, 1 mL/min; FTHEREE, ¥4
IEE 80 C, 4% 1 min, LA 15 ‘C/min F}% 250 C,
{R%F 2min, PA2 ‘C/min F% 272 °C, {i%F 5 min, ¥
J& LA 2 ‘C/min 3EEFF 4 275 °C, £RFF 5 min,

At HTZESE (ED AR, 100 eV: Rk
W, 850 Cs BRBEF IR, 350 C. A, AR



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.12

(4liJF 99.999%); ZHR,, Ak (4liE 99.999%);
BeHEi, WHER (TAEA-600, §°C=-27.771%0).

L4 A i

FREL 6x150 g #¥4h CFEHAE) 0.01 ) T 6x500 mL
HIEBLOEH, 45NN 300 mL 21, “FATHRS A
A RECE 20 min, FE73 AIH0A 15 g NaCl, #RiZ 1R,
F 4 °C 6000 r/min 0> 10 min, HHAHEE A 6x500
mL JEEZERIEF, A 10 mL 7R, 40 Clieikzs
RELT, H2x2.5 mL HESELZERM, N 6x50
mL ALZEBLE (DFIN 2 g ZnCL T8 o, ik
A 6x50 mL, $itHEZE ZnCl, %R, T 4 °C. 11000
t/min FEC S min, _FIEHREEE N —iE 1 650 mL
BOVE T, b B ERBERT 6xCig-SPE A (5 mL FEE
A5 mL ZKARKIEHAED, FH 5 mL 10% H BEK Wk
Ve, BT, AR5 10 mL BESERERRE, Welt
WAE 40 CERAMBILT, REHKREH 3 mL Ecky/
LR T (85/15, V/V) Wi, WWhEZ) 1 min, 2A)E1d
6xSi-SPE £ (6 mL IECbeif{k), L3 mL IEChi/ 4
TR I8 (85/15, V/V) Aibkdei, FHASHT, Bl 10 mL
IECK 2R TS (25/75, V/V) N, PelliAE
40 CERAMEILT, AR 2 mL LR 2.0/ E TR

(8020, V/V) IEfRIREAY, W4 6xNH,-SPE 4%

RVCH 4 mL 2.1 2B K A8 (25/0.68, VA
A4 mL 48R B8/ T EHER (8020, VIV i
JE, PEMUSCEE TE1% 6x15 mL B0,
mL 2R 2 g/ FF B (80720, 4471 ke NH,
mL 8T 40 CHRAME g R G5 T H— 208
o, BARERT, FI750 uL Zifi5Emskeyn, e
BN 250 pL ZKGEZE, WAHE 1/min, 19022 pmEfE,
AL Pre-

TR ERCE R, & PR TR AR
fiith, 40 Chekzgksin T, M FH I v i B
Y, 2% FESR, 40 CTFEARERT,

FREPIA200 pLIREFEER, i 022 pm JEBE, 4
GC/C/IRMS K 43-# »

2 ZR5iHe

21 FEGHEHTA

WP A G IR BRGNS %, XA P b 22
ISR R E B, A2 g9 IR, AR
ANFIFRECAG  BE R BN, ZARRAE AR R 7 o
VAR AR, I HCRTR AR 5 2 I A0 P UL e ST
B FEPRIURAF LAY . RGBS T HIEE. L.

LR OB T B BRSO . 1 w50, (A
HEE . LR CBEAECT R, 2 (RIS
117%) /& A& RIFEHGRT . HEEAN 5 e TR
SEOCTZF PIRE i R 2858 79T IR SR AR T 5 K,
B2, SR E RN SEE LY 5 T B,
W8N T J5 % SPE MEFGHRIE, ZIEHRICEE . JER
AUTEEEEN, HOERBGERR T, 5% SPE
Fp b2 5, Rk, g8 OB AREGRF], R HEE
WHIMAN NaCl DMt ZREFUKIRE Ry 2E, 4t
B, EAFRUUERKIEE T I RS 5.

120
e 90F
= 6ot
=l
30}
0 "M"I—_ ZhE  RTHERE 2R
& 1 A EHEEGRAFIX AR R S 2 ERA R BGER GRnsk

F50.5 mg/kg)
Fig.1 Effects of the different extraction solvents on the
recoveries of progesterone in spiked beef samples (spiked level:

0.5 mg/kg)
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Fig.2 Effects of ZnCI2 additions on the recoveries of

progesterone in spiked beef samples (spiked level: 0.4 mg/kg)
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Fig.4 Pre-HPLC chromatograms of progesterone standard
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Fig.5 GC/C/IRMS chromatograms of (m/z 44) of progesterone
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