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Abstract: A gas chromatography-combustion-isotope ratio mass spectrometry method was developed for investigating the traceability of

[S{¢15(0)

five steroid hormones (estrone, o/f-<estradiol, estriol-and progesterone) in butter. The samples were first extracted by ethylacetate/cyclohexane

(1:1, V/V). The sample was e

d with ethyl acetate-cyclohexane (1:1, V/V), purified by gel permeation chromatography (GPC) and
semi-preparative’ liquid chromat re-HPLC), separated through a HP-5MS column (30 m X 0.25 mm, 0.25 um), before traceability
analysis by chwqatography-combustion-isotope ratio mass spectrometry (GC/C/IRMS) and qualitative and quantitative analyses by GC/MS.
The §" &lue the exogenous hormones in butter were <-30%o while the 5"*C values of endogenous hormones were >-27%o, among which
the 8"C value of exogenous progesterone in butter was -30.59%0£0.12%o and the 3°C value of endogenous progesterone ranged from
-26.83%0:0.25%o.to £23.80%0£0.33%o. One-way analysis of variance (p-value=0.009<0.05) indicated a significant difference in the 5"*C values
between the endogenous ‘and exogenous progesterone. The simulation experiments showed that the 8"°C value of the sample spiked with an

exogenous hormone was homologous with the 8°C value of the exogenous hormone. The sensitivity of the method for the five hormones was in

the range of 15~100 ng. The within-batch precision of the method ranged from 0.11%o to 0.17%o and the between-batch precision was 0.16%o.
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The step of Pre-HPLC fraction collection was critical for isotopic fractionation and analysis accuracy. The obtained results showed that the

established method is accurate and specific, and GC/C/IRMS is an effective tool for investigating the origin of steroid hormones.
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traceability

BRI AE R A KR o 2 H T & 4ol A
FREEDV ™, SR £ i R B R T S it
AN, il R yMgREfa =D, B E TR
R B A28 15 R R R & el i . B
BT, PR SR T B S B B 2 FH M — 42
2 R A T gk TR P AROR 3 - R 1 v
(GC/MS) "I il - R IR i (LC-MS/MS)
U0 I e A= R 3 (N e MERY A% ) AT 58 ol
TEL. SR, 4IEEEH 1 E R o B R B LA
VIS B E SR = AE 1) A YR A ] B 2% e — S5
— 8, FIRESRNEA (GC/MS. HPLC-MS/MS)
[ AR BT, MDA e HR ma B Sk
RS FREIS RIS 2724, I rTRe et
— NG LS 1R T B 5 S

SRS R 2 HL T (GC/C/IRMS)
2 FE bR S B R SRR A A TR R R A
SEL AR CO, FRE RN E (PC/PC) LHREAN
EE BrAn Y R I R R LA R ZE S 1, B T A A
FE FRERES ShAR#EY) i PDB (Pee Dee Belemnite): <
B R 22 L A5 2 >
l3c/12c)#éllj_(l3c/l2c)

(13C/ 12C)I’DB

ARG, H BC.5 “CiE R EAE.
BN E 5 7= A ) RS (R R A e (R
K (PC/PC) BURTEIAS F RS TR 5
BLOREE) fcd (K
1ERZHH EIHNER

5'3C(%0)F PDB}xmoo

JREURE
E%E%%%%FHEWL P MG M 2 B P/ e
AT DA ISR AT M 524 T P o 2 Pl

HAT, B AR T2 i ik B R ok
TSR FORR D o ARSI, B i
i BT I S e T AR R A R U2,
PEASCE R A H st B E il (GPC) LR,
el SR A3 (Pre-HPLC) 4iifbiiAR. GCMS &
HEEHAS GC/CIRMS MZEE, TR 5 F
KEREEER (B D FETE, areEdie. 4ifk
RORGF, W g FAER R T, 35 R b
BOR, AN 7R RS E R AR T .

17a-hydroxy Estrone

, 0 Androstenedione 0 0
p%j§g£§m ;g ; {
— —
0 0 OH l
Estradiol v i
ProgcstcronL 0 sradio OH Estriol OH
O OH OH
B 1 5 FhAEEH RS SRR
Fig.1 Biosynthesis pathways and metabo of five steroid
4 o ho

| HREEE

A BUE R SR

Wﬁ%‘:ﬁ%@%‘( (IsoPrime 100), [ IsoPrime
PN R GC-5 MR FHRA S A RE{L (7890A), 3£
Agilent 2 F] 5 -1l £ = 0B 1S OCRC 48 A MRS 2s
(DADs 1200 %), [ Agilent AF]; SAHEIRE
(6890N ) Ft Rt (5975 #), £ Agilent A ;
4 HEERIEL R S8 (GPC Vario), 18 [E LCtech A
Wik %, 5E Heidolph AF]; RIE O, E£E
Sigma A F]; FHEAIRGE, HA Yamato 2 w]; HiH
TEVESS (S300H), f#[E Elma AF]; 4 HIEWAL,

[ Caliper 22 7] fHIE T4 (ED115), 4E[E Binder
AT,

KIE B EFRMEYI T : 170/B-ME % (a/B-E). M
—JE (E3). Ml (E1). 220 (P) (ZliE>98%) I
H#%[% Dr.Ehrenstorfer AF]; HEE. Hhi. LKL
Bl 2. (HPLC 2%) 4 H3:E TEDIA AF].

HOMAE S TWEAEFR, HROREAE TR TG
AN AL

NIETH: WHET, JTTEE, HU5E
IHN %

1.2 GPC 414

¥R GPC 40010 (300 mmx20 mm); 3Ek}:
24 g Bio-Beads SX-3 #t/lX, HHIKE 24 em; JiANAH:
LR OEEAAC R (11, V/V); ii#: 4.7 mL/min; £
TRPERSa): 10 s; FTIZATHSIE]: 10.5 min; SEUSCEERT[H):
33 min; JEVERSTE]: 4 min; IEAISHSEAR: 3K E

271



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.2

BH: 5.0mL, 4% 2mL. KEK: 254 nm.
1.3 Pre-HPLC 414
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hormone derivative

24 3C By

r 4

SRl ORI R 2K
DO, 7N 3 AN
ﬁﬂ&gﬁ W, SR RS IEA S A ARAT
A K G 85 C e

13
813 -

DOAc

DOAc *2m "

Kd: 85Cpop: AATAILE K BB R E 4 §°C 14;
8 Cpoac: K BB AATAME §5C 1H; 8" Cpae: FTAKA 6
SUCHE; n: REBMESAWHRTALG m: XEBRE P
BA I AR B AL,

WEPFRZAEAR S (8°C=-30.67%0) NFIEFRIE,
H §"C it GC/C/IRMS 1 EA-IRMS KAENIE,
FEAFESIE T, TR AER AT E 6 IR DLW
guizsEtt; FEACPATIIE 6 IR, HirEmZ (SD) M

274

BEHCR TS

13
5 -C
13 _sl3 DAc
N CDOH_5 C

<0.5%o0. HI% 2 MIAIZKFERE R ATAENIN §C MR
IR R 81°C 1, AMIF MR R 1) 81°C
1B 241<-30%o0.
+® 2 KEBHRITEYN ° "CEMBERLEEHEN 5°C
&
Table 2 6"*C values of steroid hormone derivatives and 5"C

corrected values of steroid hormones

‘ GET TR CR 3 LR e
HE T H4E /%o Fe318/%0
ey 3067 -30:67
e 32.14 -32.77
S — B -33.37
P -31.30 -32.
YE= B 96 -37.79

E: a RFASTA.
5] 4 R4 A SR S VI 2B P GC/C/IRMS
i, g5 R EORs Bl T LA TR,
WEBAAE BT ACFR 200 AT PE AN 22 8C B E 1
Rtk 2 3 A 4 A THIRE & 2B A 2 R
qﬂﬂnﬁ%ﬁ&gg) AZAFRFRER R (20 pg/mL)
06 C I, AREIR, FEhA A TRTEZEK 87C T
B 1E-26.83%00.25%0F1-23.80%0£0.33%0 Z 171], 45
Tz BEA R AR PE 221 8°C PRI (-30.59%0+
0.12%0) 5 Z2HAFRAERRIY 87C A8 (-30.73%00.05%0)
BA—, BRETESHT (ANOVA, p {E=0.009
<0.05) o TR Z2ER G 81 C AE A1 AN 2R i 8C
H2Z fFERE R, REHTH 2 AN EmAEn T
P2 8°C EAR T SRR 2E AR A A
PR 8C AETER (-15%0 5-26%02 7)) &, {H
f, HSPCHE A AN SRS (> -28%0) —5Y,
WA, B AR PEZAER G 87C > -27%0. R
A P PR CR TR SEPRRE S R ARAS IR, SRS
SRR, BT TR IR MR R 81 C fHYE FEl thiE
B HAMBE.

H b, HE RS AN SN A R
SEBRRE A TR B 2R [ B R A AR MR TR A,
B2, HTE R B VRS RS IR R, A
PRSI N R B Bz i T PR S i R 1
BREEK, s VR E AR S (1:1~1:100, ng/ng) W
PP ZA R AN AN Z A T B S B AE iR EE, 4551
R, ISR 8C 15 7E-28.61%0~-30.61%0 1], ITE
Bl 5 SC R HE 2 0 A0 UR PR R R

(-28%0~-34%0 2 [0]) P54, R, SZRREE S AL
BEERIR G 8°C A 5AMEIE S N R 1
§UC I EAFPRE, Pk, i thid & i sehy



R EmiB Modern Food Science and Technology 2019, Vol.35, No.2
FEAHR G, WPk 7@ R AR B 3 TR, FEANEERMAER RIS R IR

AATHERA R

5 130 1E
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Fig.4 Chromatograms of GC/C/IRMS (m/z 44) of progesterone
in four butter samples (a), (b), (c), (d)
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8 CERaE , W LI m/z 4415 5 51 AE 0.4~3 nA Z ],
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Table 4 Precision of "*C values (E1Ac) of spiked margarine
sample at two levels (10 pg/g, 20 pg/g), analyzed by different
operator on different day (n=6)
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B 20 -32.28+0.11
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Fig.6 Total ion current (TIC) chromatograms of steroid
hormone derivatives in selected ion monitoring (SIM) scan
mode
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