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# E: BN SV IRAOE-PBUR S (liquid chromatography-tandem mass spectrometry, LC-MS/MS)illl &
TR AT A SR T . FasE DR SR T A U T R 2 FE BRI . A Bk 2 A AR RO 2
A2 AR ZE B Ak, ORI VC FCAR VA R, AN i (R S (AR 0.1% H BRK B (BYYE N
TSNAHMEATRE BE VR, B R A 22 5 N A AR 2 (multiple reaction monitoring, MRM)X &AL AT (R4 A4 22 5 25 1
FUEVE B T T . 858 AL IIFATE 5.0~500 ng/mL 3 F LR VE R, AH5C A% ¥IKT 0.9975; ik
ERRHN 5 pg/kg(LA Tk WA TR KRN RN 10 pg/kg (ARG TR A 1RHRL; RS A R Bk
S RIS 77.0%~103.7%, MIXARER 22N T 10% (n=5). 4B % ARIERIME . R . R,
B EL S e AR RS I S AL T B RA 2 5k BRI A
KR AT ks, WO EE- ERITTIE L Rkl AR I

Determination of hydrocortisone in feed by liquid chromatography-tandem
mass spectrometry

ZHANG ] ing*, ZHAO Li-Jun, YUE Qin, LI Yun, FENG Bo, LIN Shun-Quan

[Feed Products Quality Monitoring Center of the Agriculture and Rural Affairs Ministry of China (Chengdu),
Chengdu 610041, China]

ABSTRACT: Objective To establish an analytical method for determining hydrocortisone content in feed by liquid
chromatography-tandem mass spectrometry. Methods Hydrocortisone in feed samples was extracted with methanol,
and purified by using a graphitized carbon black solid-phase extraction column combined with an amino solid-phase
extraction column. A matrix-matching standard solution was prepared and quantified by external standard method.
The chromatograms were gradient eluted with acetonitrile (A) and 0.1% formic acid in water (B) as mobile phases,
and the mass spectrum was used to monitor the quantitative and qualitative ions of hydrocortisone in a multiple
reaction monitoring. Results The linearities of hydrocortisone were good in the range of 5.0-500 ng/mL, and the
correlation coefficient » were all greater than 0.9975. The limits of quantitation for the method were 5 pg/kg
(compound feed, concentrated feed and concentrate supplement) and 10 pg/kg (additive premix feed). The recoveries
were 77.0%—-103.7% and the relative standard deviations were less than 10% (n=5) at different concentrations at low,
medium and high levels. Conclusion This method is simple, sensitive and accurate, and is suitable for the
determination of hydrocortisone residues in feed products.
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AAL A ¥ (hydrocortisone) N 118, 17a, 21-=5 574
{5 -4-95-3,20- ZF, 5+ FRA CoyHiOs, HAXFSFF BN
362.47, CAS 524 50-23-7, WGIAT LS NEH, WiFF =
AHBE, LT RET 2, RE KN, —Rho i 5k
ERAW) . XRAYMTEA RIFMPIR . PrdesE. bis
FRGUAR AR, BT ARZ5N, BT REN
RAESIIY . HBEVEDNG . A MR 25, TR RESR o TRl kL 4%
P e AR TRl R . BRI,
W R TR R 2GR B2 A B sl 390 0 A A 2 [ i 3 —
AT | B8RSR AE T, e R e R 5
IR ARAERAVER, XA EECR I, R % 5 b —
SeFRAE P . A K R T B A RS R S
SO S I E S AR, A A AR R R K G
E, Uk, RS E R4 A S b A R R T R
BRI S IR T sk R, TR H AT sh Yk
ai HRRLAE T HR K gk B PR R B TR 2 KA | At
P /A

FI AR R B Z R 2 RS e Js0RE H 52 ) (Bl
RS IR S AR E S ) Cre 2 as ngnl s qh B SE ) A, AT
YRR, FFHZ k8 SR Z5 0, 7 i i i
Az AR IS . AR AR R 194 B A5
HR, A 2020 4F 7 A 1 HE, WREAE S R S A
P AR 2 W D RHAS IR (Fh 25 25 BR AN I R b i, B
R W ST, 1% 2R A T RE B T R AR TR,
A e R B 4 AU

EA, B 2% R B g SO st
o TR (i 2 AR - R L R R - SR
T UIT AR 3 R R OB £ T 3 ) AL, 3
BebE 2z, AN - BRSSO AT AR R, A
AT - T3 0 R LA e v ) A AR S, B BUIR
YT E

ENSNCT L. 355 . AR Th 225y
Mg 2212 it s 2 25 W ARG AR X A 227231,
A S i Bl B A, AR TR B A, S TR
FHFA R S (B A RRL e ik KRR FE R
TIGRTRTR B k) Hh S0k T R A A YRR €8 1 - R IR T S I
YREN T RO TG R R A A A o AT IR A SRR T
WA IR R B Wi fE 41, By 1k vk AR A
FEEROR S, SRR R HA TR L,

1 MR5ERE

1.1 XEE5RF
LC-MS/MS-1290/6460 ¥ FH {335 - 88 B B % | A

[#] 48 2 BUAE (500 mg/6 mL) . 42 % [ A0 25 BUHE (500 mg/
6 mL)(3E [E Agilent 24 w]); QUINTIX224-1CN H K-
(P 2 A WA E); MS 3 BER G, HS 501 R4
(FE[E IKA 2 F); Waters 20 o7 [ A A Uk & (35 [E Waters 24
A)); N-EVAP 112 2 W% (3£ Organomation 72y i );
CF16RN B.0>HL(H 4% HITACHI 23 7); 0.22 pm A HLZRIE
(R HEH R A BRA | .

SAL AT BFA BRI S (45 F =97%, {E[E Dr. Ehrenstorfer
), CRE. B, BER(Ei%ai, £E Sigma-Aldrich 2
al); ZEHBE AT e, FIR)IAR A T EERDA R F
S22 F K 9 Millipore-Q #4fiK .

TARHRE S FEECA R WRARTARE . RN B A 1
RPN FERS S HER AR A T Al AT 3
1.2 LWIE
1.2.1 BB

FRUERE & HETRRRIL ST AR 50 mg F
50 mL ¥, FHH BE ffE 75, 19 8RR R
1 mg/mL ARG, F-18 °CLLT MR- o

FRUER R W IBOR HEAE 4 1| mL F 100 mL
A, RS, BB FEWEE R 10.0 ng/mL HIARE
FRIRIETR, T 2~8 CCREGIRAE
122 A4

(D) RAEFAAE ] &

A AR M DR S, FH U AR TR 48 082 200 g
ML 0.42 mm FLARRISHTHE, 1RA), 26 A A4S,
W, .

(2)3 1

e A iRl eL e iRk R RN FEARL: BRIBUARE 2 g, B
B3 0.0001 g BT 50 mL .04, MERRINA FE
20.0 mL, #®EEIRA 30 s, PERFHIRIL 15 min, 5000 r/min &
L 5 min, HERMBR EWE® 100 mL, KT, WA
2 mL W ELA MR, FNA 8 mL /K, R4, #H.

WMFRIBOR AR FRBGARE 1 g, K] 0.0001 g,
BF 50 mL B.O0E P, AEFIIAFEE 20.0 mL, WIERS
30's, PEI%IREL 15 min, 5000 r/min 20> 5 min, MEFFEE L
T 10.0 mL, ZSKT, HEFIMA 1.00 mL 30%Z 15 75
Wik, .

(3)4tik

BOATRRE . Wedr Rt . R RERb R A T [ AH 25 TURE
Wk 6 mL 4% . 6 mL . 6 mL KiEfk, B H
WARTRLIAE . FH 3 mL kPR YE, T, KF5EH 6 mL
R IR Al 37 14 S ik TP 2 TR o e AR i T WA A BB
J7, 6 mL PR TR, TR, F 50 cCTF AT,
FR A 1.00 mL 30% ZAEVE WA #E, FH 0.22 pm JERERLUE
Jei B E o
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IR WO S A HROH 0.22 pm JEBERLUE S 1
HLIE .

(4)3L 5 DE BCATHE ZR 9NV T 1l 7%

T2 FUREGL, % 12271 1.2.2(3) b PRS- )25 F15% 4
W, F 30%SE R BEbR i B, ek 5.0, 10, 25,
50, 100, 200, 500 ng/mL FRUERFIEIE, B 1.0 mL %
fifas AR AR, BOHAUSTRMREE S 5.0, 10, 25, 50, 100,
200, 500 ng/mL 35t VEBiAR i 2 8
1.2.3 Al G- & BR A

(DB AH 8 451

7 H# /& Thermo BDS HYPERSIL-C,s ff& i 4
(100 mmx2.1 mm, 2.4 pum); FBIH: ZIE(A)-0.1%H iR
KYEW(B); W: 0.3 mL/min; #FREAERL: 5 uL; R
30 °C. AR CIEME SRR : 0~5 min, 80%~50% B;
5~7 min, 50%~10% B; 7~7.01 min, 10%~80% B; 7.01~
10 min, 80% B.

Q)i 5%

B F R LIBT3 H S (electronic spray ion, ESI+),
350 °C; BANEHE: 4 kV; LS ES: 20 psi; TSR
#: 14 L/min; JREE 200 °C; ¥H<WiE: 11 L/min, JRE
350 °C; WEIABL: Z2 Sn Wl

2 FER5SH

2.1 FiEEHMmt

F AT B FABR HE I W AT B S AR AR — A
Rk, RN R . TR/ B HA R
2 XA R R R B R R E P B T . BERRIE R
PR Z e W, AL BANE B | b Al A
8, RS T FETERIESHLE 1, ERIE
TSR e R LI 1,
2.2 APRCIEEHMAL
22,1 RIREM4AL

(D FRIBUR 1 2

ST Ak A Ea s REm R, BT
G Y, SCIR BRI AR FLIE LA IRRE, B
SALTT B PR E A WA S b PH AR 5, 0 BIR R
SR WEE-K . CRE-KRAEREBERSEAT IR, IR S
0.22 pm JEMFENPE S FALINGE, THEEHI DR SEIG A Rk
B, FHEERD 205 X RE i BRI (TR AT 2, REIRE 90% LU
b, HEEK. ZIE-KIEBURCRE R BRI A R 2, &
BB ONERHER K, 2R B BAE AR

x1 SHHAMRRIESH

Table 1 Mass parameters of hydrocortisone

&Y BB 1 (m/z) FETF(m/z) I §4 s} ] /ms BEgSFHLE/V Tl ¥ G /e V
362.9 120.9* 250 100 20
ER LIRS
362.9 308.9 250 100 15

T N ERE T

+MRM CF=0.000 DF=0.000(362.900->120.900)

1 @ 345

A\

1 3.46

I e

+MRM CF=0.000 DF=0.000(362.900->308.900)

05 1.0 15 20 25 3.0 35 40 45 50 55 60 65 7.0 75 80 85 9.0

L B4 BsF 7] /min

H:a BeETARL,
E3I0 W N i Ereik = SR AR SR VN i e R B T e N e

Fig.1 Characteristic ion chromatogram of hydrocortisone standard solution in different feed
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1 ® 3.46

+MRM CF=0.000 DF=0.000(362.90%)-4>6308.900)

PP N S SO . S D N  SAPUAA  \

05 1.0 1.5 20 25 3.0 35 40 45 50 55 60 65 70 75 80 85 9.0
£ B s} ] /min
+MRM CF=0.000 DF=0.000(362.900->120.900)

3.46

I . SR

+*MRM CF=0.000 DF=0.000(362.900->308.900)
1 3.47

T B B
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{454 Bsf 7] /min
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1 346

O—=NWhA LN

%102 |TMRM CF=0.000 DF=0.000(362.900->308.900)

3.
5
.0
5
.0
0.

2
2
1
1

01 3.46

5

05 1.0 1.5 20 25 3.0 35 40 45 50 55 60 65 70 75 80 85 9.0

PB4 sF 7] /min

e b AR o ARMATR A R d: HPRHN SR
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Fig.l Characteristic ion chromatogram of hydrocortisone standard solution in different feed

T AL R, O ik S A HLIGR A TR 9%, AN fR R S I

AWFFE 5T FRBURRF 514 10, 20, 30, 40 mL WARFLUA 20 mL, BEWER T RISCRER, M KRETT 4
AR i G SRS 00 o AR 10 mL B, 340 FE LAY THR,

PERG &, IR, B0 e EIERE Y, AHTF
T—db, REUAR 20, 30, 40 mL B, [ElRERRE

AR EZE T IRGIRI S, 15, 25 min AR RIS,
15, 25 min BHREESS RO RIBCRIG L. 253500, RO SRR
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(B3, A [ R i T e, R 3 4 ORI 75 4 B e i
FAHY, SRR AT 15 min i, FENRETT 5 85%L |,
{EE PSR I 2 TS 2 TR HR I, IR s, &
OB RE S RO B2 ARG 15 min,
222 HAEHEA

Takb AR Z, JLRAE A, TR S 1 B IO E
TP AL AR, DAY/ X (U A% 5 Y RN 25 T4 . ATl
SR R T S SR ) Cis. HLB, MCX., f7 834k
MEEFAERRE . HLB+E S | A SRR SR+ S A X
JRIE R AROR . S5 AT, AR Cis. A881LAREE
[ AHAE B /N Ak RLBCRARAS, SR HLB. MCX /M
IR AR, (AR 2R L™ 8, R AR A
A R SE TR, A5 SR SOM AN IE AR 2 il o5 g 1 A A%
BRI A N FH A I i, S0 65 RS T HLBHEUJEA: |
A1 B8R PR+ S LA B R 1 R RIOR, AR R LA R
AT B I AR S b R By, HLRN RS e, =
A FLFHN: HAT B 2 450 1 B8 1k ik B T A AE H
RS- T 4 D € 3 S P TR HA S i R B
TR PR R P AR 2 T, LARASETE g MRS
Y SPE I JCIA AR B O MM I o S 3 AR AR EURE J2 DA 7k
J2 kg B T 1) B S A IR, e LA A ] R A 5
SR, AT 55 I B A A (K P ) B A I A (IR 1
B EEE R, NI EAEER . @8k
T L 1 R 2 BB 45 45 BT AH A8 ORI Ak 1 2
AR RIS 2 TR 5T T4, 0l 2 A A Tl e e K

AT — SR T WU AR, A TR
L BB G IR R R R, 25 SRR 2 Ik 3.0
PRUERPESCR, SRA 3 mL FEEIK(50:50, V:pyikik, RH
AP B EE(10:90, V)R, [N SR

Fz2 AREIHERAEIRE LR (n=3)

Table 2 Comparison of recoveries of different
washing solutions (n=3)

BZMEM . MBR . 75 ReR oK Xk e
REIE LR o XS IR TR 45 ARDRE U — 2 S8 1 A S T AR
AEWE A, B PR IO 4 I 52 9 7 12, [ Al 2
TEER . BERIE 4.

R4 NMFTUR S AR BRI IE 7 %80 B R 45 R LI (n=3)

Table 4 Comparison of recovery results of different
pretreatment methods of additive premixed feed (n=3)

S [ UL R 1%
i A ZBURE BORTRTURE  ETRE
AR 82.6 28.9 58.2
IR
HARRIUE 85.3 78.6 82.9

23 FHAEFWIE
231 AMEEH. HERATER

Wuas (R iRREL 7 Oy, HeAR S Ru b BT R BOAHE,
T2 Z A RREES VSRR SR VAR, P T e v 0 1)
5.0, 10, 25, 50, 100, 200. 500 ng/mL Ay AL A] BIH
FEBTVCECARHE AR, LR 35 - HR I ST I o o AR
W B T R O AR, R v Ry A AR AR A AR o
2k, BRWE 5. GiRRM, DA MR TAER A
5.0~500 ng/mL ¥ B Bl N R DG R AT

x5 BMEANERTERERZ

Table 5 Matrix matching standard curve of various feed

25 AR PR 2% LB (0
ek Y=349.5X-674.6 0.9989
e iR Y=370.57X+17081 0.9991
AN R R Y=807.6X+5284.3 0.9996
KR SR Y=339.11X+7135.6 0.9975

;7K (50:50, V:1)

WuEl O FEE FEEK(80:20, ViY)

ImL 2mL 3mL

Bl /% 66 72 83 86 85

®3 FEERRNEKERLERN=3)

Table 3 Comparison of recoveries of different eluents (n=3)

TRF R EE(Y)
VeI F i

70:30 50:50 30:70 10:90

[T /% 70 62 72 76 84

[LGRER B N S Ui N T i 0% PO M e Y (AN

e ISR P R 2R, HER N R A TRDRF TSR AR,

PRI TR BUREMITT 30%. FIAEJE i Tzt

P25 PR R INAS ) B 14 S AT A A VA WL,
ZETTAL BRI 5, AR AR I L (S/N)=3 B g I 7 (1 RS i T
AR PR BRI ECA R AR R RN TR
BYKS: H FR (limit of detection, LOD)} 2 pg/kg, @sHNFHITIR
AR RN 4 ng/kg; ARIEAEIE EL(S/N)=10 FY 04 )i
EFNRE S AT A PR R BTSN, 1R ECA ARL . HegRTREL
A& RN 7R 2 1 FR (limit of quantitation, LOQ) N 5 pg/kg,
WIS FUR A R E RN 10 pglkeo
232 EREBRAEEE TR

FEIAS FURE T A FRDBH R A A B RN FERHAE 0,005, 0.05 .
0.2 Al 1.0 mg/kg KV T HEATIARIETIACSE 06, HEHZS IR Uk
GEIRDELNZS AR RRAN TR R BIFE 0,005, 0.2, 1.0
5.0 mg/kg K- N AT INAR MISCSE S dEH A (18 A TR
EIE 0.01. 0.5, 5.0 il 10.0 mg/kg /KFT HEATHIAR EI 52
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5, ZERILE 6. MUK T A 5 A PATRES, P35 m
W AE 77.0%~103.7%, A1 4T b5 1 fif 22 (relative  standard
deviation, RSD)/NTF 10% o A 5 ¥ HEff 4 FI0RG 85 B L 47, 49F
B S AR O EOR, IE AR ST PR 2
) S T A A

£6 SHTHRHEKEMBSEELSR(N=5)

Table 6 Recoveries and precision results
of hydrocortisone (N=5)

FE b bR/ (mg/kg)  F-HIEILEE/%  RSD /%
0.005 85.5 3.8
0.05 83.9 43
T AR
0.2 83.7 5.5
1.0 86.4 5.6
0.005 101.8 4.1
' 0.2 96.2 43
e e el
1.0 103.7 3.2
5.0 93.5 2.8
0.005 80.8 438
_ 0.50 89.2 3.5
A KRN TR
0.2 85.6 4.7
1.0 88.5 5.9
0.01 77.0 5.5
‘ 0.5 84.6 49
W2 A TR
5.0 90.0 4.0
10.0 90.8 4.6

2.4 SEPREESINE
SR FHAR i i it AR B 20 4345 fRlRL A
YRR TR, SERE AR .

3 4 i

Z!%ﬁ%i%i?iﬁlﬂfé%ﬁ’ﬁ]ﬂfﬁﬁ hARL S I A4
AT AL B RO 05 - B I B i (AL R A i A
D7 AN 26, AR ERA BT, SR DR, PR
Free G, 5 THEE . ZInks B 5, wrnkR g .
WERR LT SRR 98, FT I AL 25 Al RDRL™ dh o I B

LA I S AL AT B RS BRI B SR, X R BRI A K A 7
WL HAEER L,
L&Ak
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