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TIEMERRK S pg/kg, FRTE 2~500 pg/L JEEINLNERIF(7=0.9999), IIAREICRTE 81.18%~97.94%2 [i],
AHXTHRIEM 22 (relative standard deviation, RSD)<<9.95%, SEZFrAfEShA SR 7.00~46.05 ngkg. e A HikHE
A R R UERT SRR B, B B i S AR SR 1

KB AR G-I, ISR R 25 AR R D,

Determination of 25-hydroxyvitamin D; in compound feed by liquid
chromatography-tandem mass spectrometry

WANG Bo, WU Jian-Ping, ZHANG Jing, XU Ting, YAN Feng"

(Shanghai Municipal Supervisory Institute Veterinary Drugs and Feedstaff, Shanghai 201103, China)

ABSTRACT: Objective To establish a method for the determination of 25-hydroxyvitamin D; in compound feed by
liquid chromatography-tandem mass spectrometry (LC-MS/MS). Methods An appropriate amount of chicken
compound feed samples were placed in the centrifuge tube, water was added and placed on the oscillator to vibrate and
break the cyclodextrin cyst, then tert-butyl methyl ether was added to extract the target by oscillation, and centrifuged at
9000 r/min for 5 min. After nitrogen was blow-dried, it was dissolved in 1.00 mL mobile phase, and the solution was
filtered by film and then injected. Reverse phase chromatography column was used for separation. The mobile phase was
methanol (0.1% formic acid) and 0.1% formic acid. Gradient program was used for elution, triple quadrupole mass
spectrometry was used for qualitative and quantitative analysis, and internal standard method was used for calculation.
Results The results showed that the limit of quantitation was 5 pg/kg. 25-hydroxyvitamin D; had good linear
relationships in the range of 2—500 pg/L, and the correlation coefficients were all above 0.9999, the recoveries were
81.18%-97.94%, and the relative standard deviations(RSD) were lower than 9.95%. The concentrate of actual sample
were 7.00-46.05 pg/kg. Conclusion This method showed the good accuracy and precision, and had good practicability.
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Hips ZRpeEt, Bz iR D Al RE Sl A Y Ik IR R 3k
BRI E, WSS 8 Tk IE W A1, Wit & 4E
A2 D AT RES: 308y 5 T B 1 s B R A A S )
B, KR IET R YA R D B Bl e sy —Fh
ZH4W, 25 B % DU AR 25(0H)D; 44
Z D W A s g s, AR MR A X T 4
HE Dy B S AP, HATCE AR R A KRR R
BEIRZR Lm0 R A s R A P R U OV A
FH, AT DL e A MG IR, kG R B AG g T RE 2
WERMEAE Ds IR AL, BEE DB IR p
2 B FRFE

HHy, B 4i4 )R (European Food Safety Authority,
EFSAMLEW M AR 25(0H)D; Y fi 5 FR &4 51 A 15
it 75 ng/kg(ERGFN 125 pg/kg(FALRG | kA8, FEEE I
A B2 2> (Gesellschaft fiir Erndhrungsphysiologie, GfE)
3 [® [E % W 5% & 51 £ (United States National Research
Council, NRC)FIE: H E F A Bl2# B¢ (Institute National de
la Recherche Agronomique, INRA)X G4 K & & 1 72 ip Br
w4 R D R AR, EA GB 9840-2017 fkHA
TnI4EE F Dy(fhokn) ) VIR R 4R A R Dy IRy 7k
S TRLE, EXTERR T 25(0H)D, Y FIAS I Oy e
WA I HE -

TRDRHEE ST 2%, eI E R 25(0H)Ds 35 54 T
PEAR AR T i %2 4 A R X, B AN — S SCikoxd
25(0H)Ds #EAT T #i, A6r I 7 vk 22 P RAH €6 135 - AR 10 B 1%
(LC-MS/MS) ¥, B £ 2 & W i ¥ M i 3+ W
25(0OH)D;!10 St Akl rh 25(0OH)Ds A LA B AT, AT
GRS T AYRELA AR 25(0H)D; 9 LC-MS/MS 3%, LI
SR AN P L 25(OH)D, A i 1 45 il

2 MREREE

21 UESEHF

Ultimate 3000 X =G S AR AH 3% . TSQ Quantiva
R I DURRAT B (PR BR SR BB (h DA BR A D), AL204
LT KF(0.0000~210.0000 g, Fi M4 -FCH) ZAUER A
BN F]); Allegra X-22R 1 i 4 % B3 D HL(FE ] BECKMAN
A, VX-IIZE R IR G #% (Ab s TARGIN 2 F); Milli-Q
47K 2 45 (35 [ Millipore 23 ] ); N-EVAP /KA a0 A AL
(R ZRE A E]D,

R, BT LR k(g al, fEEEREAR]); FRR(ME
Jeali, £ E Tedia A Fl); 25(0H)D; bRAEMELS: G155330,
98.2%, f#[E Dr. Ehrenstorfer /A 1l); 25 F2 54tk 2 D5-d6(LA

il

TfRiFR 25(0OH)D;-d6)bRiEah (it 5: C125702, 100%, fN<
K TRC A7), 25(0H)D; fLZ#E5F LA 1.

Bl 1 25(0H)D; fhaigith
Fig.l1 Structure of 25(OH)D;

22 ZWHE
221 EEEH
3R Waters T5(100 mmx2.1 mm, 1.8 pm); 3 BHAH:
A: HEE0.1%FR); B: 0.1%F BRIEW; Ve r=t: Bk
B, PR TR LEE 1; B 0.3 mL/min; FEIR: 30 °C; #ERE
i 10 uL.
=1 BEERER

Table 1 Procedure of gradient elution

i 6] /min 3% /(mL/min) Al% B/%
0 85 15
1 85 15
3 0.3 100 0
6 100 0
10 85 15

222 A

FHL 0% 55 B 7T (electrospray ionization, ESI); £ S Wi
ML (multi-reaction monitor, MRM); #4<: 5 L/min; %)
9 L/min; W39K: 3 L/min; 85 TAERITEIE: 350 °C; 1k
PR 350 °C; HLESHIE: 3500 V; SRR TXE B 2,
223 AAESEE G

T 25(0OH)D; I 25(OH)Ds-d6( AT )b b, FH 2 H i
B HA AL E R ZE 500 pg/L WK MiE &R, B T-20 °Cik
FERECORAE, DRAFARR A 141 .
224 HEf&EHAE

FREOSEL SIEEEEN 2 g & 50 mL &0, A
200 pL ¥RBEE A 1 pg/mL BIPIFR, JIIA S mL K, REFEET
P #s LIRS 20 min, KEZINA 20 mL AUT FHEH i, HE
Ji AR EEHR Y 20 min, BUTF )5 7E 9000 r/min 54 F #5.0> 5 min,
W EW 10 mL & 15 mL &0 F, BT, B
| mL i ShAHE W, B35 R B LI E
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Table 2 Formula, theoretical mass, experimental mass and MS
fragmentation data of 2 standards

BHT  FHT
/(m/z) /(m/z)

he S BN i

383.2

25(0OH)Ds Cy7H440, 400.6 401.3 365.3*
257.1

389.3

25(0OH)D;-d6  C,;H350,D6 406.7 407.2 371.6*

239.0

R

3 HBR55H

31 BEEHMmit
3.1.1  &aEAESAL

255 DR BT A2 2% A 0 IR = OR3P 1 R
SEIY S T Waters Ty (100 mmx2.1 mm, 1.8 pm)@i%H: |
Thermo C;5 (150 mmx2.1 mm, 1.9 pm) i+ #1 Thermo Cig
(100 mmx2.1 mm, 3 pm)@FEFHXT 25(0OH)D; il 25(0H)
Ds-d6 55 7% [ U 9 43 15 RN R BURE B R Rl S o 45 SR 3% A
Waters T3 (100 mmx2.1 mm, 1.8 pm)aif%H:#EiE & F ik
i 25(0H)D; il 25(0OH)Ds-d6 FIAEIN . 4k Thermo Cg
(100 mmx2.1 mm, 3 pm) iRz S B4, (ARG, sp ARid 2
Xf HARIE 42 T3, Thermo Cyg (150 mmx2.1 mm, 1.9 um)
O REAT RENG B RGN T A B ok, (AT A 22, i
Waters T3 (100 mmx2.1 mm, 1.8 pm){h i GEZE R 46 ]
g, HIUETURTRR, L5 7R0sn o s B R AT .
3.1.2 Atk

25(0H)D; Fl 25(0H)Ds-d6 PRI MELEE R, mA N
HH LB R TS AR RE XS B AR AT R AT IO TRIBE, BRIES&M T
H bR e B 2 2R E0, B, SLEHER T LH50.1%F
). 90% L IE R (0. 1% H L) . HIEE(0.1%H FR) . 90% H i
VSR (0.1% FF R)FN - 85% FF BV 1R (0. 1% FF FR) A Ay ¥k Bl A %
AR A0 RO . S5 RFRW], MUshtly 85% H A ik
(0.1%F f#R)if, 25(0H)D; Al 25(0H)D;-d6 1455 4= il g
WA, HERET . W EAE TA HUE R O SR, R AR
VeME 25(0H)Ds, 1 4A HLAHA I FERT, BEALF VRN Tk,
AT RE S O B AR 43 F 4540 55 T R 25 A A o AR 4B,
HAPER 100%5 -5 AR 2T i, H 8 #02 B I 2
HEST9 YT B A N FE(0.1% F R) 1 90% F VA (0.1%
FR)E, B bR g bR, {222 0T e B 0 B AR
FEAE R P R F 2 SR 85% F A (0.1% F R,
H 06 R FH AT I8 2% BT RATF43 85, N 298], SRR

BREERE P AT VR, FRIF LA 1, fEARIEAS S0t 58 ),
RHEELLG], (015 HARIEEL R 5 .

3.2 FRIERHMK

ESIH+ES TR, 16 50~1000 m/z 35 AE—%% %
TEA3T4, 1593] 25(0H)D; F1 25(0H)D5-d6 FY S 85 (a3 4,
25(OH)D; 75 383.2 3l i &b (1 b f5c 85, A 5 22 B 245 T4k,
O A v B A A 2 A B R R, 25(OH)D; 7
365.3 A AE AL w4 R, LB L BEA A T, R,
STy ok % 365.3 VBN 25(0OH)Ds, A M A @ IE
25(0OH)Ds-d6 7E 389.2 3 i Ab iy min o i 5, {H 5 5% 3 24 i+
e, 78 371.6 ELbm N AR, HIEIE L 3A 240 T4,
i, SCEeEHE 371.6 1E4 25(0H)Ds-d6( N FR) AAR I8
T, B ARG 7 % B e R TE, AR <
W RHENR. AR BRI AR, R
JE AL R B U, e M BT R D, SRR RS
o PEASEN 2.2.2,

33 FREmEBBIEE

PR E LT R RAFI T RS 2544, Ml 5 pg/L 1Y
FRUESD, AT MR EFE T B 2 Bis .
34 HEIRCIEBEHMIK
3401 RBGH 6L

ZLPRTF, HArH i XS EA R 25(0H)D; ilAE
YR WIB AR, DK =S AR, AR
TN ARIESEATTHEAL, 38 5 ) ARDRk Ao K R 3 00 Oy 2 B
e, FIEF] 25(0H)D; MR MELEAE R, SLlFEL TH
B, 2P, IECkE. Gt ZERZERFIRCT 2 A 6
FREEIAIXT 25(0H)D; MIFEIUL R, HERERME 3 iR,
AT AT AR B, 6 FhER IR A4 AE X [ i S AR 35 5] T
90%LA I, HAIEC ke, Ak, 218 2 MR AIAUT ik
BRI [N AR PR, 5 FE R SE bR A B FE v, 43R BG
SJURUCT R, B NI IREBCONE, 5 SRR
K5, WLASEI B EEK: BT 3 ZLEE(5:20, V-nPERiR
I
342 RICREA AL

MR AT 3 R, $RBGCR R, B AR
Il R AL R, (R LX) m R A T 30%, [HIE,
ARSI AT SE F R BOR B A T T 5%, BT
1 RIZEUM 2 IR X 3, 4594036 4 iR, 1 AREGH
2 YR EREUAY 2 Xt DGR AR S BHSCR A 22 AN K, R, 52
I PERRERE 1 WK, fRUE T SRR mqERA T, R AR T
TAEH
35 ZMEERE=R

HUE 5 25(0H)D; il 25(OH)D;-d6 FrifE it fiti £,
85% HI B I (0.1% I R ) A% B Al 25(OH)D; & 0.



5494

B dn 2 4 R R I A 4R 5510 4

2.5.10,50, 100, 500 pg/L AytniEHIZ 200 TAER®R,
FNFREIRBE R 100 pg/L, FECALAY GG AR S0 F
PEATINRE, LAAS 20 0 Ay 0 T R %o L o o Yk 58 2 1l B i il 4%,
THEL MR . R FE A R, BAREE R LER 5

TE28 S BRRE S R 25(0OH)D; W EEN 5 pg/L, MR
2.2.4 HA I VLA 5 SRR AT BT, AL B 0 o (o 3k
W 3 R, WAREMR L SIN > 101 E BIR, 45REr

P BT A 5 pg/ke.

3.6 EWEFIEEE

SR FH 25 PR TC A T RLRE b 2R 4T b e 25 KRG %5 B
SEE, BRSO BIEING. B W 4 DIREERIRRHEIR I,
ASREEPATINGE 5 K, THERF- 3 18103 B AR X A o g 22
(RSD), & 25 5 T35 6.,25(0H)Ds 4% He (3 A0 w1 2k
81.18%~97.94%, FHXIARUEN 22 R 0.50%~9.95%, 454y
545 GB/T 23182-2008 Ak -5 247 K I A A2 Al ik
SRR ) DR R R

RT:5.18
RT: 0.00-10.00 SM: 7G AA: 83359 NL: 1.89F4

100e A SN: 449 TIC F: + ¢ ESI SRM ms2

90 £ 401.311 [257.096-257.098,
i 80 365.332-365.334,
w 10 383.221-383.223] MS ICIS
= gg 20190226VD3_STDLINE3 1
Z 40

30

20

10 £

OE

1\R/1T1§5i1732448
v NL: 3.96E5

10e B SN: 1606 TIC F: + ¢ ESI SRM ms2

20 407.274 [239.039-239.041,
i 50 371.582-371.584,
g 389.261-389.263] MS
= %0 20190226VD3_STDLINE3_1
£ 40

30

20

1 498\ 551

00 05 1.0 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

B[] /min

#: A:25(OH)Ds; B: 25(0H)D;-d6
P2 Amfi il ST P 3
Fig.2 Typical SRM chromatogram of standards

&3 FEEREGIXS ARG 25(OH)D; RN
Table 3 Extraction efficiency of 2S(OH)D; with different

5 250H)D; HIZLMHIE. &MSEE. HXRH. EER

Table 5 Liner equations, linear ranges, correlation coefficients

extractants (%), limits of detection (LOD) of 25(OH)D;
iR TCE TR o ey mmyn | AMEE . Lop
/(ug/L) (ng/kg)
P 200 14.48 101.33 5.49
2 200 6l 08.55 6.0 25(0H)D;  Y=3413.8X+1111 2~500  0.9999 5
EokE 200 26.29 93.05 11.92 TE: Y WA, X W (ng/L)o
A1k 200 31.63 96.23 2.47
LR TR 200 29.32 91.20 9.16 < 6 {ARIH 25(0H)D; B A1 AR B ER K A X AR IR 2 (n=5)
BT 3Lk 200 3037 9232 558 Table 6 Recovery rate and RSD of 25(OH)D; in feed (n=5)

F4 TERIUAHEW R

Table 4 Recovery rates with different extraction times

B T v Wit Xy EhiEE AEXE R
L /(ug/L) 1% 1%

RSD/%

1 200 30.37 92.32 2.58

2 200 26.99 101.49 2.06

sy W B /(ug/L) MXFEDEZER%  RSD%

5 97.94 9.95

10 90.11 1.84

25(0OH)Ds 50 81.18 1.11
200 90.59 0.50
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37 TRM

WK IR A4 R AL iR D, 44
R E, ARSI [ 25 DR il R I — i e R ) 4R AR
R A YR D YR EbER SR LR LR
3 FRL S 1A X, S 2 R s — e
JERAEA R A 4R R D FI4EA R E bRiEdh, 55 3 iR

RT: 0.00-10.00 SM: 7G

In—EWERgEEE A, fi4EEK D, 4% E Al 25(0H)D;
PR g, T8 R AR o A AL B A (A BRRE &, E DAL )R
VAR RT3 S5 0F R AR, S5 4 TR, RN
25(OH)D; FrfE it BIAE L AR L HARIE((2) . (b)), TdSIN T
25(0H)D; F fE S AU FE 5 76 6 22 A9 38 38 B 1A RN (), iF
B BT R & B .

RT:5.18

AA: 17129 NL: 4.02E3
100 SN: 316 Base Peak m/z= 364.50-365.50 F: +
90 ¢ ESI SRM ms2 401.311
80 [257.096-257.098,
w70 365.332-365.334, 383.221-383.223]
# 60 MS ICIS
& 50 20190226VD3_STDLINE3 1
E 40 - -
30
20
10
RT: 5.16
AA: 331210 NL: 7.21E4
100 SN 1371 Base Peak m/z= 371.08-372.08 F: +
gg ¢ ESI SRM ms2 407.274
70 [239.039-239.041,
% 60 371.582-371.584, 389.261-389.263]
T s MS ICIS
5:;:[ 20 20190226VD3_STDLINE3 1
30
20
10
0 1 2 3 4 5 6 7 8 9 10

& 3

i 8] /min

2 AR S I S pg/L

Fig.3 Blank feed added with 5 pg/L

RT: 0.00-10.00 SM: 7G

100
95
90 NL: 1.96E3
85 Base Peak m/z= 364.50-365.50 F:
g0 + ¢ ESI SRM ms2 401.311
# 75 [257.096-257.098,
T 70 365.332-365.334,
E 4 383.221-383.223] MS
60 20190227VD3_BLK 3
55
50
100 4.38
90 NL: 2.08E4
80 Base Peak m/z=371.08-372.08 F:
70 RT: 5.14 + ¢ ESI SRM ms2 407.274
2 60 AA: 44522 [239.039-239.041,
# s0 : 371.582-371.584,
2 4 389.261-389.263] MS ICIS
30 20190227VD3_BLK 3
20
10 . . . 549596 604 L o
0 1 2 3 4 5 6 7 8 9 10
it ] /min
(@)

TE: (a)% R (DI ZEAE R A, 4E2ER D FMZEA: R E; ()% 25(0H)Ds,

& 4

23 FUDRE R B8 INAS TR 2 A 2R SRR 2 ek (i

Fig.4 Typical SRM chromatogram of vitamin added in blank feed
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RT: 0.00-10.00 SM: 7G

100
95 NL: 1.81E3
3‘5’ Base Peak m/z= 364.50-365.50 F: + ¢
ﬁ %0 ESI SRM ms2 401.311
T 7 [257.096-257.098, 365.332-365.334,
E 5 383.221-383.223] MS
65 20190227VD3_BLK_addVAVDVE _1
60
55
100
90 NL: 1.97E4
80 Base Peak m/z=371.08-372.08 F: + ¢
w70 ESI SRM ms2 407.274
H 60 [239.039-239.041, 371.582-371.584,
3-"% 50 389.261-389.263] MS ICIS
‘3‘8 20190227VD3_BLK_addVAVDVE _1
20
10
0 1 2 3 4 5 6 7 8 9 10
i} 6] /min
®)
RT: 0.00-10.00 SM: 7G RT: 5.17
AA: 59274
100 ~ SN: 242
90 E NL: 1.42E4
80 F Base Peak m/z= 364.50-365.50 F: +
m TOF ¢ ESI SRM ms2 401.311
s O60E [257.096-257.098, 365.332-365.334,
& s0F 383.221-383.223] MS ICIS
B 4F 20190227VD3_BLK_add25VD3_1
30E
20
10 £
90 NL: 2.04E4
80 RT: 5.16 Base Peak m/z= 371.08-372.08 F: +
70 1.
i . ¢ ESI SRM ms2 407.274
# 60 N- 241 [239.039-239.041, 371.582-371.584,
g’é 50 389.261-389.263] MS ICIS
40 20190227VD3_BLK_add25VD3_1
30
20
10 534 596 6.06
0 1 2 3 4 5 6 7 8 9 10
fisf 1] /min
(©)

H: (a)as AR (D) indiA: 3 AL 44K D ML E; (o)l 25(0H)Ds.

Zil 4

2 P AL 3 S 5 7

Fig.4 Typical SRM chromatogram of vitamin added in blank feed

3.8 LRt

AT LR RIMAR)RE 5 28RS REBHE R
AR SEG SEBRRE A, S A S 6 o LA ARG I,
FELEIRANER 7 Fiw, SEBRFES T 25(OH)D; Mk EEE A :
7.00~46.05 pg/kg, Hrh 5 SHAESLERE LA 5,

4 &

ARSCHEST T XS EL AR 25(0H)D; 5 LC-MSMS #5:
WAy BT, REA ROMERR I 2 XS L A ik 25(0H)D; 7
i, AFEEA RN ER R SR, RER N #sE

FRARLRHE SR 25(0H)D, il s 2, 3EAN T [ Py XS 51
Bl 25(0H)D; M AYZS H .

®7 ZRERMNESER
Table 7 Determination of actual samples

P> S it A (] /% RSD%
/(ug/kg) /(ug/L)
1 2451 50 99.11 0.77
2 23.96 50 94.08 0.88
3 28.88 50 90.03 8.12
4 7.00 50 92.20 0.30
5 46.05 50 73.72 0.52
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RT: 0.00-10.00 SM: 7G

200
180
160 NL: 1.14E4
140 RT: 5.15 Base Peak m/z= 364.50-365.50 F:
# 120 MA: 48298 + ¢ ESI SRM ms2 401.311
# 100 [257.096-257.098,
i 80 365.332-365.334,
E 60 383.221-383.223] MS
20190226VD3_S7 1 2
40
20
0
200
180 NL: 1.91E4
160 Base Peak m/z= 371.08-372.08 F:
” 140 113: 58. 91243 + ¢ ESI SRM ms2 407.274
120 : [239.039-239.041,
# 100 SN: 1376 371.582-371.584,
% 80 389.261-389.263] MS ICIS
60 20190226VD3_S7 1 2
40
20 5.48
()||||||||||||||||||||i73~64‘92 5“—2&-—6|'0|6|||||||||||||||||
0 1 2 3 4 5 6 7 8 9 10
f} 6] /min
K5 5 S HE b SEI RHE BS BT i A i 14
Fig.5 Typical SRM chromatogram of sample No. 5
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