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Determination of 15 kinds of total residual ribavirin in poultry and their
products by hydrophilic interaction chromatography-tandem

mass spectrometry
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[Beijing Institute of Food Inspection and Research (Beijing Municipal Center for Food Safety Monitoring and Risk
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Sate Administration for Market Regulation, Beijing 100094, China]

ABSTRACT: Objective To establish a method for determining the total residue of ribavirin in complex matrices
based on solid-phase extraction-hydrophilic interaction chromatography-tandem mass spectrometry. Methods After
homogenization, the sample was extracted with 20 g/L trichloroacetic acid, and then acid phosphatase hydrolysis was
performed. The resulting solution was purified by a benzeneboronic acid-type ion exchange solid phase extraction
column, and then separated by a solid core HILIC chromatographic column (100 mmx2.1 mm, 1.6 pm) with a mobile
phase of 5 mmol/L ammonium acetate aqueous solution (containing 0.1% formic acid)-acetonitrile using a gradient
elution method. Detection was performed in positive ion scan multiple reaction monitoring mode, and quantification

was done by internal standard peak area method. Results A spiked curve was performed on 15 types of poultry and
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their product matrices, and the linear relationship was good within the concentration range of 1-20 pg/kg, with a

correlation coefficient of 0.995-0.999. The recoveries at 3 levels 1.0, 2.0 and 10.0 pg/kg were 90.7%-117.9%, and

the relative standard deviations were 0.8%-9.4%. Conclusion The method is stable and reliable, and it can be

applied to the analysis of ribavirin residues in various poultry and its products.

KEY WORDS: ribavirin; hydrophilic interaction chromatography-tandem mass spectrometry; poultry and its

products
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1 RS

1.1 RS
FIEFH AL E =98%, {E[E Dr.Ehrenstorfer GmbH /A

Al BCs-FIE T AR (AR =98%, fii%k TRC A+l); 2.
MR (gl 32 EFEER CHRA A, HR(Aigal, %
¥l CNW Technology GmbH 2\ H]); FaPEMEEAHF(200 U/mL,
/R 2% Megazyme N Fl); —RALTR . [UEALEN (P4, db
AL ); Bont Elut PBA [EIAHAE B (100 mg/3 mL, £ [H
LML A W, HAb R4 4 4 B4l 5 ke 1,
S K R A

UKEEXS IR VKEETS P . UREE XS . VKEERS NS | oKt
XONF . B GRS ARG . MR K
X KNG KGR SRS RS A R A ey
ST BIPEASRE AR B A TIRSR .
12 UE5EHE

Thermo X1R {5 #4750 Hl . Thermo HYPERCARB
(6 B 28 B R B A E ) ARk A A (36
Organomation 723 #]); Milli-Q 4l /K A8 (35 [E 25 PR1H 23 w]);
Waters Acquity UPLC #8 &80 A 351X . Waters XEVO
TQ-S Hf I DU B AT Jo 335 43 T A5 HRL 5% 55 L R . Woaters
CORTECS HILIC {4i%#:(100 mmx2.1 mm, 1.6 pm), Waters
Acquity HSS T3 {Gi%41:(50 mmx2.1 mm, 1.8 um), Waters
Acquity BEH HILIC & #45(100 mm=2.1 mm, 1.7 pm).
Waters Acquity BEH Amide t&i41(150 mmx3 mm, 1.7 pm).
Waters Acquity CORTECS HILIC {4i4(50 mmx3 mm,
1.6 pum) (3 E iR 4R A 7]); Agilent ZORBAX SB-Aq {4
(250 mmx4.6 mm, 5 pm)(3E E LR RHE A F]); 8210 Y
FK I HE S 5 B (H AR Yamato 24 #)); T18 IR HEIRA] f (18 [
IKA AF])o
L3 WA
13.1 Afabsm

BB IR . B A S LYY
Wi, FEAMRAL, ¥ E G, A E RN, IR
BbRIC; SEEER TSR, RS, B mmily, o
BB ER AN, IPRIIFRIC . 20 CCRAFRAE

FREL 2 g(REH 2 0.01 g)ikhE, BT 50 mL Hig &0
B, W 100 L NAR TAE#E W (100 ng/mL), JIA 8 mL
SHEOREW, RHIRAEAEBAE PP EA 20 min,
10000 r/min #.0> 10 min, B H 4 mol/L A A ki
PRWRTT pH 2 4.80.1, fiINA 2 mL 0.2 mol/L pH 4.8 Z.#R%%
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R, IRAIG, T 100 pL 0.4 U/mL AYRRYEBEBR AR A
VR, NS IRAE 1 min, FAEIEFEAH, 37 °CF 200 r/min 55
%2 ho BUBJGE, BHIZEZE, H 4 mol/L SEHIENY
pH Z 8.5+0.1, 10000 r/min #5.0> 10 min, B34

Bond Elut PBA [# A2 B/MIEAR K 3 mL 2 .3 mL
0.5%MH Rk . 3 mL 0.2 mol/L pH=8.5 Z RS ik iH 1k,
IS mL Bk B3I, faEdl BRI SY 1 /min; KK
A3 mL 0.2 mol/L pH 8.5 Z% % b . 3 mL 7K. 3 mL
ZIEMTIME, RIFIEZSIT 5 min, F 3 mL PEBLA RV
FEHE R, 45 °CTF RS URT . WA 1.0 mL
-5 mmol/L ZFREE 0.1%H FR/K B (AR HE=95:5) 8 ¥
TV ki, 13 0.22 um B, BR300 T IO A,
PR e T AR A o
132 BB

st {434 Waters CORTECS HILIC (100 mmx
2.1 mm, 1.6 pm); WZNAH: A FH 5 mmol/L ZFREKIEW (S
0.1%F %), B MHZNE; BEEVENRT: 0~0.5 min 95% A,
0.5~2.5 min 95%~70% A, 2.5~3.5 min 70%~60% A, 3.5~4.5 min
60%~95% A, 4.5~6.0 min 95% A; Wi 0.4 mL/min; FR:
40 °C; #FHf 5t 10 pL.

AR S R P IR
K g5 =: £ 5 Wil (multiple reaction monitoring, MRM);
BUE R 3.5 kV; BEFAIRE: 400 °C; WA
H: 800 L/hr; #EFLSE: 150 L/hr; B FURIRE: 150 °C;
i () 0.15 mL/min. BARL G EEAN T 5% 2
B 1,

F=1 BistAPlanEFxt, EfLBERiEES

Table 1 Monitoring ion pairs, cone hole voltage, and collision
energy of target compounds

ey BT T+ HEFL il 43
o (M/2) (m'2) HUE/V  fgftev
245.1>113.1 20 8
FIEL b 267.2
245.1>96.0 20 35
FIEFH-2Cs 2501 250.1>113.1 20 8

GRS f s DO

1.4 ERMKA

SOG4 1.0, 2.0, 5.0, 8.0, 10.0, 20.0 ng/mL ))&t
W 3 i A L PR ORI i 2k, DI AU ARER(Y), &
WeRE R ARFR(X, ng/mL), HE TAEMLZE, #HAKXDITE
AN [) 35 3 8 5 SO RN

ME/%=(A-B)/Ax100% (1)
W A PRER R AR ERR, B AR BUmbR
TAEMZ R,

M AR R AL H vk AR S S B AR HE S L 25 H
e AR 1.0 ng/mL #E 5L A G5 R LK 1,

1.5 %Ml FERTRMESR

K% 1.0 pg/mL M EHMRTAER 2. 4. 10, 16,
20.40 pL, ZrH1ET 2 g SAGERLY, WiKRA, 2
WA 1.2.5.8, 10, 20 pg/kg REE, B8 1.3 B4R, I
28 3 KA AR P A0 - H BT T v A B A2, DA vk
AR R, ) B 5 AR T RR X A A 4 T R B9 L A A A A
2Tk L, T RS AR AR e R AL
1.6 EZEMEYERSIIE

BUi, 2.5, 8, 10, 20 ng/kg AYBHMETANAARE, 87 1.3
R, BRI TS TR, %53
AHEIR, A3 H AP SRS 2 R kS mc .
1.7 BIELIE

AP FTAEE g R e B R AT WPS
Office 2019 #FAT, Jr il Mo 1556 £t #4342 5236 1)
FHIE

2 HBR55H

2.1 FOBEERMHHHRE

MR B ARSI, 5515 815 F i JE Sl iF
FLAE BN B, T DA S e IF B L B K (electron
impact, ESI"), MRM J53X o i i — i Vi B2 i b ol it P 055 2
T H U AR, WL W G, TE B rpoR] L
FaEAEAE W A8 % [M+H]" m/z=245.1 & [M+Na]
mz=267.2,

e MS/MS #EF, XFBE 8 Fif i — & mi Rl B
SREF B F[M+Na]" myz=267.2 3 B B 5 F[M+H]" m/iz=245.1,
B MSMS g, Hgfe ™4 — 1 ihRE mz
267.2>135.0(1& 2a), M[M+H]" mVz=245.1 751 Sl 18 A 1t
T, ATLIZRAS mVz245.1>113.1 Fl mVz 245.1>96.0 Bi M Fa5E
BT BT (A 2b). Hdr, miz 113.1 B 72 h kg 2 5 =
MR IRWT T B, vz 96.0 BTt i =AM 2k R %
4 NH; MR, Wik, %48 mz 245.1>113.1 & mz
245.1>96.0 A k| B =5 AR W Bk, AR ke e A
FE, B mz245.1>113.1 1N ERE T

22 BIEFHHHE

M BTG, e RAHOIEFE EILPA
TREE . B IS SCIRRIE D), SCB0XT T Waters Acquity
HSS T3 . Waters Acquity BEH HILIC., Waters Acquity BEH
Amide. Waters Acquity CORTECS HILIC. Thermo
HYPERCARB. Agilent ZORBAX SB-Aq 257 [A] & & #H Y
EREFE, 2 S ISR b SRR I 10 ng/mL AR ifEY)
B RE, TE4 ALY g 2 0F T, XF FUAE B R B I 1]
IYESRCR . AE T3, SB-Aq FE EORE K BB, 42 BEH
HILIC #:(42Z4L HILIC £1), BEH Amide #1: (/i 55 15 AH
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a gy 1.30 245.1>113.1 (FIE FH) I~ 250.105>113.1 (*C~FI L k)
w1 100 1.96¢7 & 100 1.32 1.54¢6
| A . . . |
E 1.00 2.00 3.00 4.00 5.00 E 1.00 2.00 3.00 4.00 5.00
A B 1) /min 14 B[] /min
i 131 245.1>96.0 (*UB;EM) ™~ 245.1>113.1 (*UEAE'%$$)
= 100 : 2.36e6 = 100 0.91 2.76¢7
= 0[ . L . . . . = 0[ J\L 2,54
E 1.00 2.00 3.00 4.00 5.00 E 1.00 2.00 3.00 4.00 5.00
£ 83 st 8] /min £ 83 B 7] /min
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nr E'B" .
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Fig.2

Ton mass spectrometry of ribavirin fragmentation product
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Amide ), CORTECS HILIC (52,0 AZ Wik HILIC #) &
HYPERCARB #: FARE . MZ T, BEH Amide
HYPERCARB #: I Hbri 5 4= FUARREIA B L 40, How
AR . R H A AL R SLOAZ ORI HILIC A, A% H AR
AR R B RE T T, SE0 A 0k o 1A A TR T AR,
A AR R S A T, (RS B R 4 B AR
23 REEEHHMIL

I =5 M A B 2 M 9 9 A AR i TR 5T, &5 3
HRARAE (A B R P AR = i o, R B 5 AR A it
Ja, VAJEZY . R SRR TR, A I 5 bk B ER R A
EL bk = iR R A AR, DR e S U T 5 R T 2
Huhmmae, (RS B5E— R0 SR T R I St
SR walll 8

ELIER T H AWM SRR EAMIE: RS
R, HAPMRFRE T 0.1% =R 2R, BHFEFHRIEBR
[ S W 13 ) 8 A= i . =
A CTRAEFT X PR 28 I B 2 5 o v 2 1 5T 1Y) R B AR A Rk
R, ZIEWUARMZ AR A =S ORITER O, 365
I L 5 R S LA e R S A e A O B IR ST R T
TRWR, T . SO DA BR 2, AT o
e

S 75 T ol T TR M O R I A Y ok 1 P A A A, T g
L ERAEET ] AR AR AT T O A BHE AR S Y
A5, 15 2L IL RS A% S5y 0.4 U/mL iR 1 J9 195 15 iy
100 L, T 37°CTF, W% 2 h,

24 BUEHAEE

FIEFH MG RS 0 T aEE, Hits
M S SCHR [31-32], FE AL oK m% b 25 fE 55 PH 2 1 3S e Ak
(WEFFAEZERER), A0 P & F 38 (FE R it —
BRZEH), st R (ER T R 24549) . Eal Ak
LSBT HE 3l AR AR TURE X B FR kA i W i R
B 10 ng FRifE SR T AL DAL, 2055 R0 [E A 2B
b IE, Hgs S AT AR B R AR 7Y FH 25— 38 3k X 1)
FME & 5 B R R

25 EEHNHER
BN (335 - JO R 0 T A 2ol R o i S 06 R JB 00 o Al o =%

5, HRPRZERBUNAVNT 10%), WA 5L B8O A B
B, AT, ARPREREOR, MR B, ATRER
M 734 4 R A R T, 5 SR BBORH IO it o B Bk 5 i 2
IO o AN ST O T T AR b 2 AR BOhRR AF
2k, AN HEE T UKBEXG DY . DRGNS DY | DREE S AG A L DK
W . UKEEXSIT . BEXGEE | SERSIEE | AR . MAJE
MRz 2E . PSR . XY, B XOORR . EhOKTS | AR, A
X A B2 15 PR I A RE SO, ILIA 3.
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Fig.3 Matrix effects of ribavirin in different matrices

NEE SRR LU, R K S J2 25 288 e Jot v i o 800 e
B, KRR, TR R TL T A SR AN . BR
RN, HoAth I 7 b ) 2H 43X R B 5 AR A R s A A
FHA S o BT AASIFGE HOoR FH AR 48 5 WARTE AL IE
SR T PR AFTE L R
2.6 FIEFWIIE

PR IR EOR, B— R GV UKEERG A | PKEERS A | vk
B39 UKEFRGNF . UKEERS S . BEXOEE . GEESESER . g
P, EEHSJCURR | EROKS | BRI AAAERS KR L AR
M, F A, GRS 15 ML Afes, o
MR EN 0, 1. 2. 5. 8. 10, 20 pg/kg HIRFIFE
AR S, DARIEARIESE )y s R . R .
PrRIEBCR SHE% 8. 45Nk 2. 3 PR,

F2 AEERTHERRFMEWHEZNEEHFERBEXRY

Table 2 Linear equation and correlation coefficient of matrix addition recovery curves in different matrices

R LR ETE I/ (pg/kg) Rt A RE(r)
XA 1~20 Y=0.600707X-0.144134 0.996
1 1 1~20 Y=0.722474X+0.0433567 0.998
538K 1~20 Y=0641986X-0.672001 0.995
X 1~20 Y=0.672479X-0.314299 0.999




208 B4 TR A 15 %
F2E)

S L VTl /(ng/kg) Lk e LB (D)
(LY 1~20 Y=0.725386X-0.176401 0.999
X 1~20 Y=0.698635X-0.162864 0.999
IR 1~20 Y=0.694208X-0.180319 0.996
XA 1~20 Y=0.654614X-0.048201 0.999
Eye P QLT 1~20 Y=0.635788X%-0.086511 0.997
ERKHY 1~20 Y=0.637157X-0.029122 0.999
T 1~20 Y=0.708670X-0.109886 0.998
FAAENS e 1 1~20 Y=0.671824X-0.181507 0.999
Az il JE A 1~20 Y=0.595660X-0.140003 0.996
g 1~20 Y=0.677554X-0.061558 0.995
FEAG Py 1~20 Y=0.705660X-0.039905 0.999

F3 15 HREMERTFEEHEEESHEEKIE®N=6)

Table 3 Recovery and precision data of ribavirin from 15 kinds of representative matrices (n=6)

GRS TN/ (pg/kg) PAR DI/ % K%
VKEERS P 1.0; 2.0; 10.0 93.6; 107.2; 102.5 6.7;5.9;5.4
VK EEHE [ 1.0; 2.0; 10.0 92.4;93.1; 100.5 6.7;6.7; 5.0
UNiTRED L] 1.0; 2.0; 10.0 109.7;91.8; 114.6 7.3;6.4;3.6
DK 35 JH 1.0; 2.0; 10.0 101.0; 101.3;.99.9 6.8;5.8;2.8
OREEHS 1Y 1.0; 2.0; 10.0 108.9; 100.2; 99.9 2.6;2.0;1.8

1 5 25 1.0; 2.0; 10.0 105.8; 95.0; 97.9 6.4;0.8; 0.8
G 25 2 1.0; 2.0; 10.0 96.5; 97.6; 100.7 4.0;4.5;2.4
b 3G P 1.0; 2.0; 10.0 102.6; 99.8; 98.9 2.2;3.6;1.1

TG KGR 1.0; 2.0; 10.0 114.2; 108.6; 108.3 4.0;2.5;2.0
EhoK G 1.0; 2.0; 10.0 103.0; 97.80; 101.4 6.9;2.7;2.5
FEHG I 1.0; 2.0; 10.0 109.5; 100.2; 99.2 5.4;17;18
FATERS Bz 25 1.0; 2:0; 10.0 97.3; 101.7; 103.1 7.0;2.6;1.8
Az ) S 2 1.0; 2.0; 10.0 105.9; 117.9; 90.7 9.4;4.3;8.5
e IS EE 1.0;2.0; 10.0 105.3; 102.0; 102.1 8.6;5.8;2.7
TR Py 1.0; 2.0; 10.0 99.9; 95.6; 99.3 2.1;2.2; 1.6

2.7 EPREESINE

TS 1 o T 20 MR A . SR & K
FRHEAT T, RRIARE S AR AT
W5 i 2% 0 BHE RS A SR AT 8, AEFCAILIA L TR A 2k
HAIE SR, ML &Rl 41.26 pgkg, HFIEH
N 35.09 png/kg.

3 & i

AR S [T AR A -2 K AR LA 3 - A e o 1
IRE 85 26 e JLatl it b M L S ARk B i ik, SR I
AW, ABUORREIAE TR S AT PR AR 3R, T HLAT

R T RERD AT ST, 3R 1 5 0A 0 R A fERA 1
RV, SR AP G AE 22, A A T 2 2 A 7y
it R v B A L0 | 2 AR IR e 15 bR LAY Bk
B e, BEAT T 515 A Y E, SER A R U ITZ s
LR RE AL AT AL R B, o M PR, R TR, SRR
e LA, T A IO A 8 2 B L et A LR AR AR P
R B4 e A R R A T HOR SE
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