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Determination of pantothenic acid in food by ultra performance liquid
chromatography-tandem mass spectrometry
with isotope dilution

SUN Yu, ZHOU Xuan, ZHU Gui-Fang, YANG Fu-Xing, LIANG Hui-Ting, LIU Tao"

(Centre Testing International Group Co., Ltd, Shenzhen 518101, China)

ABSTRACT: Objective To establish a method for determination of pantothenic acid (PA) in food by ultra
performance liquid chromatography-tandem mass spectrometry with isotope dilution. Methods PA in sample was
extracted by water, then purified by zinc acetate solution and potassium ferricyanide solution. Separation of PA in
sample was performed on Waters HSS T3 C,g column (2.1 mmx100 mm, 1.7 um) with gradient elution. Acetonitrile and
0.1% formic acid solution were used as mobile phase. The flow rate was 0.3 mL/min, the injection volume was 2 uL,
and the column temperature was 35 °C. The analyte was detected by tandem mass spectrometry and quantified by
internal standard technique. Results PA had good linearity in the concentration range of 10-600 pg/L, with
correlation coefficient as 0.9999. The limit of detection and the limit of quantification for PA were 0.025 mg/100 g
and 0.075 mg/100 g, respectively. The relative standard deviations were 1.1%—2.1%. The recoveries of 3 different
spiked concentrations were 98.0%—102.0%, the relative standard deviations were 1.7%-3.8%. This method showed

no significant difference in results and had shorter measurement time compared to microbiological method. It also

EEWR: RHEHE AT AR5 H (2018YFB1403300, 2018YFB1403305)

Fund: Supported by the Ministry of Science and Major Research Projects (2018 YFB1403300, 2018YFB1403305)

MBEEE: X, WL, TR, RO MRS . 2idh . A&7 AL S IIAFSE . E-mail: tony.liu@cti-cert.com
*Corresponding author: LIU Tao, Master, Intermediate Engineer, Center Testing International Group Co., Ltd, CTI Building, No.4, Liuxian 3rd
Road, Xinan Street, Baoan District, Shenzhen 518101, China. E-mail: tony.liu@cti-cert.com



%5 16 1 N T, S RO S - R AR R TR A I S £ PP 2 TR 6595

had stronger anti-interference ability compared to ultra performance liquid chromatography. Conclusion This

method is simple, rapid and accurate, which is suitable for the determination of PA in a variety of foods.

KEY WORDS: pantothenic acid; ultra performance liquid chromatography-tandem mass spectrometry; isotope

dilution
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1Z 7% (pantothenic acid, PA)f&—Fh B G /K st 4E 4 &,
BadEER Bs, mERY, ZRABENANKPSEZ
Fifistroimg AP, R G s R R R T
PIED, ZRRIEZ SR BTF R . Sk Rk,
TR REAEERY, B nTREs R AR, h T B A
M A B A S, TN Eh RS, B2 S in
VR, UL T FRIR B 24 J7 £ dh (food for special medical
purpose, FSMP)., 24 LA KB & . LA E R
AFEE A BALECTT B DR R SR B

IR, E 3 A T2 AR (14 s A i i k10
5 O AR f8,35% % (high  performance liquid chromatography,
HPLO)!™ i 20 I 5 % - 30 R % 7 (ultra
performance liquid chromatography-tandem mass spectro
metry, UPLC-MS/MS)!'>7 | i g W ki U190 B
S KLY, GB 5009.210—2016 (£ dh i 4 [ R br i
B AR Z BRI E ) FLRE DU E 12 R 14 T R A )
A R OB (5 o TR Dk N E T2 TR W 2 M T
ARG BT AT B, AR DR FE I G, A G R I
TEMETE %, AT REIE BUE B AR o S RO (g1 R
BB, R E B R R AN TR R AR £ I T R
Z IR H 5 s, AH SRR & A KB/, ZRIET
Pk, ERAER . UPLC-MS/MS R 22 S i Wi 5 5K,
(v B LA oy e P R e R BRE AR, RE A R I ) 1 v
B A V2 R % ko (AL 2R AR 8 e AT HE R B 5T T4, i
— R TR IR . SCRRIRIE Y UPLC-MS/MS
Z NI TWIH | FRIR R A 7 B A B BE B A I, [
W3 T B OB dEA R L OB 2 R B Y
UPLC-MS/MS 1R/>

A BfF 5 A0 B 4 B B A 8 5 R AN TR
KW T B v, B R A80HROR 2 5% - 1) A7 3% R S K Joi i
TR0 E B A R Iz R, DA — R iE T 2 R
A A% DR M A o R R A Tk, O A 4
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1 MR5REE

1.1 XEE5F
LC-30AD i & %0 4,15 -AB4500 3B i (H 4

BN -2EE AB SCIEX A 1)); Sigma 4-16KS 5 &0
ML E Sigma 23 F]); JP-180ST #8 v W HLOFEYITH I W37
PR A B H]); VORTEX 3 ERTR A # (TR KA A H]);
Milli-Q 1Q 7000 #8 Zi/K HL.(3 [ Millipore 23 H]).

D-1Z FRESHRE b (LEF =99%) . HI R (fo i 4li)( |4
T IZBRAG [ Co, NI AR HE M (L1 = 99.44%, [
IsoSciences A Fl); ZIE(tiga, HigREAAR]); LR,
WARTAL B (OB al, REEKLA R, ELEAKHK Milli-Q
ik,

S I FHRE S 8 R P SRR R L
12 SEWHE
1.2.1 BB

200 mg/L {ZBRbRiEE R KPR D-12 IR HR
5 20.2 mg, FKVEMRHEZT 100 mL s

100 mg/L AR VAT RS HIFRIGZ BR45-[°Cy, N
FrRUEdD 10.1 mg, FIZKEEIFE 2T 100 mL 25 55fH .

L IRFRME TAETE W PR R it 25 V5 W 75 3]
B R A 10, 50, 100, 300, 600 pg/L AR HE T AE
W, B TR TARR 3545 100 pg/L 145

300 g/L ZFRBHE T FREN 30.0 g ZFR%E, F/KIEARIE
A1 100 mL =,

150 g/L WARFALBI AW PRI 15.0 g Waka ks, H
KRR AT 100 mL &I .

0.1% MWW : B 1 mL WKW RIES T
1000 mL Z5 B
122 Hepara

FREL 2.5 g iFET 50 mL B0 b, INALZ RS N bR
AR (100 mg/L) 50 pL, fiN7K 30 mL, WiERE, B
10 min, ¥WHZEEIRG, FIKEARZE 50 mL, 4500 r/min &
0> 3 min, B 5 mL F 50 mL .04, fiTA 0.4 mL
TRERA RO SR FACBR AW, MUK E 25 mL, WHEIRY
10 s, #+% 30 min J5, H/KEAZE 50 mL, $£5],4500 r/min
B0 3min, FIEWRET 0.22 pum B IE RIS HERE AT
1.2.3 Al G- 8 BT A

(D)W AH 3 41

7% Waters HSS T3 Cig (2.1 mmx100 mm, 1.7 pm);
Tl A WG, B N 1% RRIEH; VIR W3 1; i
0.3 mL/min; #FAER 2 pL; #1335 °C.
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Table 1 Elution procedure of liquid chromatographic
i [R]/min Al% B/%
0 3 97
3 3 97
7 50 50
8 50 50
8.5 3 97
12 3 97
Q)i A

HUBE 25 B9 U, I B X 22 oy WA =X A<
SEST 30 psi; RAESE S 10 psi; WIS HLE 5500 V; 5
ALIREE 550 °C; LS E 60 psi; HAMFIESHLE 2,
124 #HHEALE

FE A2 R & e LT AR
CxV ¢ 1000

m 10°

X AWFRES P2 BRI B, mg/100 g; C Mbnifi h £k 15 2]
(37 TR R B, /L VR RE Sl A2 VAR, mL; f AR b
R R %ﬁ@ﬁ%ﬁzo

{8 FH Excel #4784k 501 S R IAE
2 RS5O

2.1 FEmEICEMR

X H GB 5009.210—2016 5 % #E A9 pH A S, H.
X VER AL S I VE R I, DARRARRE SRS B2, 3R =2 R
AR UK (B4 ] UPLC-MS/MS B, X F KM | AR
PR 5 2% I8 B 7 12 i (foods for special medical purpose,
FSMP)%: Z R JL IR, AT pH XFS2bril e 45 R IC R I,
IBCRITE 90%~110%Z 18] o ZEKFD H A LSS TS e
KT, VZ R BIBCR S 97.2% . 97.9%, P HAEI,

=

X

WA 7 AR BOZ FRAS T VAT pH BAs e by i
TRZ AR FSMP &4 Rt 85 (0, 1 e Sl A,
A AR ZTCTE BRI X i s o S280 AL T 150 g/L
AR HALHII 300 o/l ZFREPFAWL . 0.5 mol/L FRRPHA LA
SIRCRRER AR AR BT RSCR, AR EINZ BRI [
RKOPHIH 99.1%. 90.2%. 87.6%, XKW 0.4 mL 1) 150 g/L
WERRTALERFN 300 o/ 2 BRAEA TR AR SRR

22 BIEEHFHMRK
221 &igAegHE

SEEG R T Waters HSS T3 Cig (2.1 mmx100 mm,
1.7 pum)F1l Waters BEH C 5 (2.1 mmx100 mm, 1.7 um)A¥ 4355
ROR, ZBR% HSS T3 Cis A HIFHRE, HIEELF,
R AIZ IR R AR Ak G4, Tl HSS T3 C g ¥R
WEA R R RE T
222 AHAAGMAL

KIFFRELET OHE-K, ZIE-0.1%FRKER . IE
-0.1% P /KW (& 5 mmol/L ZIR%%). ZI5-0.1%Z iRk
WS 5 mmol/L L RER)XHZ FR (15 53 85 I B8 T AL REFE (1)
M. ZERRW MG -KAE RIS AT, 1Z BRI 2%,
LA S AR AR ARAF RPN T, 2B N HER . LR .
LR EIMAIE S T Z R B I, HIEI NG
-0.1% HY B2 /K VW Y L 1R 4 T484E, SR FH AR A iRt s A o
23 FHAEFWIE
23.1 KWEE. SR ER

bR o T AR B L, D0 5E A [ v B A e T AR VR TR
PG TET AR o DAVZ BRVA RO B 5 AR TR B =22 L X R Al
i, X0 IIZ BRI THI AR 5 N ARG T AR LUAE Y AL FR,
il bRk . G5 R BW, EZREBRTEKE 10~
600 pg/L RN, X 5 Y MR, &Rl
Y=2.685X+0.16719, HIFKFRE r K 0.9999,

MR 2.5 g EAEELR 50 mL, FFAEECH 10
W, A 3 A% 5 MR IR (SIN=3) 15 B 7 2 AR H IR
0.025 mg/100 g, JH 105 {5 W bk (SIN=10)45 2| J5 1k 1 E 5t
K9 0.075 mg/100 g,

F=2 REHEHEH
Table 2 Compound parameters of mass spectrometry
latt?] BT (m/2) FIRH RV SIAHENV fll 42 i, /v R ES B EY  FREE ] /ms
220.1/90.3* 60 10 22 9 100.0
1Z BRES 220.1/184.0 60 10 18 9 100.0
220.1/123.0 60 10 25 9 100.0
1ZERA5-[7Cs, "N2) 224.1/94.0 60 10 40 9 100.0
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BEEUEARYCRE . FSMP, KM, W5k, 44 HAik
BE 6 FEESL, BEREE SRR 6 1 IR IR 1.2.2 T ikidktT
AbER AR S, TSR A X AR U 22 (relative
standard deviation, RSD), Z55 W3 3, 6 FiiEL 5 RSD /)
F 5%, HA RIFEE .
233 HEHE

IR R, FSMP, K8, U5k, 448 B Rkt
6 FIVFE S T2 TR & S AR IICAE, 43 SIS IAE 2 F &4k 0.5,
1. L5 R5RRRIETROIT R INFR L5, 255k 4 Fis, 3 4
TR 7K 5 101026 98.0%~102.0%, A8 Xt A 1 1 22

1.7%~3.8%, J5 P UEf 4T .
24 FHEXLE
241 LS4 H ket

IR 1.2.2 JEME T . KR ke, IF5 GB
5009.210—2016 H A Ty kXt b, 45 W3R 5. GB
5009.210—2016 Xf T FATHEML 2K R RSD /NT 5%,
M 2 FhJr ik RSD {Hf KN 4.9%, RW 2 F ) kIcW]
BES, MAEYEMETE/A 1d, M UPLC-MS/MS 2~
3 h Al SE I E, # UPLC-MS/MS ¥: B3 I T4 I et

AR

R3 6N TEERMES MR (n=6)
Table 3 Repeatability test results of 6 different substrates (n=6)

R 2R & H/(mg/100 g) -2 5/ (mg/100 g) RSD/%

e (A RORE 3.86 3.89 3.81 3.91 3.75 3.80 3.84 1.6
FSMP 1.09 1.03 1.06 1.08 1.08 1.05 1.07 2.1
Kby 1.43 1.48 1.49 1.44 1.43 1.45 1.45 1.8
Wk 3.65 3.56 3.48 3.62 3.52 3.59 3.57 1.8

fERA 5.75 5.84 5.87 5.91 5.93 5.84 5.86 1.1
e 1.31 1.25 1.28 1.32 1.29 1.29 1.29 1.9

x4 6 M EIERRERHELHERMN=3)
Table 4 Accuracytest results of 6 different substrates (n=3)

FESh A TR S [ CR /%

JinArtt/(mg/100 g) RSD/%

1.92

i A TRORE 3.84 102.0 1.9
5.76
0.53

FSMP 1.07 98.0 3.8
1.60

KA 1.78 101.0 2.0
2.66
1.79

Wik 3.57 99.1 2.2
5.36
2.93

YRR 5.86 100.4 1.9
8.79
0.95

v 1.90 98.3 1.7

&5 UPLC-MS/MS EMMEMENEZIR S BLERITEE(n=3)
Table S Comparison of UPLC-MS/MS and microbiological
method for determination of PA (n=3)

Rl U}E;(g:;ll\g(s)/ g/)[S/ giﬁfﬁ; 2 FJ51%: RSD/%
Wiks 1 4.69 4.79 2.1
ks 2 4.04 3.87 43
Kb 1 1.46 1.39 4.9
Kby 2 1.37 1.43 43
k1 0.162 0.169 4.2
Yokt 2 1.11 1.14 2.7
242 Az ikeatik

IR 1.2.2 Jrgx e A . FSMP K REARGCRHE T
FE, FESRERBIZ BRI K GB 5009.210—2016 H1 (% HPLC
BAEXSLL, 45 RIEK 6. 4EER 3. AR 2~3 FI FSMP
1~3 1 RSD KT 10%, 2 Fi 3248 B .25 7 (P<0.05), ilid5
IR EER AT, R, HPLC (45 SR 5Nt 22 s
K, T UPLC-MS/MS &5 S5 nEAHiT; hE 1 v H,
HPLC 1531 H bR A 0%, 1 UPLC-MS/MS [IEIE %,
Tt 2 AR, UPLC-MS/MS 45T 5 ZRIE AL 2RI )
WA VL, JCHR R FTER 4 E 2R FSMP 507
A HASIET, AHX%TT GB 5009.210—2016 Hf HPLC J7 ik
710 i S Y ) =
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% 6 UPLC-MS/MS #1 HPLC I EZ 8 & 24 R 3tk (n=3)
Table 6 Comparison of UPLC-MS/MS and HPLC method for determination of PA (n=3)
. UPLC-MS/MS/ HPLC/ 2 Fh 7k S hE/ UPLC-MS/MS 5 HPLC 5#mit
(mg/100 g) (mg/100g) RSD/% (mg/100 g) i LA/ % H AR /%
HERR 1 130 126 3.1 134 97.0 94.0
HeERR 2 502 517 2.9 531 94.5 97.4
MEFER3 588 692 17 615 95.6 113
EifLNv e 68.2 65.4 42 71.9 96.1 92.1
] PRk} 2 5.06 6.15 20 5.22 96.9 118
[ ARYCK 3 15.3 22.3 38 15.8 96.8 141
FSMP1 6.81 8.32 20 6.94 98.1 120
FSMP2 4.88 6.58 30 5.07 96.3 130
FSMP3 6.17 7.60 21 6.39 96.6 119
30000 -
25000
2 L
;:n 0000
E
a 15000
_";;-l
E 10000 f
5000 | L
0 WA J : h . . . . . . —
0 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Hif [] /min
600000 ¢ 25000
=
500000 | Ffih: 220.1/90.3 20000 | k- 224.1/94
., 400000 |
=3 £ 15000
(3]
& 300000 | =
= = 10000 |
= 200000 | =
100000 | 5000
0 Il 1 L L 3 0 L 1 1 1 n y
2 4 6 8 10 0 2 4 6 8 10

B ) /min Hif 6] /min

F:A: JZBR HPLC (AR El, #5092 IR TR BE O 3.449 pg/mL; B: {22 UPLC-MS/MS &35 &, %592 BR BT W B -y 319.703 pg/L,

A SRR R B0 1 5T R 45 A i i S A9 4 i,
WARFACEI N ZBRBEFR LA A R I E AR, LA 0.1%

Fig.1

PR N 10 pg/Le

B 1 YA % 5 iz B2 HPLC 2 UPLC-MS/MS {43 5]

Chromatograms of PA in vitamin tablets obtained by HPLC and UPLC-MS/MS

AR KA RO T s, i Waters HSS T3 Cg (A 438,
[ AR i, T TR R SO A - [ L R AR R
JoT RN E B T2 BRI TV o i AR R R B A 3
oM, RO R, KRR . BB R B2 2
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e 5 £ it B 32 T P A T B A R RS 2 B . i TR
A PRFAT B 5 GB 5009.210—2016 HHIAE M7 A
L, W B R R, AR TR ERISE;, 5 GB
5009.210—2016 4 HPLC JiAftl, $iTHuaed s, 5
Pt HPLC W VERAIE SR R, A5 deidr g
T2 BRI 4R T SR DB R R, PR PR SR I
AR E R .
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