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Abstract: B vitamins are essential water-soluble micronutrients for humans, and meat is an important dietary source. However, the
complex matrix of meat samples (high protein and high fat) leads to poor selectivity and severe matrix interference in traditional analytical
methods. To meet the demand for simultaneous determination of multiple B vitamins in complex meat matrices, an analytical method based on
solid-phase extraction (SPE) coupled with liquid chromatography-tandem mass spectrometry (LC-MS/MS) was established for the simultaneous
determination of 11 B vitamins in pork, beef, and fish. Samples were subjected to enzymatic hydrolysis (compound enzymes, pH 5.5, 37 C,
1.5 h) followed by buffer extraction. The extracts were purified using a Captiva EMR-Lipid SPE cartridge. Chromatographic separation was
achieved on an Agilent HILIC Plus column (2.1x100 mm, 3.5 pum) using 0.2% (V/V) formic acid-10 mmol L. ammonium acetate solution and
acetonitrile as the mobile phase. Detection was performed under electrospray ionization in positive mode with multiple reaction monitoring
(MRM), and quantification was conducted using an external standard method. The results showed that all 11 target analytes exhibited good
linearity (R%>0.999 0). The linear ranges were 5~1 000 ngmL? for eight vitamins, 10~1 000 ngmL? for pantothenic acid, and
15~1 000 ng mL™? for folic acid and vitamin By,. The limits of detection (LOD) and limits of quantification (LOQ) were 0.1~2.8 ug kg™ and
0.5~9.8 ug kg™, respectively. The average recoveries ranged from 85.72% to 107.17% at three spiking levels in pork, beef, and fish matrices,
with relative standard deviations (RSDs) of 1.13%~6.56%. The matrix effects ranged from 2.38% to 18.47%. All performance parameters met
the quantitative requirements of GB/T 27404-2026. This method provides theoretical and technical support for the nutritional evaluation and
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quality control of meat products.

Key words: B vitamins; LC-MS/MS; matrix effect; meat; high-throughput
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VB, (4ii[E>98%). VB, (4ifE>98%). MR (ZAifF>99.5%). MELE (4ifE>99.5%). ZRES (ZifE>98%)-
MRS REEERFREL (ZHFE>98%). MEMEEAERIREY (4lifE>99%). MM fE —#hFREL (4ifF>98%). MR (4iE>99%).
R (4EE>97%). VB (AifE>98%), DL FARiEmIAIE H 3 Sigma-Aldrich 2]

WEE, 2. Wig. oWt (oNtita), Fukimig. —Fi7rkEEE (Dithiothreitol, DTT), ¥y H 445 [E Merck
AT TRMEREREE (10U mg™ . ANEARE (100U mg™h), 04 5 2EH Sigma-Aldrich 24 7]; Captiva EMR-Lipid
HAE (6 mL) WHEHE Agilent A F].
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Nexera LC-40 B! st iy, HARE/AR]; AB SCIEX Triple Quad 5500+ = PUAT R R FHAX , 25
AB SCIEX 2 #]; Milli-Q A4k A%, 2 [E Merck Millipore 22 ]; Multifuge X;R 2! &% 25 0oL, 2 [ Thermo Fisher
Scientific A®]; KQ-800DE ZAdat i igvids, HHEEILTEA IS ERAH .
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WRHERZIIEE, N 5 mL & A BN (A Al 1000 U, BRIEBEEREE 500 U, Al pH {H 5.5 D,
T 37 “C/AKIBHEPRH 150 rmin™ BOVGEEAR 1.5 ho FRINA 20 mL 3REZErTK (pH 18 45), T4 C RB#HLHAE AR
20 min. ZEOET 4 °C. 10000 r min™ &4 F B0 5 min, B35 5 mL it Ci% 16 Captiva EMR-Lipid 44k
(6mL), WA, FWORGEE 1mL, £ 0.22 pm PFLIERTEIEE EAURM . SRR R E .
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Y ERMAERS 02% (V) HIERIK 10 mmol L™ ZFRERH, #ABENAES)E, 2MME 02% (VV) HIig
(¥1 10 mmol L™ Z B AMUE R AL, 85, Bl R RIRE A 1.0 mg mL™ (8 —Frukfb 5. & T 4 C
HERCIRAT . BT PR —hRAE RS ST RAAANET 1N A .

TROARETAEW: WRFIRT, 20 & AR & WOE R, IRESEHE 02% (V) HIERIK 10 mmol L™ 2k
TEWORRHRE, FEHI RIS IR TR .. IR EAETAERT, VB VB, JABR. MHEERE. ML, MERRE .
MERSRE . A IR BEVER Y 5. 10, 15, 20, 50. 100, 500. 1 000 ngmL™, ZFRIREESEHE N 10, 15, 20, 30.
50. 100. 500. 1000 ngmL™, MEEFI VB, ikETEH Y 15, 20, 30. 50. 100. 200. 500. 1000 ngmL*, & T
VERSRES 0.22 pm FLIEGE RS, % RAR I, ft LC-MSIMS 73-#.

1.33 Jritstt

Pt 500 ng mL™ FIARHETR & TARAW, W IEENZE L 10 pL-min™ (VSR BB NS TR, 76 Hm % i B 1
B1 50 (Electrospray lonization Positive, ESI+) T, it itk 11 #h B R4EAE R MBI T340, G
Gyt 11 Bl B R4EAE Z BRI TR, B TR SRS A I T T, R 2 AT
Wi B T, e i S A E S T, KN T, ST A TR AL H AR,
PN —FRAEE IR B AR R . 7R 2 ISR (Multiple Reaction Monitoring, MRMD ', 4tk
FETHIEKHEE (Declustering Potential, DP) Al e (Collision Energy, CE), ifiEX}HUANIF] B ARl
RE RBP4 DP Al CE 240, &5, MRM SRR,

HAbE e S5 5 FIREE (Temperature, TEM) 550 C, TJ#< (Heating Gas, GS2) 55 psi, “<fii"< (Curtain
Gas, CUR) 25 psi, 4t < (Nebulizing Gas, GS1) 55 psi, fil{#"< (Collisionally Activated Dissociation Gas, CAD)
9; AIIHLE (Entrance Potential, EP) 10V, flffEithH F % (Collision Cell Exit Potential, CXP) 10V, 1E& T
KR T % . (lonSpray Voltage, 1S) 5.5KkV.

134 @5

a4 Agilent HILIC Plus (2.1x100 mm, 3.5 um); iif: 0.3 mLmin™s JEhkl: AN 0.2% (V) HIfR-
10 mmol L ZEaAW, B NME: BAEVERAEFA: 0~25 min, 5%~20% B; 25~4.0 min, 20%~40% B;
4.0~4.1 min, 40%~5% B; 4.1~5.0 min, 5% B. #fFfE: 5pul; #HE: 35 C.
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ZHEREA 73 AP 2 1 CoH1004 (134 D) FEMERR, AERE 88 F[CHuNLO,]™ (miz 243.1, 1R &), B
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Table 1 Mass spectrometry detection parameters of 11 vitamins

ibdh 2FX CAS 5  &F-F/(mlz) F&FI(m/2) DPIV CENV o, B AKX,
1222 59 28
VB, C12H17CIN,OS 59-43-8 265.1 +
144.1 60 31
2431" 122 34
VB, C17HaoNO6 83-88-5 377.1 +
172.1 114 54
80.1" 84 29
JEER CeHsNO, 59-67-6 124.1 +
53.1 88 41
) 80.6 84 29
YR CgHgN,O 98-92-0 123.1 +
96.2 92 40
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Fig.1 Full-scan mass spectra of 11 B vitamins
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Fig.2 Tandem mass spectra (MS/MS) of 11 B vitamins
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FRBAH O TEAT: (A 11 Ff B RYEAE R0 B GO SR nE 4 FoR, EAH RS8R, Sl
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213 AFhARELE
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ZANH W N AR ELIEETE e S it FE T S, T H T BEIR 0T rE 5 Fi B BT R M F B 55 G Bt R 4
0.2% (V) WR/KIEIR B TR 28 G, (HRARM R A EVEA S QIR R o L3 H IS RIBE . 1%
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Fig.5 Peak profiles of B vitamins with different mobile phase systems
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YEEFARIME, DI B THT R B A5k . (ka8 4E A RN A B SR eI R B S B
PMERE AR, B RYEE R S RBIIA BRI, B0 VB SRS S i A 8 2 TR R,
581.55. 4856.74. 428.35 ug/100 g. HMUEFRE AR ENBMEEREIAR .

A, Cao ZEPIFRLHL, FAUEF FIIEFIRIL, AINEHPRIR 7 MG B IRYE A R IR BOCR AR, 2%
JRHESRIGS R h R FH 22 B AL F A 515 AFS 70 B8 T AR G045 SR EIE 1R B B AEFEAH S LB 25 S S 4 R
RUIZ B FEI AT RN AR TR A4 & . BEREREE L as SR, IR m BRI

* 2 TEEGHRART 11 FhdEE RN FH)E (ne/100 g
Table 2 Contents of 11 vitamins under different enzymatic hydrolysis systems (ug/100 g)
A A IUE *TRE2H RSD/% AINEG B RSD/% B P A BR Bl RSD/% S48  RSD/%

VB, 302.76 4.32 483.16 2.56 414.67 3.73 581.55 3.55
VB, 129.84 3.65 175.83 3.02 181.84 2.37 211.76 3.67
JRER 1071.98 2.73 1496.93 3.74 1303.67 3.66 1784.03 240
S 3136.32 4.09 4436.72 3.24 4 062.04 294 4.856.74 2.62
ZER 159.82 249 192.73 3.67 189.67 2.59 232.43 2.84
% B 53.52 4.15 78.04 2.73 104.92 4.39 127.01 2.56
QA 2iS 231.74 2.92 32641 4.52 384.67 3.92 428.35 3.95
w75 107.84 4.14 143.89 2.87 182.35 3.87 208.52 271
A hE 13.87 243 22.26 345 16.39 311 23.70 2.90
TR 27.57 3.28 31.64 2.24 28.65 3.06 35.76 4.43
VB, 1.89 2.81 3.05 2.84 2.47 2.93 3.37 3.27

222 BREHhAL

TEBEARAR 2R AL b, eV RERREE A B 100 U g BEdh, ZSORFEIARNE F g EXE AT 11 F
B e AT . TR 3 TN, BEE AR A& 50 U g 192 200 U g, &4 A ME S AT
A AEYIERREINE EHRE RO, M 14.63 pg/100 g 3 22.50 ug/100 g, HUCAMEIERL. VB VB, 1
A>9I 155.16. 414.39. 2.23 ug/100 g #478 222.82, 593.86. 3.16 ug/100 g. 4% J14k4k 1 200 U g™ K&
400 U g™ IN, 20504t A4 SR MM KR T2, VB IR LS AT /NI _E T, 43 il ik 1)1 605.67., 1 890.06.
125.69 pg/100 g; 1 VB, LN, 128 MEMSEE. MtMele. AMas. WR A VB BHILA FIFEEE RIS . g =
BB 800 U g Ja, 10 R SR IINE R R4, ARG S BERAR S B R TP s a5 40 i A e P
R K. LRAHRIIMBCR S5, EHAE Al RS E N 200U g7

AL, AR AR BN [RISR Y A AR B OB ) VB, TS 45 SRS R 2, SEIMEL S PR R f e K 2
SEATHEE 10 %, PR E R R R B SR E e m . AR SIA R AL 50 U gt
W% 200 U gt i, 4k SNk T, 4ksinZs 400 U g 50800 U g™ Itf, 2%/t 20 e LA
FEIFREEIE . X — <ot el AR R, Be IRy, fRE— DR IX Al IS STk
B RGRIE.

%3 FEARREABAZT 1 MYEEREUTEIME (ng/100 g)
Table 3 Average detected values of 11 vitamins under different papain dosages (ug/100 g)

feb-dpikemiE 50 U gt A£5 RSD/% 100 U g 4% RSD/% 200 U g #%5 RSD/% 400 U g #&% RSD/% 800U g™ # & RSD/%

VB, 414.39 281 537.80 3.98 593.86 2.75 605.67 3.46 587.13 2.40
VB, 164.73 3.22 191.95 3.41 224.53 2.43 216.34 4.16 209.08 3.27
JRER 1480.95 2.89 1640.04 3.11 1872.42 2.23 1890.06 2.93 177425 3.92
JE B 395541 2.33 4 407.67 2.05 4693.01 3.49 4552.22 3.32 3775.35 2.57
2R 182.52 2.76 221.09 2.36 242.13 2.32 216.32 3.67 195.81 2.13
w5 B2 90.65 3.24 106.73 3.79 118.68 2.88 125.69 3.15 114.69 3.86
iz 2 348.15 2.69 394.29 3.98 445.78 293 428.4 2.79 417.85 432
Ptk 155.16 3.11 187.7 4.92 222.82 3.97 205.9 3.14 182.94 2.76
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feAdhlemiE 50 U g #5% RSD/% 100 U g #& RSD/% 200 U g™ #.% RSD/% 400 U g #% RSD/% 800 U g™ #% RSD/%

EX0 14.63 3.67 18.43 2.84 22.50 451 21.09 3.82 20.57 2.32
wHER 31.12 3.02 34.98 3.25 36.16 2.55 30.83 4.25 27.52 3.53
VB, 2.23 3.48 2.83 3.60 3.16 3.42 2.62 2.75 2.39 2.66

223 Baf% pH{EMkAL

TERHRIA R BEF R 3Ea L, %0 pH {55 45, 5.0, 55, 6.0, 6.5 FJEAH 11 Ff B R4EER T
KME. B3R 4 W51, ZEAEAZAE pHAE 5.5 M FERER /K, Hrb VB JHER. ZHR. MEPeRE. mEroms.,
MEEHE . LEMIER I VB, FIMIEE 5354 587.43. 1822.68. 236.59. 150.18. 514.95. 251.72. 22.84. 2.81 ug/100 g;
VB,. MHEEIAE pH 1E 6.0 FHSINE R R, 2050 215.21. 4 861.11 pg/100 g; MERYE pH {# 5.0 IFRHAEAL,
B9 37.81 ng/100 go Z5E7% &2 H Rz SR e s P m a4 pH {H 5.5 1ENBEE s 261

B4k, Bajaj ZEPURF AN pH (BN VB (RFEMREN 11240 KB, RBRYERR S (pH A 4.0) SrpEsrss (pH A
6.0) I} VBy, e M R EFFMIK. BEfR pH BRSO Sy, HBo4eA: A MUERS G R %, TTRE- SRS 2
Iy F AR BRI 5%

3= 4 TEIEGHE pH (T 11 FhEE FARMTLE (ne/100 g)
Table 4 Average values of 11 vitamins at different enzymatic hydrolysis pH (ng/100 g)
tebdhlme s pH{L45 RSD/% pH{£50 RSD/% pH 455 RSD/% pH460 RSD/% pH{L65 RSD/%

VB, 575.02 2.55 579.21 314 587.43 345 583.64 2.26 570.49 2.96
VB, 205.77 3.97 209.88 2.23 213.76 2.87 21521 3.63 209.83 3.33
JRER 1779.54 2.82 1790.40 3.78 1822.68 351 1813.06 2.50 1802.72 2.57
JRBE 4827.38 342 4 840.16 2.77 4 854.53 3.20 4861.11 215 4 838.55 3.82
2B 211.54 3.26 224.58 2.59 236.59 2.74 226.74 3.33 204.18 3.88
W% B 124.09 3.18 143.79 3.67 150.18 3.46 141.43 2.97 136.14 3.12
Az 20S 501.74 2.14 511.28 3.04 514.95 3.63 503.42 433 492.39 3.24
w4 i 21543 3.78 237.57 2.14 251.72 2.67 240.36 3.56 229.57 3.35
X 17.69 2.92 21.50 3.62 22.84 412 19.36 2.72 16.09 271
rTER 32.69 2.38 37.81 2.67 36.59 3.21 30.35 4.57 27.58 291
VBi, 221 3.30 2.57 3.21 281 281 2.39 3.34 191 242

224 FRIEF| 6k FE

100 B2 o.01 mol L i I 0.2% (VIV) HERK R [ 0.2% (VIV) HIF2-10 mmol L2 FR il
a a a
a
: a a 2 b b : a

80 b b b a b
~ b b b
X
< b ¢ b ¢ ¢ c
i‘? 60 [ ¢ ¢ c c C
[El 4
‘g 40

20

O N - N —
VB1 VB2 pliilicd TR ZR I I g T fi MR IR VB12

&M
B 6 FEHZEVATIS4ESE RMFREIE (%)
Fig.6 Spiked recovery rates (%0) of vitamins with different extraction solvents
E: R—$%AET, REEFE (a0 b, ¢) AFAREZFEF (P<0.05), #RFEHELATEFAEE (P>0.05). THFR.
IET B RYEE R TIMRIES M TR MR IR, R0 %52 0.01 mol L hFRVAW. 02% (VIV) HIFR/K
. 02% (VIV) HIR-10 mmol L ZBRERAME AARIGA IR X 11 Fh B ede A Zhnbr IR sz, 45 54n
6 JiT7, M4 GBIT 27404-2026¢ S % R BTG £ FER AL AG I B EI % (60%~120% D I E3R, 0.01 mol L™
TRIBAESVEN B IR4EAERIFERAT, 0.2% (VIV) HR/KERT VB FRBERZ IR R T 60%,
9
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HAKAER, 0.29% (VV) HIR-10 mmol L ZEREVE R RIS AR, &% BRI EYR i VB, 83.7%,
VB, N 76.6%, HHIER A 78.5%, JHELI A 80.5%, iZ FR N 86.3%, MEIEHEE N 83.1%, ML Jy 85.2%, ML N 86.5%,
HWE )y 81.9%, RN 72.5%, VB, N 79.5%. #EH] 0.2% (VIV) HIER-10 mmol L™t ZBaa il e iR B
1A, Hassan ZR7e BLA- S 57 o SR IR ik RSB 7 O il B g/ S sl B MU 40T, LR
BRI 5| FEE P LU i 24 1 #E 80%~115% (8], T AR SBREL G2 A R SCH T 10 A B JRAEAE FR AR U434 s
RIHGEMIRRLE B gk 245 RN oA B RAFIRE A .
225 FRIUEF pH 1EMAL

120 Wz v+ 4.0 A pH 45 [pH5.0[_JpH55
a a a a a a ab 2 a a a
100} b ab ab b . aabbc a b . abbC abbc ab be be a . a b .
b c c L b
< N5 SN h B H 5 b s o2 T
S 80
=
:@r 60
\_‘)é
= 40
20
0 - - - —
VB1 VB2 Pl TR 2 I TS TR fi E7/ES IR VB12

Ay
7 TEHEEUAF pH ERHEEZMFELEE (%)
Fig.7 Spiked recoveries (%) of B vitamins at different pH values of extraction solvents

FEREH] 0.2% (VIV) FIR-10 mmol L™ ZB8A M (pH IHZ14 3.0) 1 NHRBUAF A FERt L, @i s
HIERHEBUAFI pH T4k, %% pH { 4.0, 4.5. 5.0. 5.5 & HFRYIINFRIEICE . 458K 7 Bis,
pH 4.5 % T 28 Hbr iR A T E KT, 11 VB VB, Sz IR A H] 102.2%. 102.7%7F1 100.2%, JHES
HWrEE S VB, 13 1A E] 96.3%. 99.2%7F1 98.4%; T AHIEIE AL & AE pH 1E 5.0 B IA R S1E, 4358 102.6%
F1101.5%. LURRIE, pH {H 4.0 F1 pH {E 5.5 %4 N &GV RIS fwf€, o VB, FIMHFRTE pH {H 4.0 i
0 82.1%F1 82.8%. M4k, ZGEHILL 0.05 mol L BERREAIATE (pH H 4.5) 1 AHREUN R, $REUNE T VB,
1 VBy, MARIIGEE 11 5 B g E R IOIREL Lia B8 IR ACT ek tE, 63 pH {E 4.5 73 10 mmol L™
LIRS AP B pH 2645
226 BEARFICIMZEYLE

120

B2 Captiva EMR-Lipid [ Oasis PRIME HLB [ HybridSPE-Phospholipid
a
100f & 4 a aa ., a & a b a
b b p b
b

~ b p b o
80
=
5 60
=

40

20

0 N e N .

VB1 VB2 TR I 2R IR JUigE 23 AL frie VIR R VB12

waEy

& 8 T EEHEZERVIMEXT &4 RMFREERIFNE (%)
Fig.8 Effects of different solid-phase extraction cartridges on spiked recoveries of B vitamins (%0)

EMR-Lipid. HLB 5 HybridSPE-Phospholipid & H il RZEFE i AL B 32 B T BRI SR HE 2 BT )
FREAH AR, HIAA TTRAERSEE T B G4 AE 2R [F) € I & A PR = R, anl&l 8 s, Am
PRI RN % 45 FokAE , Captiva EMR-Lipid /MEBAARIURAL, % HArPEIIETE 90%~100%2 [7], RSD {4
P/NT 3.5%. UL 5 5 Oasis PRIME HLB X # 7 4 E K WAEM R HIRSEAFAE TR AR, [RICRER AR 71.9%;
HybridSPE-Phospholipid (1 [HI Bl i, o P ERFIAE Y ZR 1 ISR 2 B 62.7%F11 69.2%, 1t % /777

10
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ZHFYER TP RCRIRIFR . 276 EU =777, Captiva EMR-Lipid [H A AU/ IMEAE [RISCR RIS E 1
TS EA YR, HiEE AT REE T 11 fh B 4B E R AR BRI .

SRR, Muz SR T AR BREE (EMR-Lipid A1 HLB ) 574V AR = S0 MU LR B
HARIOR, 45 R0 EMR-Lipid /IMEBEE RS R M A PIREARR IS BRI T Wang P HE: T AR RR$L
BRI AE A IR S B 245 B A (R 2, 45 53R W] EMR-Lipid A1 HLB AT E 5 00 2 E (IR T4 48 n-Cobe
WORAIGE, R HARR L RSO LT

23 ZMX AR

H126 5 A%, 2% B FRIERISI VG FE A R B RAFRILRIER R (R?>0.999 00, Hirh ¥t Lk vl
4 5~1000 ng mL™Y, 7z 10~1000 ng mL™Y, WEEFT VB4, 4 15~1 000 ng mL™.

%W GB 5009.295-2023 (£ kA ESARME LT T IR PG i PRAN E BRI bR
HERBOR R RIE S 5L (SIND JEMISE e T IR (SIN>3) e &R (SIN>10). J5ikAs Hi RN
0.1~2.8 pg-kg™, EEIEN 0.5-9.8 pgkgte HAMEMSEE, LS EEFIMEIE fkd HFREAR (0.1 pg-kg™), VB MR
FEXE R, PIRE S H B R MR TR A G

325 11 FheEAE R0 S KAk R
Table 5 Linear ranges and limits of detection of 11 vitamins

ot b B (ng mL™) K242 R?  Arlrk/(ugke?) &8 M/(ugkg?) RSD (LOD) /% RSD (LOQ) /%
VB, 5~1000 y=8.225 7e4x-3251.5136 0.999 14 05 17 23 2.8
VB, 5~1000 y=4.544 95e4x-4 805.736 67 0.999 03 10 35 2.7 2.1
Pty 5~1 000 y=7.187 6e4x-2514.616 2 0.999 11 15 5.0 19 25
RBRE 5~1 000 y=1524 7e5x+3 784.3746 0.999 07 08 28 30 25
2B 10~1 000 y=1.024 8e4x-1880.026 1 0.999 15 15 5.0 31 2.8
W% B 5~1000 y=2.173 1e5x+3172.896 0 0.999 45 0.1 05 2.0 26
WS B 5~1000 y=2.417 1e5x+3058.3058 0.999 12 0.1 05 2.2 20
k7% f: 5~1000 y=1.430 0e5x+2 271.1634 0.999 17 0.1 05 2.1 26
AdnE 5~1 000 y=4.330 9e4x-4 439.128 0 0.999 08 14 48 2.4 28
o+ 15~1 000 y=8 696.613 8x+3 304.336 4 0.999 11 2.2 76 2.9 31
VB, 15~1 000 y=9 756.829 9x-1 103.472 1 0.999 20 28 9.8 33 24

24 R A AR A ] R

EUER. R, P 3 FIAESY, 7ES BRI, B s (L 3. 6 R 3 AR R HEAT IR R
RIS (N=3), HH# 6 1] %, 11 PPt 25 7E — PR i3 bR [R1ie 3 85.729%~107.17%, RSD BN 1.13%~6.56%,
PIFE4 GBIT 27404-20265 % IR (60%~120%) FAEHE (<15%) MIER, FEAJAA RUAFIKIHERE AR
EE . WAFIIRRKFERE, SAAPECRBE IS SR B AN, R S BV A R AR
SEME. ANFFERTRILLECR I, SRR EY (W1 VB, MEMSIE) [RIWCERRg &, T4 PR AN R AR B
WA, (EREPRZE RN, BT L B B A UG M. AT 2 SERRRE S h 2 50 B IRYEA: e =

% 6 EERIERERE

Table 6 Recoveries and relative standard deviations (n=3)

) e R % RSD/%
bt ntrEl/(ugkg™)
A 41 an o 47 LR
2 86.97 85.72 94.23 412 5.74 4.86
VB, 5 93.11 92.24 102.18 2.87 3.23 4.43
10 97.89 88.18 97.69 3.48 3.17 3.63
VB, 4 88.32 89.90 106.96 441 5.14 4.22

11
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10 92.64 87.53 102.72 4.24 5.52 3.94

21 98.68 90.56 95.25 2.55 343 2.80

5 88.25 91.34 104.36 6.31 3.94 5.77

JRER 15 94.76 97.82 94.24 4.99 4.13 4.25
30 97.43 98.23 97.83 3.33 2.37 454

3 93.29 86.34 89.45 3.95 3.72 5.27

JRBRAR 8 93.98 91.59 96.22 4.76 3.34 371
17 104.28 95.78 94.89 3.40 4.56 3.95

5 94.54 89.84 93.65 543 6.21 4.35

ZER 15 87.32 91.35 90.31 5.62 3.32 3.57
30 89.61 94.36 98.56 3.86 2.86 3.42

05 93.35 92.82 102.48 4.58 3.62 3.37

o5 B2 15 97.39 93.17 98.23 511 2.48 3.46
3 105.72 90.63 99.53 1.35 1.89 2.74

0.5 94.76 103.33 96.39 5.22 1.54 217

Az 20S 15 95.63 93.20 105.73 4.23 3.94 113
3 97.69 94.64 107.17 4.85 2.53 3.26

0.5 92.87 88.34 98.42 5.98 4.26 2.63

oS e 15 98.44 91.52 95.21 3.17 2.84 3.57
3 99.65 93.77 95.79 3.56 2.56 3.32

5 86.83 88.62 90.97 3.10 311 3.91

X7 14 93.94 89.41 93.23 4.33 3.71 2.61
29 90.12 92.85 95.75 591 1.65 2.49

8 91.42 87.48 100.23 3.62 3.33 6.56

ot B} 23 89.56 89.54 97.52 4.13 3.96 2.75
46 96.84 94.15 98.36 2.68 3.17 3.25

10 93.25 89.29 94.78 5.26 4.34 413

VB, 29 98.38 93.03 87.42 174 3.46 3.57
59 99.77 94.82 92.18 3.62 2.52 417

25 HFRM I

FHIFFAEIMANGERS, BRI IA . 2R, f URE SR SREOR NN R 5K FE AORRAEIA T, TR 15+ 204
30. 50. 100. 200. 500. 1000 ngmL™FIFRAEIMA TAEWR, [FIRHHZ 0.2% (VV) HIERIK 10 mmol L™ Z %A
TRCAAH IR BERE T A AR HE TR UL E AR SR AR, 2 B2 0] R AR AN A B 2 | 4 %
FURSAERDZRFIFRAE IR, 153 Ze 7 FEAAE ¢ R 2K

b ey bRt Hh 2 R SR AN R (R 2R, THIE RN (Matrix Effect, ME) H9,

Q :(g—ljxloo% )

KF:

Q—H AL ME, %;

A h AR th R B A

B— A EA Ar W KA,

F5-2006<ME<20%, VIR THRALH: % MES-20%5K ME220%, 40RIE08 T-H418.

ZERNE 9 R, 11 M B IR ERAMEN . AL SRS ME 5N 2.38%~18.47%, IALTHLBTTHEL

12
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97K o (HANFEEEPTZ AR — 2 2257 VB MR WMo SRS IEAE 1 YL T Y ME (EARXTRS S, Ak
WS F RS TR RN ZE 550N IR . Rk, R ER SO IRAE =R o P AR AR SRy, R R
Rifs Ak, VB EA R IS BOVWIR, AR F AT ME SR TR ANEIAL, RN FISE T2 ot
YEE R TR R —E R .

25

ez v NN -rs [ 1

N
o

BB 1%
&

=
o

VB1 VB2 JHRR L 2R Lide ik g g Tt i E7F S R VB12
e

9 11 FBIREEREREN. 4B BRPHEREN %)
Fig.9 Matrix effect of 11 B vitamins in pork, beef and fish (%0)

2.6 SEPRAE AR

FEAS AT S P A R SR AE SRR 1 30 L JURE i HEAT AL, AL ORI BEAT =P b g A =471k 6
R, $H 1.3.0 Bk AT AR LR, T TG S R IR, A 0.2% (V) FIR-10 mmol L 2,
BRI T 2 FRe, T HERRIR B HI7E 5~1 000 ng mL™ Rk T FE A o BE/NRE b 240 SEL R AP 90 R PR 5 A
R B SR A R BR

SRR T BRI AR, 30 A A R A TR I 10 B B RAEA R AN, SRR
HORAS Y B R T 100, PREFIN TR RSD<0.5%, ANARIEICRA7E 85%~110% EH I, InbrlEllia RSD<10%, iiHi%
THEAEANR B2 EE U B BT RIS B R

MATINZE SRR, ANFENSEFEG T B RYE ER S RBATAE €25, AR VB MHER SR & F AR
B, FRRIZER . RS HE R R & RN FE R, AR VB SRR RS . RIS O ST IE I R &
R B REE AT A B, RIAAT AR IS R BT AT R

g5 b, ZITER TR ER R mSEZ R A R fr i D B IRGEA R AR E, B RAFHISEBRR O E

*R7 TRE@MIERH 1 FB REERESEFHE (ueg/100 g)
Table 7 Average Contents of 11 B Vitamins in Different Varieties of Pork (ug/100 g)

VB, VB, YRER JEBRE 2B SRR SEE w%E AME tBR VBp
487.24 218.22 2653.18 4602.64 27461 103.73 421.73 202.40 22.93 22.57 2.19
793.39 271.38 1767.19 4686.02 321.37 193.27 190.26 121.63 31.99 40.35 4.26
512,71 23577 220564 522383  156.52 206.98 269.90 218.20 12.55 31.23 313
739.13 311.51 1786.39 341194 230.05 142.29 427.00 170.52 24.13 35.64 3.58
635.86 195.26 1710.28 4970.17 241.69 97.89 142.54 198.14 30.28 43.95 1.48
422.72 255.49 137844 5887.65 452.94 156.23 277.61 92.40 16.93 27.56 1.25
579.56 276.46 1973.07 3905.68 277.11 246.55 220.02 139.97 25.29 38.44 3.43
590.25 341.95 2482.88 5405.22 429.45 117.27 368.56 245.94 11.56 26.12 4.65
603.29 19160 2859.26  3869.57  198.21 132.70 229.03 162.57 15.96 10.73 411
58477 20142 126765 436396  372.83 205.38 139.08 225.64 13.89 41.68 2.82

q
g%

[{e] [e¢] ~ o [6)] SN w N ol
G o o o o o o o o o | 3

=
o
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% 8 TR 11 B REE RS ETHME (ueg/100 g)
Table 8 Average Contents of 11 B Vitamins in Different Varieties of Beef (ug/100 g)
suFf VB, VB, iy JREE ZER Az 2:E o o5 B w5 e AME ot B VB,
15 96.63 146.73 908.64 241894 315.34 140.97 261.83 24499 23.68 60.33 281
25 92.97 86.56 1191.85 3332.12 187.28 156.64 557.21 198.32 10.72 53.38 1.86
35 135.76 42.73 802.89 3209.15 255.89 280.99 377.46 187.02 12.21 24.86 1.24
45 72.34 163.61 685.75 3381.47 438.62 128.94 565.71 131.09 29.87 36.52 4.42
5% 159.63 61.47 142442 2950.19 317.22 24213 163.71 178.64 22.95 68.20 3.53
65 75.17 79.25 1408.26 2633.82 149.58 102.06 202.67 304.02 26.13 47.91 491
75 83.82 123.89 1226.63 2103.13 24791 205.61 573.51 262.22 12.25 3231 2.33
85 61.53 80.97 608.98 2369.26 271.34 236.76 466.01 185.64 25.34 39.78 4.55
95 114.77 91.32 1170.79 2698.87 363.75 87.35 288.74 259.99 31.10 45.64 2.16
105 58.25 94.60 878.08 254446  329.30 201.35 511.79 210.03 13.75 32.46 158
R TREmMERH 1 #BREERESETHNME (ueg/100 g)
Table 9 Average Contents of 11 B Vitamins in Different Varieties of Fish (ug/100 g)

AP VB, VB, Pl YA B 2B kb ER WLE W AYE =8  VBp
1% 2684 13380 38123 199071 6956  119.82 152.62 111.37 19.85 1216 428
2% 2326 26204 20668 309312 4934 73.28 224.18 78.81 23.14 3883 361
3% 3998 13062  169.74 193849  60.82 69.48 140.14 73.75 15.33 2689 199
4% 1713 17324 30526 202021  62.75 64.94 292.93 52.81 26.53 2032 715
5% 2830 187.86 37096 234764 7645 87.29 158.35 86.55 33.53 3323 1.92
6% 1934 12512 39017 252213  72.05 76.97 201.79 96.17 8.76 4780 265
7% 1597 21186 32669 162508  59.12 80.14 189.71 101.98 12.81 3794 352
8% 2143 25207 45314 207049 7281 72.83 124.88 73.73 16.17 4488 372
9% 1532 11927 32961 140576 7859 75.82 169.96 88.93 34.08 4961 241
105 3258 13725 31532 197970 8244 63.21 139.52 63.87 7.21 2943 463

2.7 JrikEad i

2.7.1 EIRAFSLAT HLiREE

IEHUER 4L P LR G 3 b0 ARERIEESEBRFER, /AR -UALE ) LC-MSIMS 45 & fatril
1T SRR AT FATIE (n=3). Hirh VB, XH] GB 5009.84-2016 %5 —i%: (HPLC %) " vB, %/l GB
5009.85-2016 &—% (HPLC ) W1, 2R FH GB 5009.210-2023 45 1% (LC-MS/MS ) PO mtmes, ntmgms,
WPl R A GB 5009.154-2023 &5 (LC-MS/IMS ) ) VB, SZF] GB5009.285-2022 % 3% (LC-MS/MS
7% B,

B2 10 v, PIRIOVELERE A 2RI, R =P o o R s 5 SR AR i 297 .57%~+8.63%, i /& GBIT
27404-2026 (5256 R HIPE &S FALK I PR 7 XTI UE OB SR (0% L) . R E
LC-MS/MS Ji i EARIEER AT T, AT S 22400 I E -

£ 10 FREIFEHRSEUETIIE (ne/100 g)
Table 10 Average Determination Contents of Samples by Different Methods (ug/100 g)

oAt ol 7 i VB, VB, 2B % B Az 23 oS VBy,
AFik 487.24 218.22 274.61 103.73 421.73 202.40 2.19
R Aoy ik 469.52 221.04 282.15 108.36 433,56 215.69 2.35
1 £ 1% +3.77 -1.28 -2.67 -4.27 -2.73 -6.16 -6.81
AFik 96.63 146.73 315.34 140.97 261.83 244.99 281
A ATk 93.14 138.26 326.87 152.07 24801 250.48 3.04
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1 £1% +3.75 +6.13 -3.53 -7.30 +5.57 -2.19 -71.57
ATk 26.84 133.80 69.56 119.82 152.62 111.37 4.28
LR ATy ik 28.67 125.42 66.23 128.54 141.38 103.24 3.94
1 Z1% -6.38 +6.68 +5.03 -6.78 +7.95 +7.87 +8.63

272 FikxRAEMGET L

WNEE 11 R, ST EZBRETTIZAHEL, fERIEE T, AR DT UGERE (B min) ATERIE 11
i B YRR, METERSREOREZR —E, Rt A REm. EREUETTH, ERTHER
HBR (0.1~2.8 pgkg™) FIEEMR (0.5-9.8 pgkg™ BT EFRi, Hiizmk R GB 5009.210-2023)
AL 167 15, VB, Il VB, KB 27 GB 5009.84-2016°1fi1 GB 5009.85-2016"¢) 1/20 F1 1/5. 4Rifi, GB
5009.285-2022 (VBy,) PURFIGEEEAREFML, KR (0.5 pgke™ HRTFATE (2.8 pgkg™, RuIEHIH—H
BRI e B ST A E R A T R L3

TERERA ARG 2 E 70, AR TR Rl 3 85.72%~107.17%, RSD Jy 1.13%~6.56%, i 2 alifh
FERVEESR (YR 80%~110%, RSD<10%~20%). Kk, ASSCHEESI A7 AT mal. 2 D 5y
Proafiss, BT TR R .

RN FEEELEERFG AR KR REXTLL
Table 11 Comparison of key performance parameters between the proposed method and various national standard methods

. . . " 4 AnFFE SRS
Tk Mt & AT BT ik LOD/(ug-kg™) LOQ/(ng-kg™) RSD 14/%
W% 18] /min

B fA+ BRI
AFik 114 ZAuiadt LC-MSIMS 0.1~2.8 0.5~9.8 85~107 16 5
i3
TK AR+ B AR+
FRER
YBG (7% - LS B 30 wiL"%B5 100
GB 5009.154-2023 &%, b4k, LC-MS/MS w5 B 30 k"% B 100 80~110 <10 12
%R ) # 7% Bz 30 7% i 100
Baft+H1e
GB 5009.285-2022 VB, %WJ%& LC-MS/MS 05 2.0 80~110 <15 6
B r=2 1
R4w
i
fR+aE Ak
GB 5009.84-2016 VB, HPLC-FLD 300 1000 80~110 <10 10
AAespaT
A +ER
GB 5009.85-2016 VB, BoAlR HPLC-FLD 200 500 80~110 <10 10
+ERAE
BRK R+ T
GB 5009.89-2023 MRERMABLE: HRME+E kAT — 12500 80~110 <15 —
GEEE S
BRK R+ T
GB5009.259-2023  A4hE  RABM+E SHLET — 25 80~110 <20 —
GEEE S
G ROKAE
GB5009.211-2022  ~t@:  +E+AE S kA 10 20 80~110 <15 —
B+

GB 5009.210-2023 ZBR LC-MS/MS 250 500 80~110 <10 12

W B
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RS

3 i

ARIGE S T [EAHREISS & LC-MS/MS [FRFIESE . 4.t 10 Fh B g R 5iE. i ib i
fi# (54, pHE 5.5, 37°C, 1.5h) HHEE (10 mmol L Z.M%%, pH1H 4.5) K Captiva EMR-Lipid i#14.2%1F,
AR T I T4 SR HILIC Plus F:4) 55, ESI+K MRM AR, 11 Fb 5 ARYIAE & 1 7R Tl N 4k R 4T

(R>>0.999 00, #&HFRA 0.1~2.8 pgkg”, EERIEN 05~9.8 ugkgts FEEA. AL AH =ANINFRKFE T B
BRI 85.72%~107.17%, RSD A4 1.13%~6.56%, £ GB/T 27404-2026 ZL3K. FEFANA 2.38%~18.47%,
BT SRR, S AEA L R AR AR AR 11 b B RGEER, IIFREISCREF
A E EER . SERRAE AT EGRIG R, AT7VE S ERR AR 2R PR R I e g A R 25
T 10%, JPVERLEA BIFRE B8 2R i Em . REUEE, ERT2RRZh B kg R AL
SE BT, FRRSRE TR KA 75 e B R e SRR SRR

Bt I bk

[1] HANNA M, JAQUAE, NGUYEN V, etal. B vitamins: functions and uses in medicine [J]. The Permanente Journal, 2022, 26(2): 89-97.

[2] KENNEDY D O. B vitamins and the brain: mechanisms, dose and efficacy—a review [J]. Nutrients, 2016, 8(2): 68.

[3] CALDERON-OSPINA C A, NAVA-MESA M O. B Vitamins in the nervous system: current knowledge of the biochemical modes of
action and synergies of thiamine, pyridoxine, and cobalamin [J]. CNS Neuroscience & Therapeutics, 2020, 26(1): 5-13.

[4] ALI M A, HAFEZ H A, KAMEL M A, et al. Dietary vitamin B complex: orchestration in human nutrition throughout life with sex
differences [J]. Nutrients, 2022, 14(19): 3940.

[5] PAPARELLA R, PANVINO F, LEONARDI L, et al. Water-Soluble vitamins: hypo- and hypervitaminosis in pediatric population [J].
Pharmaceutics, 2025, 17(1): 118.

[6]  BHSR[, 2 A AN B, At A ot R g AR AE PRI IR T ot J 2 v 2 e []. BAX £t A 45,2021, 37(8):350-356,374.

[71  ZE% A, 2 e S5 kE (- B IR R 58 B & IR R rh R R & S [J]. & b 5 R 100, 2023,49(3):314-321.

[8] PORTER K, LODGE J K. Determination of selected water-soluble vitamins (thiamine, riboflavin, nicotinamide and pyridoxine) from a
food matrix using hydrophilic interaction liquid chromatography coupled with mass spectrometry [J]. Journal of Chromatography B, 2021,
1171: 122541,

[9] NGUYEN Q H, HOANG A Q, TRUONG T M H, et al. Development of simple analytical method for B-group vitamins in nutritional
products: enzymatic digestion and UPLC-MS/MS quantification [J]. Journal of Analytical Methods in Chemistry, 2021, 2021: 5526882.

[10] ZAMANI KALAJAHI M, ABOLHASSANI A, HAMIDI S, et al. Determination of vitamins B; and Bg in infant formula and food
supplement samples using magnetic layered double hydroxide nanoadsorbent before liquid chromatography-tandem mass spectrometry [J].
Journal of Liquid Chromatography & Related Technologies, 2022, 45(17-20): 227-236.

[11] FATIMA Z, WANG L, CUI M, et al. Fast, sustainable, and simultaneous analysis of water- and fat-soluble vitamins by the
two-dimensional microcarbon fiber fractionation system hyphenated with MS detection [J]. Analytica Chimica Acta, 2024, 1295: 342288.

[12] Tk, WREE 2R B A T RIS W RN B JR4EE 3R 1) HPLC-DAD J5 ik KT A RISGIE[T]. £ i T, 2026,47(2):301-306.

[13] MAEABA W, SINGH P, PRASAD S. Simultaneous determination of water-soluble vitamins (B,, Bs, Bg, Bg and C) in guava fruit by
HPLC-PDA [J]. Journal of Food Composition and Analysis, 2025, 144: 107569.

[14] CHUTKOWSKI M, ZIOBROWSKI P, PRZYWARA M, et al. Studies on the effects of process conditions on separation of B, B, and B
vitamin mixture using HILIC and RPLC chromatography [J]. AgriEngineering, 2022, 4(3): 566-591.

[15] e /i ke, A5 vt AU €0 - A IR SRR M e R A 1 o O RV P 4 3K 3], LA AT 57,2025, 54(5):820-826,832.

[16] GB 5009.84-2016. 1 dh 24z bRt &P 4E 3 By (I5E[S].

[17] GB 5009.85-2016. il % 4 [E ZbriE b 4ELE 2 B, IIMIE[S].

[18] GB 5009.89-2023. % fiti e A= | SAm it £ b A BRI UMEIBE iz eyl 2 [S].

[19] GB 5009.210-2023. & T2 A [E ZKbrE £ BRI 2 [S].

[20] GB 5009.154-2023. 8 in e 2 H K briE i 4L Be HIMIE[S].

16



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.7

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]
[31]

[32]

(33]
[34]

[35]
[36]

[37]
(38]
[39]

[40]

[41]

GB 5009.259-2023. £ fis % 4= [ ZXbrifE £t A AR AN ELS].

GB 5009.211-2022. £ ity %2 4= [ Z it it I ERIFIII € [S].

GB 5009.285-2022. % i 4= [H 5l £ i H4EAE 3K By, HIIISE[S].

WILSON S A, ALSALEM A, BERDEN G, et al. Spectroscopic characterization of the photolysis of riboflavin (vitamin B,) via
time-resolved mass spectrometry and IRMPD spectroscopy [J]. The Journal of Physical Chemistry A, 2025, 129(23): 5082-5091.
KAHOUN D, FOJT KOVA P, VACHA F, et al. Development and validation of an LC-MS/MS method for determination of B vitamins
and some its derivatives in whole blood [J]. PLOS ONE, 2022, 17(7): e0271444.

ERSAN S, CHEN Y, PARK J O. Comprehensive profiling of folates across polyglutamylation and one-carbon states [J]. Metabolomics:
Official Journal of the Metabolomic Society, 2025, 21(3): 71.

DHALE M, SINGH R, SHARMA R, et al. Quantification of all B vitamins in a single run using ion-pair modified liquid chromatography
with UV detection [J]. Journal of Food Composition and Analysis, 2023, 123: 105602.

BRET, T2, JURIE, 5. 85 BB - B Bm ik R R e 240U At 11 M B BR4EAE R[] & &R
2% 2016,37(4):144-153.,

CAO D, HEUGHEBAERT L, BOFFEL L, et al. Simultaneous quantification of seven B vitamins from wheat grains using
UHPLC-MS/MS [J]. Food Chemistry, 2024, 453: 139667.

MR RS, E T, 2 S G B TR R 22 R B, B 45 RS [J]. P [ S AR 44, 2023,35(7):993-999.

BAJAJ R S, SINGHAL S R. Degradation kinetics of vitamin By, in model systems of different pH and extrapolation to carrot and lime
juices [J]. Journal of Food Engineering, 2020, 272: 109800.

DHALE M, SINGH R, SHARMA R, et al. Analytical approaches for estimation of B vitamins in food: a review on the shift from single to
multi-vitamin analysis [J]. Journal of Food Measurement and Characterization, 2025, 19(8): 1-15.

GBIT 27404-2026. 55 % i E47 M A dhEAASII[S].

HASSAN Z, FISCHBACH N, HOFSOMMER M, et al. Development and validation of HPLC-MS/MS method for simultaneous analysis
of B vitamins present naturally or after fortification in fruit juices [J]. LWT, 2023, 184: 115103.

2 N A R B A M R A G [D] AL 5 b E AR R B, 2017

MUZ M, ROJONIETO E, JAHNKE A. Removing disturbing matrix constituents from biota extracts from total extraction and
silicone-based passive sampling [J]. Environmental Toxicology and Chemistry, 2021, 40(10): 2693-2704.

WANG J, HU Q, LI P, et al. Comparison of three different lipid removal cleanup techniques prior to the analysis of sulfonamide drug
residues in porcine tissues [J]. Food Science & Nutrition, 2019, 7(9): 3006-3016.

GB 5009.295-2023. f ity % 4= [ Z b AL M A RAIEIENI[S].

JAAZ 2 FET RSB A it b 4R R B6 S8 b 7 12 R A ST D] BT TR 22, 2020.

KATSA M, PAPALOUKA N, MAVROGIANNI T, et al. Comparative study for the determination of fat-soluble vitamins in rice cereal
baby foods using HPLC-DAD and UHPLC-APCI-MS/MS [J]. Foods, 2021, 10(3): 648.

WA AEEYIRSER FRERD (BB 6 MO [MLALR LR % R4, 2018.

17



