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Optimization of pretreatment conditions for determination of vitamin B, in
milk powder by ultra performance liquid chromatography

JI Yun, WAN Ning, TIAN Zhen, WANG Yu-Shu, SONG Fei"

(Synutra Nutritional Food Co., Ltd., Qingdao 266400, China)

ABSTRACT: Objective To optimize the detection method for vitamin B; (VB)) in infant formula milk powder.
Methods The content of VB; in different matrix samples was determined by ultra performance liquid
chromatography. The effects of hydrolysis cooling time, hydrolysis temperature, production process, enzyme solution
and raw material matrix on the detection results were analyzed to optimize the pretreatment for VB, detection in
infant formula milk powder. Results The detection process was accurate and reliable, with recovery rates of 94.3%
to 102.0% for VB, standard solutions without milk powder matrix. Hydrolysis cooling time, production process and

mixed enzyme solution had no significant effect on VB detection results and recovery rate (P>0.05). Hydrolysis
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temperature and milk powder matrix were key synergistic factors causing lower detection results. VB, detection

results and recovery rate from room-temperature hydrolysis were significantly higher than those from

high-temperature hydrolysis (P<0.01). Furthermore, recovery rate of mixed powders decreased significantly after

high-temperature hydrolysis (P<0.05). Conclusion

The optimized ambient-temperature hydrolysis method

eliminates high-pressure hydrolysis operations, simplifies pretreatment procedures and achieves spiked recovery rates

approaching 100%. This method is suitable for the efficient batch detection of VB, in infant formula milk powder.

KEY WORDS: vitamin B;; infant formula milk powder; recovery rate; high-temperature hydrolysis;

room-temperature hydrolysis
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T A RS SEIN L IIRES I, TG E A AR,
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VB, 2B 4 JLEC Jr LA AR 7 2 B AR I 3R R Ak
AU, Bl JLBCJr FURHE R BEFLAG 32 BN, R
o VB X B4 LA fHRRE A K ZE e 2

HHE, VB, & UL BRI 5325 Sk v 0mA o g 310200
B RE P2 A B ek R - R R
P4 GB 5009.84—2016 (£ 524 FE FAr e £
REA R By MIINE ) SR R SOR AR S, RS AL BE
L R R B A P TEK A |« R, KA BT B
BREALME AT, T RIS, 4 Cig ROAHGRER: 7
B, T R OB € 1% - S AG T R A, AR vk o e S
WS o 1Z 07 EAERT K, T B0l K T B A AP A 2 A K
W RS, ANEE T S8 br TAE R bR A . FEH, ARSE
B s SEBRR I R B, BRALEC Y B AR A VB, R 2
IR ] e B T RIS B AT B S, AR ] 0 E AR
81.2%~87.7%. MR tHAA B XT VB, B R EAK 1) ) A3k
3 THESE, SAEIILF ARt | Ak #f F A R Ak il
WS, (R AL A TR AU A ALK DU 2o A2 A A 45 A
X K A TR AT VRN B RS )2 21 ZE PN A A 2ok
R R s ks S 6. BREPIE TR
JE 2K TR K 2 Fh 5 6 VB £ Sk I 52, X il £ Hif
AR AT T A5, A T RS AT A BT AR, A
% iR Ab R, 5 BRI S TR AT G Se A, ke
5 B AL N 86.0%~94.6%. ik, ASHFST I 1 ik 5]
W, MOKIEAHITE R AR . A7 T8 L IRETH

VAU R TR 45 D TR S SRR 0 45 2R A s [ e
PRI, X5 VB, A b AL B R HEAT AR, S
ANTEE B R R AR J5 5 A0 A A 1 3 A A i Ak B R
R, FE TR OB G R AR B A S SR A DN U
MG 5 RIS, FENH AP 3R-TT T R I Y 22 U 1k
SAATE, AR BRI AR B S, X g
B LT FUB AT BB B T} | f R Al L R A
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1 #MRERE

1.1 MR5RF

BULBC T ks . AReN . ek . IRER 1(FLIE#:
AR KBS #5=800:50:50, m:m:m)., BEH 20868 1.5
Bo4ErE o0 900:1.5, mm)(GEILE R A RA A, 24
JL A 7 3B B B R 4k A2 R 4 Br RO ORE A
(GY-QCM-06-3003A, EWHRYEHABRARD,

IR (g, RERT RS 5 A BRA FD); LR
(s, iR L TG, KO BR(Igah) ., Wi,
IE T B al) R H T B3 2= 180 A B ), AR
FIF(BES J1 801 U/mg, IR AR ARG R D), Fik
FERME(BEHG 71 253 U/mg) . SRIRBING K (4l =99.0%) (35
Sigma A A)); AR, F S = 2R A BRA
Hl); BRARER (AT al, RHETTEE R4k TakoR); &4k
Gy Hral, PUBERRA AR AT BRA FD).

12 UFE5EE

AUW220D 7KK 0.01 g/0.001 g, HAGH:
3 Al); YXQ-LB-50SILSy 20 ) 28 VR K TR 6 (- 1 TR e o
He AR I A BR 2N 1 ); DH6000A 18 iR 55 F5 40 (R He T 2%
HrRr U Es A IR 7]); Allegra C-34R 533 3 R B O LR M
D05 2 JE IR R AT BRZN FD): FE28 pH (iR -3
F AL AT PR F)); MS3BS025 ER i rs (T IKA 2>
Al); Milli-Q K8 F/K &4 4% (% E Millipore A Al );
ACQUITY H-class UPLC i = &L AH €35 X (Bt FLR
Detector Z¢JGHGMNIES, S€E Waters Z37]); Omni Orca Cig #1
(100 mmx2.1 mm, 3 pm, 3& [ OmniGene LLC A #]).



484

\
cd
=4

R, SF R OB AN E TR R 4R R By A HTAR BEZE PRI AL 349

1.3 XWHE
1.3.1 BikeyEefl

VB, PRl sl (T 500 pg/mL): HERIFREZ
FALES T 24 h WELTRIEIE EZARHE R 63.5 mg(fET 2
0.1 mg), 24T 50 mg HifE#E, H 0.01 mol/L ERMRIARIA
I ERE 100 mL, 725,

ERERVAW(0.1 mol/L): FH 8.5 mL #hfR, MKW RER
1000 mL, $%%4].

ZERENIRW(2.0 mol/L): HERAFREL 27.2 g LK ZERAM,
FKEMRFFERZE 100 mL, 5],

LIRANFE I (0.05 mol/L): FRHL6.80 g ZER4H, il 900 mL
IKGR, VK RVE pH K 4.0~5.0 Z ], NZKEZEZE 1000 mL,
% 0.45 um LIRS RS A

AEALEN100 g/L): FRER 25 g EAAL, Rk
SEZZE 250 mL, $E5).

AL (20 g/L): BRI 2 g Uik, FIKIs M E
ZX% 100 mL, $&57. I FHATEC

BRI T AL BRI ¥ 200 mL R E AL (100 g/L)
5 5 mL BELBIA (20 g/L)R G, 5.

IRA BRI FREL 1.76 g RJNEE A . 1.27 g MigE
WY, IKERZE 50 mL, WHERA, fiiRERE.

TRA BRI FREL 2.50 g AN (I . 2.50 g e
WY, IKERZE 50 mL, WHERA, fiiRERE.

1.3.2 Hameyaras

(IR FEEREL

FHRK AR BRI 3 g RET 100 mL A @I+, n
A 0.1 mol/L BRI W 60 mL, WHEIRA), w5 FBakss 1,
121 °Cf K H 30 min, 7KMRZE SR THAEIE 40 °CLLFHL
Y, BPREOR, 2.0 mol/L ZBRANVA W pH & 4.0 2545,
A 2.0 mLIBSEAWR, #5105, ETRFRM T 37 °Cid
(2 16 h); KRR AR % 100 mL 28R, FHK
ERBZNE, #5), puE R, B

WA FREL3 g AT 100 mL AR GHEIE M,
A 0.1 mol/L FUELRIER 60 mL, WERS, = F4tHET
J&, WOIRCE 30 min, HoAth B Rl IR

Q)i A1k

HEMAEEL S mL B BRI T 25 mLiXEH, WA
2.5 mL G BR AL B, IATETR ST, HERAIA 5.0 mL 1E
T, WHEASH 3.0 min J5 4000 r/min #5.0> 2 min J5 W% HUE
TR (FR)Z 0.45 pm A HLFLIE B g, BOEWR T
2 mL AR, EHLaT.
133 ‘#Ané it

4, 7%FE: Omni Orca Cyg #£(100 mmx2.1 mm, 3 um);
R ORI 375 nm, LS 435 nm; AR 30 °C;
HERERAR: 5 ul; W 0.3 mL/min; WEIAH: 0.05 mol/L Z
TR B T - (65:35, V:V).o
14 HIELIE

BAHZEDEEWE 3 K, KM GraphPad Prism 8.0
BT BT X S B0 B A 7 S 1 25 S T A PR R A
M P<0.05 B, 2253 E%, P>0.05 8, 2R E%.

2 HER55H

2.1 FRERREUNEEESR

HARFE VB, SRR AL 7 2 R R 30,
— AL LI 7 B ARSI, [ VB AR Y
PEGCRR SR IS 17 A AR DA BRUEA TR I, THA3 i, 4%
ANURFUR LT VB AR ) 53 11 [ 0505 2 15t A7 [T 3
PRI, 2550036 1, PR Zs SR nl 2, 224l JLEC 7 B [l i
B 81.2%~87.7%, HMLT 90%, An i ¥ W [l e K 7
94.3%~102.0%. %M GB/T 27404—2008 { 52146 28 JFi B 4574
G B SRR ) R, AR R BE [ SR R W 4
90%~110%253K o S55FM, A4 LB BUR AR & A
IR AR () R, (HAR R RONAT A 205K, St 2401
Bc 5 Wk o AT REAFAEXT VB AN 25 SR 7= A B S 5 i ) 3 5

Fz 1 MRERERLERN=6)
Table 1 Results of spiked recovery rate (n=6)

B0 LR s BRI
BIRE R bRt/ FICE SLERIRRORE  GRBREORE
(mg/100 g) (mg/100 g) % (ug/mL) (ng/mL)

1 0.738 2.12 84.8 0.5 0.5104 102.0

2 0.741 2.07 81.2 0.5 0.4813 96.3

3 0.656 2.06 84.7 0.5 0.4927 98.5

4 0.687 2.07 82.9 0.5 0.4916 98.3

5 0.624 2.00 83.5 0.5 0.4713 94.3

6 0.643 2.08 87.7 0.5 0.4770 95.4
RSDs/% 7.25 1.88 2.60 2.87 2.83

PRI R R E 500 pg/mL; AIARFL 100 uL; K HBRM 0.0315 mg/100 g, ERFRHM 0.1053 mg/100 g; - JoILI
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VB, WRAFE, Pt 5T 5o R, Y
pH>7 B2 HAET, 4 HR A = AR VB, 4R, BRI
[l R 3T RE Y S Vi M L L YN - =1V S A D ] PUR S i
SN VB BRI i L, 2 — 224 LI s AR L, R
FmR KA, ik 18 121 ~CKfes R F 3L
SO 121 °CREIRE] 100 °CEE 8 min), BUH G B kKA A
532 0 121 °CoK AR 45 T 16 K B ER R IR (A 121 °CRER
£ 40 °CHL 3 h 40 min), B A ALKAR AL, 251K VB, i
Erim, ZERULIE 1, IR, X Eb e K AR RS 220 v R K A
Yop RN 285 SR R R A IR KR B B R R
3R, IR VB, FUkimdid: RILAk B ACh TR
o, KA LI ST A, RA /N A&
JREEALA WA B3 R LU K A 2 AR Ak R B IR R
3, B IR I AR BRI VRS H IR 30 min. Z5LAN
Kl 2 iR .

HH I 1 SEORS5 AT 1, 121 °CoK MRS oS FIAS R A4
JrE VB A5 R S BRI TR, T A I T i
FZ5(P>0.05), BENSCRANN 84.8% . 86.9%, FTLA, #EM
121 °CHKSEEEH G AR E I XA R0 VB 25 R & &1
BRI R 2 25 RN, KRR X AG I 45 SR i R &
W1, TOIRRANE IR R ANbR, IR A AT 45 2R W &
F el B K MRS, TR EK A VB, A R R
TR KR EE R, ik 97.9%, HIEHET 100%.

YT R IR OK AR 5 R IR K AR 45 R 2% R B 3 (P<0.05),
SRy E AT R T AR B I (B R A, R —A
A UE ) 2R 4 JLTC 20k 2 B bR ME AL S (VB FEMEE R
1 mg/100 g)5 AIAE W R K A I T UFF 7R, 4558 WoR
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VB, /(mg/100 g)
&

—
S
T

o
n

(=]

Bk e

TE: ns FTRTERERET(P>0.05), ¥ 3~6 [Fl; IIARAUR EHREE 500 pg/mL,
TMASAFR 100 L.
B 121 CCRMBES AR AR A7 2% VB, 3t M LRl 4G
SRR (n=3)
Fig.l1 Effects of different cooling methods on VB, content and
recovery rate following 121 °C hydrolysis (n=3)
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T * PR 25 I 3 (P<0.01); * %+ 7R 28 53 ) (i %
(P<0.0001), # 3. 6 [Fl; M0bri Bk 500 pg/mL,
JIEAAFL 100 pL.
P2 il S IR AT VB, 2 et M [ R A 52 ) (n=8)
Fig.2 Effects of high-temperature hydrolysis and

room-temperature hydrolysis on VB, content and
recovery rate (N=8)

23 R IRK AR BRI 45 RN 0.833 mg/100 g, W iR /KA# Y
K ZE 5 0.996 mg/100 g, B IR /K AR AR AS I 45 5 B 43
IR
23 AREFLZNRMNERPEZMER

R 1AL, BLECr Uk VB, a4l S Bl AR A
I, TS LR A AR v R RGN 25 SR AE R . AR AR IRIK
R BE X AR TR A 7= T 25 B LI W s 6 I 5 SR 4 5 i, ks
BT T EMB TR T 26 &0 2 LR 7 9k
BEATREIN, K ZE AN 3 Bk, FEMAEE TN VB AR
W &5 B 6 1B % 5% Wi (P>0.05); AHAS T % WK e, &ad
121 °CrRpil/K MR, T35 BRIARES VB A S5 R 240
fiflk, P, A/ TEARERE VB, Bk IR
JRH

=3 R K A

1o, wm KRR =
’ ns
ekckok ok kok
0.8
b
§ 0.6+
=
g
=< 041
Mm
>
0.2(-
0
Tk dh R
R T 2R

B3 ORFEA™ T 2R VB, ik (n=6)
Fig.3 VB, content in samples from different production
processes (N=6)
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25 SR R AR X VB A I ZS R AR, R
B AT AL, 8 P RS A WO, 2B
7 R A H T A e 1) B LIC 5 WA R R R T T, ARG 45
RILE 4. I 4 SCEREERATH, ot mil K s
TR AR, SRR A B B VB, BRI 25 S5 e 48 /N, T
B JC R FNEE 5 (P>0.05) (il TRl — R BEIR S WA, 22
e et KA TR AR, VB R 25 2R 22 5 .35 (P<0.05)
HCIR A WA RO BEFFAR R R B LICTT Wk VB, [l i
IR

1.0 - iR AT

= i A A VR

osk ns
)
8
% 06F
£
204

02F

0 e y
T R K WK S
IR

P 4 QRS WA WRON G2 SR B 5 (n=3)

Fig.4 Effects of mixed enzyme solution on test results (N=3)

2.5 AEEMERNEME RO MER

R G S A A AE HARIE AN 853 7 B i K fige 2o 7
HOE VB 5 AR I AR S, 1R R BRI JLTEE D Ay
1 SRR TR A RE A | AR R ) A B e B B 4 LR 1
sl 3 FC 7 LU S I R A A AT b [ Sy, 4 AR
W 5. GnE S iR, AR SRR R R IR OK AR 25 SR
K R A R, AR G5 R, I HEIRK
f# VB, AR R ET 100%, TR A R 7 e K f Al
K AN BRI Z, SR 28 R AR, TR B R /K A ) [
W3 1 2 TR (P<0.05).

WEAh, XTARERY . BOREHT . MRIARE S KA N B4k AR
RIVRAH 2 4 AFESEA AT S IR A R TRK i ik
WL, REERE 6 Frs, ASE ERHG I 45 5 Eiik
A 1o T /KPR T K A 22 IR 1 22 S R I — B, K =X
it 4 JIg A F0E A B 15 A B 25 R 1 (P>0.05), {H X 32 il 75
FEAFI TR G0 4 HAG W 2552 10 (P<0.0001) .

g5 bR, 4 A e R o A T g B 4l LG R
rh PR 2R Y L B 1 R A S e, R
SAF T 5 R e SRR N P30 SERLAEI N 5y A R 2 2
Vi, HA R, VB, g AT L R e,
il e 7R 1 R R — B AL VB, I RET . pesh, B

4 JLBC 7 FUB RE S R 2%, RO AFAEAR T, 7RV 1Y
pH I 75 5 B 5T b & A W B IR RS H AR & A RO,
BT B AR S RRARES T LA IR AN 45 5 R
T [ 3 i R e i K AR B S B o e AL AR
Ja BRI TT AN e K AR, R S R K s, HL
o K A e T IR, L A ST EAE, il
IR I VR BT RIS, AN T4 o SR AR S B
W, AR BT R I R R 24

ez H K AR

= K
120 ns

100+ -
B

80

60

[T /%

401

20

T F R R 22 ol 2 (P<0.001); INARIRHEE 50 ug/mL,
FIAEFL 100 pL,
Bl 5 AFEBOR VB AR IS ZE 45 5 (n=3)
Fig.5 Results of spiked recovery rates of VB, in
different ingredients (n=3)

1 &K R sk sk ok
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= IR K AR
sfeskoksk
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= 0.6F
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m 04}
g 0.4
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e[l JBL e WEFES HAEH2
HepFh
K6 AREAE VB, & &SR (n=7)
Fig.6 Detection results of VB, content in
different ingredients (N=7)
3 % #®

AT ST A LI FB VB, A SR kR
[F1 AT SR A AR (81.2%~87.7%) FA) 0] BB, 28 40 1R 5% 5 i B2 1)
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FIALKIN )y, R ER: FUMILFUZESE VB, K
SR AR ARG A A O S TR, i A I T R A B, A L 3
B VB, FRIETRIETSCR A 94.3%~102.0%, UESEA
FRAERG AT 5E; KRR . PR T L IRA AR
WREEST VB, Kl 45 5 K [ ISR 1 J0 B 2 5 (P>0.05); 7K
SR T 15 LR 3R T ARG ) 4 SR i 1EK 11 S e ) PR 36
K IR B S WA 35 (P<0.05), TR 8 3 T /K A 1 G 0 235
R AR T 121 CRpiliK g, 28k . LISk 7E i Fh
AR E T A I 45 S TG 22 5 (P>0.05) H. [ISCREEIT 100%,
TRA R E R TR K A I [ S i 2 T R, 4 5 B 4 L
FUB PR A U 121 °CF R A L BIEB N . IR VB,
S5 R T BORIMINE % A7 5 PRk Ry v 2R K
AR R IR K A, B R R KRR R, B AR T L
KL B iR e, SR A AT A AR, [V Bt R e A o
WA SRR, AR TSR HEIT 100%, 120738 T 244
JLEE 7 FLR VB, 1 i RCHE A
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