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HK I T2 TR BRI AR I BRLE 60 °CKIABHR 1 h PHTIREL, R Zorbax SB-AQ (i /)y 85 3F vk ARG
RV E, 5 RmAIRYOCEIRC R REAE; ATAYR SRR, #E KR 495 nm, E4HHEK N
525 nm, AMRiEE R R TEEAIETR, EMRLE 5.00~75.00 ng/mL LEVETE Bl LRI 6 R RIF(r>>0.999), F
PRI S 97.5%~100.1%, FAXTFRHENZE 9 0.86%~2.96%, KPR HM 12 pg/kg, E R K 41 pg/ke. YRR
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Determination of biotin in formula food for special medical purposes by high
performance liquid chromatography-post column derivatization

QIN Tian—Fu*, HUANG Wei-Qian, WU Jun-Fa, LIANG Xian-Ling,
HUANG Jia-Yu, ZOU Xin-Ming

(Guangzhou Inspection Testing and Certification Group Co., Ltd., Guangzhou 511447, China)

ABSTRACT: Objective To establish a method for the determination of biotin in formula food for special medical
purposes by high performance liquid chromatography-post column derivatization. Methods The biotin in the
sample was dissolved in water and extracted by enzymatic hydrolysis with amylase and papain at 60 °C for 1 hour in
a water bath. Using Zorbax SB-AQ chromatographic column separation and entering the post column reaction device,
the biotin was derived from fluorescein isothiocyanate labeled avidin. Derivatives were detected using a fluorescence
detector with an excitation wavelength of 495 nm and an emission wavelength of 525 nm. The results were quantified

by the external standard method. Results Under the optimized conditions, the biotin showed good (r>>0.999) linear
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relationships within the concentration range of 5.00-75.00 ng/mL. The average recoveries were 97.5%-100.1%, and

the relative standard deviations were 0.86%—-2.9%. The limit of detection was 12 pg/kg, and the limit of

quantification was 41 pg/kg. The relative standard deviations of the biotin standard solution and the sample solution

to be tested within 24 h were 0.68% and 1.08%, respectively. There was no significant difference between the results

of this method and GB 5009.256—2016 National food safety standard-Determination of biotin in food. Conclusion

This method has simple pretreatment, high recovery, good sensitivity and precision, and can be used for the

determination of biotin content in formula food for special medical purposes.

KEY WORDS: postcolumn derivatization; high performance liquid chromatography; formula food for special

medical purposes; biotin; fluorescein isothiocyanate labeled avidin
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Bt 2 A8 A e e ik | e RIETREELY . Sk
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YTk, ABIFTER i RO €35 - A7 A 72,
WS AP . I B ARFSE, D EY R, A
FHAEW 245 5 B TR 2 ' AR AL A9 2 T3 R A P - B
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1 RS

1.1 RFI SR

YerEE By (d-LEWIE)IRIES (LERE =99%, L&k
HEHAREH AR S A BRA ), S SR YO R bR B MR
CRIEXS T, 35 Sigma A H); TEREHERE 71 10 J7 Ulg).
ATRNE A B T 800 U/mg)( 1 1R M- 22 MRk A R
), WEE. SNEE(ESAE, 56 EFERCH/RBHE A B
H)); JoKZEE. HRER . B A . SRATaE, T
AR 7)o

B B M BRI B 2 F AR T O &, a9k JERL
WERL & (A) . ALEATA KB B8 (B). 2RI
FEMC). By AUHARESLE T &M (D). &EFHA
FW(E). EEFREITHEF).

1.2 UFE5E%

U3000 A =IO AH (35 (H i BUERE RGBS GA
WES, 2 EFEI CHRBHARAR); Milli-Q KB FKE
A= % (3& [E Millipore 23 w); SW-22 fH IR IR & /K #3403 (36 = 1
FEMAHE]); KQ3200V 75 i i Ve (B LU i B A U A FR
N FD); PE28 pH i, MX105/A 23 KR EE 0.01 mg)[#F
FEEhHTA) 2038 (LA PR A |l ]; ZorbaxSB-AQ 4541
(4.6 mmx150 mm, 5 pm). ZorbaxSB-AQ #3141 (4.6 mmx
12.5 mm, 5 um)(FEE LR F]); IKA-RO1S 4 A
(FE [ KA 2 F]).
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1.3 REHE
1.3.1 HSarazE

AEBAFRIBLE A 10 g BRI 30 g(FE T 22 0.001 g)
% 250 mL B MU, N4 60 °C/KE 60 mL A4, A
100 mg JE R EEFIANE I, 75 60 °CIEIR/K VAT i
1 h, B, AR, M 1.0 mol/L MW pH &
4.5, #HHZE 100 mL FEEARHY, NUKZZE, %5, #
110 min, FHUEACEIE, FELWIIEIRZY S mL, WARSHIER,
TELUEWGT 0.45 pm JKAHVEAR, FHAR G RIRIEE, 9%
FHETEAL BT
1.3.2 AR/ R BGR A 6 Be

AW ERRERG A RATIET: FRE 25 meCREHI = 0.01 mg)
AR ZE 250 mL FREIEEA R . A LBEK(50:50,
VIV A RIEE 2, T8 4 °C FRAE, AlTCE 141 H .

AV RFRER R AIECH]: B 2.00 mL AW R IrHERE
£V 100 mL FREFE I I HACESS, T8 5.00 mL Fi
BT 100 mL AR AR I K E 2, B .

AR IR ER S LAER L H 4370 a2 A= )
ZhrEFAIK 7.50, 5.00, 2.50. 1.00. 0.50 mL F* 10 mL
k@RI A E S, BB .

EETRVAMNTE (1.0 mol/L): F2IR 85.0 mL Mg, /i
KFEBIFEAZE 1000 mL, #5],

AN TR B BC I (2.0 mol/L): FREX 40 g S A LA
F 500 mL ZE A, A 400 mL KBEFESE IR, FH%
)G FKFRRE 2 AR

iR — A IR WA BC 1 (0.1 mol/L, pH=6.0): FRHL
13.6 g B AR — ST 1000 mL AR, SilA 900 mL 7K,
FH 2.0 mol/L EE AL pH 2 6.00+0.05, #5531 L
AR, MKES .

Wile — S8 W B IE 1 (0.1 mol/L, pH=7.0): BRI
13.6 g iR — &80 F 1000 mL FEprH, JH 2.0 mol/L S %1k
BT pH o 7.040.05, ¥R % | LRI, MKESR .

SERLRIR DI R bR SE MBI ALK (2.0 pg/mL):
FREL 2.5 mg SRR DO RARIL B M E T 50 mL AF (78 &
R, F pH 7.0 A9 0.1 mol/L BERR — SR VA TR A i I
BHE, 4 °C AT FBI20.0 mL IZIER T 500 mL 4%
@RI, FpH 7.0 0.1 mol/L BERR — U 5 s B 2 %
B, PECELA .
133 AHEFLE0HE

APEERITREAX (DI

cxV 100
ﬁﬂ%%KuQHMgF=;rxﬁ%6 )]

o c N FRINE BY BB, ng/mL; V O E AR, mL; m
HFREERTRE, go
1.3.4 &#5 50

R ZorbaxSB-AQ (4.6 mm=150 mm, 5 pm); {3

1 ZorbaxSB-AQ (4.6 mmx12.5 mm, 5 um); FEif: 35 °C; 4
MF: DENCRMAR; BRI 495 nm; KHIEK: 525 nm;
HEFEHE: 100 pL; Wisht A: 0.1 mol/L B2 — &4 IR K
(pH=6.0): F1 FE=94:6 (V:V); Vidh#H B: SRR, fTERIER
TOREPRCE MBI, ATAEREE: 35 °C; BREEVEIRET
R, HEMERTRILE 2,

®1 BEEREFREA)
Table 1 Gradient elution program (pump A)

B} [ /min ¥ 34 /(mL/min) WA A% FEIAH B/%
0.0 1.0 100 0
9.0 1.0 100 0
9.1 1.0 90 10
10.0 1.0 90 10
10.1 1.0 100
15.0 1.0 100

®2 HEMTERFEB)

Table 2 Gradient postcolumn derivatization program (pump B)

I ] ik SR HiBhAH R
/min /(mL/min) Al% B/% 1%
0.0 2.0 0 0 100
9.0 2.0 0 0 100
9.1 2.0 90 10 0
10.0 2.0 90 10 0
10.1 2.0 0 0 100
15.0 2.0 0 0 100

1.4 HUREAIE

SCIGEARE 3 W, SRA] Thermo WRAHLIE(Y B 4
Chromeleon 7 (1% T./Eu RGEHEAT A B RELIRAE M &
T, XA E AT Windows 7 £l i R 48 B 3T Office
2007 BAHATERTR, LK AT B AL T B R

2 BZREDH

2.1 HmEENRE
2.1.1 REBEF Xk
YRR EF R S E . AR TR
ORI T dh B, LT U B A1, g
AR HYE ok, RIERIORE B A R B R AR A
A HERREC, W FROKMR. MK SGE H T E SR
RN UEAT, WA BOR ok R R, T LRI R
Bz, RN, BT ARG HTRE i O Rk B2 22 iR
fic edh, HiihE 2. TARMK M F 28, M8
iR P B AR IO SR, U TR A A LA S i Yy (m) A, HL
FRUBART AR 2] B8 HH B, PEAT ST 0.22 pm K
AEUE AR SRATAS B P AR, RN YR SIS R IF R
JIER [ MG AT R 1960 0 A )5 15 380 O, O Y FH B A0 0
BRI 0.45 wm KA RI W15 2 W 1 RE,
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TR ARV BRI A AL i A FE I
WETERE, BT LAAOF 58 s B AR 7 X E T T HR I
2.1.2 BEffApeyitdE

FESEMUKIEM)G, A 100 mg FEMEEFIAINE A
filg, 43508 T LUF & AFH#47: (1) 40 °CHEf# 16 h; (2) 60 °C
fifif# 2.5 h; (3) 60 °CHHiR 1 h. BHRZRAEHEZE=E, M
WpHZE 45, B2, R4, ik, LYLadrineEmEa &
i, SR 3. SERFKM, 3 FhEE A T AR R R R
Bl P AR NIRRT B 2R, AT IRE TR
B, BRI 25 60 °CHigf# 1 he

=3 TREBBEHETUNEENREELE R (ng/100 g)

Table 3 Comparison of biotin content determination results
under different enzymatic hydrolysis conditions (ng/100 g)

e Y
40 °CTiff# 16 h 60 °CHifi# 2.5h 60 °CHff# 1 h
A 24.6£1.2 24.2+0.5 23.8£1.6
B 16.2+0.6 17.3+0.2 16.8+1.2
C 26.8+£0.7 27.1£1.5 27.5£0.9
D 25.240.8 26.1+1.1 25.5+1.7
E 7.7£1.0 7.6£0.3 7.6£0.5
F 33.2+0.4 32.6+0.7 34.5+1.3

2.1.3 REEGHZXkHE

FI AT A UTE A oy K2 AR RIE A
ARVEL L UUTE R . PR S Mk, 2 D
TERFIR DS 2 8 B LIS 7 £ AR W 3R 3 0 2 P i g
KB 3 ATIE T AT RAFAITTIERCER, (H NG
TALBR - 2 B BE PRI ITTE Jr 22 T B A R o 2% o S R A%
A YR BRBUR, T AARF ST PR T pH 4.5 HUTTEE
Ep v

22 SEKHE

AT AT H S -k L RS, U
W 7 T AR UR R PR ST o SET R A 2 bRl 5
WHFEARCEM BN AERNRA G 35 °ClER/K BT
R JE AT A SRy, 584 R -DE R ML R R ™=,
U= B GRS, B R 510 400 nm I
450 nm, HATZ- RSB, 45 R EoR DA g,
HAE 525 nm A BA BN, AT LAERRAE A R SR, SR
Je LAMAR R 525 nm B N RS, HET 20k D
K493, S59AE 260 nm F1 495 nm b3 HA W R, %R F
AU 7 FE S 0 BT LU A 2%, Ol T IR 2R SRS AL,
EFE 495 nm R WA o PRI AR A A I I SR U
£ 495 nm, KHHEK N 525 nm.
2.3 BIHMIEE

Y E S T IRRIR AL 22 250, AT PR AS TLC 44 IR
— SRR MEE, R A L IR, B
BRI, TEAE5 1 RP-C s A FAREESS, HASZ

WBhAAEY pH 20, 1M ZorbaxSB-AQ FEXI# Ak & WA &
RO RS, HA KRR, RBIETETTSZ 100%K %
W SIAE AR pH B, S-Fril Ak & R IR BEERAS R 47
WU R RN TR & 1, T LAAT S50 o B VR A TP B A R
FRLAAS 7 sk 22 BB 1Y ZorbaxSB-AQ AifiHi(4.6 mmx
150 mm, 5 pm)E A 43 B €385 A% o T 5 vk 19 i AL 2HURR X
LU fR B, A IE) JE R 22 AN AL B A, LA BT B RE G 3E
SR N, R LIBERE T ZorbaxSB-AQ A ik i
(4.6 mmx12.5 mm, 5 um)VE R PR AL, DUE 8 LR
A, e AT H A,
24 BIEXHFHMK
2.4.1 RFHARN Sk
ARHFFERT 0.1 mol/L B R — S I Vi (pH=6.0): F it
(94:6, VIVVE R UGS, A=Wy 2 Hi W B] 297E 7.5 min,
HEA RAFme BRI g B2, H bR g5, R iR
PER U R BRI A (10:90, V:V)FE Ny i ik
iR G R 1 2, DA B G i P 2 T N — R
o FTUAAHFRIESR: 0.1 mol/L BERR — I (pH=6.0):
HEE(94:6, V-WVE MBI BZ R BAH, SINELIREIAE A
(10:90, V-\)PE g sk B BE A9 I S AH
242 FrAfHekE
SEG A B F A A 70 9% Y R 4 R ) 235 SR
FE o AR T H—AR ik, 8T AiTA R s AT v
FEXSATAE BRI R, LA T AN R A SR B R i) A
RN BE CHARIE RN R I S TR 75.0 ng/mL)
WETEFRARA, S5 RILE 1. PFRFRW], BEETA R BTk i
FFEE AN, A2 i A T R B TR AR B G, Y
FAE TR A 2.0 pg/mL AR A 2.0 mL/min B, £
F I BT T Ve SR I 1 ARLR B A L BT LAAS R BT A
By SR BN 2.0 ng/mL, A 2.0 mL/min,
® i 1.0 mL/min  m 3% 1.5 mL/min
7000 ® Ji#2.0 mL/min
6000
5000
& 4000
#3000
2000
1000 |
0

0.5 1.0 L5 20 25 3.0
R0 B e/ (ug/mL)

1 IR A= R0 Sk e B2 AL 30T A= 49 22 MR 5200
Fig.1 Influences of different mass concentrations and flow rates of
derivatives on biotin determination

2.5 FEFIIE
2.5.1 AR/E WA AH
XY R BRUE RS TAE R TIE, PAUEY R MR
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RN RTALPR (X, ng/mL), AR YR A 035 T A AR
Fro) AT et m i, BR Ay RENLNE SR
Y=120.72X+34.841, £ 5.00~75.00 ng/mL 23 Bl Zedk:
R RIF(r™>0.999).
252 EMAE B E

WEAST AR, — NFRICE A AR I Rk B 2
FRIEEC 7 B S T AR IC R SN, — AN S AR
128 HET AR IC A 28 0, 4% BECAS B SR o AT A HL T

—E RAR A ) B AR M WS (= W0 ZE R MRS WO B | I
PRBIUILER 4), FE 10 minJ5, %08 1.3.1 00 R AL S oAb P
fE, AT G T, REFHEMPRFES B M
IKFH 16.8 ng/100 g (HEFREEIILE 5, ML R I3 4, H
% 4 WML SEREELE 97.5%~100.1%2 8], AEX AR 2
TE 0.86%~2.96% 2 (8], FEHi% vk ELAT AT IR B FIRG 2
JE, AT Rk B2 R B B P AR R I

A, SRIGHC ] — BT ) 20 ng/mL (9 A=) SR bR o
W, T BRAKIETE (5 A LI T 9 451 AL 5 B i i 75000 5
W A U RORARIEY . G5, ARV R g 50000 Hfh
WZATE 7.5 min HERC S, BT E R HARE, TR o s
LR G )RR R 3), T pns 2 25000 g
LA B, VA L5 1 (1 4), BTG RN I A
BGRTERA R A5 05 X FARIETE T4, R0 5 2 A B
(ER 23000
100000 -50000 : . . . ,
0 3 6 9 12 15
75000 | . PR EA ] /min
e A3 R i
50000 Hl%\%% Fig.3 rjl?rorﬁtingi:s [ff] sample
o e
S 25000¢ ij 100000
0 VN A, 75000
-25000 50000 |
0000, 3 6 9 12 15 % 230001
A3 B4 I 18] /min 0 L_W
P2 MR bR
Fig.2 Standard chromatogram of biotin ~25000}
253 SRR T RS ~50000 = : . ; T
B 3 FivRRER R~ TR IC 5 B i A AR EA T g (o] {5 B2 5[] /min
WO, SRFESIETT 3 AP, S IR R -
6 A PATIRES . HERRARIGRE S, Wl B IARAE b vh 435 Fig.4 Chromatogram of blank sample
R4 ERERMBEENRER
Table 4 Test results of recoveries and precision
Refh AR (ng/100 g)  IBRPRERRE(ng/mL) P55 IIARVL  BSIKF(ug/100 g)  SFRIECR % AHIRTRRHER 2 %
1 128 8.4 99.1 1.84
B 16.8 2 256 16.8 98.4 0.86
3 384 252 100.1 1.88
1 84 12.8 9.6 1.21
D 255 10.00 2 168 25.6 98.2 244
3 252 384 97.5 1.26
1 114 3.8 982 2.09
F 7.61 2 228 7.6 99.6 2.96
3 342 114 97.7 0.96
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1280001

96000 |

64000

32000

&%\:ﬁﬂm¥3
wnKF2
K1

AR

M )37 {1

oF—

;_>f>ﬂ%l LR 27,587

t

32000} M
3 6 9
PR BR8] /min
&5 ket s D g
Fig.5 Chromatogram of the spiked sample D

—64000 :
0 12

254 FMTAEEE

TRIUT R EE 7 20 ng/mL F AR ) bR v T AT R 42 2
TREL A B R A Tl /5 00 2, 4. 8, 12, 24 h
FEARIR TS S T HERE AT, G0 S B B ) 251 ) £ i e 0
TR, THAASEITE 24 h PIARIE TAERORIRE SRRV A 2%
o i e T AR R AR AR HE IR 22 (n=6) 70 911A . 0.68%Fl1 1.08%,
FOIBRAE TAERAVEE S REIIRAE 24 h NFR e Pl R AT
255 FikbhdmAEER

AWFEEREA B A AP R AR E B & E R B
PERESD, XFBHEERESABOIAR IR I OInbR K P 5 pg/100 g),

DISES 3 4345 1 L (SN=3)F 10 1555 1 L (SIN=10) 332 i 6
HBR. AT RN LSRR 12 pgke, EHRA
41 pg/kg, ¥H GB 5009.256—2016 { £k 2e4FZ bR
Sl AR BOINSE ) 5 AR R ARG HHBR A 2.0 pg/100 g
FERLRRN 4.0 pg/100 g, HAT RAFHRBE, v HFRIRE
2 FAIR T 7 60 v A= ) 28 00 P i 2T o
2.6 SERREEAS

T B UE 7 e A5 N TSR bR AR S I E, SEEG
AFFCTE DI GB 5009.256—2016(F7 ¥ 2)% AR
1 6 FIREIR B2 F& T 7 £ i 2EAT 6 P AT 45 SR ik
ATHORI TR o T 1R G AT LR R F AR VR (1 R AIE
Ky EFEAT 60 CCOK IR TAR 1 b5 75 B MEHR I, T Ff 22 pH
FASUYUIEEALT, IBAGTIE, B 0.45 um AKAHIERAS
SN RIAT EALATINE, 5k 2 RS R ETAL B AR
TR 121 °CoK A 30 min 15 KM, KIERZE pH £ 4.5
DU T, JEACINE, MBI pH £ 6.8, K. #
FFIREFRZS 20 h 5 HATIE; @i CER TN PR
T2 S (B R TSR 5), 45 RFH, 6 FRESL A E LY
REKT 80%MIHARME, T t (E34/NF 2.228(t0 05,10), =
I8 [RLRE S P 25 SR R 1) 25 5 JE e T2 3 X, U D ik
MEgs BRI EE2ER, ik 1 R AT B E T 42,
BRI RAE . R ERR B S R, ISR
AT DA FH R I 2 R I 8 AR 0 2 R

x5 AFESERGESTERBLLER
Table 5 Comparison of analysis results between this method and national standard method
) \ WA/ (ug/100 g)
FE il i 7 vk H{H/(ng/100 g) t1E to.05,10
1 2 3 4 5 6
ikl 243 22.9 23.6 243 232 24.6 23.8
A 1.410
Jrik 2 22.8 234 22.6 23.8 24.1 23.1 233
ikl 16.6 17.1 16.2 17.5 16.5 16.7 16.8
B 0.821
ik 2 16.4 15.8 16.6 16.9 16.5 17.1 16.6
Tkl 28.1 26.5 27.4 26.8 27.8 28.3 27.5
C 1.016
ik 2 27.5 26.4 25.9 27.2 28.2 27.0 27.0
2.228
Tkl 253 24.9 25.8 25.7 25.1 26.2 25.5
D 0.962
ik 2 25.8 24.9 26.1 25.1 24.8 24.4 252
Tkl 34.1 33.8 34.7 343 352 349 345
E 0.718
Ik 2 33.6 332 34.1 35.1 345 349 342
Jrik 1 7.6 7.5 7.6 7.6 7.7 7.6 7.6
F 1.544
Ik 2 7.6 7.6 7.5 7.4 7.7 7.5 7.5
TE: B <toos10, FRN PIALEAAI A0 22 5 AN HAT e 24 T LR VEZE ), t {H>t0.0s,00, F78 PULLEE 0] 19 2 5 AT e 32 T8 L (3%

2o
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