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Figure 1 The chemical structures of VB1, VB2 and VB6 in vitamin B (color online).

=T ENE R HIMR B . RSTERK DA
DRPEZH R AR PR, B EEE A, FENTEE
B =R B AR 1 = 4Esos g a2 pR. WE
AT LAE H, VBII = 4E9 0 & — 4 g, VB2 =
e a5 =g, VB6II =4 & —
g, HEANHSRZ P SaEES. K2d
IR REAR M Z4E s e g, M F AT LA X = Ff
Hor (55 n EES BTN T, menT i, RifE
K = e e, Al e o A AR ME A 2
ZH RN BN E . Bk, AT R
IYHI = LETEOGEIE, R TIM T VE SR 9T £ 2043 1) [
i 5 BT

3.2 Tchebicheffi{g il

TiMJ7 % 5 4% 58K 1K 22 43 F P FRRAE 34 B
REf% L T H AR 20 43 1 = 4k 5% 6 I3 11 5545 B Tehebi-
cheffi{H(T, ) KAF LRI 155, WD ITLLE
t, ATLUE B (n,m) R LT, .. ZH BN (n,m)
AL EI(n + 1) x (m + 1)NTchebichefHi{E(T,,,,), X
S £ 2 B R RHIEAS S TR, AR T AN
YRR T, HFEA R A FEA N =458 a i,
E3FTR. BEE BN B, BRI R AT R
AL, M ECN20,2)0, BRI E R4S
B B g, A R I A S R
HEIFH0CR(60,7)8F, BRI AR L M 844 HY = Fh2H 705
B IR, R A 0T B S BUGE SR AR
SRR A RHEAS B, SR AN 18 B B H i ey
L. BEAE UG T E, BRSSO 0, BB ok
o, RSO ERNS. RIh, ASZIREE T B K

(60,7), 11755488 TchebichefHifl. X L4 &
=R ERA D RHIE(S B, VBT B T B R A
FEr,

3.3 g EEEA

K tH AT B 14884 T,,, FEALI 73 I ZRER ATk
&, UIGREEH T r Ay, AR H TR B Y 56
. B 5 R HE A A A 75 RN g AR, iZ 0]
75T AR RN EERIER S ERARR, WH
A (10 5 1 U A e [ A AR (1 oA B R R
SE O AR I 1A () 77 12 ASSAN T, I B
SE MFEAEAE AR R ST MR A, AT A
SLT T, 38 AARAL IR L [ 8 AR, %4

(a) (b)

N

x10* %10
5 4
= VB1\ 5 VB2~
(72} (%) \
< c 2 / W
] L
£ E
0 0
600 460 500 600 500
Em 400 300 - Em 400 300 .
X X
(c) @
x10* %10
4 10
> >
= VB6 =
g2 2 5
] L
= £
0 0
600 0 500 600 T 500
Em 400 300 Em 400 300
Ex Ex

B 2 VBI (a), VB2 (b), VB6 (c), LA IR A FRUEREA (DI =
e i S [(RETEAS))

Figure 2 Fluorescence three-dimensional spectrum of (a) VBI,
(b) VB2, (¢) VB6 and (d) mixed standard sample (color online).
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Figure 3 Fluorescence three-dimensional spectrum of mixed standard

sample under different orders. Fluorescence three-dimensional spectrum
at order (a) (20,2), (b) (25, 3), (c) (50, 5), (d) (60, 7) (color online).
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Table 1 The performance of established linear models by TiM and the proposed method
w2H
¥ HFR2 5
VBI VB2 VB6
AR A 4 5 4
2= ZBR) 0.9977 0.9990 0.9948
5 N M 2
TR RER ) 0.9971 0.9987 0.9934
FA— K R B(RL00-) 0.9961 0.9982 0.9914
175 K i% % (RMSE) 0.0219 0.0104 0.0685
TR 477 #3722 (RMSEL,) 0.0006 0.0001 0.0058
Fit 1.63x10° 2.94x10° 7.21x10°
Pt 1.40x107" 1.24x107%° 6.04x107"7
I % %y(R 2) 0.9459 0.9685 0.9379
P
T35 77 % 75 (RMSE,) 0.0059 0.0023 0.0227
AEX AR AR Z2(RSD) 1.8 3.5 3.8
SE 8 fR(LOQ, pg/mL) 0.04 0.03 0.13
KR (LOD, pg/mL) 0.02 0.03 0.06
F 2 AREHREFITIENVBL. VB2HIVB6 =FZH 43 1 [F I 52 &4 4
Table 2 Comparison of different methods for the quantitative analysis of VB1, VB2 and VB6
j B iF4E T H I T4 o
e HEE = — A Fife
Ry oy ) W (n=3
4 R R;j RMSE FIH PiH Riooes RMSE,, sz RMSE, % (n=3)
VBI 0.9977  0.9971 0.0219  1.63x10° 1.40x107"°  0.9961 0.0006 0.9459  0.0059 1.8
TiM VB2 0.9990  0.9887  0.0104 2.94x10° 1.24x107° 09982  0.0001 0.9685  0.0023 3.5
VB6 0.9948  0.9934  0.0685 7.21x10° 6.04x107"7  0.9914  0.0058 0.9379  0.0227 3.8
VB1 0.9830  0.9823  0.0582 1.39x10° 9.34x107% 0.9676  0.0467 0.9006  0.0562 42
MCR-ALS VB2 0.9925 09922  0.0361 3.18x10° 5.11x1077 0.9460  0.0358 0.9274  0.0342 3.7
VB6 0.9722 09710  0.1283  8.40x10* 3.47x107°  0.8975  0.0868 0.8863  0.0758 72
VBI 0.9880  0.9876  0.1028 1.99x10° 1.37x107*  0.9918  0.0881 0.8975  0.0124 49
N-PLS VB2 0.9974 09870  0.0742 1.72x10° 5.41x107> 0.9967  0.0227 0.9268  0.0258 5.4
VB6 0.9974 09903  0.0651  3.80x10" 1.01x107" 0.9947  0.0632 0.9071 0.0521 47
£33 “MASEEEHEERBR PRI ENE
Table 3 The contents (mg) of the three target components in one B-vitamins complex tablet
. VB1 VB2 VB6
]_‘% A SE=! g NTE=! R il =L
EHHE W EAE IEHE A IEHE W EAE
1 3.0 2.95+0.14 15 1.09+0.07 0.2 0.84+0.08
2 3.0 2.94+0.12 1.5 1.03+0.04 0.2 0.87+0.11
3 3.0 2.98+0.10 15 0.98+0.06 0.2 0.83+0.06
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Application of Tchebichef image moment method for simultaneous
quantitative analysis of multiple components in B-vitamins
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2 Qinghai Key Laboratory of Advanced Technology and Application of Environmental Functional Materials, Xining 810016, China
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Abstract: The serious overlap of the spectra signals of multiple components with similar chemical structures makes the
traditional quantitative analysis methods still have shortcomings for multi-component quantitative analysis of complex
systems. The chemometrics methods could separate the characteristic information of the target components and
eliminate interference, realizing the quantitative analysis of multi-components at the same time. Herein, the Tchebichef
image moment method was employed to establish the quantitative models of Vitamin B1 (VB1), Vitamin B2 (VB2) and
Vitamin B6 (VB6) in B-vitamins based on three-dimensional fluorescence spectra. The established models have

satisfactory correlation coefficient (R’ , adjusted correlation coefficient (R 2) and root mean square error (RMSE). At
ry i) adj q

the same time, the prediction correlation coefficients (R pz) of the three models are above 0.9379, indicating that the

established quantitative models have high accuracy, reliability and good prediction ability. Finally, the quantitative
models have been successfully applied in the determination of three components of B-vitamin complex tablets produced
by different manufacturers. It could be seen that the Tchebichef image moment method can solve the signal overlap and
interference of multi-target components and provides an important basis for the simultaneous quantitative analysis of
multi-components in complex systems.
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