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Quantitative analysis on uncertainty evaluation using near infrared spectroscopy
based on f-content tolerance interval
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Abstract: Objective To establish the uncertainty evaluation for the quantitative analysis on Xuesaitong Injection by near infrared
(NIR) spectroscopy based on f-content tolerance interval (5-CTI). Methods The data of NIR calibration and validation sets were
obtained by “I x J x K full factorial experimental design. The NIR quantification model was established through the PLS algorithm.
Based on the validation data, the f-CTI was introduced to estimate the quantitative analysys on uncertainty of NIR, which was
compared with the regular f-expectation tolerance interval (-ETI). Results Among the seven designed concentration levels, the
uncertainty values estimated by the S-ETI are smaller than that estimated by the S-CTI, except for the concentration level of 1.485
mg/mL. Then, the relationship between the relative expanded uncertainty (U) and corresponding concentration (Y) was fitted by
InU= a + b InY model. When the uncertainty acceptance limit (1) was set to 20% and the decision profile of uncertainty was plotted, the
critical concentration for S-ETI and f-CTI with the acceptable uncertainty could be read as 4.867 and 5.686 mg/mL, respectively.
Conlusion This study has proved that f-CTI can be used to adequately estimate the uncertainty of quantitative analysis by NIR,
which provides a new potential tool for the assessment of the accuracy and reliability of NIR spectroscopy.
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T AR M 2 (standard error of prediction, SEP)
FIFERS 0 4 2 (relative prediction deviation, RPD)
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201223) FIAZREAF Rd (L5 111818-201302) Xf
FEL ) ot 24 A e I o 1L T Y S
fit'5 12EL03, EWIHIZERIRDAWRA A LlF,
ke, S5 Fisher Av]; MEMIELETK,
22 KEit

PG “1.27 TR “IXIXK” TG %H Bk,
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TC FRIAN ] 5T Ak FEE 1 5 A se 0] v,
FEME WA, DU TIRBURGAAER (1), ] BT
HIREEARAER (XD, Zefilbruidhse, 258/ W% 1.
HPLC JE &4 R s IESEE M I =L a2t
FRERE /A LE 0.070 4~19.85 mg/mL. W EB¥IE
AR MIAN B 50 UE 4R 1 = B RV R IR 2 )
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Table 1 HPLC quantitative calibration curves and ranges

for five saponins in Xuesaitong Injection (n = 6)
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5% FrdE i & r B
(ng'mL )
=LREF R, Y=43.25X40.0503 0.9999 40.5~486.5

ANZ A Rg, Y=39.35X+1.7747 0.999 7 181.5~2 177.6
ANBBFH Re Y=39.30X—0.0463 0.9997 22.7~272.9
ANZ 4 Rb; Y=28.68 X+0.0455 0.9999 179.6~2 155.8
AZHEAFRd Y=44.79 X+0.069 5 0.9999 25.5~306.3

W

\

W

\

3.2 NIR XiE&F4LE

PR TE AR ANGS UFE A ¥ Js 4 NIR i (& 1D,
57K H SG P15 (Savitzky-Golay smoothing)+ —
Br S %0 (first derivative, Istd). % JCHUS K IE
(multiplicative scatter correction, MSC). AR IEN
AR (standard normal variate, SNV ). /Ny M
(wavelet denoising, WDS) FIKEZ#:IE (baseline)
HEAT AL, ST IRAL P S (R i NIR Dl AAH Y
HPLC ZZ Al 2 IA] () fhidee /s — 3 (PLS) [m]JH5E4Y,
SERNAE 2. I, SRHIEAEGIEEE AL PLS A
(A IEFI TN P e R4, KA WDS Ja G a7
(1) PLS BEAY 1 R4 R AR G AH 1, BRI AT 5L R
FHJGU4R NIR JGi% 7 A
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wavebands selected by SiPLS algorithm
3.3 NIR EEEREL

K HI A 5 TR) g i 5 /> — e (SiPLS) SEREAT
I AR BUIf v, 7F SiPLS Sykrh, BB WAl
BHCH 3, DRIABREUE 5~50 WALAL, 45540 B
A ECH 31 B, P Bt 8 265.4~8 076.4.
7494.0~7305.0. 5951.2~5762.3 cm ' A& (] 1D

Original NIR spectra and results of featured

HEALI) PLS REAY ELAT B/ I AS SUBGIF 1R 22 38 AR
(RMSECV) ff, HULIEPEL 3 Brypd s o7 i ZE
ShREEE RO, B RN TR
B2 X IGFYE (leave one out cross validation,
LOO) 313, Kl 2-A nJLURIL, IERZEE T
(RMSEC). RMSECV. Fililllix 2377 (RMSEP)
FIFHML ZEF-J7 1 (PRESS) £E 6 ANEAR A 11
TR, IR 6 AN A 18 Rl AR IE AR
6 M RN 7 AL IE SR AN BB A G OE R
UL 2-B.
34 NIR EERAHEE T

K B-CTI TS A E 4 I, Hoffman 2512206
FDA WIFE S AT 7 50 AE IR “4-6-27 J5U 4 45t
o f=0.667, y=0.90"4, Az IR RE . K
HI B-ETLHHHARTE LR, 4 £=0.90, SR g T
1) NIR 5E SRR 63 AN AE R FEARES T T,
HRA I (28) THEAE—BEA (AR X P00 AR 22 «

Y. =Y.,
)/bia.\,[j,k = ‘j}kY LE (28)
ik

2 AR NIR XiEFALLIB A ERI LI

Table 2 Comparison on different preprocessing methods for various NIR spectra

. . R E 4k IAESE
TRALFE 773 AR
Feal RMSEC RMSECV BIAS., Fyal RMSEP RPD  BIAS,,
R 11 0.987 3 1.006 1.395 0.806 0.989 7 0.800 7.07 0.603
SG i 11 0.990 5 0.851 1.144 0.665 0.986 6 1.022 6.14 0.804
1 54 14 0.993 1 0.740 3.605 0.583 0.910 6 2.410 2.34 2.041
MSC 12 0.991 8 0.808 1.240 0.662 0.988 0 0.881 6.40 0.656
SNV 12 0.9919 0.805 1.240 0.660 0.988 1 0.879 6.41 0.653
WDS 11 0.988 9 0.939 1.152 0.689 0.991 1 0.798 7.06 0.610
baseline 12 0.993 4 0.725 1.202 0.598 0.988 9 0.885 6.37 0.697
A 77 B
6 —— RMSEC 40
—— RMSECV _
5] —— RMSECP T
—o— 27 PRESS 130 e
&0
2 4 2 £
z 3] 20 g g;
27 L10 >
14 Z
0 T T T T T -0 -5 . . . . . .
0 2 4 6 8 10 12 0 5 10 15 20 25
A HPLC 5 {/(mg-mL™")
E2 BTERTFHME A) RELtEEEREEMIGITERXREE B)

Fig.2 Selective preference for number of latent factors (A), and correlation coefficient diagram for calibration and validation

sets of saponins in Panax notoginseng (B)
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K AR T Z2 (BT H 5 B-ETIT F1 B-CTI, LA
FITAER— REES, 625 B LK N AN e B
HATIER . UFRE 2.5 5 SR E K (7.423
mg/mL) M, 9 ANFEAR IR TIIN T A R T
M 22 W% 3. M B-ETI (iH-Hakfitn N dsese
WAL, m=3, n=3; 3R 3 XTI 2 45 20,
7 2293 M5 MS5=31.108 6%, MSr=9.570 2%;
MSp>MSg, JTUARYE A (8) FI (9) A3 6; =
7.179 5%, 6:=9.570 2%; MRIEAX (18), R=
0.750 2; MR AKX (17D, B=0.733 8; M AKX (19),
HHHEE v=4.633 5; 24 $=0.90 I}, O,(4.6335,55%) =
2.050 8, Ml A (16), kp=2.252 5; il A (14),
Gy =6;+6; =16.749 6%, FRIEANX (15, 5
2 [L, U=[-9.900%, 8.538%].

FiRE 2.5 A5 L R BE /K- B-CTL v I 7%
ZH MSp. MSp. 65+ S M6y T EIH B-ETL; 4
y=0.90 i}, #=0.85, FAHE vi=m—1=2, Flwn,=
mn—1)=6, F,=Fas1-085=0.167 0, F=MSp/
MSE=3.250 6; RIFAX (23), R'=6.154 8; #iHi
~i(22), v=2.4236; A (25), B'=0.367 6,
FRAE A2 (24) B0 24 =0.302 35 4 =0.667,
y=0.90 I, % (%) = Hroes (03023) =1.248 0,
7(3';177:7(52.4130;170490:0-362 4; WRIEAL QD) ke=
2.929 7; R (200, 4 -CTI N [L, U=

[-12.671%, 11.309%].
HLAFRERE 2.5 £ BEIR KT ], R4 A =X
(4), LL B-ETI NHER, NIR 5E 50 AR AT o8 g
u(V)e—» = (H— L)20, = [8.538% — (=9.900%)]/(2 X
2.050 8)=4.495%

KH B-CTL A € FERF, MR AKX 27,
R =0.750 2, A AR (26), 14 f=4.633 5,
W] O,(f,52)=0,(4.6335,10%0) =2 050 8, NIR &/ HT
AEXS AN 78 A =

u(V)e—r = (H—L)20,=[11.309% — (-12.671%)]/(2 X
2.050 8)=5.846%

1S FRRE 2.5 5 R B A ARLLIN J5 32,
TR LA T S P AT (R 75 2L DX T RIS 58 S5, &5
B 4. R 4 AT, BEERBEAEUIE N, A
T P A S IR T A BRARRE 12.5 13 TR IR
JKF (1.485 mg/mL) Ak, B B-CTI vHE AN &
HYIRKTH B-ETL v H A E E A, RYERH
S-ETI At 1507 45 FANH 3 FE Al B, 5 Saffaj
2PN E — 5. NIR 3 B MM e AN 22 E n]
maX (7D &, 4 p=095 W k,=2, X"
JEAH 2 B UY)=2Xu(Y) .

3.5 AHEERKME

FESERR N RS A A 0 TR AT R T R

FEACE T IASH 2 B, 308 ST AN a2 FE R Rk

F 3 NIR TN R 25K EFUFE XS 7N R =

Table 3 Predicted concentration by NIR and relative deviation of prediction

ORI LK/ S AR RO A S5 /(mgrmL ) AR TR 22/ %%
(mg'mL™) (mg'mL™") EH1 EHE2 HEES3 B EH2  EHHE3
7.423 7.940 1 7.938 7.563 7.486 —0.02 —4.75 -5.72
7.292 2 7.355 7.446 7.694 0.87 2.11 5.51
7.036 3 6.825 6.756 7.236 -3.00 -3.98 2.85
R4 FREIRE KT E R ITE
Table 4 Uncertainty evaluation for different concentration in validation design

S AR BT/ % ANRE T w(Y)/% P REAHE L UY)/%

(mg-mL™") S-ETI p-CTI S-ETI p-CTI S-ETI p-CTI
18.56 [-6.794, 7.405] [-7.720, 8.151] 2.661 2.938 5.323 5.876
7.423 [-9.900, 8.538] [-12.671, 11.309] 4.495 5.846 8.990 11.692
3.711 [—14.045, 19.406] [-19.016, 24.377] 8.428 10.933 16.856 21.866
1.485 [-31.351, 36.020] [28.649, 33.318] 18.028 16.582 36.056 33.163
0.742 3 [-80.677, 103.102] [-106.232, 128.657] 42.270 54.025 84.540 108.051
03711 [-203.729, 192.046] [249.039, 237.356] 104.591 128.539 209.181 257.077
0.074 23 [-472.782, 990.363] [-693.263, 1 210.844] 359.941  468.421 719.883 936.841
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JER R ML, ALERH (29) XX A
S8 P AN TR B 22 T R DG 5 R BEAT 1L 520,

In(U)=a~+b In(Y) Q9

X Q29 H, URRITERIRE YR AP
JEAE . iRPEEE 3 i B-ETL AL THRARXS B
AHfE 4R, K H Levenberg-Marquardt 524} 5
(29) IS HIEATA T, 45 R EENG g N
InU=4.353—0.857 7 InY (»=0.998 1), K% 3
B-CTL Al vk BIAHX o A BE S5 3, Bl &t
2 InU=4.538—0.887 4 InY (+r=0.998 3). 7F
0.074 23~18.56 mg/mL W, % & NIR 73H1 /7 VA
WE AT I () =20%, JUJAT 37 A 5 v
Fehgk, Wil 3 FroR. 754 S E I A s
XN R BE LA b, B AT v ) e Sk e
DAHERZ, 1% A8 ARG E A M 5 A RS B I 5
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