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Abstract: Objective To explore the feasibility of establishing a Dso near-infrared universal quantitative model for the four
intermediates in the productive process of Yaobitong Capsules (YC) by analyzing the relationship between near infrared spectrum
(NIRS) information and the median particle size (Dso). Methods The NIRS of the four intermediates in the production of YC,
including raw material fine powder, dry particles, sieving particles and total mixed particles, were collected. Different pretreatment
methods were investigated. The interval partial least squares (iPLS), the synergy interval partial least squares (siPLS), and moving
window partial least squares (mwPLS) were used to screen the optimal NIRS interval. The partial least squares (PLS) method was
employed to build a Dso universal quantitative model for the four intermediates. Results In the universal model, the root mean square
error of cross-validation (RMSECV) was 3.918 um, the root mean square error of prediction (RMSEP) was 2.832 pm; The relative
standard error of prediction (RSEP) was 2.26%, which was less than 5%; The ratio of predicton to deviation (RPD) was 4.60, which
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was greater than 3. The universal model could be used for quantitative determination, and its prediction accuracy was close to that of
the independent model. Conclusion The NIRS universal quantitative model can be used to determine the Dso of four intermediates in

YC.

Key words: Yaobitong Capsules; near infrared spectroscopy; partial least squares; particle size; median diameter; universal model
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() F5 00 ¥ 77 H2 3% % Croot mean square error of
prediction, RMSEP) &y 2.5%. Otsuka Z£[171% ] NIRS
F ARSI M 48 S0 2 KA (1) b B J2 9 RO A R |
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Table 1 Reference measurement results of sample calibration and prediction set

- RIE&E UoaNi S
it FEAEL S 2B Y5 /um P¥{E/um FEASL ZFAH Y H/um SFYIE/um
JE L4 A 60 90.56~140.53 112.10 20 92.24~135.87 110.38
TR 60 115.77~152.07 131.05 20 116.17~151.17 129.61
BRI 60 112.00~154.40 131.39 20 114.20~152.33 130.06
SRR 60 107.37~151.53 131.86 20 114.33~148.30 128.50
SRR 240 90.56~154.40 126.60 80 92.24~152.33 124.64
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Fig. 1 Original NIRS of YC intermediates
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Table 2 Effects of different pretreatment methods on model

. RIE4E IAIE4E
WA TRALHE 715

Rl RMSEC/um RMSECV/um BIASca Rpe RMSEP/um BIASpe RPD RSEP/%

JCTAL B 0.939 4,099 4.608 3.464 0.979 2.598 2134 441 234
a0 0.939 4,102 4,611 3.466 0.979 2.599 2136 441 234

SNV 0.969 2.925 5.811 2418 0923 4317 3628 266  3.89

JERH R S-G 1t 0.952 3.635 4,756 2,964 0.974 2.548 2063 450 230
FERIE 0.933 4,257 4,621 3579 0972 2.684 2148 427 242

MSC 0.969 2.922 5.805 2418 0923 4310 3620 266 3.88

H—1bik 0922 4586 5.982 3.716 0.952  3.482 3038 329 3.14

JCTAL B 0.943 2.944 3.748 2553 0.972 2.452 2053 411 189
a0 0.942 2.970 3.767 2576 0972 2.441 2025 412 188

SNV 0.918 3.497 4.322 2.841 0965  2.689 2232 375 1.88

FHEBURAEAY S-G 1% 0.957 2.579 5.022 2126 0.949 3.169 2435 318 244
FRERRLIE 0.932 3.225 5.032 2520 0.959 2816 2267 358 217

MSC 0.918 3.494 4.317 2.838 0.965  2.684 2218 375 207

H—AE 0.964 2.309 4512 1.845 0.961 2.745 2317 367 211

JCTRAL R 0.970 2.110 2572 1678 0.977 2.342 1970 415 180
a0 0.970 2.112 2.570 1679 0.977 2.344 1972 415 180

SNV 0.970 2.112 2.570 1.679 0977  2.343 1.972 415  1.80

BRLBURAEAY S-G 1% 0.944 3.203 3.911 2563 0.960 2.750 2053 371 201
FERIE 0.961 2.470 2.973 1.884 0.966 2.624 2132 371 201

MSC 0.974 1.955 4.413 1.613 0.939  3.443 2.838 282 264

H—fkik 0.972 2.027 3.761 1499 0943  3.083 2708 315 236

JCTRALFE 0.970 2.405 2.935 1.998 0.978 2.027 1602 474 157

BaE O 0.974 2.212 2.880 1.850 0.978 1.986 1642 484 154

SNV 0.967 2.499 3.760 2.015 0.959 2705 1.990 355 210

SRR S-G 1% 0912  4.022 4.322 3.100 0.977  2.280 1.807 420 177
FERIE 0.965 2.586 3.109 2.065 0.974 2.144 1.693 448 166

MSC 0.967 2.499 3.761 2.014 0959 2713 2000 354 211

H—fkik 0.943 3.281 3.913 2.662 0.957 2743 2384 350 213

JCTALFE 0.965 3.392 3.918 2.666 0.977 2.832 2309 460 226
a0 0.963 3.472 3.972 2.738 0.976 2.839 2331 453 230

SNV 0.963 3.473 3.968 2.738 0976  2.876 2331 453 230

WHER S-G1% 0.963 3.545 4.216 2.907 0974 2978 2417 438 238
B IE 0.960  3.680 4.298 2.892 0976  2.845 2308 458 227

MSC 0.955 3.832 4.495 3.043 0950  4.030 3268 324 3.2

512 0.965 3.379 4.036 2626 0.969  3.201 2534 407 255

KA DT (9 f) WA TERE, RPD i (9 ) Jiki et T At ¥ 5 dr s 8 i
N 4.12, RSEP J}y 1.88%; ®Fifikiii B, RHE  4F, RPD 4 4.84, RSEP Ay 1.54%; J@HHEAIH,
G AR L AT AL B 5 AR 4F, RPD J RAIEGA G @i ERe /s f, RPD & 4.60, RSEP
4.15, RSEP &y 1.80%; SJRBURIALRHBEE L N 2.26%.
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kAR iPLS 2 AR R/ it AN X,
SRE AR XA AT @A), AR et 4 il &1
3 EE 20 AN FIX A, L RMSECV NV fabr, ik
s B
3.3.2 AT & a kR f /) — i (synergy interval
PLS, siPLS) fifiik4r & siPLS /24T iPLS, B/
AR s T IXAE, B X EE
A R B A T R A TE R 4 K 20 AT IX
f], FLAFIXAIHEHCN 4 @A, B RMSECV
RVEFERR, T AR A AR B

window PLS, mwPLS) ffiik4r & mwPLS /& M3
AN HEREREE — MK SR, WA T
I I 7 T 1 PR IX (], N2 — R PLS
A6, AR IVIEAE D98N 31, LA 10 bk
MR G 58 5, BN T H DTN 31311 [
PLS #5571, R4 RMSECV e B fi 4 R B
334 JHEFHEALE SR 3 By kg LAY 1 1
ReZH 3R 3~7 Fun. 43 7L RMSEC. RMSECV .
RMSEP i Tabs, LRGPP IR th 8 A 1) e 1
BB

JERR AR R A A e i A5 S mwPLS Lk
(I B A REAH ZE AN K, (LR 0 126 38 B s A vk
D 115 AN, GRS YERL, DR g R AR B
3999.64~4 018.92. 5739.12~6 136.38 cm L.

FIR BRI AT SE H siPLS A1 mwPLS 7714 &

333 ETEIEO WK/ ZFiE (moving 5, BERTERISE IS, A2 EE MR 3] 392,
&3 FEREMMEXERES SERIENLER
Table 3 Comparison of optimal interval modeling and full spectrum modeling of raw material fine powder
iR 1% 72 A g [X [A]/em ™t R RMSEC/um RMSECV/um  Rpe RMSEP/um RPD
A6 3999.64~10001.03 0.952 3.635 4.756 0.974 2.548 4.50
siPLS 3999.64~4296.62. 4902.16~5199.15.  0.948 3.776 4.464 0.972 2.680 4.28
6 406.37~6 703.35. 6 707.21~7 004.19
iPLS 3999.64~4 296.62 0.916 4,761 5.221 0.944 3.708 3.09
mwPLS  3999.64~4018.92, 5739.12~6 136.38 0.941 4.010 4.934 0.975 2.542 4.51
x4 FREAMEXEEESSLERRNLLR
Table 4 Comparison of optimal interval modeling and full spectrum modeling of dry particles
1% 77 AR X [El/lem™ R RMSEC/um RMSECV/um Rpe RMSEP/um RPD
261 3999.64~10001.03 0.942 2.970 3.767 0.972 2.441 4.12
siPLS 4 601.32~4898.31. 6406.37~6703.35.  0.975 1.953 3.231 0.970 2.404 4.19
7 008.05~7 305.03. 8813.09~9 110.08
iPLS 8 512.25~8 809.24 0.922 3.413 4.063 0.921 4.276 2.35
mwPLS 4 030.50~4219.49. 4443.19~4504.90.  0.966 2.261 3.603 0.979 2214 4.55
6 957.91~7 767.86
*5 BRFARMEXEEES2HERENELER
Table 5 Comparison of optimal interval modeling and full spectrum modeling of sieving particles
i 1% 77 AR X El/lem™ R RMSEC/um RMSECV/um Rpe RMSEP/um RPD
4% 3999.64~10001.03 0.970 2.110 2572 0.977 2.342 4.15
siPLS 3999.64~4296.62. 5203.00~5499.99.  0.959 2.448 3.068 0.974 2.313 4.20
5503.84~5800.83. 8813.09~9 110.08
iPLS 3999.64~4 296.62 0.927 3.275 3.785 0.948 3.014 3.23
mwPLS 4 933.02~4 97159, 5982.10~6 213.52.  0.976 1.905 3.158 0.975 2.163 4.49

7 359.03~7 397.60
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Table 6 Comparison of optimal interval modeling and full spectrum modeling of total mixed particles

i 16 7 1 AR X [A]lem™t Rl RMSEC/um RMSECV/um Rpe RMSEP/um RPD
261 3999.64~10001.03 0.974 2212 2.880 0.978 1.986 4.84
SiPLS 4 300.48~4597.46. 5203.00~5499.99.  0.969 2422 3.062 0.978 2.029 4.73

7910.57~8207.55. 8813.09~9 110.08
iPLS 3999.64~4 296.62 0.965 2.569 3.142 0.962 2.859 3.36
mwPLS 4 015.07~4242.63. 4396.90~4524.18.  0.977 2.073 2.692 0.980 1.870 5.13
7 667.58~7 698.44, 8 369.54~8 454.40
x7 BRAREMEXEEESSLERENLER
Table 7 Comparison of optimal interval modeling and full spectrum modeling of universal model

i 198 7 925 A X [Al/em™ Reai  RMSEC/um RMSECV/um Rpe RMSEP/um RPD

461 3999.64~10001.03 0.965 3.392 3.918 0.977 2.832 4.60

SiPLS 4 300.48~4597.46. 5203.00~5499.99. 0.964 3.450 3.793 0.973 3.034 4.30
3308.89~7 605.87. 7910.57~8 207.55

iPLS 5203.00~5 499.99 0.963 3.496 4.285 0.953 4.000 3.26

mwPLS 4 686.17~4740.17. 4 855.88~5 488.42 0.966 3.339 3.887 0.975 2.924 4.46

278 ™, {H mwPLS §i i 48 & J5 IR 55 80 /b B Rears
Rpre 58K, RMSEC. RMSEP #/N, % ik B
4030.50~4 219.49. 4 443.19~4 504.90. 6 957.91~
7 767.86 cm L i,

BORIOR A SE ] SiPLS 5 mwPLS #7363 &
A B A P i, AR Bk 2 312, 83 4,
{H mwPLS ) Reaiv Rpre 2K, RMSEC. RMSEP
BN, HPE B, MUk BB 4 933.02~
4 971.59. 5 982.10~6 213.52. 7 359.03~7 397.60
cm 1

S TR AR TR SR mwiP LS Y AT i B e i
Real~ Rpre 348K, RMSEC. RMSEP ¥j745/)N, 57!
PERESE B, DALk B BE 4 015.07~42 342.6.
4396.90~4 524.18. 7 667.58~7 698.44. 8 369.54~
8 454.40 cmt @ #E

I AR R G i AR S B AR AR T A A AT AR AR
B, R AR RE AN R AR, AR
AR E 4 AN ARG BRI AR, KA
P BT 1% T e 21 EE S BT R, i R P e
BAG,  MCE AR R SR F A B A
34 EHETFHAHE

LA RMSECV {H AVFM 4R IfE F 14, &
HFHUEEA Y2 R E AR Ed B, —
LA RMSECV A S/ N XS B 1 3 R BN et
AW TR B —28 I AEVE, LA RMSECV NEH5,

F 52 1 R HOM SRR 5200 o S5 280 0 R RER A A5
B FIREREAY BORIORAR R SRR T
Ainie A A ) oA R 4o il 6.4 154 12, 11,
14.
35 Dso EEFUNRBAYE L

SR FH 326 HH ORI fe A AL 3 73 S At NIRS
B BIEST Dso LA E ST, WK 2. fRik
ORI SRRy . TR0, RN SRR
AE AP SR 8. FIUEAE Rears
Rpre #EIE T 1, WHIZHAH S WA A IR A s
RMSEC. RMSECV. RMSEP. RSEP #/, RPD
KT 3, Ul BRI Re =, AT LA T Dso Y
SE BTN
3.6 RAWIESITEN

BIIEERESH) NIRS SN IER AL, Fil
HE AR Dso, H5 S AEREAT ELEL, S5 W& 9~
10, FRIEA AL TR AL | BRI AR A |
R TRIURAR Y K38 AR Dso [T 340 A F0 5% 22
AN 1.94%. 1.43%. 1.46%. 1.21%. 1.87%, 15
/NT 5%, UBLEH 2 PR A SO AE R I A . ER
11 nlgn, phor R S AR 25 HR R Dso
(TIN5 22 F ZE (B35 /N T 1%, Ui B 35 1R T 44
REAHIT .

S JERMNRY . T AERRL . ORI R . SR TR
FiiEE B 1) B E A 2 2 (0 5 TOME AT RC XS t
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Fig. 2 Correlation between predicted value and reference value of Dso
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Table 8 Evaluation parameters of best model
i H Real Rore RMSEC/um RMSECV/um RMSEP/pum RSEP/% RPD
JEUAk A A Y 0.941 0.975 4.010 4.934 2.542 2.29 451
TR IR AR TR 0.966 0.979 2.261 3.603 2.214 1.70 455
ORI AR Y 0.976 0.975 1.905 3.158 2.163 1.66 4.49
SRR AR Y 0.977 0.980 2.073 2.692 1.870 1.45 5.13
I A 0.965 0.977 3.392 3.918 2.832 2.26 4.60

K, 459 t{EKICH 0.22, 0.17. —0.42. —0.38. P 1E>0.05, ViIHZHH 5 Hil{E 2 (8]0 82
0.75, P {4k N 0.825. 0.866. 0.678. 0.706. 0.454, E5F,
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Table 9 Comparison of NIRS reference value and predicted value (independent model)

.- SRRy TR HORLURL SRR
S TIME AR ZE% SEE TWIME HXRZE N S50 TE MXTIRZEY% S50 TME AR 2%
1 115.63 118.76 2.71 126.33 127.86 121 136.00 133.86 1.58 130.77 128.81 1.50
2 104.87 105.97 1.05 116.17 120.60 3.82 120.50 122.10 1.33 122.30 122.36 0.05
3 135.87 131.14 3.48 142.03 141.14 0.63 130.17 134.71 3.49 117.33 119.95 2.23
4 12277 120.47 1.87 144.87 143.83 0.71 141.17 142.20 0.73 148.30 146.29 1.36
5 105.57 106.19 0.58 139.93 138.24 1.21 143.00 141.79 0.84 134.47 133.51 0.71
6 96.11 98.12 2.09 117.57 120.98 2.90 125.07 128.32 2.60 120.57 122.17 1.32
7 92.24 93.35 1.20 126.60 124.40 1.74 12350 122.79 0.58 123.53 124.49 0.77
8 106.80 104.72 1.95 124.43 122.63 1.45 129.60 131.84 1.73 129.43 133.20 2.91
9 99.98 101.72 1.74 133.40 133.29 0.08 138.47 137.17 0.94 121.83 118.92 2.39
10 108.10 107.60 0.46 117.93 118.50 0.48 152.33 150.83 0.99 125.60 127.52 1.53
11 109.03 111.23 2.02 12550 126.21 0.57 121.03 123.88 2.35 114.33 113.73 0.52
12 108.20 103.02 4.79 129.07 124.54 3.51 136.27 133.61 1.95 147.43 147.23 0.14
13 100.33 97.09 3.23 117.53 120.73 2.72 114.30 117.38 2.70 144.00 145.22 0.85
14 108.93 113.02 3.75 135.53 136.41 0.65 124,13 122.39 1.40 123.87 122.06 1.46
15 9434 95.96 1.72 124.10 124.77 0.54 128.10 129.05 0.74 121.20 124.84 3.00
16 118.03 116.15 1.59 142.07 138.97 2.18 126.03 127.37 1.06 126.07 124.23 1.46
17 11233 114.28 1.73 129.80 130.63 0.64 119.03 117.68 1.13 125.17 126.19 0.81
18 129.27 129.63 0.28 123.30 124.46 0.94 135.87 135.64 0.16 127.13 127.11 0.02
19 119.50 116.61 242 12493 123.27 1.33 119.47 118.83 0.54 127.17 125.87 1.02
20 119.67 119.93 0.22 151.17 149.07 1.39 137.27 134.03 2.36 139.43 139.51 0.06
# 10 NIRS 2EESTNMEMILE (BRKRR)

Table 10 Comparison of NIRS reference value and predicted value (universal model)

.- R A TR BRI SORBURL
ZHEE BME MXHRZEY SEE TE A IRZE% S5E BE ARZEY SEE IE X RZE%

1 115,63 116.80 1.01 126.33 122.14 3.32 136.00 133.63 1.74 130.77 130.46 0.23
2 104.87 104.35 0.50 116.17 115.34 0.72 120.50 121.29 0.66 122.30 122.26 0.04
3 135.87 130.28 411 142.03 143.61 111 130.17 128.50 1.28 117.33 12354 5.29
4 12277 121.60 0.95 144.87 140.23 3.20 141.17 141.17 0.00 148.30 141.95 4.28
5 105.57 107.66 1.98 139.93 135.26 3.34 143.00 138.34 3.26 134.47 132.76 1.27
6 96.11 100.27 4.33 117.57 123.59 5.12 125.07 126.17 0.88 120.57 121.47 0.75
7 92.24 94.95 2.93 126.60 122.89 2.93 123.50 120.39 2.52 123.53 124.45 0.75
8 106.80 107.26 0.43 12443 12131 251 129.60 130.89 1.00 129.43 129.40 0.02
9 99.98 103.31 3.32 133.40 135.40 1.50 138.47 137.45 0.74 121.83 120.19 1.35
10 108.10 106.77 1.23 117.93 115.92 1.70 152.33 149.28 2.00 125.60 128.80 2.55
11 109.03 107.36 1.53 12550 12553 0.02 121.03 124.76 3.08 114.33 114.97 0.55
12 108.20 105.45 2.54 129.07 124.44 3.58 136.27 136.99 0.53 147.43 149.22 121
13 100.33 101.40 1.06 11753 117.91 0.32 114.30 118.36 3.55 144.00 14191 145
14 108.93 11331 4.02 135.53 139.47 2.90 124,13 121.96 1.75 123.87 121.05 2.27
15 9434 99.11 5.05 124.10 12491 0.65 128.10 129.70 1.25 121.20 124.96 3.10
16 118.03 113.48 3.86 142.07 138.57 2.46 126.03 123.65 1.89 126.07 123.10 2.36
17 112.33 110.76 1.40 129.80 130.12 0.25 119.03 120.18 0.97 125.17 126.66 1.19
18 129.27 127.20 1.60 123.30 122.17 0.92 135.87 138.80 2.16 127.13 127.15 0.02
19 119.50 114.60 4.10 12493 122.67 1.81 119.47 120.20 0.61 127.17 127.34 0.13
20 119.67 119.38 0.24 151.17 154.40 2.14 137.27 134.81 1.79 139.43 142.63 2.29




¢8 % 202418 $52% B1H Chinese Traditional and Herbal Drugs 2021 January Vol. 52 No. 1 *63-

xR 1 HREERBEREN TR EL R
Table 11 Comparison of relative prediction error between
independent model and universal model

P LR TR 1R 2 1%

ERIIEIEEN ZEAHI%
JST AT I8 AR
JEEL A 1.94 2.31 0.37
TR 1.43 2.03 0.60
B URL 1.46 1.58 0.12
AR UL 1.21 1.56 0.35
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