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Abstract: Objective A method based on near-infrared spectroscopy (NIRS) was developed for rapid detection of moisture absorption
rate and coating weight gain for Vitamin C Yingiao Tablets (4t C £5# 7, VCYT) during the coating process, and was used for real-
time monitoring of the coating process. Methods The moisture absorption rate was determined according to Chinese Pharmacopeia

and used as an indicator for the moisture-proof effect of a coating. Real-time spectral data was collected using online NIRS technology
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during the coating process. Four wavelength selection algorithms, specifically interval partial least squares (iPLS), random frog (RF),
Monte Carlo-uninformative variable elimination (MC-UVE) and competitive adaptive reweighted sampling (CARS), were tested to
determine their impact on partial least squares regression (PLSR). Results The developed quantitative model can predict moisture
absorption rate and coating weight gain accurately and precisely during the coating process. The model exhibited determination
coefficients (Ry?) of 0.891 8 and 0.939 6 and prediction root mean square error values (RMSEP) of 0.175 4 and 0.274 2 for moisture
absorption rate and coating weight gain, respectively. Moreover, the relative prediction errors (RPD) for moisture absorption rate and
coating weight gain were 3.121 9 and 4.148 4, respectively. The real-time detection results of the developed model for a batch of
products during the coating process confirmed the precision and accuracy of the model's capability to predict moisture absorption, with
RPD value 0f4.199 1, while, for weight gain, the model's prediction capability was less precise, with RPD value of 1.815 2. Conclusion
The study confirms the feasibility of NIRS as a real-time monitoring tool for the coating process of the VCYT.

Key words: near-infrared spectroscopy; Vitamin C Yingiao Tablets; coating process; real-time monitoring; moisture absorption rate;
coating weight gain; interval partial least squares; rand frog; Monte Carlo-uninformative variable elimination; competitive adaptive

reweighted sampling; partial least squares regression; coefficient of determination; root mean square error of prediction; relative

prediction errors
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Table 1 Process parameters of coating process

AR EE WS HEER HRR FAE

s (rmin"")  (mL-min”") E/C E/C Ji/MPa
220205 5~12 12~15 40~42 33~35 1.5
220206 5~12 10~17 42~45 35~37 1.5
220207 5~13 10~15 40~45 32~37 1.5
220208 5~8 10~16 40~42 33~37 1.5
230209 5~10 10~15 42~45 35~36 1.5
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Fig. 2 Original NIRS of sample during coating process
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Table 2 Results of different pre-treatment methods

ik B 71 * FRIES WA

FH R3 RMSEC RMSECV Ry RMSEP

5= SR AR 61 8 0.903 1 02513 0.483 1 0.739 8 03376
Savitzky-Golay “F-# (SG) 10 0.926 3 0.2310 0.399 3 0.790 8 0.2870

MSC 10 0.939 6 0.202 3 0.526 3 0.867 2 0.224 2

SNV 7 0.896 7 0.2513 0.484 1 0.881 4 0.216 5

—FrE% (so 10 0.9105 0.256 9 0.480 2 0.6330 0.347 8

ZHE% (2ndd 10 0.951 4 0.1820 0.354 5 0.679 4 03576

SNV + Ist 5 0.4379 0.588 0 0.862 0 0.084 3 0.513 6

SNV +2nd 10 0.9196 0.234 2 0.456 7 0.722 6 0.3512

ARG H JR 46 e i 7 0.905 1 0.5130 1.090 9 0.6510 0.789 3
SG 6 0.8919 0.560 0 0.809 4 0.510 4 0.791 1

MSC 9 0.960 2 0.340 8 1.0729 0.847 5 0.437 2

SNV 7 0.938 5 0.403 6 0.885 7 0.807 2 0.491 0

Ist 10 0.938 1 0.4377 0.788 1 0.716 1 0.6420

2nd 9 0.9733 0.2829 0.426 0 0.669 6 0.684 5

SNV +1st 5 0.473 7 1.1959 1.679 2 0.044 2 1.049 9

SNV +2nd 10 0.956 8 03627 0.8490 0.8479 0.5196
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Fig. 4 Results of wavelength selection by RF
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Table 3 Results of different wavelength selection methods

i mKmERE BERY FRIES MiA%
FH R& RMSEC  RMSECV Ry RMSEP RPD
IR oo 1037 7 0.896 7 0.2513 0.484 1 08814 02165 25289
iPLS 207 10 09738  0.1333 0.1953 08377 02243 24413
RF 14 6 09850  0.094 1 0.094 1 08918  0.1754  3.1219
MC-UVE 328 9 09630  0.1556 0.320 4 08608 02207  2.4807
CARS 11 10 09697  0.1435 0.168 9 07900 02685  2.0394
ARGE kil 1037 9 0.960 2 0.3408 1.0729 0.8475 04372 26018
iPLS 155 10 09856 02085 0.291 8 09396 02742  4.1484
RF 60 10 0.9950  0.1232 13621 09243 03084  3.6884
MC-UVE 419 7 0.980 1 0.2327 0.403 0 09060 03459  3.2887
CARS 17 10 0.9939  0.1362 0.1792 0.8989 03964  2.8696




- 6282 - F 8B 2023F108 $54% B 198  Chinese Traditional and Herbal Drugs 2023 October Vol. 54 No. 19
i 0] AT
5.0 1 )
o?e . ';
45 i %%0 ° 45 1 3 &
9 ,,' 1 &5’
20 1 CY) °
S 401 ° 880 2 501 .
a 2% o ° 4%,
= 0o 29 =0 °
B 3.5 °"a B > e
v 1.5 1 °
_ e . W _—
3.0 8o o IFIFfE a; o o fRIELE
a4 o UM ° o s
257 ’ - y=x 0] _‘f'@" cy=x
2;5 3i0 3;5 4j0 415 510 (I) o 115 o 3j0 o 4;5 o 6j0
SE% SEIME/%
7 TMMESSSMEREER
Fig. 7 Results between predicted values and measured values
HE IR AT AR LRI A R, Wil 8 i 8-C D Fum. 5B SHNE 5 T E AT,

Frzse Bl 8-As B SoR [ HE AL SEINAE -5 T (2 B
BRI (B AL L. 45 R &R, B 5HEAR T
AR RLF (RPD=4.191 1>3), {HXMIAIE K
MRS 2 (RPD=1.8152<<2). b, KA
JS2FTAERRE 7 s B NIRS BEAT L LA R A A

HEATRERACH (0] (AL 3 — 2. I sk
TS TR EAE A A S £ — B HI{E S S
EABRZER. s LT, ERGAREAER . T
ML T SR A, WA 4R C AU A R 1 S
o

4,

A B -
= SCME - o
s 34 —e— TIE .
L R*=0.9559 © L
"“\{;_l_ RMSE=0.156 5% & » S
s 4 By S RPD=4.191 1 z -t 2
M e X .l e = ]
= - g @1 R R2=0.9659
w31 = S gy o RMSE=0.600 1%
o TRM{H 0 1 --,"f‘ RPD=1.8152
2 L
. 4.0
5.0 C | D M
.lll e
o
40 ] ‘Flm“d‘ " < . n | r‘u
E?: . "Lwﬂﬁj"‘m‘f“.w : E{H&H}I 2.0 L IM 11
B 35 ) “-i‘ﬂ'};j Q ] - f il ;'11,
i} B IM @ 10 " i i
3.0 1 STEL et Ll ‘ W ‘
. Sl HW"‘J}W . pite A
25 4 f 0 L} HIM = SE
0 40 80 120 160 0 40 80 120 160
AAK I [A]/min LA [7]/min
8 BRIIELATEMEER
Fig. 8 Results of real-time monitoring of coating process
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