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Determination of the blending end-point of Qingyan tablets during the
simplified simulation blending process based on near infrared spectroscopy

WU Si-jun, ZHANG Zhi-yong, LI Zheng, LI Wen-long”

(School of Pharmaceutical Engineering of Traditional Chinese Medicine, Tianjin University of Traditional Chinese
Medicine, Tianjin 301617, China)

Abstract: In this study the blending process of Qingyan tablets was simplified and simulated, and near infrared
spectroscopy was used to monitor the blending process of several raw materials in different particle size systems to
explore the influence of particle size on the blending end-point. Five blended batches with different particle sizes
were designed in this experiment and the near infrared spectra of the blended samples were collected. Partial least
squares regression (PLSR) models of the contents of Platycodonis Radix, Fructus Chebulae, borax, Hanshuishi and
microcrystalline cellulose were developed. A quantitative model was applied to determine the blending end-points
of three separate batches of blends with different particle sizes. The moving block of standard deviation (MBSD)
was used as a qualitative method for determination of the blending end-point. The results show that the smaller the
particle size of the materials, the shorter the time to reach the blending end-points, and with more accurate model
predictions. In addition, although the MBSD method is convenient and fast without modeling, the results of blending
end-point determination were not as accurate as PLSR method. This approach allowed us to determine the blending
end-point of Qingyan tablets.

Key words: near infrared spectroscopy; Qingyan tablet; particle size; blending process; end-point determination
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B AT SR A4 i N T 2 56 RN A G2 0 W T BoWff o, AR T % R
B FE R M B 2 R L2 WA 2 R RA A
Rz, K F AR SR A J7 s AR 208 B 247 i i
AR ER, DR A Bl PR s 2 R A A R
(process analytical technology, PAT) i v 25 1] 25 ¥ & 1.
ZHEAT SN R, A5 B IR A TR L S H0RT T R S
T, TR A — B B R
IEZL 4N (near infrared, NIR) % 3% 35 AR AE Ay PAT 14k
F R TS A ROR, DR B Te A L B B R O S R
R, ORI T A2 GURET. STk, kTR
NIR S5 4 AR B 1) 25 78 & T 25 o B 42 1 AR A DG
FARE BRI Z . Kuang ZFEUE T7 P2 FiR & il i
TR UK TR R, FEAS R A A 5 35 ST HURE,
KA LA I v HOG TS B S R IR &, S
AR TR K A BN B A b, AL T —
FhiRd A & 2772 A s il R K R IR S Y S R
W77 . Shikhar SO0 0} £ 1 22 5 gy A1 3 4 ) ) VR
G S RITHESE, B Instron 38 IR R 4, @50 T
A5 5 T A2 A B /I 1 RS i e /s — 3fe [ U5 (partial
least squares regression, PLSR) i 8 1 4% 4 Jig e} i 1A
AR TR 0 o A P LA SR A ET L T R AR 1
BEATIAIE, WF TR T — L R B RO F A A 1
B R TR F F % h HIWT . SRT, B SRR AR AR 2 R
YR A TR 2 R B S /D, SEBR b, B AR BT D)
DRI S 77 2 RURLAR 22 S T R AR AR Ak, 338 T IR & 0
o 7= AR S MO0, Sy Y Bk R 22 S 0 IR G I R s
K H £ 70 BUS R IE (multiplicative scatter correction,
MSC) Filhx #E 1E U (standard normal variate, SNV) %5 #
SEGTE T AL BE 7 VAR AT AL BE, X LTk B R — E
FERE E VB UKL 73 A7 AN 350 50 B RIURE DR /I8 22 7 7= AR TR
S ), AR L 2 R B S A SR AFAE . BITRA, £
R AR B R A A S IR T, T
U/ RLAR 8 B 5 00 A 0 L
AT, TIEW ARG T2, %t
SRR EY), 8 R RSB A R JE K
4 b 2R R AR, R R AR AR B R TR I SR AR R

Table 1 Details of the eight batches of samples

2 RS S e IR AR I NIR G, 485 7
Aib 3 5 5 FVRFAE I A T 3% J5, M FH PLSR J7 ¥ @ L g
B, 45 A B Hobr #E w25 (moving block standard
deviation, MBSD) ¥2: %t 55 4b 3 fL ki 42 K /NAFAE 22 7 1)
FE i 2 A EAT VR A 28 i 8 T e 2 0 ), SBT3 I
Hh 2 i A R VR A 28 AU S R U, R TR A
VRS RERE SR s} AT

MR 5E%E

LI B S 4R Antaris || {8 37 A8 i 41 4
J 1% 4 (Thermo Fisher, USA), 1% #& it 45 F1 4 BR &
SRS I 2% . TQ Analyst 8.0 i b H # #F; AL204 7Y
Ji 45y 2 — M7 KF (Mettler Toledo, SE); FW135 1 %
PP RENL (R T Ze TR A3 AT IR A WD), RSB (k5
1050Z1812005) . #1] + (it =5 : 1052Z1812004) . i > (it
5:105721809003-01). It %K A (Hik5: 105121809003-
01) 25441 H =2 )M 2544 117 175 AR 2T 3 (S M DR A
AEFHAE R AR R ER B (R B T KU AL 27 1)
BHEA R 2.

BEERNBIE B AT K
A FP LT 53 BN N 3 AT R R, R R e B R
F 35 ~9 S hREZG T (FF & 2015 AR 24 HL bR ifE) fahi iz
KNI Bk MEE 50 g, 4 Fh 25 HHRL 4R KN
£ F 0.25~0.355 mm (50~65 H) Z [i]; &5 —#Hh ik &
#1580 g, 4 P M kiR K /M T 0.18~0.25 mm (65~
80 H)  Iu]; 5§ =HLU: K HE 5 100 g, 4 Fh 258 K12 KN
£7F0.15~0.18 mm (80~100 H) ZIf; & VU s &
200 g, 4 P2 ppRift /M T 0.125~0.15 mm (100~
120 H) Z [A); % Ttk vk M E & 100 g, A 88 AR 5 kL
1%£>0.25 mm (65 H), %€ 7K 1 F 0l &5 K 4% <0.075 mm
(200 H). WL 1frw. BALESLRA =B, BE
WL R /INRITE B £ 55 2 o8 AN () J2 A0 1 1D %5 B35 72 AR 52
i), R R R A WL I T 6 R s B R
()% BE, X P 8 R AR A AT AT A B A TR ' B AR = Y NIR
T, AT X A AR A A 1 7= A s, By DA S5 s
5 Fi A [ 5 52 (R o T AR, DAV B % 8 A X A

Batch Particle size Weight Platycodonis Fructus Borax Hanshuishi Microcrystalline
/mm g Radix (wt%) Chebulae (wt%) (Wt%) (Wt%) cellulose (wt%)

1 0.25-0.355 50 23.00 23.40 4.60 23.40 25.00

2 0.18-0.25 80 32.50 18.75 4.50 18.50 25.15

3 0.15-0.18 100 23.25 23.25 4.65 23.12 25.13

4 0.125-0.15 200 23.10 23.25 4.65 23.25 25.15

5 <0.075; >0.25 100 23.20 23.30 4.62 23.28 25.00

6 0.18-0.25 100 23.25 23.25 4.65 23.25 25.00

7 0.15-0.18 100 23.25 23.25 4.65 23.25 25.00

8 0.125-0.15 100 23.25 23.25 4.65 23.25 25.00
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TUPERE Y 52 a2 5y Ab, DR R IR R 6 7E S B Ak 7
&R, 3F HH A E XA R s 22 7= 4 B3,
BT CATEAS AL ORE il T IR R B 1 B & 1 4 e — i
HHN06.

IATIMIERE KUK 5 LR dn BT
JE B 35— FRE AR R VR A 30 min, A 4 o) {5 B
5%, FHiR A R EE N 5 10 min B L, AEVE A 1 min
R SRAE R SR I 5 AN AN R B IR 04 ik . A
AT AR 3 3R 8 B 56 4 A R R A B OR BE
DL SR S S, F1 6 E ) 4 000~12 000 em?, 43 #f
F8em?, a4 em?, HE K ECN 64 IR, = I 20~
25 °C, B J& 25%~40%. FFAML 5 H R AR 3O,
28 b A S5 15 B T35 6, 5 AR L SR AE 250 5K P
Byt T .

MEARSERIXI ST KA BN R R A B B 3L
250 5K P 2158 1% R 4 A 2R EE A IS UE £, Il 2R 4R
Jt i 200 5K, B AE ST 50 9k o X R R 5 R ZAE
fo] =R 3R S HoAth R R &= 2w, A T NIR K IE
T (P 57

BRI 77 A AR B M BRI M FEHR FIH PLSR
5 R R ST R T D R K A AN A 4E & 5 R
AR B E A O ARG IERE B (R e A . A
i 2 3o B 9 Ak B 5 92 R B T 3 I 5 B TR 4 i et
F. DR IERZ 54 (root mean square error of cali-

bration, RMSEC). Tit #ll 1% 7 #4 J5 #i (root mean square
error of prediction, RMSEP) £ IE£E A1 % A% (Ry) LA K
R SEAH G R AL (R) WML REVET FE bR . 24 RM-
SEC 1 RMSEP {8 /> HAH & R HO BT T 1, A2
B B L 000 A 8 2 B v )

FHR
1 SRIEMAIE R ERE

FERE R, 6 A PUAL PR AR SRR — 2 .
K F B B AR TR AL B 07 92 mT A 61 v i e S 4 B A 2K
1L E, DR A RUE S, HET R AR Y S A, R i Y
AR AR PR 00 A BT 00 A6 BE S5 B A JEU R 20 il g ST
E AR, LGSR A B A 22 AN [R] T A 3 7 VR AL B S
f R 7R P e 2% %2 T MSC. SNV, Savitzky-Golay % 7
T — B S 4L (first derivative, 1°D) A1 [ 5 % (sec-
ond derivative, 2MD) X #5814 g [ s A, 45 ANk 2~
6 7, K FH SNV J7 vEBEAT THIAL 2 AT A 458 A 18 B A i,
JRAE G A2 FAb B 2 f5 ) i an B 1 B s .
2 TEERBEN

T 7% 7 5% FH 42 K PLSR A5 B AR B3 I~ 1
/N ZF |71 )5 (uninformative variable elimination-partial
least squares regression, UVE-PLSR). 3% 4+ P [ & N AX
R~ e/ 3 [7] 9 (competitive adaptive weight-
ed resampling method-partial least squares regression,

Table 2 Partial least squares regression (PLSR) model performance parameters after different pretreatment methods for Platycodonis Ra-

dix. PCs: Number of principal components; RMSEC: Root mean square error of calibration; RMSEP: Root mean square error of prediction;

MSC: Multiplicative scatter correction; SNV: Standard normal variate; R.: Related coefficient of calibration set; R,: Related coefficient of

validation set

Pretreatment method PCs RS2 RMSEC (wt%) R2 RMSEP (wt%)
Raw spectra 14 0.992 4 0.3257 0.9394 0.843 2
MSC 12 0.9939 0.300 9 0.957 5 0.695 4
SNV 12 0.994 0 0.297 7 0.9577 0.690 4
1% derivative 9 0.9870 0.4380 0.929 3 0.898 0
2" derivative 7 0.988 4 0.4137 0.949 5 0.7557
Savitzky - Golay 14 0.9818 0.502 6 0.896 2 1.1287
SNV+ Savitzky - Golay 12 0.9828 0.503 1 0.9277 09177
1%t derivative + Savitzky - Golay 6 0.963 2 0.7275 0.9210 0.949 2
SNV+1* derivative 9 0.9870 0.438 8 0.9324 0.8708
Table 3 PLSR model performance parameters after different pretreatment methods for Fructus Chebulae
Pretreatment method PCs RS2 RMSEC (wt%) R2 RMSEP (wt%)
Raw spectra 14 0.992 4 0.158 5 0.939 6 0.409 2
MSC 12 0.994 0 0.1457 0.957 6 0.3370
SNV 12 0.994 1 0.144 3 0.957 8 0.3351
1%t derivative 9 0.987 1 0.212 2 0.929 7 0.4356
2" derivative 7 0.988 5 0.200 6 0.9505 0.3639
Savitzky - Golay 14 0.9818 0.2439 0.896 8 0.546 9
SNV+ Savitzky - Golay 12 0.9830 0.2430 0.927 8 0.446 0
1%t derivative + Savitzky - Golay 6 0.963 7 0.3514 0.9227 0.457 2
SNV+1* derivative 9 0.9870 0.2125 0.9329 0.4217
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Table 4 PLSR model performance parameters after different pretreatment methods for Borax

Pretreatment method PCs RS2 RMSEC (wt%) R/? RMSEP (wt%)
Raw spectra 14 0.9911 0.005 2 0.9407 0.012 3
MSC 12 0.9918 0.005 2 0.9515 0.0110
SNV 12 0.9921 0.0051 0.9518 0.0110
1% derivative 9 0.983 4 0.007 3 0.902 9 0.0156
2" derivative 7 0.984 4 0.007 1 0.927 1 0.0136
Savitzky - Golay 14 0.976 0 0.008 5 0.890 3 0.016 9
SNV+ Savitzky - Golay 12 0.976 5 0.008 7 0.9153 0.014 6
1% derivative + Savitzky - Golay 6 0.9550 0.011 8 0.902 3 0.0153
SNV+1% derivative 9 0.984 9 0.007 0 0.895 7 0.016 1

Table 5 PLSR model performance parameters after different pretreatment methods for Hanshuishi

Pretreatment method PCs RS2 RMSEC (wt%) R2 RMSEP (wt%)
Raw spectra 14 0.992 3 0.167 5 0.9400 04281
MSC 12 0.9939 0.1537 0.958 4 0.350 4
SNV 12 0.994 0 0.152 2 0.958 6 0.348 3
1% derivative 9 0.986 9 0.2237 0.9312 0.4512
2" derivative 7 0.988 3 0.2112 0.950 4 0.3820
Savitzky - Golay 14 0.9821 0.253 8 0.898 0 0.5707
SNV+ Savitzky - Golay 12 0.9831 0.253 6 0.929 8 0.461 2
1 derivative + Savitzky - Golay 6 0.963 6 0.368 4 0.9224 0.480 3
SNV+1* derivative 9 0.986 8 0.224 6 0.9350 0.4349

Table 6 PLSR model performance parameters after different pretreatment methods for microcrystalline cellulose

Pretreatment method PCs RS2 RMSEC (wt%) R? RMSEP (wt%)
Raw spectra 14 09781 0.010 3 09714 0.0125
MSC 12 0.982 3 0.009 3 0.9777 0.0110
SNV 12 0.9819 0.009 4 0.9770 0.0110
1%t derivative 9 0.9650 0.0129 0.9516 0.0157
2M derivative 7 0.958 3 0.0140 0.928 1 0.0194
Savitzky - Golay 14 0.9821 0.2538 0.8980 0.570 7
SNV+ Savitzky - Golay 12 0.9831 0.253 6 0.9298 0.461 2
1% derivative + Savitzky - Golay 6 0.963 6 0.368 4 0.922 4 0.4803
SNV+1% derivative 9 0.986 8 0.224 6 0.9350 0.4349

Figure 1 The raw near-infrared spectra of five batches of samples (a)
dard normal variate (b)

CARS-PLSR) 3 Ff J5 % & 57 5€ & 4 # , H o UVE-
PLSR J7 1% /& S FIl I UVE 3L 3E 1T 9 K ik, 1% )5 2
V15 H R vk K BV i E e A, K — e SR
{14 BB ML A B 0 B I N GBS B o, SR 5 T8 SR R
A I8 UE g 2 AR A AR T A B A PLSR B A &R 4K

and the near-infrared spectra of five batches of samples after stan-

YA 5 bR AR 2 0 LB AT K R, R S R O
i S i B AT i B SRR R I SRR A 100 1K,
2 3o i i, 3% B I U R U R IR AT 100 AR AR O
B K fl. CARS a2 —Ff i T [0 9 R B0 A7 I K ik
PEI J7 15, TZAE AR A I IR SCHEAL 18 P ) “OE A A7
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W, R A — AN B A AAME, SRR A
TS A A 5 AR U 246 AR e [ )9 R UK B K
I AT S 126 AR Y v S OB IE 1R 22 34 U7 R
(root mean square errors of cross-validation, RMSECV)
BN T RAE AR A H AL, AR CARS
T AT BB L e, — ikl T 93 MK S T
B FH 3R I AL T Re S BN R 7 o, i
TP BRI fa , R A % AR BRI, (B R AR R )
AR AP B RL . RO 254K R R A%, & S
WEWFRARZ, KB 18 W] REIE BA 2E B
iR e AT RN BE BRAIC, BT DA S 00 fi 08 2 6 6016
W BT
3 RENA

LT B PLSR ALY N H] T 3 TR &4 (36 6~
8) M2 s FIIkT . A3 1P, BROBLAR 22 7 A B AL ity o
JRARLS B E o AR R e e A . R IR
30 min, &R A 1 min BR AR G AR A8 5> £ NIR

ST, MR A SR AR B 0 1 A5 SR AR AL R0 5 Fol 5 4
B EEEH DL, REERENREGMBRMEEE 77
Eia S B, Wil 2 s . A i 3 I mT DAV 40 B 5 Fh
Ji ARk (TR B £ i, O T E AR TR 2 TR 2 75 A7
140 3 22 5, R4 R AP RHE & 1 72 55 10 min 19 71
DUAF A= i 95% B A5 X 1], BAR(E BnT WK 8.
4 EREMHFEHRREES

SEEIG o R PLSR 52 &4 AR & & s b, i iE
F MBSD J7 72 0 TR B 2% pi 33047 58 PR A, 1K B 72
T I R P IR S R E R R SR TR Ok
FE A fE 22 R B e 2 T 22 5, I8 B L )
SRBAEFEA TR G 0] 22 T A b 3, Ubr i 2K
TR — IR E I T A E T DU TR A 35 A0, Ask
5 ORI E A S, SEIR A R 3 A, 3HEAE
FE 6 min 2 JE R A AT, NKGAIE MBSD J5 14 #r 45
S, SES IS T BT 3 LA S NIR 6
Hotelling's T2 4 i &A1, 1248 2 ¥ 42 HUH 1) BT A 6 ik

Table 7 The modeling results using different variables selection methods. UVE: Uninformative variable elimination; CARS: Competitive

adaptive weighted resampling method

Component Method PCs Number of variables RS2 RMSEC (wt%) R2 RMSEP (wt%)
Platycodonis Radix Full 12 1557 0.9940 0.297 7 0.9577 0.690 4
UVE 9 100 0.946 6 0.889 1 0.8398 1.3400
CARS 7 93 0.982 6 0.507 6 0.9485 0.762 6
Fructus Chebulae Full 12 1557 0.994 1 0.144 3 0.957 8 03351
UVE 9 100 0.946 4 0.4330 0.8347 0.663 8
CARS 7 93 0.9827 0.246 0 0.9480 0.3719
Borax Full 12 1557 0.9921 0.005 1 0.9518 0.0110
UVE 9 100 0.9161 0.016 5 0.784 4 0.023 4
CARS 7 93 0.974 4 0.009 1 0.9290 0.0133
Hanshuishi Full 12 1557 0.9940 0.152 2 0.958 6 0.348 3
UVE 9 100 0.9491 0.441 4 0.8450 0.6750
CARS 7 93 0.9832 0.2539 0.9513 0.3776
Microcrystalline cellulose Full 12 1557 0.9819 0.009 4 0.9770 0.0110
UVE 9 100 0.9312 0.018 3 09131 0.0213
CARS 7 93 0.886 0 0.023 6 0.810 7 0.031 3
Table 8 The model predictions of three batches blends
Batch Component W% at the end _95% confidenCt_e Actual value Blending gnd—point
interval at 30 min (wt%) /min
6 Platycodonis Radix 28.75 [27.24, 29.80] 23.25 15
Fructus Chebulae 20.45 [19.92, 21.18] 23.25 15
Borax 4592 [4.576, 4.618] 4.650 15
Hanshuishi 20.36 [19.83, 21.11] 23.25 15
Microcrystalline cellulose 25.26 [25.25, 25.28] 25.00 8
7 Platycodonis Radix 25.89 [25.28, 26.33] 23.25 10
Fructus Chebulae 21.87 [21.66, 22.16] 23.25 10
Borax 4.628 [4.618, 4.637] 4.650 10
Hanshuishi 21.79 [21.57, 22.10] 23.25 10
Microcrystalline cellulose 25.22 [25.22, 25.23] 25.00 9
8 Platycodonis Radix 22.86 [22.73, 23.46] 23.25 7
Fructus Chebulae 23.42 [23.13, 23.48] 23.25 7
Borax 4.639 [4.637, 4.645] 4.650 8
Hanshuishi 23.37 [23.06, 23.43] 23.25 7
Microcrystalline cellulose 25.12 [25.11, 25.13] 25.00 8
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Figure 2 PLSR model predictions of Platycodonis Radix (a), Fructus Chebulae (b), Borax (c), Hanshuishi (d) and Microcrystalline cellu-
lose (e) during the blending process. Black represents the batch 6, red represents the batch 7, and blue represents the batch 8

Figure 3 The moving block standard deviation (MBSD) trends
of the three batches blends

73 B — A5 7 BmAT B0, 32 B MR RE U 2B
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K, AEB A5 VR G B ) 1) S X o 22 S B M /DN s 28 2 B
BB TR A3 S 0 A, Sl a) 22 il sh /N e T2
JE; B 3 BUR T RIRA B I, AEIX AN ol il [R] 22
SR BNAR K, AT R B TR A )% B 5 b
SR RIAH b 2 R B R, TEIR G S W KL o I i 40
BRI R R A

g
A S5 43 531 5K I PLSR A1 MBSD W i 77 3%, % fd

Figure 4 Hotelling's T? values of the near-infrared spectra collected from the three batches of samples (a: Batch 6; b: Batch 7; c: Batch 8)
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Figure 5 The near-infrared spectra of four kinds of traditional
Chinese medicines
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W AR/, Xt T EUE AL 56 o MBSD J7 i il
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W H BB — 3, = IR S A L N L &4
SR, 520 Hh B AR B 28 72 i R B R, BT AR
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