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Abstract: Objective Online mid-infrared spectroscopy (MIR) was used to monitor the concentration of neochlorogenic acid,
chlorogenic acid, cryptochlorogenic acid, isochlorogenic acid A, isochlorogenic acid B, isochlorogenic acid C, and oxidized loganin
of alcohol precipitation process of Jinyinhua (Lonicerae Japonicae Flos, LJF) and Qinghao (Artemisiae Annuae Herba, AAH) (LA)
of Reduning Injection (#8773 413%), so as to increase the level of online quality control. Methods ~ Attenuated total reflectance
infrared spectroscopy technology was used to acquire the spectral information of nine batches samples from LA alcohol precipitation.
The optimal bands were found by using synergy interval partial least squares (SiPLS). The quantitative models of seven indicators of
the process were established based on partial least squares method (PLS). Model performance was evaluated by the coefficient of
determination (R?), root mean square error of calibration (RMSEC), root mean square error of cross validation (RMSECV) and
relative standard error of prediction (RSEP). Results After modeling optimization, the model values of R? of the seven indicator
components were all greater than 0.96, RMSEC and RMSECV values were less than 0.2 mg/mL, and the values of RSEP and relative
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error (RE) were less than 10%. Conclusion The results demonstrate that online MIR could determine the concentration of seven
indicators of alcohol precipitation process of LA rapidly and accurately.

Key words: online mid-infrared spectroscopy; alcohol precipitation process; Lonicerae Japonicae Flos; Artemisiae Annuae Herba;

band screening; partial least squares method
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Table 1 Information of Jinging alcohol precipitation samples
it Bt it B fit5 Bt

7181123 12 7181126 12 7181131 12
7181124 12 7181128 13 7181132 11
7181125 10 7181129 11 7181133 10

PEMCL T Stk oo i i 4 IR (it 5 110753-201805,
JRE 4 96.2%). HEFH (fit'5 110749-201806,
R4 97.5%), LS ENE M, HE 2
SERFFLRR o
12 42§

Nicolet iS10 £ZLAMEIE T4 FEER K US mikk
WiAH 4%, 5 Thermo Fisher A#]; BSA224S-
CW 52— R, 48 Sartorius A F]; 0.1
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Fig. 1 Schematic diagram of online MIR applying for
alcohol precipitation process
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Fig. 2 Mid-infrared spectra of samples (A) and typical
samples spectra of batch 2181123 (B)
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Table 2 Statistics of content determination values of index
components of all samples

N %ﬁfﬁf %d%ﬁ} i@{ﬁli
(mgmL™) (mgmL™") (mgmL™)
Pk lEm 1.30 0.40 0.72
SRR 7.37 1.79 4,08
R 2 SR IR 1.61 0.40 0.86
FEEIR A 1.32 0.44 0.90
&R B 1.44 0.38 0.79
R C 2.53 0.13 1.38
W A BT 221 0.28 1.14
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O 7 P = A SIS ey s A 0PSO 0
[ TRAL I T ¥ 22 JuEUR A2 1E Cmultiplicative scatter
correction, MSC). FrifIEZ&AR 848 #t (standard
normal variate transformation, SNV ). Savitzky-Golay
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P-4 (Savitzky-Golay smoothing, S-G “F-i). IH—14k.
FELHREIE | itk 4 (spectroscopic transformation) .
S #)a—4k (quantile normalization) 2%,

T B PR SR, SRR,
AR SEEG % LIRS TACEE 5% 7 RhFa bR 4 1
FERERAT AL EE, SR 5 45 & s/ vk TIX 7
Flabr B 10 s AR . AR AR RPN P bn ik e

TEFACEE 7, CATIUAEXS W2 (relative standard
error of prediction, RSEP) N T Z {4845, RSEP
R /NERGT, e R EL R% 5 R AT, FEIESE
RZWJTHE (root mean square error of calibration,
RMSEC) 5% X IR iF4E iR Z %7 (root mean
square error of cross validation, RMSECV) /N
U . JeiE AL BEAE R WK 3.
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Table 3 Model performance parameters of different spectral pretreatment methods

S . KIESE fHIES
=L AYD Wax AL 7k
RZ% RMSEC/(mg mL™) RMSECV/(mg mL ™) R% RSEP/%
WratlEmR ToThAL 2 0.992 8 0.016 4 0.062 3 0.976 8 9.33
S-G F¥ 0.998 5 0.016 4 0.060 3 0.9754 9.33
H—4 0.9309 0.108 0 0.1411 0.9611 14.61
B IE 0.998 3 0.017 2 0.0630 0.9787 8.17
MSC 0.997 4 0.0214 0.0722 0.959 3 12.15
SNV 0.997 4 0.0211 0.0728 0.959 1 12.25
i id 0.998 7 0.0151 0.068 5 0.9719 9.78
S EUE— 1k 0.9936 0.0335 0.079 4 0.980 6 9.14
SRR T AL E 0.999 9 0.018 6 0.1459 0.994 6 4.56
S-G P 0.999 9 0.018 6 0.1459 0.994 6 457
H—1k 0.977 3 0.346 5 0.0348 0.9878 7.61
FEERIE 0.964 0 0.054 5 0.162 7 0.9777 8.71
MSC 0.998 6 0.0859 0.2629 0.988 3 6.12
SNV 0.997 8 0.109 5 0.258 8 0.9875 5.22
Je ik 0.996 9 0.1293 02117 0.994 5 4.60
S EUE— 1k 1.000 0 0.0055 0.2654 0.9933 5.30
R 2 SR R T AL P 0.999 0 0.0155 0.065 8 0.982 4 8.20
S-G T 0.998 8 0.016 8 0.065 4 0.9815 8.15
H—1k 0.936 8 0.1213 0.156 6 0.967 8 13.40
HELRIE 0.999 5 0.011 4 0.067 0 0.9815 8.16
MSC 0.999 6 0.0101 0.078 7 0.965 4 10.90
SNV 0.998 5 0.018 8 0.0789 0.9700 10.35
Je ik 0.9990 0.0152 0.0736 0.977 8 8.53
SALHUE—1k 0.999 6 0.009 5 0.0890 0.984 2 6.48
SRR A TCTRAL 2 0.996 7 0.028 8 0.048 0 0.9877 6.29
S-G i 0.990 6 0.048 9 0.054 7 0.9857 6.99
=1k 0.957 6 0.102 9 0.124 4 0.9788 8.48
BB RZIE 0.9750 0.079 4 0.085 2 0.968 0 9.49
MSC 0.9850 0.0615 0.076 4 0.9826 7.04
SNV 0.9918 0.0456 0.075 4 0.9820 7.25
Je il e i 0.990 3 0.0495 0.0623 0.988 8 6.31
ST HUE—1k 0.988 2 0.054 7 0.0793 0.9819 7.72
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Fab By b EE 57 PR s
R% RMSEC/(mg mL™) RMSECV/(mg mL™) R% RSEP/%

Rt )R K B JCTALBE 0.996 3 0.0219 0.053 5 0.980 4 5.41
S-G P 0.9975 0.0181 0.099 1 09781 5.75
H—1k 0.996 6 0.020 8 0.1276 0.9735 5.48
BERIE 0.997 2 0.0191 0.056 5 0.969 7 5.99
MSC 0.9979 0.128 3 0.066 7 0.967 4 6.01
SNV 0.996 2 0.022 2 0.078 5 0.965 7 5.89
i 0.999 7 0.006 7 0.066 0 0.959 3 6.58
SHAEA—4 0.9941 0.0276 0.087 3 0.963 4 6.00

REtRIE C JCTAL B 0.999 9 0.007 2 0.085 7 0.9811 7.61
S-G P 0.9920 0.066 8 0.099 7 0.9857 8.53
H—1 0.9358 0.186 2 0.2039 0.972 4 1257
B IE 0.989 1 0.0771 0.097 0 0.9838 8.52
MSC 0.9918 0.067 7 0.1195 09746 9.95
SNV 0.988 2 0.080 8 0.116 0 0.980 7 8.87
G 0.986 0 0.088 2 0.1125 0.9831 8.67
SMEEA—f 09923 0.065 4 01171 0.980 8 7.79

WAt BT sk 0.995 3 0.0427 0.0455 0.9901 5.61
S-G P 0.995 3 0.0426 0.052 4 0.988 9 6.26
H—1 0.978 0 0.092 1 0.1216 0.9747 8.93
FERIE 0.995 2 0.0432 0.056 9 0.9875 6.45
MSC 0.9928 0.052 7 0.0711 0.985 4 6.76
SNV 0.993 2 0.0515 0.070 6 0.9855 6.73
AN AT 0.997 1 0.0337 0.057 2 0.990 7 5.48
SAEA—f 09917 0.042 6 0.052 4 0.9917 7.29
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WA LR P bR ite, 13 BB AP B IX (A]. LAk
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G LT A B FE i BRDE R E B M. ARSEIGAE

F SIPLS Lk FEpBLIX (Al B EEAeiE 25518 20
MNERR T X mREEERT 20, HEH 3.
PL RMSEC B K /M A3 B e (A I B R i
Hr RMSEC fHllk/)N, EPRATIED B, Hili
Heah R 3.
X T BEDT 7 MR AR O R IR Bk B 4G

Wrr: HeRERA A X AN (13, 16, 191, RigfE
BB X Ay 835~725. 1224~1099. 1598~1377
emt; SRJERRAHE XA [1, 8, 121, Bl fEpE
[X /]y 3100~2975.2223~2098.1723~1599 cm™1;
Pt R RA A X AN [8, 15, 18], HImfEIRELIX
[y 2223~2098. 1348~1224. 974~849 cm™t; 7
gE A AN [1, 7, 12], RIEEREX
6] 3100~2975. 2347~2223. 1723~1599 cm?;
o JER B A XN [15, 16, 191, HPsmtEdk
EX X [F] 2}y 1348~1224.,1224~1099.849~725 cm™L;
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Fig. 3 Screening results of spectral bands
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Fig. 4 Chemical structures of seven indicator components
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Table 4 Nine important segments of infrared spectrum
HHem™ HWA/Mnm PREhHM
3750~3000 2700~3300 VOH~ VNH
3300~3000 3000~3400 V=CH > V=CH=VAr-H
3000~2700 3300~3700 ven (-CHs. -CH2. CH. -CHO)
2400~2100 4200~4900 VC=C~ VC=N
1900~1650 5300~6100 ve-o (FREF. W&, e, B, M. R, B
1675~1500 5900~6200 VC=C~ VC=N
1475~1300 6800~7700 den~ don (R A 25 iR 50D
1300~1000 7700~10 000 veo (M. W, fif. Bs. R
1000~650 10 000~15 400 y=cn (ANHLANR LA 25 %2

I3 WL B 15 e /D — IR T 2L AM R E
B, 7 FhiEbR R LSS SRR S .
MRS TN A R AT R, B o
M. BReRR. RaER A REJRR B, R4t
B C AN AL S B R AL IR 2 N T
10%. AL BT LI 58 B RN AR TSR

SHEIN B GER. SER. REER. 748
JAMR A REJRMR B, FERER C MWL BT
AR AT B IR
2.8 1RBUSNERIGIE
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R AR — 0 2 PR T IN & Fi b 23 1 SEDIAE S5 4
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Table 5 Model performance parameters of seven index components
fobE KIE&E SRS
R% RMSEC/(mg mL™) RMSECV/(mg mL™) R%, RSEP/%
LRI 0.979 3 0.054 1 0.0735 0.9738 9.43
2RI 0.9959 0.1417 0.2322 0.987 8 6.33
PR R R 0.967 4 0.0827 0.1280 0.984 7 7.23
RRER A 0.993 4 0.040 8 0.063 1 0.984 8 7.30
R4 RER B 0.976 7 0.063 8 0.083 6 0.974 6 8.92
LR C 0.9890 0.078 0 0.0959 0.983 4 7.41
Wi A Sk T H 0.989 0 0.065 4 0.0870 0.980 7 7.66

ARPE, VAN RZE. FRER. SRR, &
SFEMR . FEEIR AL RERIR By FrEkEIR C
Uiy SR R A R U AL 55 A AR SUEL PR 280 R
% RS RZ WA 6, SERERIX 7 BHRbRIr 8
IR IR ZE N T 10%.

6 WIEEHATUNMESSSMERXTEL
Table 6 Comparison of prediction values and measured
values of model validation samples

O TR ] fi@ﬁaxﬁ
(mg-mL™) RZEI%
Zr R 0.090 2.63
ek R IR 0.044 7.13
Fasp )R 0.050 5.86
FERRTR A 0.036 4.06
SRR B 0.043 5.40
FarlRg C 0.069 5.35
Wi A ST 0.047 3.93
3 Wig

AHIF 5T DA AAEE 3 S R O R R R 4t R
. SRR FR4tJRIR . R A R RIR B,
FERJR IR C A A ST 3t 7 AR N )
%, K SIPLS #:0fik MIR, f32IRFEREL, JF%E
T T EERA . ARER, FTELH
HRZLAMRI T AR E R Pud L R

By R 22 Pr i R M Al BR 2 7, H
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T R 8 T2 2 B0 o 42 i b 1 52 T 348 A2 A D
559, RAF A LRI T 228003,
BEUT G AR, 38 R I A R A
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TP IR B 2Rl oy rh 2By Cd 72 S AE
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Je 5 S SR TR T IR AR SR, S Ak
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