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Research on rapid detection of total solid content in intermediates of extraction
and concentration processes of Lonicerae Japonicae Flos in Reduning Injection
based on near infrared spectroscopy and refractive index method
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Abstract: Objective Taking Reduning Injection (RI, #2711 447) as the research object, the near-infrared spectroscopy (NIRS)
method and the refractive index method were applied to establish a method for rapidly detecting the total solid content in the
intermediates of the extraction and concentration processes of Jinyinhua (Lonicerae Japonicae Flos). Methods Intermediates from
the extraction and concentration processes of Lonicerae Japonicae Flos in Rl were collected. Two detection methods for the total solid
content of these intermediates were respectively established using the NIRS method and the refractive index method, and the accuracy
of both methods was compared. Results Both NIRS method and refractive index method demonstrated a strong correlation with the
total solid content in the two intermediates, with correlation coefficients of the quantitative prediction models exceeding 0.97. The
model validation results showed that the NIRS model and refractive index model had similar predictive performance in the
concentration process of Lonicerae Japonicae Flos, with relative prediction errors of less than 5%. This indicated that both methods

could be used to detect total solid content in this process. In the extraction process of Lonicerae Japonicae Flos, the predictive
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capabilities of the two models differed significantly, with the NIRS model showing higher prediction accuracy and the refractive index

model showing lower prediction accuracy. This indicated that the refractive index model was not suitable for the extraction process of

Lonicerae Japonicae Flos, and the NIRS method should be used to detect the total solid content. Conclusion Quantitative prediction

models based on NIRS and refractive index methods were constructed for the rapid detection of total solid content in intermediates of

the extraction and concentration processes of Lonicerae Japonicae Flos. This study provided a technical reference for selecting an

appropriate rapid detection technology for the quality monitoring in the production process of RI.

Key words: Reduning Injection; Lonicerae Japonicae Flos; extraction process; concentration process; intermediate; refractive index;

near-infrared spectroscopy; total solid content
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Fig. 1 Raw NIRS of Lonicerae Japonicae Flos extract (a)

and concentrating (b) intermediates
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Table 1 Total solid content of sample calibration and

validation set

T BEASE FEARBUAS B RE% FHE%

SRR IEE 74 0.10~3.09 1.24
I0AF4E 18 0.52~2.83 1.26
SRR IR 86 255~37.79 2241
IGE & 21 6.29~32.55 2270
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Ist, AN[EITRAREE 7 LAY 14 B ) s WK 2. DA
RPD 5 RSEP N brite, 256 H At e br ik i
ITRAL BT . S BqEse it , KM S-G 1st. SNV+
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ND Ist J77%TiAbEE NIRS JE A i e fg 242 7+,
H MSC-+ND st J5 v iAb 3 f5 155 7Y v 5 f 4F
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Table 2 Effects of different pretreatment methods on PLS model
Tr i /I\ﬁiz BIE4E U4
gaRi Real RMSEC/% RMSECV/% Rpre RMSEP/% RSEP/% RPD
SRR TETab 10 0.999 0.029 0.043 1.000 0.031 0.021 25.80
SNV 10 0.999 0.028 0.051 0.999 0.050 0.034 16.01
MSC 9 0.999 0.029 0.050 0.998 0.057 0.038 14.13
S-G 1%t 8 0.999 0.028 0.044 0.999 0.027 0.018 29.97
ND 18t 8 0.999 0.030 0.040 0.999 0.033 0.022 2451
SNV+S-G 1 8 0.999 0.028 0.051 1.000 0.024 0.016 33.63
MSC+HS-G 1% 8 0.999 0.028 0.046 1.000 0.024 0.016 33.28
SNV+ND 1% 8 0.999 0.029 0.043 0.999 0.030 0.020 26.94
MSC-+ND 1 8 0.999 0.029 0.042 0.999 0.029 0.020 27.20
SRR TR 10 0.999 0.346 0.467 0.999 0.280 0.012 25.33
SNV 8 0.999 0.337 0.421 0.999 0.265 0.011 26.80
MSC 8 0.999 0.300 0.379 0.999 0.299 0.013 23.74
S-G 1%t 8 0.999 0.364 0.450 0.999 0.325 0.014 21.82
ND 1t 8 0.999 0.350 0.441 0.999 0.286 0.012 24.83
SNV+S-G 1% 7 0.999 0.274 0.355 0.999 0.294 0.012 24.14
MSC+S-G 1% 7 0.999 0.254 0.324 0.999 0.274 0.012 25.95
SNV-+ND 1% 7 0.999 0.275 0.352 0.999 0.287 0.012 24.74
MSC-+ND 1 7 0.999 0.258 0.328 0.999 0.264 0.011 26.91
RMSECYV #¢/NA 0.042%, RPD #i KN 27.20, RSEP a
BN 0.020%, [FIBS Rea 5 Rpre #12T 1, RMSEC 04
A RMSECV 8 #z3E, [Fk# MSCHND 1st /E A4
WA U A AR TRAC B 7 vk S 4RAIE ki, K 2
Fil SNV.MSC+S-G 15t.MSC+ND 1st T4 5 NIRS £ | |
SR RE A FIRETE, S0, MSCHND Tst 7775 B N |
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Fig. 2 Optimal pre-treatment NIRS of Lonicerae Japonicae

Flos extract (a) and concentrating (b) intermediates
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Table 3 Effects of different variable screening methods on PLS model

TR FER I B L= A
¥ Rea RMSEC/% RMSECV/% Rpe RMSEP/% RSEP/% RPD
SRR & 3999.64~10001.03 8 0.999 0.029 0042 0999 0.029 0020 27.20
iPLS 4300.48~4 597.46 6 0999 0.035 0.049 0999 0.028 0019 2870
SiPLS 4601.32~4 898.31, 5 804.69~6 101.67, 8 1.000 0.024 0032 1000 0.022 0015 36.54
6 406.37~6 703.36, 7 609.73~7 906.71
mwPLS  4281.20~4 709.32 7 0999 0.033 0038 0999 0027 0019 29.06
KK A B 7 362.89~5 534.70 7 0999 0.031 0.040 1.000 0.019  0.013 4143
SIS 6% 3999.64~10 001.03 7 0999 0.258 0328 0999 0.264 0011 26.91
iPLS 8512.25~8 809.24 8 0.998 0508 0576 0998 0483  0.021 14.54
SiPLS 4300.48~4 597.46, 6 406.37~6 703.35, 8 1.000 0.219 0273 0999 0282 0012 25.18
8512.25~8 809.24, 9 707.90~10 001.03
mwPLS  8523.82~8944.23 4 0999 0.407 0468 0999 0366 0015 19.40
Mo A M0k 4 493.33~4 358.33,5 997.53~5866.40, 7 0.999 0.369 0.419 0998 0417  0.018 17.02
6 163.38~6 039.96
100 7 ] 1] ] # 4 £1E NIRS HEBITENESH
%0 /j/\ Table 4 Evaluation parameters of best NIRS model
1 T RIEE WiF4
S 60 7 Real RMSEC/% RMSECV/% Rwe RMSEP/% RSEP/% RPD
ﬁ 204 a SHAEHRIX 1000 0024 0032 1000 0022 0015 3654
" SHAEKYSE 0999 0258 0328 0999 0264 0011 2691
7 PRI Reate Rore BIHEIET 1, WEBHZ B 5 A4
0 A HI%HEE R RMSEC. RMSECY. RMSEP £/,
o T s ete T atw RPD KT 3, RSEP /NT 5%, i AR () T 14 e

viem™!

B3 &IREIEEUA NIRS $HEH B IFiELE R
Fig.3 Screening results of NIRS feature bands from

Lonicerae Japonicae Flos extract
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Fig. 4 Correlation between reference value and predicted value
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Table 5 Detection results of refractive index
Ty ME T B fArg PR BoRME
SARTEHE 1.3330 13340 1.3358 1.3350 1.3386
SARTEWSE 13379  1.3668 1.3836 1.3736 1.4032

IR ARLE 1.3330~1.338 6, FGTBLENEN,
SARMEIR A B R R IO R A TE 1.337 9~
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e [ R A LT 62BN, BT AR B 2
BN, P R [ A B g, TR RO

282 FEARLNG FEARRIITEMERF2.7.17 1,
283 PR GEEKELMER IR ET
15 T A HRE it PR s [ A R 55 56 B R AT o 2R g AT (R
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Table 6 Regression equation between refractive index and total solid content

AEbRAELL bRifE brRifE R

TFr Fi A ti P

ZEB  i#%E ¥Beta

A brdERLTT

R R2 )
R? HIiRZE

EVEpgEs

SARTESEEL WRE -702.25 20.23 —34.71 0.00 Ygamunn=526.95X—702.25 0.971 0.9438 0.9430 0.19
¥ 52695 1515 0.97 34.78 0.00
SARIEIRAE WE -704.63 4.64 ~151.92 0.00 Yawmpws=529.34 X—704.63 0.998 0.9966 0.9966  0.46
¥ZE 52934 338 1.00 156.76 0.00
33 SHTEIRE 50 SRR
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40
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Fig. 5 Correlation between refractive index and total solid content
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Fig. 6 Comparison between reference value and predicted value
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Table 7 Comparison between NIRS model and refractive

index model

TR ARPE/%

i NIRSEIZ  #OCmE %M
SRAEHEEL 1.76 16.88 15.12
SARACIR Y 0.77 2.76 1.99

FEHURERY, NIRS EEMWNIE S S EH A REE—
B, PrCEIIE S S HEMEROR, YRGS
TR NIRS A AR . SR AERAaRY, 2 A FNE
H5SEEHMZERN, R4 NIRS B
AR UERA IS B s . R 7 "I, &4
FRHUEEARL, SRH NIRS iEFIT 63 IE S s A
PIFAXS PR 2 Caverage relative prediction error,

ARPE) 7914 1.76%. 16.88%, 2 MEALTMIGE

FHZEROR, AU NIRS #5784 ARPE /N T 5%, $&7xf4:
AR LY, MACIE NIRS 455 fhse Fi i s [ 44

B IRACIRATEAY, 2 MY ARPE 43114 0.77%-
2.76%, BN 5% HAHZER N, R S0k s
T, NIRS JEAT G Z 3285 ] -1 ) s & 44 &
2.10 FFiEE—EUMES

N EGEE 2 FhOTVETROURE S e AR = IR RE 7T, 38
WE 2 MO B 2 A gt 28 3, X IRiEE
34T Passing-Bablok [A])343#7, Z5H LK 8.
Passing-Bablok [ /& i Passing 1l Bablok £ 1983
RN, 2 —MIESERTE, W T 2
FRAN[E) I & 07 vE 2 [ ) — 8k o 2T BRFEA
3 A0 RN R 22 AR R AR, I ELN R R
AROGRM SR, EH T/ IMEARZREE S, &
MR R R S LLE 2 M7k 2 RN ERE LR
R . HRFER 95%E (5 X 1A] (confidence
interval, CD B#5 1, HAEPEM 95% C1 645 0, H
P>0.05, Vi 2 HiEESGTH R FEAEES, B
2 iR RA k.

%< 8 Passing-Bablok [E]J345 R
Table 8 Passing-Bablok regression

HH SHRIEIREL SRIER AR
H#HE95% ClI #1%95% ClI P{H i H95% ClI #1%95% ClI P{H
HET-NIRSZ: -0.016~0.022 0.978~1.010 0.97 -0.050~0.384 0.979~1.000 0.98
M-I E -0.348~0.217 0.852~1.412 0.30 —1.780~0.745 0.964~1.080 0.72
NIRSVE-HT b2 IE -0.373~0.224 0.879~1.440 0.30 —1.862~0.555 0.978~1.083 0.72

M3 8 T, FESHRALTRIUR SARAEW 4,
fER 2 FOREZIAIRI#EE 95% CI ¥EE 0, R
95% CI ¥ E 1, PEHIIKT 0.05, HHIER 2 Fi
JrFAIMEZ M e R E T R, BT
SRS NIRS 3% T3R80 5 b A8 e
Z IR Z S Iegiit 2530 A, NIRS EATE R

T ) e [ A 1 OB 2 [ (1) 22 S TE e vk 3 S
3 e

ARHFFELL R Az P2 ik B o ) S BR A TR BRIk 4
TP aMA RN 5, KA NIRS EMTLERE
2 FPOFIES IR 7 2 Tl (i) A Ak [ A 2 ) TN A
R SRR, fESARIEIRI. WK 2 TP,



* 1594

FED 2025638 $56% B5H  Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 5

HHEARR) NIRS. #6355 al [l 4 & 2 (A fA 42 R
FHOG M, [ A B o B TN AS 2R [ A 2 R KT
0.97, KH NIRS yEAHTHZ LS5 AT LA 2 Ffep
LETREN RSN TR LN (25w N N LS SN LT N Y
AN[A. NIRS = B4 F &5 IR 50 1) 5 A &
AR I, T ] A A R o e A I B o T L
i, [EAYFES B C-H. N-H. O-H fil S-H %54k
SRR, MBE, FIF NIRS E0] A0 257
EFE S A A E . bR i R,
TS RR 2 S5 o () 2% BE RN Loy 6 0%, A RIVR B
AR R 6EE, 3R REE S B A &
IORSYERIN=

X EEAN R T2 2 Fiops 2 (1) 0 A5 R A B, 4R
TEIRYE T NIRS AT 6 SR AH A (1 T 25 SR
BT & mAeiR I Ty, HHIGHESE ARPE (/)
T 5%, SrHrnlaeS b AR AR R ) o AR S LA
Ko GARAESRIC T A (A1 PR~ 25 S [ 4 1 2 e A
TN 1.24%. 0.10%~3.09%, 44R7EM4E T
J A T) AR (1 P 2 ] A ' K 4y AT 4
22.46%- 2.55%~37.79%, "JLLRIL 2 A LFFHiE
R B ZE Rk, B mve A 25, W
28 TP Hp (A 1R S ] A R B S v T R EC R )
PRI A, I R AR T A TR 1) e ] 4
R H A AR AL, R RAR LY LAY
I, $R7% NIRS SEAIHT 63 3 IE Shaill & &5 H
53 B HIRE

X EGTR— T 2 R () 0 s R R B, 4R
TERAE TP, 2 PR B AR I ELAS A () T
Ae71; MARACTRICT P, 2 AR T 8
FHZEECK, NIRS BT AR PERL oS bi iy
TR LSRR . S HRAESRI T 7 Ak 4 1% A (]
PR ERAR R, (L 2 Pl [ i 1) i 2 S
T, AR EE S R RE S S R E AR,
XL AT FHE R SS, HEimF EBATE SR AR
B, MR A e e, U BH AT 7 37 ok
by RN Sl RN SR N =AU R 5 NP Ul N G
A, TG AR T R I [ A A ) A DA
NIRS #5552 o [a) f e [ AR 2 R s 50y, AR AL
ERMEETE . PERTESEBRN R, BNARYE A T F
KB s A @ i s H TR, A RefRiE
B LB A 0 4 o) A T =

BE—20 00T, 3K 2 BRI 25 RIS FH 2% A
BRI « NIRS V2 S58E FH 135 5 3 % - Tl

AERAVER S, (H A% BRAS AN GRS A AR O 45

HFEE AR BT . S HTEE T T

Yotk BARE — L7 e AT FH A sZ2 B, (HAR

NIRS ¥, HEAHIERME SRR A, A H]

TR BN o o7 & s DB A S v 245 e

IR R I G A, EAMY BRI 7 o

&, CREHES) 25 B R T 2. Tk

55 38 1R 5T B M D0 A R S v 24 Al S it Y e o i

REFE O A R, AR B A A i R e P

AR ERIEA, B0 R 4 1 A e [FH]

R b, AT PG Se e B ARk AT

AMYBE ORI HERAYE,  HLRETT 20 B8 AR E S B

K, HHTHE .
zi b, ARFFTEE T NIRS iEAIHT 62357

DUAS [8) T o TR A e [ A B R A %, W T 90

RE R AR RA MR, LU NIRS FHE%

TR RENS TG AR &, MO 2R i R

PEHISRAE T B B B AN TV, HORER N B A ) ol

RN TENR S EAEHF GRS TSE. K

K, RURBAKGW T HE L2 A FEIRE RS, IRA

RZE NIRS VEMHTCR MG %A, FFE DR

JEEEN T 2 A e AR A R .

HBAFAR AL FPAREEANZFR

SE K

[1] &, TP, B, . SPAm Rk 4R R s
T bR 0 583 RARERE S DL S EEUTNE (1],
24, 2022, 53(19): 6012-6022.

[21 BKA, MgiE, Rb. w2 R BOR A BT B AE DT
i [J]. BEEZFAE, 2010, 23(2): 200-203.

[81 #HET, HEES, Xah, % ETQDHEITEVREL
R PR 55 T T2 LR B B R [0].
rF K2, 2021, 43(1): 168-173.

[4] ExaLZAREBREAR. ExXERAREREHER
KT EVRTH] . RIRGIE S 7B AR B AT SR 1)@ S
(E &2 [2007] 743 5) [EB/OL]. (2007-12-06)
[2024-06-08]. https://www.nmpa.gov.cn/xxgk/fgwj/gzwj/
2zwjyp/20071206120001186.html.

6] ExaLZAREBREAR. ExX R REREHER
R T 2 S R 2 A Ve VY TAERE S (H
25573 [2009] 359 5) [EB/OL]. (2009-07-16) [2024-06-
08]. https://law.pharmnet.com.cn/laws/detail 1973.html.

[6] MW, #I57, KK, & BTE. PAOIMGERHRE
T VRS 77 R HORE A YA I TR R R I
HEREAT (3], 2, 2022, 53(21): 6706-6715.

[71 SRy, RBH, K%, & MG PR IR



FED 2025638 $56% B5H  Chinese Traditional and Herbal Drugs 2025 March Vol. 56 No. 5

» 1595 «

(8]

(9]

[10]

[11]

[12]

[13]

B B AR TR ORI K S [(J). PR
22,2024, 22(4): 1042-1047.

TKHE, 1R555, KR, & EPLRKRTE 4 Brp iR Rk
FEHBELAM Gk | T [J]. PR, 2021,
52(1): 55-64.

LS, #RI555, ik, &5, BEFIE. PR
(10 AR T S VR ) o R v R TR i A T
W [J]. H 52y, 2023, 54(2): 520-533.

LS, xU¥, B, 25 A& T ERE TR 80Y
WAL (3] FEFZRE, 2017, 42(3): 505-509.

&, FEEHE. RN AT P28 7 i E
AATHERTR (7] R E 2L, 2016, 25(14): 51-52.

XNFF, WHF, 2, & HE P A E RIS 4 R
F7E A (0] WL BE SR, 2022, 57(11): 849-851.
RWE, BRE, TUUE, S5 T 00w 4 m i

[14]
[15]

[16]

[17]

[18]

e & BN E ik (0], & ok, 2024, 45(7):
264-270.
FREZG L [S]. POE. 2020: 84.
M7, £, Bk, % 4k C AU ORI FERIIT A
AT R (0], T E S S R Ak A&, 2024,
30(14): 184-190.
X, ke, o0y, % ETIRAMEREN EPO-PLS
DUE/NSESHIURLK 43 [3]. Za b2 ik, 2023, 43(5):
827-836.
BICE, Rk, A, & BTSN, AT
REEE N A IR TESR S R 1]
W E P25 2538, 2024, 49(16): 4450-4459.
WA, Y, B, S A TGRS SR BT FE Y
TELRIT 4T APk v i B R R [J]. o0 b IR 2 4R,
2023, 42(8): 920-929.

[Fremit  FRalpE]



