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Abstract

On-line near-infrared spectroscopy (NIRS) is a rapid, non-destructive analytical technique based on
the overtone and combination absorption of molecular vibrations, showing high sensitivity to hy-
drogen-containing functional groups. When integrated with chemometric methods, NIRS enables
qualitative and quantitative analysis of complex systems and can be seamlessly applied to industrial
settings, achieving real-time and automated monitoring of raw materials, manufacturing processes,
and product quality. This paper outlines the principles and features of NIRS, and reviews its repre-
sentative applications in both traditional Chinese medicine (TCM) and chemical drug manufactur-
ing processes, including authenticity identification of raw medicinal materials, evaluation of formu-
lation consistency, monitoring of fermentation and extraction processes, determination of blending
uniformity, moisture control during granulation, and optimization of tableting and coating pro-
cesses. NIRS has demonstrated significant advantages in improving the monitoring of critical pro-
cess parameters and ensuring pharmaceutical quality. Although challenges such as high modeling
costs and limited specificity remain, NIRS shows broad application prospects under the trends of
continuous manufacturing and intelligent pharmaceutical production, particularly in the moderni-
zation of TCM and quality assurance in biopharmaceuticals.

Keywords

On-Line Near-Infrared Spectroscopy, Pharmaceutical Industry, Chemometrics, Process Analytical
Technology, Quality Control

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

FELR 1T 21 411 (near-infrared spectroscopy, NIRS)H A & —Fhfijfd . P, TEHARIF B, E2
SR T Z IR o 7E2R NIRS F3 BT AR K 5256 5 22k NIRS SRE D HTHIAR 5 Tl Ak I3 S i A&
RGMEE =M. BMEN 20 el 90 4F4X, THENEAR . HFEHAR. MARLEHIEAR, Filg
AT R e, R TR T NIRS {5 B HEBCRE S, 15 NIRS HoRKIE 7e /) e
B, M T AT, Rl B2y, BRI SR AMIR2]. 250 E S R R T AN T
I HIZGE RS T2 MW, #H TR S B S R EE . NIRS AR O 2 M H 44
Sk, FELAE S AR AN T T W 1 EOR IS

2. NIRS i AR#KiR
2.1. NIRS [RI8

UL 4L ARt (Near Infrared, NIR) T~ 1800 4, 9 [H K305 5K William Herschel & 31[3], £ Maxwell 7£2E
W FAE B I T 0T WA 2T A0 2 B ) R R 0 o 5 R RIS I B 24 FL U K Y Rl s S 780~2526 nm
(GG H7E 12820~3959 cm™) [4]. NIRS (7= A FJE PR R4 FHRBN A AR E IR, AL TIRB) LTS
] RERRAT . ARV (A 22 B R — R & A AR T AL 228 (C-H, O-H, N-H, S-H). [Hiit, 5Hixuk
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BRI R R A AE NIRS DX 7 32 A

NIRS Jeil 5 B oK H 25 W ARSI A BON &40, e ol OGO E BAE 5 5 el o ir £ 5 X M
JrH IR, A K2 B A A TSI EEE D, AFSRE AN F — 2B AT A R 230 5
PRSI AT B R 22 5, AT AR RE 3 2 R o 5 S A AR [5], SRBIRHAE: b 4L FD 5E P E
BT

2.2. NIRS BiR4F=

NIRS ALK 8] S WG R €, S BRI R 3 2 A0 8 ANF 70 Ay —Fh R
PR 37, NIRS W TR ENE, Muf TR, Rl Re b st — e wAt s, [+
P ELRE, TR E R 1 2 A, AMER ARG, AT RIS, BT BRI R
L AMUE H MR s 3R AEH O R IR R RE, 4566 L 4ERIM T, NIRS Cf JE 2R AR 0 #r
AT ST FE ST [5]. FIFAR TR —FF, NIRS [RIFEAFERRYE, flan: &Mz, Jusid it
FRAKIRBARAE S, A RESEIIN R IR S b RN 7 ZOREAE R, T IEAR AN, EER
SRR R PR R SV R TR, HURSATRE A 5] L SR I IE AR R AE S KRN 0 0
T3 AIEEIREDM Lo BUERE S B 73 HT[6] o TR 25 Tolkrp, fRREE AR R, 8Id NIRS ek
B 7 A KR PR it T P T, AT S EAE f) 24 R P T Hh  S RAR

3. NIRS fEHIZ5 Tk b 89~ F
3.1. EERAE

XoF 245 i A T TR SR R A A b SR AR R A OR ) T R I BT . AR R R AR
FEZEIA R R R AT HORE, IEAE R br O BRI =, bR E IR I S VR Y, R R E R IR A
FEZENA], e CASEI R AR S ) H 1. BRI ZL A B i AT A ARX S SR PR, it AT 4Rk
IR NIR AT I, AT DAZE BEORHEE N A = ZE ), B BF B BRI SR B, BRI T
FERG IR AR, AR R P AT E 7]

Blanco % [8]-[10]7E & 37 R B i FE T THIE T ARG TAE, 1R T @ 25 RHR BT Ak i
PERD BRGNS, Jailh R R AL E ) BB E ATRRYE TR E AT . 6T G A LA S AR A, B
AL RS PR, RIS I IR EE B B TRy 22 R — R0, SRR B L4 AN BUR R 4T
T AR AR ] — S8 22 WX T T B TAR Z A, AR AR SR [ L1168 1] P 0 R SN s 51 o Rk £ ot Y AT 2%
7, i FEEH E R R R HWE(DSC) MENTE(TG) LM LA EiE e X G ATt
AT AR B A ) SR AR P R B R AR 21 T JEURMEAE A — BRI, WirE iR g5, DL NIR VE &
NEHE G AT

TEHR R AT, SR IR B R R BN AL R, W 25 25 i R i p e AT p ik, i
PERER E O S i, MRSk EARIE 25 IR e 0L, D ) ) e 28 I B b s B AR R ORAIE, G2 ) NIRS HR
A LASEHNT S 254 (R PR ik [2] o £EFT S 20 8RB VE A, BRI DL 10 R 25 AV AR HERT: i
£, AL H(9879.54~4119.21 em ) JEAT @A @ SLARA VL RCAR A, JE TSR 52 2544 AR AL
fE, SiREAR, PMURERBCERIKS IS A0 SHEM P S 2 R E 72250, 8 BeAERf X 4 I b 2564 70 H At
FEHBZERA[12]. [EIRE, R NIRS A, S8t =-E[13]. Bk [14]. EHZ5HF 1By % 51[15] . A NIRS
SENF AN G E D, @GR & B3 757, PLS [HAREAY LS REE R, 2 flis
DYTRIAE rp THAE S5 75 A1 (RMSEP) il i 22 (bias) i 43 5l v 0.993. 2.919%F1-0.3303; 7 12 17l 45 4 Tl
£ r,. RMSE A bias 7 %4 0.995. 2.57%#01 0.3649, ft i i ff bR H 51 2 M) S b B 00 i, IF8cuE
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TN %2 0 i 145 D = [16] [17]. 53R BRI T A EL, NIRS A I 45 R AR, T R Kv i,
FEARNY AP I R Uy

3.2. I EEN

NIRS BEARSE 24l 71 3 e o 2 42 ) v 12 P 285 W) 0 2 P e R 7 B2 DO AN R B A P 3%, g A i 7
(B W, R TR R R — M SRR e A G A I R O R M B SRR S SRR S AT
LRASIN, BT TG PR A, IR A R BGRNEIERE S, NIRS 4586404k, XK
e B MR R AR GR AR, 7T DAE AR SIS DL, PRECREE PR (A B 2 HOF AT
JrAT, IEETCH. POk, LA H 1.

3.2.1. &Figit

JRERHE R AT A7 kA AR T2 e LSRR AL T T AU R [18], 7E 7 1 24 1 O
JREJEME, EALHIF T LA G — B AR I PR R AR, S5 SRR A T AN T 2 ) kY
LYWy S B EAT I GE IR AR T RO A 1) R B 0 AT R B R PR A i 7R Ak T T — FE
MRS E M o wronf ERER IR CUBTE S IR TR BE SO KB AT NIRS BIEFL, SR £ R 73 i it ar
— Ut E A, TEARRENT 92%~103% R Y, etk RAF R W R R E, B MERE
If R? 4y 95.31%, it 7 iRi%Z(RMSEE) N 0.606, B—2 HIGUEY) HRIZZ(RMSECV) N 1.31, #efg
FF SRR OB & e, B Hh s T AT T AR RE BE[19]

322. REgiE

ARV R B R N RIR A NV, JEE R B W= LI R R R
ST ARA A A K R A R I AR O EEEE[20] . T RS TR R L S (R A AR 2R AGHI L 2 PR X
P UAAESEBRIERE ST, 2RI B BRI, SIS =T . SEJLAE, NIRS AT A T2
W REHEI, T LMD EHER RS RE A R B B, v B R o B )
ANERR] =AU E s LA AR A A i Rl AT M [21] o AR B 5% mT LU T2 25, dne v A
SR TAREZGW A 4, AR 2T AR ST B 5 D' L PR BT A I R 408, X 9 T i 2 T A I Ak 2% o A
BEEIR AT, IR 5006 BEEIAT X EE, IAEE RAESE NIR ARG R SEk SHEmPE[22]. RATE
LLANEGE SRR TR TSRS« Bk 2 I RE S5 AW R AT M i 3 5 BOdEAT 1T DRI E 70 dr, s
PkBEATIL R ReA . Bt R tbashie gt 1B i BBk A o T Be[23].

3.2.3. PEIRIEKYE

BT 3R BGOSR, KRR T I 25 SR A BR A 7 7 AT PR HCE R AT 258 & EE LR NIR £
W&, S IRIA (1 b 24 A P I R AR D SGTE A U A & B AR AL IR [ R [24] o R FH AR A B 28 T2 Ik
FUR TR, NI LLA B BE O RRAE 5 0 xof b ALk R T 5 B B R R AT b, b Tk
TR I TR AR SCRE[25] . MRS [26] 81 X6 LI B fig 4l AL R 38 H I T Y6 4R I 41 408 i
TN T R A AR, [FIBIE Be b SRR /NBED . $hRR 50 ERFR 2 ARG RD B 0% S AR R
MRS, /INBERRRL S AE MBIV B 4> MK T 2.6 mgemL 2 H1 3.2 mg-mL L isf, #75 RSEP 43 %14 6.20%F1
6.41%, X7 IR BT S ) A P O AR R 85% LA [, DRI TRNRE i A Tl FRELR
IRNBEIE PR AR R A K NIRS RGP 2K R, SRR TR Rk & &4
PRI LR SEIAS I [27] 0 R T 0 A GG /S R Ml 38 FLIR 4R ORE Sk AT 0, ST T REr . A2, K
FH I A 27 1) P i g v — Pl RO TG A5 AR ) 5 7% 28]
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3.2.4. YRR

0 A 77 R G S SR VR A 13 S B BB R A S A 2 S L, TR A I RN S B i R A
AN E), IRAI K G i 2 i A B G IR SR AE TR, SERT NIRS H AR (¥ B2 AT DATE 28 5] [ 15V &
TR, ISR S AN ] S S TR P R Pl DB SE AT, e TR A 2 A [29] . BRI AE[30]
NKH NIRS H AR AL T B 0 S5 AR R & 1 FE h iR R e b B 0 & B e R pr s, L
WEIM AR R ¥ S0 A RHR A 30 21 B, Pl HIR A &l . AER 25 I FE b, AR A AU /S kb 3%
WRAE AL T T2, TR 7SR 2 LR A FE SR S 8 e, 558 NIRS H T 75 Mkt 35 AUk AR
A FRR A5 B E AT AT PE[31] . SRR B A FAUFERNE A TR B AR AW NIRS, @A,
A AE 5350, W0 LRI TF 21 NIRS [ARLEE BEOS S B I 51 5, %077 A NIRS BiA
SXoF R 2 A DR 1A 25 50 U R R Ko v 24 Do 7 i £ R ) B b A 4R [32]

3.2.5. HIRI 5K S1EH

RIS K R P 5 38 B ) LA Y ST (SRR B, R I i R i 24 4 r) i B M R
AEME, BRAEES . TIRERE R A S ERIRL, AR TREBRAR TSI, HR AT
TR R b B A T R . ALK R T, K2 NS EERE, ROA TR, H
ANBEARAE [ S . NIRS X 7K 70T B I RFAE R S, ] SIS T4 72 R 7E 2 e 80
IS TR i R 2 5 N7 R Nl BT 1 v a7 it 41 1 I = S N ' s O NS O 5211
FRAR, AR T 2 iR R . 8 [33]. I TELRSRAERIRLSAE NIRS (58, I i fe /s — 3¢
A E RS, A TRREE, MoEE. BRENEZESIBRAE MR, SBR AR TR 2
HK Ay KL J A 35 B A5 4R hR (R S I II[34] . Debeer 25[35] NIRS JG4F 454 I TR Tt FE 00, s
DLZGIA R TR 2 S R . SR NIRS TEZR 70 T B A 8 1 A VR T AR E AT 21, s i AN )
HIKE(REDE 0.17%~1.51%) /] 5 FASFEIREM A NIRS B, RS IERAY, SeIlfeE L isdlr fhi T4
I FE[36]. TEZE NIRS HiARM N, SEHLHIPRL KR A SAH DS B S B A AR AL, s> T A& geiliid
PRI PR IR e S5 #2 [37]

3.2.6. ERRBRTE

FE R R TE AR R A= R i R S IR, A P SOk BB S A s i, R BT RREG  [RI
FOR A B —. NIRS FlE R B A IR e seid M. Ptk b fEid A2, Blanco 28 s U & i 72 o
SEBRE 7[38]. Pestieau Z5[39]LA NIRS it £ 37 ffwfic /N - FRiFAS AL, T A 771 & Be3b) SO o B DR v
FE, A Rt AR AT S S AN ZE 2R A AL

LA AE T A4 TR R 58 10 T 20 kL SRS R B AE 25 W AR R R i bk T, LTI
BCA G F RS I E R T 1 — R B EUE AR E M) 2 RS2, SCEUHIF ML BR, AT S I ) R O %
B BEG . RVRSEVEF o AR S DL SN 24540 A AR AT AR 1], NIRS AR AT LAFE 2 I A4 B 5 1
T FEWIR A, L EARESRENSE i, RERZ) 5 F &= . Buchanan Z5[40]145 & BUHUH (4182
ANIRS 27 A T B 1) s AR, o sE ik e BRI A fE . SRR [413EH NIRS,
KEANFEAE TR E, bl - B e AR R, A a4 i, 75 it
RA T EMHEATFEF, R NIRS AR, AT S 055 24 40500 SRR 20 TR AR A e 2 e A A,
St R AL I FR AR AL AV AT 5 SRk AT T [42] «

3.3. HlIFIRERE
BT NIRS HARMIBLE. ToA AN vl [F] i 347 8 5 M M S A0 55, 72590500 i) e v 0 3] 43
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BT AR RS2y R AR I T T A KRN T . NIRS SR CR Z A T /7). kL. Bt s . F0
Sherken fifl AT ZLAMEHE X A2 Wit A7 & Bl 5E , SRAT NIRS JE 51 W & IR AR VA L, vk S
2R A R ARLIE T RE[43]. FIFT NIRS £SO /N LIES B RB0RE - i A b AT 4348, X HOG g 247wkt
BN B %, B (R IR R, & TN LIRS RBURL A B R B PR AR
[44]. FUHT NIRS $5 ARG G A6 2T B 2 1 v 245 70 B2 07 A 3o J 3 A 7 i A T BUYS SR BGAF ) P R
B SR MREAT I T7 i, SEIUE U A % b 2 1 & o () R A BRI T R M2 [45] . Assi SE[46] 18 AT AL
G EEASONS 7 7R T AR O HEAT A I, A I mRINA 28 B (R0 3E A B 70 T S 21 411 LA i iR WA 5 EL R
A 5 R RFAE 1S 717 (9000~4000 cm), [ B A4S 78 th R 390 H At v ARG U G P2 47

FEEAEE[48]-[SOI R HT LA 2 B GE 170 K BOR, W EMER . 225 AR S50 AR 2 i k4T 1 3k
WAL AT, BRI T AR 2. HLGRRE . T 29 b B AR, v [ il 24 iR e T T B T Je
T EBGE L AMSE S T RGBT IT, © T 2007 AR 43 360 T 245 dh I B T R &, ARG
HIBLAIT R AR A I [51].

4. BESRE

NIRS AR UE MR G2 AT R AR g st B AR KA YA
IR AERI 25 TAL &I O 4R AT BRI AL, @ 2 R OGS R R AE 2R . S B, SEEl
fRSA T2MMRA, U il a4 7 KR AL H . NIRS FELR AN 24 il 2 P i R 92 e 31 24 Tl
f77 77, A SNG4 AR bR S S0 . BEXT 2R h2G0, NIRS HORLE th 2428 7 e 7 o B 42
A B THESD 257 IR « [ PR AR s T84 (A M 25 4005, NIRS AR R A B AE A WA o
BB AR EINERARGH, Azl Baefbishl KGRI RE, NIRS BORMAREAEHIZ5 Tk & AT

AT BRI .
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