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Abstract: To meet the demand for rapid online quality monitoring during the production of tradition-
al Chinese medicine formula granules, near—infrared spectroscopy (NIRS) was employed to evaluate
the quality consistency of Angelica sinensis formula granules. An ultra—performance liquid chromatog-
raphy (UPLC) fingerprint was established, and the contents of adenosine, tryptophan, and ferulic
acid were determined to serve as chemical references; the study then focused on constructing and
granules from four manufacturers were collected; their NIRS spectra were acquired, and a consisten-
cy testing model was established. The similarity of the UPLC fingerprints of Angelica sinensis formula
granules ranged from 0. 953 to 0. 999. The content ranges for adenosine, tryptophan, and ferulic ac-
id were 0. 16-0. 61 mg/g, 0.3a5-0.91 mg/g, and 0. 83-1. 40 mg/g, respectively. These results in-
dicate that NIRS is suitable for the rapid screening of quality consistency and identification of manu-
facturer—related differences in Angelica sinensts formula granules. In combination with precise UPLC
analysis, NIRS may provide a useful technical approach for production—process monitoring and quali-
ty evaluation of Angelica sinensis formula granules.

Key words: Angelica sinensis formula granules; fingerprint; content determination; near infrared
spectroscopy (NIRS) ; quality evaluation
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Table 1 Information on 17 batches of Angelica sinensis formula granules

Manufacturer Sample No. Batch No. Packaging specification
A S1 AB430643 RFAEE 200 g
S2 AB411973 FA$%5E200 ¢
S3 AB410673 484200 ¢
sS4 A2081063 A% 200 g
S5 A3123593 RFAEE 200 g
S6 AB411313 R 100 g
S7 A308L133 FA$%200 ¢
S8 AB441413 A% 100 g
S9 AB442703 RFREE200 g
S10 A3111233 4% 200
B S11 2209495301 FAEH 200 ¢
S12 2209494301 R 200 g
S13 2311224301 RFREE 200 g
C S14 2305008C. B 250 ¢
S15 2305005C T 250 ¢
S16 2305003C %250 g
D S17 24030039 R 100 g

1.2 LI AH*
1.2.1 RSB ROHEE BCYAE 7 PobndE s, W, FSERIRZ10.2 g, B HZEHEEHY, K
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20 ml, #AFEALFR(250 W, 40 kHz)20 min, R4 . $%45). I8, BRELIEW, HIS.

1.2.2 WRBBABRHNE SAEERBURE . PSR . QR0 RGE R, I170% B EE 85 =k
FEAY A 18,42, 10.70, 17. 15 pg- mL ™ B TR A0 RS IAME

1.2.3 @igEEHE KA Waters CORTECS UPLC T3 {44+ (2. 1 mmx100 mm, 1.6 pm), HishHHZ
(A)=0. 1% H EATEW (B) , BEEEVENE (0~3 min, 0%A; 3~5 min, 0~4%A; 5~16 min, 4%~30%A; 16~17
min, 30%~100%A; 17~20 min, 100%A; 20~20.1 min, 100%~0%A), 7 0.3 mL-min", HFFEE2 pL,
K4 270 nm, AR 35 °C.
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(6 IS g MU | T S o (552 B R Fig. 1 Chromatogram of Angelica sinensis formula
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Table 2 Linear relationship between three chemical components

Analyte Regression equation r Linear range/( g mL™")
i5:3 ¥=0. 007 1X-0. 000 1 0.999 7 1. 842~27. 624

05 Y=0. 003 2X-0. 000 4 0.999 6 1.715~25.728

P B R Y=0. 005 7X-0. 000 6 0.999 6 1. 070~16. 056

Y represents the chromatographic peak area; X represents the mass concentration of reference substance, unit: pwg-mL™

2.1.6 MAREIKERITLE BRI M RS & B0 S HBC 7 R (S1)0. 1 g, 4 alfEC R s &
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FER I
2.2 SENE

Sy BN RO, #2 “1. 2,17 Jiikil S ARSI, 7E 12037 Ik S TIE,
DIAMRIEIT R 3Pl /i & &, AR 3. 17 AR BT aR S | IR e aR ) & & S8 R e —
EPH. Hr, FIBRIR S EVEE 0. 83~1. 40 mg/g, MIXFIEBNEN, 1RBL T %M VE J 24 VRFAE PG
PRI E M. AR, BRI (0. 16~0. 61 mg/g) 5 AZ IR (0. 35~0. 91 mg/g) B BAEA R A, FHE[FH
A E ) RSB R 22 5, B ik 3. 8451 2. 6 4%, X—IG IR, RAETeL & bRk
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Table 3 Content determination results(mg/g)

Sample No. Adenosine Tryptophan Ferulic acid Total content
S1 0.59 0. 86 1.33 2.78
S2 0.56 0.71 1.33 2.6
S3 0.57 0.74 1.39 2.7
S4 0.37 0.55 0.90 1.82
S5 0.55 0.78 1.31 2. 64
S6 0.61 0.35 0.83 1.79
S7 0.56 0. 69 1.31 2.56
S8 0.40 0.82 1.17 2.39
S9 0.50 0.76 1.34 2.6
S10 0.22 0.77 1.30 2.29
S11 0.24 0.91 1. 14 2.29
S12 0.27 0.77 1.32 2.36
S13 0.16 0. 65 1.07 1.88
S14 0.25 0.77 1.28 2.3
S15 0.40 0.76 1.40 2.56
S16 0. 47 0.58 1.38 2.43
S17 0.45 0.42 1.35 2.22
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Fig. 2 Overlaid UPLC fingerprints of 17 batches of Angelica sinensis formula granules
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Fig. 3 Reference characteristic chromatogram of Angelica sinensis formula granules

1: uridine(JR1F) 5 2: adenosine(BR1F); 3: guanosine( 547); 4.

tryptophan( %) ; 5: ferulic acid(FIEEER); 6: ligustilide 1CEEN

HNEED; 7: ligustilide HOEE 25 A H)
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PR 2, P B 15 Ay, B9 079. 8~
5 546.6 cm FFAERE By, B — SRR (CD FRJE
6, PR AL M NIRS AR, ARy
SRR Db, EEAMRIT AR B 3 5E.
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Table 4  Similarity evaluation results

No. Similarity No. Similarity
S1 0.997 S10 0.988
S2 0.997 St 0. 999
S3 0. 995 S12 0. 996
S4 0. 996 S13 0.974
S5 0.975 S14 0.979
S6 0. 990 S15 0.987
S7 0.987 S16 0.953
S8 0.984 S17 0.988
S9 0.994
1.4+
1.2+
E 1.04
8
£ 0.8
<
=}
2 0.6+
=
0.4+
0'2_ et

6000 4000

8 000

Wavenumber/cm™

12 000

4 ARSI TR T LM ]
Fig. 4 Near—infrared spectra of Angelica sinensts formula par-

ticles from different manufacturers
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Fig. 5 Near—infrared consistency evaluation model verification diagram
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Fig. 6 Heatmap of NIR correlation coefficients vs. content



5511 3] FELA ELLAMEHEEURTE Y VAL 7 OB BT — S PO PR v i 1 T 7

2.6 i it
2.6.1 HARAFHRRERRT

UPLCHEGCEIEAE R TR, 17 A ALY 57 0. 95, SBHAANI]) 577 il 2k 22 i o 40
WA, AR YRS T ORI AR PR ARSI “bRifEIA T A2 A B i A 326 7 TV S 1WA
PERE . BRI, & RIELE REE R T AR ZOMNIK B 25 RO EIRIR 2S5 Mk E) 3. 8
a2 6fF. XF TRMmER" WIS, —JrmE TR AR . RIS | SR TN 225
B AL A AR S R BT, AR 2RI, Wk4E . TR RIRLSE S BRI 2
Wed, WRTREXS AR | AR PR o0 i iR B AR sk A . BRIGRT UL, (UMK SEHE S R AH
RAPAE A LA 4 T BB 72 SN AE B B 3 — 1 . IEZE AN (NIRS) £ AR MR MNX — A R 328 T A TF B
GRS EEPL , BT FES AR | AR AEIRG, T S AR Y R B S5 R TR I, AR
BRSO STEZSE I Pl A BRI R TH” N ARG AT A — SR o] B AR
PRI L SR AT, R RS A A S AR S R (PAT) O, A5 BT SE B
B RIS BT 428
2.6.2 EASRIERE—BHITMHNEBREEEREMNBRYE
2.6.2.1 —FHIFMAMGE @I NIR — BRI A X A AT R, X—HARE
AU — R, FEMETRIAM . IR E enrab e, BRI, AR TR
AR —4r8h, AEREA AR L PO i SRR, TR, BRI PR RE R,
AWIRAES, FFESOHIAE; ZAERAM, NIRBIE RS PEIFC—H, N—H, 0—H
FRMAPRANNLES M, —skEiE 2 S TSR LG R, ST —Fh “ZWaEa M,
TUBSUERAH , NIR — BT REHE R IR E ol 7= 5h (CIE<6) , FEARIX /r HAORIFEM M, B
TS TR TSRS I PGE e ANEE ST, ELRE B AN ] Al R ) ) 5 R SRR S
R ETHUE DL PG, AR i e A P R s 2 i bR 001 45 0 i — SR PRI (9 S B oK
2.6.2.2 EEHA(PLSR) WM M5 Kk kR E  FESE— 23R /D ZF [ )5 (PLSR) #37.
NIR GG 5FEIR . IRTF . ARSI E BRI, BOEPERER AR IE R T . KL MR (R4 .
SNV bRl . SG Tl ) FSESE B & W EIBCRAE (CARS) AF | ik f5, 3 N415r 138 IRIEDR E &
H(R )BT 0. 80, A Sz AR A T e k€ % (R) KT 0. 20 (B IAREF R =0. 80, R =0.09),
R AE = E RIS, AHGEERTUNEE JT . X 4500 £ Z R N AHs . AR ™E R,
WARMIFEZR B Hh S SRR B e AR 258 vh i BB AL 71y JE % ) BLSC OGS - & B0 R . &
7 Hor A ARY), FIBEER& a0, 16~0. 61 melg, o SAMEREARE B oy, AR AL F2 Sk AR
JEDLSZEERR A NSRS, i 5 & B I PR A SRR 55 o SO Rt AT s, AN AL
H5EBRAGHREM KL (r>0.48), 2NHEPLS BEEFIH 2R RS, (HAEMEEL AR, MELAPRE
BRI WREREYL > SEOEM AT E . B TR, BEYLIRI IR EE (29 5 AR RETEA
JE, SRR R 5 T B SRR B AR K

ZiEpnd, BT LS (n=17) Fik i r n] T SEPR I E i) NIR-PLSR & B . tt, 7R
RAFEIRNGFZ T 5 TR . BRAF . RO SAEI, 7R SR AT NIR fE P — 2ok %00 7
T A S A3
2.6.3 XMRRREFEFERHENB T

ARG UER) SRR U NTR A H 240 77 R e i s i) 25 W o 0 8 B A A Ja)
Bk, ARSERTLLF 5 HEsct : BAEAR B R E 100~3004, RS ZMPERIENR, b, S8 8
SIS VORISR (414 000~10 000 em™) , $EE KPR RAHEE R XRUE(W 10K S
Pr) R — IR 5y, DUERR PP RE . R ETINIRIA TN, NIR fE LR PAT T
B, AMURT T2 e RS, B BT A i 2 ORI A3 2% . el iR RS S SR AT, SRR R R O
BT BR R . 3B UPLC S8R5 % o BT H R SR B B A 2 358, 455 NIR SERLPRE T 5 54, Bk
CERKEENT 5 KPR AR B XSl R Sl b 2 ] ) PR |
BREA . BTN MU AR



8 SR AR (http://www.fxesxb.com) 545 3%

3 &

WG K UPLCTRLCEE . 248FR S BiE 5 NIRS LS H 7%, R4 A0 17 #6224 VA FE J7 45
BT ENY . 17 40FE S0 ) UPLC F8 GBS ARLUEE 2 0. 953~0. 999, FEHHH LAl 22 20 il — 3L,
(ERRTY . CRRAPTIIR S B —EE R . A7 NIRS — A IS R GE O v 0 1R B A A S
FEA R oy Hopt b A S, )45 50 5500 0% 43 A s W ) o i 25 S R A AR — B, BT 24 9
i — S PO T A A ORIE S (HZ AR R . il & B A Vu B AR AR ERR b, 3 Fhds
PRm4r ) NIRS & AT GE SRR fEEIER A L, AR UPLC A TR E . I, NIRSHLRKY
ECHAE PTG & S PR TR, 5 UPLC RS AT BN, F T 4 VA 7 RURLY 5 & 04

SE 3k

[1] Li X Y, Xiang C Q, Chen Q W. Chin. Tradit. Herb. Drugs (ZEJR M6, W, FREIC. HEZH), 2025, 56(3):
1037-1049.

[2]  Wang D P, Dai HZ, BianZ N. Clin. J. Chin. Med. (£, WEEFE, BIEM. PEEKDIGE), 2025, 17(13):
120-125.

[3] LiCY, MaXX, LiuX L. Chin. Tradit. Herb. Drugs (£ X, DBEE, X/NFH . HEZE), 2025, 56(3): 1104-
1114.

[4] LiGY, YangYD, QuFN.J. Pharm. Res. (ZE@ e, t#—3Kk, HHJEHR. 255057), 2024, 43(1): 99-104.

[5]  Zhang W, Sun Y F, Jin CS. Chin. Tradit. Herb. Drugs (5KA%i, #MH35, 4xtB1) . hEZh), 2022, 53(22): 7221-
7233.

[6] WangMM, LiuCH, Zhu L. Qual. Mark. (EWIW, XFEKE, RH. TR 50idn), 2024, (9): 30-32.

[7]  LiYZ, MinSG, LiuX.Anal. Methods, 2020, 12(17): 3499-3507.

[8] Bian X H, LuZ K, van Kollenburg G H. Anal. Methods, 2020, 12(17): 3499-3507.

[9]  Shil], Zhu X1, LiuD S. Chin. J. Pharm. Anal. (A1, KRBT, XARFE. 2585 Hiak), 2025, 45(6): 1005-
1012.

[10] LiuY, ChenJ, LiM.J. Instrum. Anal. ()5, BRER, 25650 0HrRAR), 2025, 44(10): 2001-2016.

[11] Liu T K. Research on Origin Traceability and Authenticity Identifica tion of Eucommia ulmoides by Multivariate Spectros-
copy Combined with Chemometrics. Wuhan: South—Central Minzu University(fﬂ]@‘% B ICGIELE S A A B R
B M A O S AT L P RERE RS, 2022.

[12] ZhangK X, XiongJ, GuoT. Chin. Pharm. J. (GRS, RElE, Rk hEIZEE), 2024, 59(13): 1238-1245.

[13]  YingZ Q, DuW F, Jiang K L. China J. Tradit. Chin. Med. Pharm. (Ri¥%9, ¥ABEE, LR . hEhEZ 4%,
2019, 34(6): 2584-2588.

[14] Roggo Y, Chalus P, Maurer L. J. Pharm. Biomed. Anal., 2007, 44(3): 683-700.

[15] Luypaert ], Massart DL, Vander Heyden Y.Talanta, 2007, 72(3): 865-883.

[16] LiYZ, MinS G, Liu X. Spectrosc. Spect. Anal. (ZZE A, BIRFE, XE . Hi%EE 5 54H), 2008, 28(7):
1549-1553.

[17] ZhangX B, YinLH. Chin. J. Pharm. Anal. (GRE18, FHRIE. 25850 0i24&), 2011, 31(3): 603-608.

(WEREE. BAXF)



