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Quality evaluation of carbonized Imperatae Rhizoma by combining UPLC fingerprint,
powder chromaticity values and chemometrics

LI Jiaoyan' 2, LIU Xiaoxia?, ZHENG Ronghui’ 2, SU Chunzhi'-2, XIE Feifei!:2, ZHANG Xun?, SUN Dongmei>

1. Guangzhou University of Chinese Medicine, Guangzhou 510006, China

2. Guangdong Provincial Key Laboratory of Traditional Chinese Medicine Formula Granule, Guangdong Yifang Pharmaceutical
Co., Ltd., Foshan 528244, China

Abstract: Objective To investigate the relationship between UPLC fingerprints and chromaticity values of carbonized Imperatae
Rhizoma with different processing times. Methods Chemometrics analysis was conducted using the relative peak area of
characteristic peaks and chromaticity values as indicators. The correlation between the chromaticity values of the powder and the
relative peak areas of each characteristic peak was analyzed. Results The relative peak areas of 11 characteristic peaks in the UPLC
fingerprint showed different degrees of correlation with chromaticity values: among them, the contents of neochlorogenic acid,
compound 5, caffeic acid, chlorogenic acid, compound 8, compound 9, and cryptochlorogenic acid decreased with the deepening of
carbonization degree. While the contents of compound 1, 5-HMF, compound 3, and 4-coumaric acid first increased and then decreased
as the carbonization degree deepened. Carbonized Imperatae Rhizoma with different processing degrees were all classified into 3
categories according to HCA, PCA, and OPLS-DA. The OPLS-DA results indicated that 5-HMF, cryptochlorogenic acid, 4-coumaric
acid, chlorogenic acid, and compound 5 were important quality indicators during the processing of carbonized /mperatae Rhizoma.
Conclusion There is a high correlation between the chromaticity value of carbonized /mperatae Rhizoma powder and its chemical
composition changes, which can provide ideas for the quality for carbonized Imperatae Rhizoma.
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TEAMIE 2 D E A RR B4R, {5 H A
BRI L ) 2 RN 28 550, AR MELRAIE P 5 (1) R B AT
R BRI, 5 BEARUEAR RO MU T2 25450
i Z FLAR B J ) T2 2 HONR OC ot B 2 4B BRI
. hAh, RZGEER “HPIRAENE”, BILERD BUR 1)
[ ) SCERUE ZJ N A AL SR AR AN 2R 2,
TR 2 it B4 10 22 o R, T fE B 2
B S R A — 5 R T B R 2 1 T 2R R R AR
L, Fenr DLE AN R 2GR A R,
DRI T — P VA, R AR, T
T EARAEEF AT, MFEEEERER
ST Y4B R A A T A ) AR ),
A3 G AT DK S0 UL 8 37 Ak SRy vl B4k 1) B
HAB T ASHIF TR J IR 1) AR UPLC $R 4]
WO 5 20 R R R A I B A AR A 1 i
TGN, R Z gt ki Tt Eih E
YT, SRR B A AR R AR A R S R N TR
22 A Z B ORI R R, 13— 200 Ik H 6 5
HR IR AR Ak LA 32 2 520 IR R AL 5 B 2y, A
WM PR R R ot 2 PE A &R ) S S FR LR 22 HL
AT S EAKYE .
1 UESHR

Waters ARC 2 =5 R0 AH (0184 GRBFtH A 5]
TS7600 Z4 5 Fe A GRINTT = B RBHE A R A
H]D)s XP26 B Ji4r 2 — R ME204E #4553 2
TP CHEEE 3D A 7)) s Milli-ODirect B #3406 7K 48 (BR
LT H22-X3 BN (B JUPE AR i s
BRAT]D: AR852B+HILLANINIEAL (ARZE AT
HA PR AT : 1118 78— 9 2 ek o 25 M L i
VL H 22 T K D 2T UE BR A F]D .

4-F/EB (S 112037-202102, 5 &2 3
99.7%) S-FEHEMRRE ('S 11162-202316, JiiHE
S 98.4%) LRJRIR (A5 110753-202119, i
34096.3%) WNHERR (b5 110885-201703, Jifi &
I3E899.7%) % R A0 A A 24 R e
B s B2 23 5 2 (HE'S ST07850120, Jii B3 %1 98.0%)
BEt R (IS DSTDX001503, Jii &%k 97.4%)
X RE I B AR AR SR R AR AR A ] HRE
NtaEAl CBR AR, AONEAK, HAaRRIh
IIMT . AR &) R — I ZA PR A R N4
ML B NARAREHEI A Imperata cylindrica
Beauv. var. major (Nees) C. E. Hubb TR 2%,
f e RS LR 1.

®1 HRHER

Table 1 Sample Origin Information

P FEH s P
B1 PR B6 T T 7 BH
B2 TR B7 IW R 7R %
B3 T~ ARAB A B8 WL ZR I
B4 IR B9 V41 78
B5 a7 B10 T I

2 FAEEHR
2.1 A[EMEHIET SRR A F &

B4 EFRE (%5 B, BREN, MRk
$51 60 min, Z3HIHC 3+ 6. 104 12+ 15, 20, 30,
40, 50 60 min FIFES, A, EPTR (Ya'5 0N
B1.M1~M10). HA b 12 min 521K A (M4)
Fre CREZH) 2025 FFRR—H H AR IR X 20 HR
IR £ DR A SR E : “ MR Kb IR GBI 0213)
WERERE” U,

2.2 SFIRIKEY UPLC 359 &g

221 %M KA Waters ACQUITY UPLC
BEH Cis 654 (100mmX2.1mm, 1.7 um); PLH
B (A) - 0.1%BER/KIEIR (B) NRBhAH, BREEBE
Bt (C0~5min, 2%A; 5~20min, 2%—15% A; 20~
25min, 15%A; 25~30min, 15%—25%A); &l
KA 290 nm AR EA 0.3 mL/min; A
30 Cs: #EFEEN 2 pL.

222 IEIEEIEE SRR HT AR
R FREt AR 4-75 SR WIHERR . 5-F2 F M X
MIE S, FEME, BRI RS e R R Bk
SRR FRgr SR 4-F IR WNHERR . 5-F% FH LA
68.468.45.732.37.575.46.375.72.688.25.373 ug/mL
(IR %o Tt Vo

223 MK MEEH S R ERRBCE R B R
(G 3 50 29 1.0 g, BHEHRMT, HBEMA
10% I 25 mL, FRE, HEA LB (D)% 300 W, 4
% 40kHz) 30min, HUH, K#, FHFRE, H 10%
HEEA R IR B, RES), DRI, EXERE, HPfE.
224 REERE DOPRRFELH K (g5
M4), HlEZ MR ATR, ESHFE 6 IR, IEHL T 5
sl (SRR /ENSRIE Gooh S, I
RS EGIEE S U2 [] IR X LR B S 8] I AF X
1, 255 RSD {4 0.95%~1.36%- 0.41%~1.24%.
225 faEtEEE BCPRRFEMH R (RS9
M4, il BRI, 20T 0. 4. 8. 120 24,
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48 h HEFE G, JEEL 7 Sk (SRR ENS
Mg Gl S 1), WEHRFAEES S 1§22
(RIAERT R B B ) S AR VTR AR, 43 RSD {E 4 51N
0.42%~0.70%- 0.27%~1.13%, 7&HIAR ISR
48 h Wi R 4T,

22.6 HEEMWRE HIFERERERBHEK (W5
M4, 5% 6 a7 5k (g
JFER) 1B NS IEIE GEh S 18), T H AR Mk
b5 S W2 1] (PR X R B ) [E) A O W T R, 73 RSD
53519 0.50%~0.78%- 0.15%~0.52%.

227 IRGUHEMEST B[R I K ) b R
IR FAR (458 Bl M1~M10) K5, #il45 f
AVA TR HEREIN S, IR SR R s AR . ¥
BAC TR B RSN (2 it s S0 S R AL
BV RS (2012 JROY 1, 8% RSN EEE 7
T P T Re i A1 B E AR . P AREE S )
UPLC Znfagr i, WK 1. AR W REE S
HebRE 11 AMFREE, @it 5B T, B e
TUE 2 O S-FRFERMRIE, W 4 NETSRIR, W6
DNMERR, V7 ONSRIRTR, V& 10 HFRSRIERE, U 11
HNA-FEIR.

2
A 1
3 4 5678910 11 MI10
A
. !
L IR E
J_.JJ,,JMKAJ\A_AJ e T
.y Rasi A
VN W I
M—MMWLW_—J -
L
Bl
0 10 20 30
t/min
B
2 4 7
6JL 10 11
.Jw‘.__bJ\_u.‘jL-JL I
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t/min

2-5-FR ERRmE, 4-WaIiig, 6-MIHFR, 7-Z4RMR, 10-Fast)R
%, 11-4-F58R.
2-5-hydroxymethylfurfural; 4-neochlorogenic acid; 6-caffeic acid; 7-

chlorogenic acid; 10-cryptochlorogenic acid; 1-4-coumaric acid.

1 ZFRIKH) UPLC $e S EEHERE (A) FHFAEEE (B)
Fig.1 UPLC fingerprint (A) and characteristic

chromatogram (B) of Carbonized Imperatae cylindrica

2.2.8  FARRMITSFE UPLC Fe 8U B AR 0 5
o DLEFEIR ('S BD BIERE A, (HEHYS
AN TR IR B 0 5 AR PRI T RO ARALLRE , S5 R L3R 2.
SRR, AHADURE BB M ) I ) 8 S T AR
W Bl R i B I AR A 2 SR, 7RI
fifi b, HE— DTSN R M R T A S8 AR i P
JEFRIAF X WA TET AR o 11 /A e R A o e T A B A 4
I TS R A F RS, &y
1. S-FRHULERE . e 3. 4-F BRI T
R ST E PR S, HAA g AT A 2
Fetath . 5402408 40 min I, (&) 3. BraklR
B2\ SRIRERIEA T -
R2 FRKBVECE
Table 2 Similarity of carbonized Imperatae Rhizoma

G5 AL G LU

B1 1.000 M6 0.505
M1 0.999 M7 0.431
M2 0.994 M8 0.386
M3 0.961 M9 0.393
M4 0.930 M10 0.347
M5 0.651

23 FIRKIRAMAEBEENE

230 WETrik BOE 3 SRR R KA MR,
K AR IS 5 AR B I AR THT, 45 R 1 JS R R
JEEEEAERFTE 1 mm 22475 43 02 A0 AR R IR
FOARRE M RS, BRI WE 3 AT
SERAE, BALL 3 O E &5 FI-F BB AR A &
e EEdE. SEl EMARN Eab™= (L7+
a?+b") 2, HEEMN AL'=L"w—L", tZEH
N AEab"= (AL 4Aa+Ab") "2 (Aa"=a"w—a"0-
Ab"=b"w—b") B,

232 MEHEERE BT M4 RSP AT
i, HATEESE 6 IREEINE, kB EEE, %
MmEESH L. o', b RSD HIIAT 2.0%LL R,
233 HEEMHRAK BT M4 KPR, F
ITRREL 6 M AHEIRE S, 20 AT CLFERT I, A
BESH L. o' b RSD EHIAT 3.0%LL .
234 FREMERE BT M4 BFIFRRMR, 7>
SIE 0y 24 4. 6. 8. 10. 12, 24 h HHAT RGN,
HE— Il SB[ SO R LY a"s 6" A,
B L &' b"%SHUN RSD {HI/N T 2.0%, 45
AR PP AR HE T A, 1P AR (M4) FfESLTE



© 642 - ENEBEIY 20263 H

ARt bl

Drugs & Clinic Vol. 41 No. 3 March 2026

24 h N EE(E B A RUFIHIRRE .

235 MBESER A S AN [F] 6 ] I 5
RRMMA, HATEENE, HFE R aEERE.

ML 2 R AT LA AN [R A i T ) 22 4R
K, BRI, R 3 NEHR R MR 5 1
O FEE A . 53 DA FEAE A AR, DL ][]
REALFR AT BV 23 4, A5 EE LT R
Y=0.029 86 X2—2.643 X+72.44, r=09702; {OJF
18 & BJAJ5FE A Y=-0.000 552 9 X2—0.097 78 X+
9.959, r=0.977 0; (LEMH b HIEIH T FEN Y=0.002
188 X2—0.505 9 X+25.999, r=0.968 1; {1JF1E Eab”
Il 7R A ¥Y=0.027 47 X2—2.584 X+77.26, r=
0979 8; L*. a". b"\ Eab"HIFEH4> I N: 16.82~
71.50. 2.55~9.82. 4.56~24.64. 17.62~75.60; L".
a’s b*s Eab ¥R NEHEHS.

2 FIRRHARBEREIR

Fig.2 Color images of carbonized Imperatae Rhizoma powder

®3 FRREMEEME

Table 3 Chromaticity values of carbonized Imperatae Rhizoma

U S 1] B T fmin L a b* Eab”* AL Aa” Ab* AEab”
B1 0 71.50 9.48 22.67 75.60
M1 3 67.40 9.30 23.80 72.08 —4.10 -0.18 1.12 4.72
M2 6 66.11 9.15 24.30 71.03 -5.38 -0.33 1.63 6.25
M3 10 48.98 9.00 24.64 55.56 -22.52 -0.48 1.96 2351
M4 12 40.21 9.82 22.90 4731 -31.29 0.34 0.23 3212
M5 15 31.21 8.89 18.34 37.28 —40.29 -0.59 -4.33 41.01
M6 20 27.08 7.99 15.78 32.35 —44.41 -1.49 —6.89 45.27
M7 30 23.22 6.26 11.64 26.72 —48.28 -3.22 -11.03 49.66
M8 40 19.46 4.16 7.59 21.30 —52.04 -5.32 -15.08 54.21
M9 50 18.70 3.64 6.03 19.98 -52.80 -5.84 -16.64 55.37
M10 60 16.82 2.55 4,56 17.62 —54.67 -6.93 -18.11 57.59

24 FRERRAUZERTSHAREFXEKMEDH
K SPSS 26.0 A, LAAS[F] M) i [a] b2 AR
UPLC FR8C i AR AR FI L FEAE (LS o™\ b7
Eaw") NBBEFAT M0, S5 LK 4. A) %0
S H AR . (a5, SRR, (kAW 8. LA
MIS L a"\ b'\ Eu HIEMEEMNIEMRK (P<
0.0D); WEW3. MAHERSE o b2 EE IEMH
K (P<0.01); WMIMRS o BAREFEIEMEL (P<
0.01); FREEIRE b"EMEEIEMHX (P<0.01);
4-FHRYE o R EZFE EMKL (P<0.05).
25 WEMWEZFESH
251 FEH (CA) KA SPSS #ff, LIAH
0 1) BT TR e 55 AR AR S A R A0 U PR AR YT 0 T AR A

B EFATRE . R BLIREEEAE N0 T
%, FRidk PR IQEE B R T 540 = (B AR AL, &5
LA 3. GERCERBIAE 12~25 I, FESAT 2 A A
K, Bl. M1~M2 Fl M7~M10 N2, M3~
M6 N5 3 Hop 3 — 2R N He 7 NS, B1. M1~
M2 A—3, MT7T~MI10 —3K. 455K A M)
FEEERD S5 MR A5 B 43 () ol &2 53 A AE 22 o
252 ER T (PCA) K SIMCA 14.1 At
3 79 CAAS [R] J si Bsf ) 20 550 AR A LA R U 14D A
Xof U THIARUR € B A A8 B3k AT PCA 4347, 857 PCA
BERY, R i RFATTER R IR F 99.5%, QP MAAN
0.958>0.5; AR RRTTEAZRILF] 100.0%,
Q*fH74 0.910>0.5; R MERIH R, 4R
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WL 4, 5. AR ERT, AR BRSSP R R

8325, Bl M1I~M2 H—3%; M3~M6 N—2K;

M7~MI10 N—32, S5RBpPIrEE R IEAR—FL
F4 FRREMETRS GEEOBEXM

Table 4 Correlation between relative peak areas and

chromaticity values of carbonized Imperatae Rhizoma

%y L a b* Ean’
&1 0.131 0533 0.537 0.198
S-FEHILREES 0.8547  0.9217 0.842™  0.824™
&Y 3 0.460 0818~ 0769  0.521
WL 0.676" 0.918™  0.880"  0.725"
&5 0.895™ 0.957™ 0991  0.928"
MnmERR 0.479  0.808™  0.675" 0.526
SRR 0.975™ 07777  0.890”  0.979"
&8 0.783™ 0919  0.871”  0.815"
&9 0.874™ 0.794™  0.877™  0.889™
(G 0.964™ 0.684" 0.794™  0.954™
4-FHR 0.079  0.630" 0.532 0.156

HFI*RE 0.05+ 0.01 2l (D, FEHERE .

* and **Significant correlation at the 0.05 or 0.01 level (two-tailed).

t[1234]

M7
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M9

M10

M2

Bl Jﬁ
Ml

M3
M4

M5
M6

3 FRRBENSER

Fig.3 Cluster analysis results of carbonized Imperatae Rhizoma
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t1]
El4 FREREZERDH PCA S57E
Fig. 4 PCA score plot of main components in carbonized

Imperatae Rhizoma
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2 M4

1 Cogy® o
0 M7. M6

-2

t[1]

5 FHRKEBEMEMN PCAFHE
Fig. 5 PCA score plot of chromaticity values for

carbonized Imperatae Rhizoma

A G R R BE B, AR T Ry TR
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0.5 @57 R
0.4 ° 047 T
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02 ° oltLts
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p[1]

o Em 3
o WA

6 SFIRKEEMTH PCA TEHGTE
Fig. 6 PCA variable loading plot of main components in

carbonized Imperatae Rhizoma

253 B/ D ZFiEH I (OPLS-DA) - 3K
i SIMCA 14.1 A4 AAS [ ) B[]0 S AR A R 3
A FF ARV IR AE X W T AR A A B EAT OPLS-DA 43
M, FT@LRER R%=0.886, R2y=0.896, Q=
0.858>0.5, RUIZEH . 77 B ER, ARE
I EEAR R KA #2508 3 2%, Bl M1~M2 A—
J5; M3~M6 N—33; M7~MI10 A—, LK 7,
DI AR B BN (VIP) >1.0 MR E R, 3k
BT S ABERIREY: SRR, e,

4IRS SRR S 5, W] R B S AR
IR FE R R, A AR R T U T
Rt —EW 71, WK 8.

=
g o % s -
él‘*z M6 ®
S 4
—6

-10 8 6 4 -2 0 2 4 6 8
1.000 92%¢[1]

7 iR% OPLS-DA 347
Fig.7 OPLS-DA score plot of carbonized Imperatae Rhizoma
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Fig.8 OPLS-DA VIP plot of differential biomarkers for

carbonized Imperatae Rhizoma
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AHFFFKF SPSS Fifh,  LAAS [FIE I )b 5
R A AR U R AR O e [ A 9 AR B3R AT T CA 43
Hro KH SIMCA A, 435 LAAS [RIHE il i (R k25
R ) A5 5 A0 DA (18) A 0o U i R R 8 52 D A
177 BB PCA i, HEREEE MY 2 A2
MAERRR, WEFEARHAR MBS [FER L
AN R 1) S T) b 55 PR A AR A0 U 149 A %o U T A
NAF BT T A B OPLS-DA 204, Gk 25
Ak, 4R EH, CA. PCA F1 OPLS-DA 7354
ANFEEHI AR 708 17 3 28 Bl M1~
M2 N—3K, M3~M6 N —3K, MT~M10 H—K.
At A VIP BSA0mIE 1 552 FRAEE | Fask s
I8 2 MEEY), VIP BIETHIEH T 4-F 5K, )5
FRAIA S 5, X872 b B ALE I W or iR ot &
J7 T EEH — 2 /1. Kk, CA. PCA 454 OPLS-
DA St E R BoAb e ELAHESE, L[ R A
T3 BT AN B o R B 5 AR O ) B0 5 8 oK A FEAE
AR AR KRR, [RIATaE— 22 o8 f R B A )
T ZFA o A A AL AR

BEE M R R, B R (a5,
OB P %) R o 0 T B B A1, 3K ] g 5 hn A T
K o LG O3, A ] 0~12 min i 2
i, AEYD 1. 55 B AR A R U T AR
5, 12min ZJ5 8RB, W 12 min 2 — A E
BT, PEIRIE, 5-FRHERRREE 2 Maillard [ N 7F
Y, FEMLHS AR R Hes R AR, SR,
T 5-5 F BRI EL A 0L 25 34 FHUSY, At 75 22
XPHAT BB, N ARt 55 g
R BRI SRR M T2 S 541k
HATHEFC

R TR M R B AT 8 A R AR B — e
L, AW AR A R [R] 42 S i it R 0 3 f 1
il B EEATIIE A, BeMS LI S B
5RO EAAEERE R, AR EA R SR IE
gl Eih. W07, ARRFFTEE T A AR R
I FR RN AE R RS ME B ) A L, R I
8 (L% a* b'\ Ea) WA HIHIFE RIS~
e, HEFRmH 552 . LEw 5. SR
B2 ALEY) 8 LB O HIAHNT UG AN 24K 23 1E
FHRK R GG AT Rv 5, AR EE—
SEFERE b AT DATIUI e 8 T i oy 19 T B o 4, mIE
FPA AR R M) T2 B AH S8 bR . HCAL PCA Fll
OPLS-DA  #5) A] Y A [7) M il B[] () 28 MR AR TR 40 M
3 %, HX¥% OPLS-DA ik 321 5 2 FMr &
VIS5 R 5 JE AT 2 S AR . e
Y5, @RI 3 ARG, RS AEY) 5
BT IR AR ARIN, FEXT 5-32 FOLMRRS AN 40 R IR 4T
WiE. B, ERERSPIEE—E R IR
T HANHMERAERI SRR, ENIMNAFRBFATIN L
XA EAT R, HERIRASFHR M R EAEES
25 B AR A 2 TR R DG B B 5

gi b, fEFMRmIAHIE RS, mAREEES
SRS R AR Ry, R EEAE B TR NS
HHIFE R PR AT AT I, A5 T DU R . &
VA S AR R T B 1) Aw, B X 2 S AR ol
2 R R bR, NP ARR T A B T N BT
J158i2
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