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Difference of different processing time of carbonized Imperatae Rhizoma based
on fingerprints and chromatic values
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Abstract: Objective To investigate the difference between UPLC fingerprint and chromaticity value of carbonized Imperatae
Rhizoma of different processing time. Methods UPLC method was used to establish fingerprint, and spectrophotometric colorimeter
was used to determine the chromaticity value (L*, a*, b*). And the correlation difference between UPLC fingerprint and chromaticity
value of carbonized Imperatae Rhizoma during processing was analyzed using various analytical methods. Results ~With the
prolonging of processing time, the similarity of carbonized Imperatae Rhizoma and Imperatae Rhizoma gradually decreased. The unit
areas of peak 1, 5-hydroxymethylfurfural (5-HMF), peak 11, and p-coumaric acid first increased and then decreased, while the other
common peaks showed a decreasing trend. The values of L* and b* gradually decreased, while AE* gradually increased. 5-HMF, peak
3, and peak 9 had extremely significant or significant correlation between peak area and chromaticity value. Two principal components
were extracted by principal component analysis, and the cumulative variance contribution rate was 88.870%. The results of cluster
analysis showed that the samples processed for 2 — 6, 8 — 16, and 18 — 30 min were clustered into three classes. The results of
orthogonal partial least squares discriminant analysis showed that peak 1, a*, b*, peak 3, L*, peak twelve, E*, and 5-HMF were the
main indexes of quality change of carbonized Imperatae Rhizoma during processing. Conclusion The chromaticity values of
carbonized Imperatae Rhizoma at different processing times is closely related to UPLC fingerprint, which can provide reference for
monitoring the quality of carbonized Imperatae Rhizoma.
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HF RN ARARBHEY H S Imperata cylindrica
Beauv. var. major (Nees) C. E. Hubb. ) Tt 2501,
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B K3 RS2 BRI A R 14158, izl
TR SU UG A2 X 2 B AR A 27 il 53 RS A s 26T,
H T 2 Fa U 45 At BEAR I s O AE A 25 28 51
o PP AR e R ) A5 g T R P 2 8,
T, AW IR T R R M i B R ) Fe GBI
[ S 0 5 28 AR AR R A R B L FE AR, B 52N R Kbl
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TR T2 RERES% .
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Waters H-Class 24 /= 507 AH €435 A3 (36 IR R
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10 #EESPARO P AR 1, &) AR — Il 2
AR AT NG AR 25T & E N E S Imperata
cylindrica Beauv. var. major (Nees) C. E. Hubb.f T

PR, 7 (FREZGHL) 2020 AR —E8 AR
. BeEiE (S DSTDX001503, i &%
99.58%). BaZkJRER (fit*5 DST220104-035, Jii &4
%5 99.3% ) %of e ity 34 g 4 AR AR DR IR A ]
GHEER (HitS 110753-202119, JFi &% 96.3%)-.
neERR (S 110885-201703, Jii 3% 99.7%) .
A-F G (L5 112037-202102, i1 99.7%).
5-¥2 FHJLRERS (JiE5 19060403, J5i & /3% 99.0%)
o i 38 e 1 H R 24 A A AR
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Table 1 Origin information of Imperatae Rhizoma

95 P G5 7

B1 LI =M T B6 TR A R B T
B2 LA =TT B7 {1 R A R B T
B3 LA =M T B8 IRy S=hit]
B4 LI =TT B9 LA =M

B5 tCIR| =i e=dic} B10  &HAHZEM

2 RAEEHER
21 FRRIRAHRAEIE

WAFIRE (45 B5), WE M InHAThE
N 1000 W, 4RiRiEF] 260~270 C, ¥ B H4R
P, A Omin &2, RERE 2 min BURE 1%, U,
RIAFAN [F A IS 1) (R S AR R T, 6 SR G
KN M1~M15,
2.2 UPLC iEQEERYENL
221 @i 44 Waters HSS T3 ik (100
mmX 2.1mm, 1.8 pm); Jahi: HEE (A) -0.2%
File (B), BAREEVERL (0~20min, 5%—8% A; 20~
50 min, 8%—25%A;: 50~52min, 25%—100% A;
52~54 min, 100%—5% A); Kl K. 325 nm;
AR E: 0.3mL/min; #HiE: 30 °C; FHifE: 1pL.
222 XTHRSERMIH S o ARG S AREL B-FR Sk
HHORRRIS . BTt iR WNHERR . SRR . PR st IR R
A-FERAIRMNERE, B TR, o B RRR
B/ H 12.55. 38.98. 21.14. 39.91. 21.36.
51.74 pg/mL (PR AR SER, B
223 HHAMIERPIRES A REESFRT Y
MR MA GE =50 4059, MERKE, &
HIEME T, RZIMA 10%FEE 20 mL, FRE R
&, & (300W. 40kHz) 30min, A, FRE
R, FH 10% M A 2ok R, RRA), I,
IR ei, EpfS.
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E1 B3RIKH UPLC BmisgEig
Superimposed UPLC fingerprint of Imperatae
Rhizoma

Fig. 1
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B2 FR&iKF UPLC BMESEE
Superimposed UPLC fingerprint of carbonized
Imperatae Rhizoma
228 FMmEILIE P EESSRE T RH
(rh 2y iR SRR RS (2012 415D
XA FRHER AFARDT (9’5 BL~B10) FIA R
HINESE AR R K (95 M1~M15) HEATAHBLEE VT
fir, BAgi5 Bl M1 FEG R NS KL, BoErS
) & 56 9 0.1 min, K 2 SR IEVEHEAT (i g L
Bie, AL EE AR B SR SRR TR FR X HE
FRALAFESE LA 2. 10 St E S AR S AR AL 38K
T 0.900, FHIAFHE IR A 2 o BoAT B
o —3ett, R ZE BN B I A e,
PRI 595 ML R b 1 A B0 2 38 3
i o 24000 il [ AT 6 miin, 5 AHALLRE AT+ 0.800,
R PR M Ja e B kA T WA
Fz2 HAMETNER
Tab 2 Results of similarity evaluation
i MBUEZ | 45 ARRUE | T MHBUE
Bl 1.000 B10 0.957 M9 0.499
B2 0.987 M1 1.000 M10 0.549
B3 0.995 M2 0.941 M11 0.545
B4 0.975 M3 0.808 M12 0.546
B5 0.975 M4 0.627 M13 0.534
B6 0.996 M5 0.606 M14 0.530
B7 0.974 M6 0.633 M15 0.580
B8 0.992 M7 0.613
B9 0.987 M8 0.590

Fig. 2

435 LS ot g BT I TR O AL b, DAL
B R AL AR HEAT B 8T, S5 SR LR 3. BEEIR
HIRNF A ZE K, 1 1. 5-HMF. & 11, 4-F G RE
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Table 3 Variation of unit peak area with processing time

-5 EVEpap r
I 1 Y=-2736.8 X2+73460 X+219072 0.644 1
5-¥2 FHELRERS Y =-656.57 X2+25 851 X—69 887 0.912 7
I% 3 Y=182.44 X2—8221.7 X+95085 0.9785
I 4 Y=-11.937 X2—711.22 X+33599 0.8351
ek R Y=-5.1924 X?—2 435.8 X+74 268 0.8741
I 6 Y=70.865 X2—8 611.2 X+209 473 0.9339
BN E R Y=112.65 X?>—4 5245 X+40480 0.7701

SRR (S)  Y=153.65 X2—26 835 X+729881 0.9212
% 9 Y=464.13 X2—20 054 X+210 606 0.905 6

[ 2% i R Y=-40.062 X3—764.8 X+62205 0.816 6
4-F R Y=-158.9 X2+4250.9 X+11 621 0.4513
1% 12 Y=-181.45 X2+5742.4 X+54 605 0.365 2

23 FWRRRAMAREEENE

K F A I GG SR R, PR R A ]
CIE (L*, a*. b*), Wl & JJE A D65, MM FE 10
ZHARKIEE, MAFSFERE L*, a*. b*; HAL*
KRB, LK, REBK; a*RERASE,
FUERE S G, IEENAREFL G, b UREEH, i
HARFE S, EEAREEN, 0P S TATE
3K, BUPMIME. LASFRA S (BL FEBARN
PR ST, POZ R I L* a*. b* AriE(E,
WE 15 ) mre i SR E R A ZEE (AL,
Aa*. Ab*. AE*), WL 3, B AREEMHNZE 4.

AL*=L y—Lo*

Aa*=a yp—ao*

Ab*=b —ho*

AE*= [(AL*)?+(Aa*)2+(Ab*)2] 12

FEFARBIEH LR, LHE M 73.85 525 T &
F] 33.53, HJJF N4 56.67%, SiZWiFAESE, B
JH] 20min (M10) J&, L* RPN, a*H 25k
FHiEBERES, M BL 2] M7 ], a*H 21N
%, S 7E M8 3] M15 MU, a*(i Gk
# b*A 24.92 1FW R FEF] 1659, BIE(H T FE
33.43%, EfFHKEH. EXMUREEME, fEMHRE
i, E*M 78.00 FF%F 38.42, mEE BT
50.75%, HEHREA L* N FRIE BEROCE O, Ui B RE
B ARG . MR B AR W T =, R

P Z2BMETH K. HAEX KT 12.0 i, A&

Dl AR 204 25 i B SR R I 120
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Fig. 3 Color images of carbonized Imperatae Rhizoma at

M1

M5

M12

different processing times

®4  TRIMEHIETEX SRR A & EERFE

Table 4 Effects on different processing time on chromaticity

values of carbonized Imperatae Rhizoma

In5 t/min L* a* b* E* AE*
B1 0 7385 300 2492 7800 0.0
M1 2 7378 409 2612 7837 162
M2 4 7251 535 2609 77.25 2.95
M3 6 6059 927 272 67.06 14.84
M4 8 55.99 1099 2841 63.74 19.87
M5 10 5017 10.75 2638 57.69 24.96
M6 12 4640 1043 2475 53.61 28.44
M7 14 4670 1122 2585 5454 2838
M8 16 4236 10.35 2347 4952 3237
M9 18 3759 977 2031 4383 37.17
M10 20 3618 939 1878 4183 38.70
M11 22 3461 980 19.30 40.82 40.22
M12 24 3492 959 1872 40.77 39.97
M13 26 3514 974 19.10 41.16 39.72
M14 28 3200 911 16.80 37.27 43.07
M15 30 3353 874 1659 3842 4157
BI1E 4790 885 2267 5399 27.12
R/MA 32.00 3.00 1659 37.27 0.00
SN 73.85 1122 2841 7837 43.07
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2.4 1EHEEIEPFRREE SRS KESHT
2.4.1 AFMESHT FIH SPSS 20.0 XAl St
FEAA L*, a*. b*, EXEH TS (R 5). — A
N, FHXRARH=0.8 B, SEMK; 05<|r<0.8
i, HEEAE S, 0.3<|r|<<0.5 I, MIREAHX, |r]<<0.3
W, BEACAHOCRY, Horblg 1, I 12 5 L*, E*A
s U 4, BetEmR. 16 6. SRR, BRARRS
a* P, 5 L*, b*, EXEAWEEM (P<0.0D);
S-F2 W B REIE . 1E 3. 1% 9 e E R AR
PEER R EPE (P<<0.05. 0.01); MIMERS 5 (0 L*.
a*. EXEAREENE (P<0.01); 4-7F o R AN
(AR LA IR TE R OGP, 3R I BE A R 2
FERIR, AR HR RS 4 Lo A T Ak
242 FRA AT K AR B R] 5 AR AR R
PRy BT o0 T DS D T RPURD €5 P52 (i 44 SN SPSS 20.0
BAHATR T 00, AR NER 6. LMRSUERT 1
NPEEUbRIE, 18 EIRT 2 A 3R BAR T 2 vikR
o}y 88.870%, AR b AT DA T RAEFAR R Fr (5
EAFESUERE R E . 56 1 Er EE Rt
I 3~k 6. ZEERR. Wk 9. BREERIERE, 2
TR EER I 1. 4-F G, 1§12 ER.

x5 FIRKRMEHEEPHBEEERRS EEEMNEXME
vk

Table 5 Correlation analysis of mean peak area and

chromatic value of carbonized Imperatae Rhizoma

Y2 L* a* b* E*

i 1 0.156 0.639"  0.645™  0.226
S-EHSLMERE 0833 0.666™ —0.548" —0.809"
i 3 0.971™  0.749™  0.692° 0.952"
it 4 0.811™ -0.181 0.895™  0.839™
Wiak R 0.857™ —0.230 0.933™  0.885™
i 6 0.908™ —0.325 0914  0.927*
MR 0.814™ —0.916™  0.403 0.775™
xR 0.891™ —0.293 0.915™  0.912"
i 9 0.921™ -0.768™  0.607°  0.896™
Bt IR 0.763™ —0.130 0.867™  0.792™
4-FHEGWR -0.196 0.411 0.037  -0.167
it 12 0.127 0.532™  0.555"  0.189

*TE 0.05 g CRUMD, AHICHE R T7E 0.01 Zl (U, FH%
IR TE

“at the 0.05 level (bilateral), the correlation is significant; *"at the 0.01
level (bilateral), the correlation is significant

+=6 IELEMAEREE

Table 6 Characteristic value and variance contribution rate

o Iy GE DL AE OV IE PN
it FETRE%  BRUTE TR % ait FETHREIS BB TR %
1 7.461 62.176 62.176 7.461 62.176 62.176
2 3.203 26.694 88.870 3.203 26.694 88.870
3 0.711 5.926 94.796
4 0.255 2.124 96.920
5 0.211 1.756 98.676
6 0.089 0.746 99.422
7 0.038 0.321 99.742
8 0.021 0.176 99.919
9 0.005 0.039 99.957
10 0.003 0.025 99.982
11 0.002 0.017 99.999
12 0.000 0.001 100.000
243 T4 Hr RHA SPSS 20.0 BAxf ik 6 min RONEE 1 2%, JEHIN (A 8~16 min N 2

for W T AR AN L FEAE BEAT SR Hr s SRAT AL e) a4
%, CAERECP TR I, 45 R LK 5. HRK
PEH 5 I, 15 HERERL AT A0 3 2K, SR IR 2~

J, M E 18~30 min A 3 J.
244  IER WA HRIEHA D M T
DX AN [ M R E S AR R it 2 T 22 5, SR
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Fig. 5 Cluster analysis of carbonized Imperatae Rhizoma at

different processing times
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NFER R RR S E R . B H
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0.772, ¥JKT 0.500, 1iF B LA B HAT BT 1)
el b g o FITINGRE 71, BefE T 15 ARSI
e E At B2 TR, gtk — RIS R I g SR A
FHM, RASMNTRA AT B kL, DGR
HIA BRPERY . B E ARG IREON 200 IR, 7321 E
fr gAY I UE AN 8 6. B R2, Q23 E T il
AR A, HRT 05, JFH RA QXA[EIAZ A4
BT 1, ISR S A R, Bl
MR

oR?
8 Q?
1 e |
0 -
-1
[ |
-2 [ |
[ |
-0.2 02 06 1.0

200 permutations 2 components

El 6 BEHRQHREIIEE
Fig. 6 Permutation test
PLERRER g B, 57 OPLS-DA 1973181,
SERWE 7. WLV, 15 SRRSO 2 3 3K,
SR GRE 8 IR 3 HREMIZE R R,
SRR S, VIP EILE 8. 7E 95%M) B E
XTI, —Raks VIP (5> 1 1F 0wk 2 5t s

fIFEFR, $2ELT 8 N VIP (VIP KT 1), 435k
g1 (1.2407). a* (1.2361). b* (1.0511). &3
(1.048 3). L* (1.039 9). % 12 (1.038 4). E*
(1.027 1), 5-2HIILHERE (1.0056), HEN k5
ARG IS AE I 2 sy, BA X AR R
L 2% ST T

4
@05
@2
o: ®:
‘2.‘3“\5 ®:

0@

1.005 21*t[2]
o

|
~

-10 - 2 8
1.001 55*t[1]
7 TEIMEHIEESF R KR A E) OPLS-DA 528~ E
Fig. 7 Score scatter plot of OPLS-DA of carbonized
Imperatae Rhizoma at different processing times

i
1.2 -

0.6

VIP pred

12 3 4 5 6 7 8 910 11 12 13 14 1516
Var ID (Primary)

10§ 1 2-a* 3-b* 40 3 5-L* 6-0f 12 7-E* 8-5-FRHIELME
B Ol 9 10-BILRERR 1140 6 12-WHER  13-SEIR (S)

14-0% 4 15-FALHEIR  16-4-FH R

1peakl 2-a* 3-b* 4-peak3 5-L* 6-peak12 7-E* 8-5-hydroxymethyl
furfuraldehyde 9-peak 9 10-neochlorogenic acid 11-peak 6 12-caffeic
acid 13- chlorogenic acid (S) 14-peak 4 15-cryptochlorogenic acid
16-4-coumaric acid

El8s ®“eiLlfEEmMRMEaEEN VIP E5E
Fig. 8 VIP score plot for peak area and chromaticity value
3 g

AR HIF 5T T AR € 3 06 B S U T R R VT
Wrdabr, 70 3R &R T iR R SRS S
E A SRS SR AT 0T . B ARG Al LA
o U PR o7 W T AR5 60 B2 AR PR RE DR AR B2 S L B
ERENE, GEHURW] SRR, e 3. e 9l
A R A R e 2 (P<<0.01. 0.05), 454
F RT3 BRI HT AT OPLS-DA, AN [F) i il B[]
ISP ARR R T LI 701k, TR a3k — 20 4 7e )
FRRYT R ZRAREY . LRI A
E— @R PAHEENE. AHBEANE, BT 7
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AR T IS NAE T IR R

FRORTEMHIFE A =28 T 558 H MRS, 2
S i Ve TR AR B SR B K By, T A 2k R A ]
a X 4. 5-F2 AR VR MR A =4, |z
AELE TS W R AN e, B #hast
FEH, AR S R ARRS, SRS, FARK
VR L L ) =3 T e 4 L ot P ) 4 6
S5 N [A) A T 38 2138 5 1 - A 270, (SR AR I Ik
J&, ¥ RS RRER A N, H H AT A
fiiE S-SR S R EH AR — e R, H
DA 5-% FHRMRIE BA XM 2538 E R, BEA DU, TR
JHF SO VR A S 2538 E 28, R —E W
BALFE AEFHEEMEASOR R, PR AR i A
FOREINHAGE A, PLA 555 H SRR A v AR 2L
b S ML R TR R RE G, R BR 2R R ER . Wi
HERR . ZRIFER. FRSRRER. 4-FE ) Mg HAHS
HIL T AFRFRER R, X5, sy
HIL R G

FP R A%, EEEH =, b
. W, AIBRME S RRERS, HERUK
FEEMBAL, MIRSUEIE A H, Akl
i~ W NG S AT BRI oy . BRI AT R R
A AN E L 2 E o i, iz ES R TR
P ZE . HEME—MK. B, AR PR
PR ISR b, AT YRR o AT AR S E
My iR R B — AR e, fE—ERE bfF
TEAHEL A0, S X A 2P AR B AR R 33T 5 =7y
Hrist, ASREAACI E Fe—A sy, AT RIS 75
() AT LI 7 A . SRR T ) 558 R L
P A i 2 it RG] ot BT X 43, 7 B 0] 47
E, FEREEET 5-F% MRS 1) B i, RIEIRIR 2
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