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Correlation Analysis of Color and Effective Components Content in Moutan Cortex before and after
Carbonized

CHEN Xin, HUANG Maosheng, MENG Jiang, WANG Shumei (School of TCM, Guangdong Pharmaceutical
University/Key Laboratory of Digital Quality Evaluation of Chinese Materia Medica, State Administration of
Traditional Chinese Medicine/Engineering Technology Research Center for Chinese Materia Medica Quality of
Universities in Guangdong Province, Guangzhou 510006, China)

ABSTRACT OBJECTIVE: To study the correlation between the color of Moutan Cortex and the contents of effective components
before and after carbonized, and to provide reference for identification and quality evaluation of Moutan Cortex and its charcoal
piece decoction. METHODS: Using colorimeter determination of Moutan Cortex and Moutan Cortex charcoal decoction pieces
powder chroma space parameter [lightness value (L'), red, green and component values (a’), yellow and blue component value
(b") and total color difference value (E'ab)], HPLC method for content determination of 10 effective components (gallic acid,
5-HMF, catechins, oxypaeoniflorin, paeoniflorin, quercetin, benzoyl paeoniflorin, isorhamnetin, paeonol, kaempferide) content
in Moutan Cortex and Moutan Cortex charcoal decoction pieces. On this basis, the correlation between the content of effective
components and the chromaticity space parameter of a color was studied by SPSS 21.0 software. RESULTS: There was no
correlation between gallic acid content and the chromaticity space parameter of a color (P>0.05). There was an extremely
significant negative correlation between 5-HMF content and L', b°, E'ab (P<<0.01) , and an extremely significant positive
correlation between 5-HMF content and ¢ (P<<0.01). The content of paeoniflorin was positively correlated with L, »" and E'ab,
but not with &~ (P>0.05). The content of oxidized paeoniflorin was positively correlated with L" and E'ab (P<<0.01), and
negatively correlated with a° (P<<0.01), but not with »° (P>0.05). The content of catechins, quercetin, benzoyl paeconiflorin,
isorhamnin, paeonol and kaempferol were positively correlated with L*, " and E'ab (P>0.05), and negatively correlated with a’
(P>0.05). CONCLUSIONS: Chromatic aberration technology can quantify the color of Moutan Cortex and its charcoal decoction
pieces, and there is a significant correlation between the color of Moutan Cortex before and after processing and the content of its
active ingredients.
KEYWORDS Moutan Cortex; Moutan Cortex charcoal; Content; Color; Correlation analysis
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(I, , S FLE R ML B R A B (L) (T a5y
HHE (o) VEETE 2> (A (b)) X B 0, e A 7 Bl Ak F R 1,
AR, (22 AT e B i (2 Jr T b A 22, an T g
SR 221 T S B R UK R B 5 BB A B
EATAH AT, SEBL T T8 A 50 2R o it A PP PR 5 7%
BB AR 022 TR ACE B R 1 0 22 (4 70 e
S ROy AR AR IR 2 SR A DI BR R A 1) 5 1
FHICIE , AR F SN R R R T 25,
I, A TE R B 0 22 T E X k3 B RN P B A Ry A a0t
T3 BN A2 | W 15 G 10 B 45 B iR 1 7 % A A
b, 5 HA RS (& & TR 5-HMF JLAS R A LA
9 AT MR R R AT SRR PR
By 1028 ) S B A TAHSEERIFST , T e R R 7%
TR 1R S0 R e AR PR AR

1 w7
1.1 {88

CR-400/410 £ % 8 22 11 . CR-A50 #5 A I 3k £ .
CR-A33e B E B Y6 AP & (H AR JE R EREIR A BRA
F]) 51100 R4 S 00 AH 3 (HPLC) R4, Bl — 16
F AR B A R i (36 [ AR 2 ) s CY-20 KB 24 L
(T FAT BL s BHARILAR) ) s TP-105A 75 14 £ T RE R AL
KRBT A TSARATD .

1.2 Zym5idH

10 b4t PE Kz 2544 70 5104 3K T 10 A AR A X, fl T
IRETRF R 2y 2 B X A B 5 2 ¥ o0 B RHE Y
%I} Psuffiruticosa Andr. i THRAR B2, 25 B IS 2 %
BT T2 B GRS A ORAF, I T 3R TE K
TR 5 LA B Ol &2 R E R A PR | L it
5 : MUST-12050702, £l i - =98% ) 5 11145 25 X R (4t

FEHE 2019FEF0FFE1TE

5 :110861-201310, 4l . =98% ) . 57 Fl2= 2 %t I b (3L
5. 110860-201410, 463 . =989% ) ¥ [ [E £ 5 25 i
K 2 WF 5% B¢ 5 5-HMF Xf B8 b (45« 150802, 4l fiF . =
98% ) & B TR XS BE i (AL - 140801, 4l . =98% ) |
SEALAT T IR AL (5. 150822, 4l ) . =98% ) Aj2h
FXT R (A5 2 150609, 261 . =98% ) ik Bz 2% BE b
(HE5: 140425, 4l B . =989% ) Fil 2 HY Tk A 25 1 % BE iy
(L5 : 150903, [ F . =98 % ) ¥4Iy [ 4R oo 1% ¥ 4= MRk
FoA WA A5 FF R By B (R SE 3% A i, iS5
20150708, 4l : =98% ) ; LHEFH R Ry (i 4l , /K M
alik, HA RN A b ali o HEFE Bz 25 MR L35 1.
x1 HAREHWKRBEER

Tab 1 Source information of Moutan Cortex

Hedh [ e H

RMC0! Wt e 2012-12-04
RMC-02 1 T 2012-12-20
RMC-03 el 2013-03-04
RMC-04 R 1 2013-03-26
RMC-05 TR WM 2013-04-29
RMC-06 I 5% 2013-05-01
RCM-07 P g 2013-05-13
RMC-08 gl 2013-05-06
RMC-09 J Rk 2013-05-17
RMC-10 RIS 2013-05-03

2 HEEHER
2.1 SRS R R &
211 HEFFEUOT RS AT U R 25k,
Ve RN W T MR 5 S0, A
2.1.2 AEFFE B ARSI A B A
YA T H B b, BE2015 45 i o [ 24 8i0) (g ) 3 Dl
0213 kb gL, I35 45 IR 2 i A O iy M ) T2 250
K0 A SR SRR, TR R . BB S,
it 545 0, RP AT (X R AR R A & 45 S PMC-01~
PMC-10).,
2.2 HAERMXREIEHRENEESESHNE
KR AR 227143 BIGHAE P R AR S AL R o A
HRUEATE P o BRHERE SN E 5 U, BOF %,
ZAE R UR Do, PSR AR L 20, BRI 1142 50 mm, {2
22 (AEab) 75 0.8 LAWY, T 52 M bk 1A 25 (AE ab) 7
0.07 AN, IO =S BB L " b AT PR AL, B
ZEH(E'ab) =[(L")*+(a" ) +(b)]",
2.2.1 KEWEAELEE BUREGE RMC-01 35 i, 78 [7]— i fa]
RIS 2 P 0 3 2 TR S, B I 5 O, O
5 L a b RSD 43 3 4 0.07% . 0.67% 1 0.14%
(n=5) , RUULZHEH R IT .
222 HEARFOGZWME MR EEZLE B R
RMC-01 ifi fit, & F [ — B4R, 0 e Rl — RIS
[7i) isF 18] 45, (8: 30,11 :30, 1430, 17: 30,20 : 30) i+ i {1,
(8 €2 18 25 ) S8, B Bk i) o5 3 A0 6 6 0, O J418
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25 L' a" b I RSD 43 5l 5 0.92% | 2.73% F1 2.01%

(n=5) , FRHI TR XA LS RS

2.2.3 FEAEMEFELS  BUE A RMC-01 3 i, & T [A]

— AL N A BICE 0.1.2.3.4.5 dJE TR B

RS (R S0, B A o 5 O O 3ME . 45,1

a b'BIRSD 435 1.14% \2.76 % F12.21% (n=5) , &

FEin 5 dINFRENE RTF

2.2.4  HEPFE RHFY HE AR b B I 40 B S ] S 400

FE L0 HEAT PE R R P R AR 4 C2.27 IR

Ty TERRAE DN A i B ) 8 B S TR 2800, B R AR 2.
F2 HAEMEAERMBRAOBEER

Tab 2 Color information of Moutan Cortex and Mou-

tan Cortex charcoal

mn IR i ¥ Eib

FedS —c e R mC R PG R PG
0l 78 307 150 48 531 508 S804 3168
® 958 3514 347 3B 58 227 00 3539
0 5193 36 38T 30 697 358 025 3601
o a7 356 35 3% 5B 38 4826 359
05 838 3668 15 440 540 476 865 315
06 OB 3680 336 418 595 4T3 5020 3734
07 661 34T 20 49 645 5R S8 IS
08 965 B8 Al A0 IS 409 5039 363
09 641 3631 220 431 678 403 5686 367
10 520 BT 38 40 I8 31 5% 3605

2.2.5  HHFF R AP R B 25 TR AT MG REAS S
SRyt Y Bz ARG P R e ., SR A SPSS 21.0 B4Rt A 7
FSEA T RTINS (0 4t F B Fn A F B o B3t 6 1 £ i
2B EEIEA T MG ZICIES R 225500,
HERE KruskaWallis HRFIRG IO $E7 7204 o DAL 2 #0
YE YR 4y A R oy 4 AR B AT R R P R e i L
a b KA R, 4 KruskaWallis H A6 & B, 411 Kz Fil
YEPPEE R L a” b B 43 5 14.286,9.143 (13166 (P
¥1<0.01) 4548 H,, 52 H, WINRE B RIE A B E
PSR,

2.2.6  HHFF R AL FE R BN T AR R
SRz AL PR R PR, DAAL) R 4 AR i A5 )
TP R LT R e B R 2 B 2 R S0k A AR e, 9 L
VEMINGREEREAS . R SPSS 21.0 A L L \a” b N
AR B R PR AR [,
Xof J) ) PR RS AT I IE o ph 2L ] 2 (R A A T 4 SR ]
MW, BAE L @ b PYY<<0.01, EIFEHI BIRECH L.
a b YEGHFEE L a bR (S W2 7] 25 5 7
| AE BT 0, 21 (] 22 57 R 3 ) 43931k 0.092,0.603
0.364, Hoih LAY AME B £231 0, B0 AT A K L7 1) o A 2
X H Wilk’s Lambda £ 50 25 5L 6 7 1 LAY 51 R AL, A
{4 0.045, P=0, FI 51| s ECH e i 5 3L, bR ik Ji il
I R EL =2.794 % L' +2.839xq" — 1.421xb", JE b i Ak i
TR ) R %L =0.987x L +3.816 xa" — 1.575xh" — 49.308,,
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BEREAR B A TR AL L H 5] R K, A5 245 REAR Y
PRI, PRBUE R T O REAS  FI B P} 2, e =2 H 5]
“BEFREz B Fisher B2 2 R E 53 3 M 4P B =
71.904xL'+334.979xa’—159.175xh"— 1 895.500, 4 F
St =63.282xL'+301.656xa" — 145.960xh"— 1 464.970, ¥
FEA AR A Lt 0 1) = ol 5, 75 o 7 A eR A
{8 B BEAR A T A5 sR B E SR 43 4
23 SHHESENE
2.3.1 FERMAWGEIR MR RR 05 g, BT
50 mL HLZEHE TR D, 1 50 % HI i 50 mL, %5 R (1)
2300 W, H K 50 kHz) #2£ B 30 min, 4% J5 4 20 000
r/min &0 10 min, B35 W% % 2 100 mL S,
50 9% WP RE 2535455, 0.22 pm A LUE gt , RIS
2.3.2 APELME S AL AT R P R AR
B G b2 i O T8 . 5-HMF LS b2 .
ATESTT Mt 2R ORHBEAT T R AR P LS
R) R RY, Ak AR ik Uld-
mate TM XB-C5(250 mmx4.6 mm, 5.0 um) ; Ji shA -k 2,
i (A)-0.1% R KW (B) (VIV) , B BE e i (0~30
min, 5% —15% A; 30~60 min, 15% —50% A; 60~70
min, 50% —95% A) ; kil i K 4 254 nm; AR 30 °C
W34 M 1.0 mL/min; PEFEE A 10 pL,
233 JIktEEE FRMEM T IE AT AL
IR, 10 BT PORRE IR 2R T BRI AH C R B R 34 >
0.999 1; 5 I B i St PR ] 49 991 A 2.4~37.5 ng I
0.011~0.258 2 ng; fERG % 5 4, H Py L H (3] ) RSD
SR 0.16% ~1.97% .0.39% ~2.06% (n=6) ; fEfa E
PRI |, I AL RSD 1 <<3.0% (n=6) ; -2 [ iR
$191.8% ~109.5% ,RSD ) <<5.0% (n=6) ., %R FH],
TR UWER AT AT
2.3.4 PR PR R AR A H 10 AN OGS )
W BB R PR R R R $22.3.17 T 7l
BCRE VAR, 242,327 W R AR UEREN S e S
B IR R BRI R E 3K, 4
23,
24 fEXMESH
2.4.1 B S55PF RIS TR BY Pearson MHOCHES T K
FEAR G N4 FT Bz 2l G FF Rz e e, LA 510 A 78
L' .d" b .Eab NHA: 5 FIFH SPSS 21.0 4 X Hik 17
Pearson AHCPERG T . 455, 45 L a" b E"ab BAH G
P 2043 9 —0.953.0.630 . — 0.797 . — 0.955, XU Ail] P
¥1<<0.05, Al 4P AP IR ET IS S5 LT\ b" Eab 5 B 2
PEGFARSE, M5 o W) 52 B g P IR A G .
2.4.2  BESAE RN 5w iy Pearson M PE M A
FH SPSS 21.0 F A X4 PRz At FF B s ik | 10 54
B G SO EZSMBEL o b EabilF17 Pear-
son ARSI, BRI R 4.
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x3 HARMHESERBRFIONEFHHSEENELE R (ng/g,n=3)
Tab 3 Content of 10 kinds of effective components of Moutan Cortex and Moutan Cortex charcoal powder (mg/g,
n=3)

55 hETR 5-HMF IFZ AL REi iz B AZ FREE FHiH WEZ
RMC-01 10.01£0.08 - 041£0.010 1.55+0.010 3.56%0.05 0.13£0.03 8.58£0.02 5141021 12.02£0.13 16.83£0.04
RMC-02 14.58:+0.34 - 0140020 1.25:+0.004 5.01£0.03 0.12+001 948+0.14 635+0.14 1194+0.15 17.66+0.04
RMC-03 3632002 - 0.11£0.130 0.64£0.020 2851002 0.12£024 728%0.02 4021004 3921040 1541£0.04
RMC-04 3542001 - 0.15£0.030 0.55£0.001 3.54£0.03 0.11£0.01 7152003 395003 11.08+0.61 1645£0.02
RMC-05 6.49£0.02 - 0.27£0.004 0.64£0.002 277£0.09 0.07£0.02 8.59£0.02 5751020 481013 16.83£0.19
RMC-06 1231£0.01 - 0.11£0.010 1.08+0.003 395£0.03 0.1410.01 7512001 4611041 11.07£021 15.65£0.02
RCM-07 10.82£0.07 - 0.11£0.010 0.90£0.010 3.87£0.04 0.12£0.03 719£0.10 4281040 11.05£0.20 15.26%0.04
RMC-08 2541002 - 0.19£0.001 0.98£0.001 6.10£0.03 0.12£0.01 8.62£0.06 398%0.12 11.81£0.72 16.88£0.04
RMC-09 3.56£0.04 - 0.14£0.020 1.03+0.030 423£0.13 0.12£032 732£0.05 3854002 1132+0.14 15.21£0.03
RMC-10 325£0.02 - 0.24£0.010 0.73£0.230 321£0.02 0.12£0.05 8.02£0.06 5322015 10.24£0.20 15.34£0.10
PMC-01 1487£0.02 14.15£0.01 - 0.55£0.350 2531003 - 1.65£0.35 2321003 275%0.14 8.20%0.05
PMC-02 10.61£0.13 5.08£0.03 - 0.53£0.120 2131007 - 2641023 - 3401013 8.04£0.04
PMC-03 4014023 7.89£0.03 - 0.53£0.040 - - 203£0.16 153037 425008 823£0.12
PMC-04 13.0310.04 13.07£0.22 - 0.54£0.360 - - 232£036 1.46£0.03 3.80£0.04 -
PMC-05 8.44£0.14 6.32£0.05 0.083+0.020 - 213£0.07 - 2641005 - 2951001 -
PMC-06 10.28£0.04 5525012 0.079+0.023 - - - 235007 1.83£0.04 5141042 8.01£0.05
PMC-07 9.77£0.03 7.71£0.05 0.078 +0.080 - 208+0.14 - 2161008 1.17£0.07 3.88+0.15 7.66%0.04
PMC-08 4901003 11.2310.34 - - 209£0.04 - 2751024 1.06£0.09 44610.02 8.92£0.03
PMC-09 12.25£0.01 14.19£0.04 0.078+0.010 0.64£0.020 207£0.05 - 1.34£0.05 L15£0.18 44010.04 7981023
PMC-10 863021 5821032 - - - - 3211005 216045 5031042 7.64£0.02

- AR
Note: — means not detected
x4 HAEMEAEXRFIONERIRSEZES L o b EabMEXEDTER

Tab 4 Correlation analysis of effective components contents in Moutan Cortex and Moutan Cortex charcoal with

L' ,a ,b" and E"ab

[UE 2 G N e S WRTH 5-HMF k% LG AT Wit % APRAAT  RESE PR E%
L HERE -0.293 -0816° 0812* 0.734" 0.708* 0911* 0926 0.886™ 0.740° 0.849™
P 0210 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
d MR RE 0.072 0.563" -0.660*¢ -0.630"* -0.343 -0.563¢ -0.635" -0.610°* -0.500¢ -0.565"*
P 0764 0.010 0.002 0.003 0.138 0.010 0.003 0.004 0.025 0.009
b HERE -0411 -0.648° 0.580° 0442 0.721% 0.801% 0743 0714 0630° 0.687°
P 0072 0.002 0.007 0.051 0.000 0.000 0.000 0.000 0.002 0.001
Eab MR ~0.298 -0.816" 0.812* 0.731°* 0.713* 0913** 0.927* 0.887° 0.741** 08517
P 0203 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

TE " FIRTE 0.06 /K OB _E AR ; " RIRTE 0.0 L AR CUU ) - {3 AH G

Note: * means the correlation was significant at the 0.05 level (bilateral) ; ** means the correlation was significant at the 0.01 level (bilateral )

AT LA P B R PE R ARk R s R T
BTSN, Hofh o & I S B i @ R 25 R S 506 B
EARME ., P LA R MR R R AT R
ZR FHEBMAINERG® S L b Eab 716 B EEIE
HRKR, 5 aAfE B FH ALK R 5-HMF i
L' \b' EabfF1EN B E WA KR, 5 a fEEN B
PEIEA G KR R AT S 5 L0 E ab A EW T 5 1
IEHRKR 5 a T BT T S S L Eab
AEAEN I PEIEA R R, 5 o fAAE i 3 PE fAH ek
2,5 b ToM
243 BUESE S SR ERIE T D)
FE AP B2 5k R b 1O R U o ol B AR B
R BEL a' b Eab RN 1, F|H SPSS 21.0 #f4:
WEATLRME RN 08T, S50, AR R SEa ) aE s S

FEHE 2019FEF0FFE1TE

WL a b Eab iR E F R I35 4 0.919,0.663
0.949.,0.922 , 15 BH € 14 €00 23 [B) SR A 0803 5 1
Y52 e A 2 435 8 91.9% .66.3% .\ 94.9% .92.2% , X 3%
WAL FE e R FE o UK R (68, 5 A 8088 40 i B A
AR, B 1O M UM 5 AT DA R €0 € )32 5 i)
BRI 66.3% ~94.9% , G5 RS,

®5 HARMHARKRFEIL a0 b EabBEECE
Tab 5 Model of L', a’,b", E'ab of Moutan Cortex and

Moutan Cortex charcoal decoction pieces

SN e AR R TR

r 0919 0.829 3759

a 0.663 0.290 0.786

b 0.949 0.892 0477

Eb 0.922 0.835 3.689

244  HHFFREIP IR E SA SO S A
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FEARY Rk PE Bz AR P B2 o 2, LA ) A A8 i
L0 A RO e A8 i, SR SPSS 21.0 B H:
PEAT Pearson A &AM . 45 BoR A SR A R T R
510 MR85 (1R 5-HMF LA R AbAT 2
T ATT M 2R R BT R R P
2528 WYAHOC 2280 r 43514 0.328 (P>0.05) . 0.859 (P<<
0.01),—0.742(P<<0.01) ,.—0.751(P<<0.01) ,—0.788(P<
0.01).—0.979(P<<0.01) . —0.974(P<<0.01) ,—0.910(P<
0.01),—0.819(P<<0.01) ,—0.898(P<<0.01). HirfEn]
VA, 104 B B T3 FER A1, Hofth i 40 1 75 it
EJHEPY R i JE H HAT 2 A DG, e rh 5-HMIF 5
S M IEAOG, AR 8o OLAS R VEAAT 25T AT
N MR R BATA T 5 RAER B L4
EQBSERRTE il EP
3 itig
AT 5 30 Aok K ;e T Bz TR R # A 1)

A5 R S HGHA T AT, A B PRk i fa
@2 ESL o b Eab¥ I BEM N, 5L .5,
Eab 5 W EVERARDE, 5 o' W2 B EVEEA DG, F4tT
S b e i I 18, €8 B s () 280 H FE SO O o 1
T TGS, B BUBR 5-HMF & 5 L .b° \Eab 17
TEME BB VE AR, 5 a A B R IE A GG R
Hb s Hof g R 28080 LR Mt R R BEAT 251
SRER SHEW ONERR)SEHY S L 0 Eab fF7ER
EHIEA LR, 5 d AR EE AR, LRSS
U0 E AT DL Rk R B X A3 4 P B B AN TR il
(] ERF P F A [ ] ot 2306 5 2 80 0 5 1t LR
AR SCE . ORI B 25 18 M Ak T8 A A
Wtk &AL, 25 A HPLC B XF 24 5084 2
FE BN P AR R B 2B U8 1]
AIFHOCHETEAN B, WD | A b ) o PF B A
B R BT 3X AR Ay H g K AR e A A A 2% 0
(1) Jo e A R R 2 AR , WA TR TR 25 M SR A
it 38 5 FH g B AR AR b SR T Y R A
K&
S E 3k
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