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Exploration of correlation between color and component changes during
roasting process of Rubiae Radix et Rhizoma and its “roasted carbon stability”
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Abstract: Objective To investigate the correlation between the chemical composition, color value and the activity of cooling blood
and hemostasis in different degrees of processing of Qiancaotan (Rubiae Radix et Rhizoma Carbonisata, RRRC). Methods The
RRRC samples with different degrees of processing were prepared; The total anthraquinones of RRRC was determined by ultraviolet
spectrophotometry, and the contents of seven components, including hydroxyalizarin, rubidin, emodin, methylisoalizarin, chrysophanol
and 1,8-dihydroxy-anthraquinone, xanthopurpurin, were determined by HPLC. The L* (color brightness), a* (red-green degree) and b*
(yellow-blue degree) values of the colors were measured by a spectrophotometer; Correlation analysis, principal component analysis
and regression analysis were performed on the content of total anthraquinones and seven components and colors by SPSS 26.0 and

SIMCA-P 14.1 software, respectively. Mice models of lipopolysaccharide and dry yeast fever were established to evaluate the effect
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of cooling blood and hemostasis on the samples of different degrees of processing. Results In the process of processing, with the
deepening of processing degree, there was a correlation between color and the content of effective components, except the content of
xanthopurpurin showed an increasing trend and showed a significant positive correlation with L*, a* and b*values (P < 0.05), the
contents of total anthraquinones and other seven components and the values of L*, a* and b" of samples with different degrees of
processing were gradually decreased, there was no significant regression relationship The values of L*, a* and b" were positively
correlated with emodin, methyl isoalizarin, chrysophanol, 1,8-dihydroxy-anthraquinone and total anthraquinones (P < 0.01), and the
values of ¢" and b* were positively correlated with those of hydroxy-alizarin and rubidin (P < 0.05, 0.01). With the extension of roasting
time, the hemostatic effect increased first and then decreased, and the cooling blood effect gradually decreased and disappeared.
Conclusion There is a certain correlation between the chemical composition and color characteristics in the frying process of RRRC,
which can provide reference for the quality evaluation of char decoction pieces and enrich the scientific connotation of “roasted carbon
stability” of RRRC.
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Table 3 Chromaticity value of RRRC powder with
different processing degrees (n = 3)
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Table 5 Comprehensive score of RRRC samples with
different processing degrees
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B3 TRIEHREEREXRERTEERS A) FMEEE
(B) iy PCA £55R
Fig.3 PCA results of main components (A) and
chromaticity values (B) in RRRC samples with different
processing degrees
A3, S0~S3. S4 fl S5, S6~S9 % N—HK,
GERERW], o MR LLEE PCA T7EH
AN TR M HRI T FBE o A it 2 2 (X
2.6 MBAXMSTSLMERYISHT
2.6.1 MRMESHT B 7 R R
BEAT IR, Herb e a1 2 IR IR 7
A7 » TR SPSS 26.0 B X v B (0 I RE AL (L
a’s b R T Ao E BT R SRR T
2 6 TR, KBE. IR PR R K. 1,8-
TRERR. RERS LY. o, bMEBEA BEME
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Table 6 Spearman correlation analysis of RRRC samples with different processing degrees

L a b* L a b*
JR5Y X BEME MK BEE MK B L%y X BEME MK BEE MX BEME
2 WE) A E) R (WUE) A UE) R (WUE) R (WUR)
BEGERZE 0503 0138 0.709% 0.022 0.709% 0.022 | K 0.819%% 0.004 0.932%% 0.000 0.932%& 0.000
K96 ZR 0.673%  0.033 0.770%% 0.009 0.770%% 0.009 |1,8-—}2 A 0.851%% 0.002 0.881%% 0.001 0.881%& 0.001
N ¥ 0.863%% 0.001 0.942%% 0.000 0.942%% 0.000 |5 PtiH % -0.067  0.085 0.188  0.603 0.188  0.603
LS 6B 0.7828¢ 0.008 0.919%% 0.000 0.919%% 0.000 | &1 B 0.830%% 0.003 0.903%& 0.000 0.903%& 0.000

&&AE 0.01 225 (BB, MR E, &7F 0.05 25 (W), MFRMEE, £ 7~9 [,

&& at level of 0.01 (two-tailed), correlation is significant; & at level of 0.05 (double tail), correlation is significant; same as tables 7—9.

IEAHSG (P<0.0D); KM#RERYS o b"EAA Y
FMRME(P<0.01), 5 LYMEHEA M (P<0.05);
BREBEERS o pP"MEEAMIM (P<0.05, 5
LA FH KA o

2.6.2 Z&PE[EASHT  JEIT SPSS 26.0 B, LR
RV, KRR, KER. Eﬁ%E%E%
KEEWY. 1,8- LB, iR, MBEERKE
N, PLLY a b*ﬁ?ﬁlﬁﬂ?%)&ﬁ@éfﬁklﬁlﬂ
o8, AR EEYE L o bBMERIMERRXR.
G WK 7~9, WILER 7 Al Hl, %é%@ﬁ%%\ yNUS
FER, REER. FREREER, KEH. 1,8- /&

HENE. SERASES L o bMEN R 25N

0.404. 0.463. 0.469. 0.518. 0.531. 0.460. 0.484,
RKUPIX 6 Fl sy F BRI & & 0 BITE 40.4%-
46.3%. 46.9%. 51.8%. 43.1%. 46.0%. 48.4%[{IF%
& BT USSR . AR 8 TN, S
M PAE/ANT 0.05, BARENEE L. H3R 9 75,
SRR L' PE/NT 0.05, Ui B RS
R 2 A RERRR, HARMAEM P
fEFIRT 0.05, L' o bMES R & Ik e &
BRR, A abuj‘ﬁéﬁ%é.\IEIUﬂiﬁ%ﬂ%%ﬁi)ﬂuiz 6
PR AR B RR

2.7 $Hk’ﬂ%lﬁzr£ﬁ R CORMIEM” ZBREEN
2.7.1  JKEDR B 4 Ex%@ﬁifdﬁénn 50 g, fin 10

®7 TREHREEFRERFRNEMELEEFREC S

Table 7 Summary of linear regression models of RRRC samples with different processing degrees

Ry R R?  HEER RHEATRE %y R R? AR FRifETHIRE
BEPEE 0636 0404 0.107 0.399 8 KW 0.728 0.531  0.296 2.2903
KHpEEE 0681 0.463  0.195 2.1442 18- L EEE  0.678  0.460  0.190 0.2829
KER 0.685 0.469 0.204 0.7431 FPER 0.877% 0.769  0.653 0.202 4
FAEFHEREEK 0720 0518 0.277 0.0726 SRR 0.696 0.484 0.226 7.364 4

# 8 TRMEHIEEHEREMEERRENFEST

Table 8 Analysis of variance of linear regression model of RRRC samples with different processing degrees

%) WA CPHA 3 FE O PE D% A SEOTR 5 Fii P
FRALPE R [FJH 0651 0.217 1.358 0.342 | K& [[J)4 35590 11.863 2.262 0.182
¥Z 0959  0.160 Wz 31474 5.246

Bt 1611 Hit 67.064

KB EL R [HJH 23797 7.932 1.725 0.261 | 1,8-"¥RFEEEE (A4 0.409 0.136 1.703 0.265
B2= 27585  4.597 &= 0.480 0.080
Ml 51.381 Bat 0.889

K B9 2932 0977 1770 0.253 | Fpfeig =Y 0.817 0.272 6.648 0.025%
¥Z 3313  0.552 B2 0.246 0.041
Hit 6.245 Mt 1.063

HERIEER [ 0034 0011 2149 0.195 | & B B9  305.081 101.694 1.875 0.235
¥# 0032 0.005 B2 325407  54.234
Bit 0.066 it 630.488
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Table 9 Linear regression analysis of RRRC samples with different processing degrees
D% B AEbrE R PrERS tE PME By B AEbRE R FRERS tE PME
BEBER HE 1.724 0.910 0.398| K #iM) R 9.156 0.844 0.431
L 0.014 0.328 0.373 0.722 L 0.168 0.609 0.780 0.465
a’ 0.384 5.396 1.131 0.301 a’ 2.379 5.187 1.225 0.267
b* —0.432 -5.305 -1.211 0.272 b* —2.788 -5.301 -1.363 0.222
KHPEHZER  HE 7.356 0.724 0.496|1,8- I W # & 1.041 0.777 0.466
L 0.075 0.310 0.371 0.724 L 0.018 0.567 0.677 0.524
ar 1.757 4.376 0.966 0.371 a’ 0.263 4.974 1.095 0.316
b* —1.896 —4.117 —0.990 0.361 b* —0.309 -5.095 -1.221 0.268
KER R 3.098 0.880 0.413| J7 vt H 3% W 1.489 1.554 0.171
L 0.046 0.546 0.657 0.535 L —0.074 -2.139 -3.902 0.008%
a’ 0.760 5431 1.206 0.273 a’ 0.064 0.967 0.354 0.735
b —0.893 -5.561 —1.345 0.227 b 0.059 1.029 0.346 0.741
FRERWEER i 0.299 0.870 0.418| ‘= K ikt T 28.106 0.806 0.451
L 0.004 0.449 0.567 0.591 L 0.406 0.479 0.585 0.580
a’ 0.074 5.176 1.206 0.273 a’ 6.971 4.957 1.116 0.307
b* —0.084 —5.089 —1.291 0.244 b* —7.947 —4.927 —1.208 0.273

57K 30 min f5, HI& 1h, 38k, 252 %N
8 frE /KR 30 min J5, AU 1 h, J8d, # 2K
WA I, WERGEE 1 gmL, BIfE.

272 IR R 78 K ICR /ANERBENLS:
13 4, EPXPREZE. AN, mEEZ4 (0.26
g/kg) ASFIEHITEEEHE IR FE 5 (S0~S9) 4 (=
ARG, BURFIE 6.5 g/kg2 B, 46 K,
EMNEFE )G, SRR ig AR FE ERK,
FER Y ig MR, 1 d, TS 7d. RIRGZ
Ja, BRATRRAAAL, HARHA ip fE2HE, FIEN 10
EU/kg, RRHFSHAFIEN 10 mL/kg, [FIBS T
N2 IR 20% FEARHEEW (10 mL/kg) 24,
2.7.3 PRI ARSI ERSE RS, 20T 0.
3. 64 9. 12h ME/NRALE .. MEeitiR g, T
U 5 mm ALY, WS/ R H Mg AL, H
T E i G THN, FERS 30 s I IEARIR B T
GO OVt il w115 =0 L ol R T I 1)
()23, R A4 2 — MR Bk, T3 F e e 453 1
I, MFHEAEZ S mm, B 30 s G RKENH
& BRRHE) 1k, WEATML B, 3R
MFAFEEPE M 22 11, (eSS R 55 1 it
SR . IR A4, T IR AR A
4 IR FEE 200

274 SuitiEab3 SR A SPSS 19.0 #4172,
BTG B DA X £ s 3o, %54 I] E A R A B IR 3R 22

ST, 7 TR SR LSD 23 My, 2407 ZEARSEI
¥ F Tamhane’s 72 #5%, P<<0.05. 0.01 WER/RZERH
R E V-9
2.7.5 BB AR RN R R R
10 11 %0, SxIHAMAE, BAAH N RATET &
(P<<0.01); SO ZH 7t B G AN [F] I 8] 5545 i 35 FRAIG
JLiRE (P<<0.01); 3h i, #§EIR&HMmALES 2
ANFEFERE K (P<<0.05. 0.01); 6 h sy, P& S8 7%
FORFES AL, HR SR 5 TR A FIFE B PR
(P<<0.01); 9h I, PR S1~S3 ZHJJLIH & 2% PEAIK
(P<<0.05. 0.01), TREATEARIZME, HRANTR
A SRR A L gL, 120 B, BT
FoR S1ALFER (P<<0.01), H AR SRR 1
WA BT, bl Ty, SEAAM, &%
24 25 f Lk I P ) 8 L I (A 38 B A TR (P<
0.01), K BHAN[F) M il F2 B2 1 9t B 2 BT — @ 1k
MAERH; H S0~S5 4, /N ik i sy i) A35e ifin i [
B AZHEM, 7S Hamb /e A .
Ay b R TR g I R T I G R AR A
fE, S3dlibiMmAEH S tE. AT L, B MR R 3
B0, 6 R PR I L AN I P S B S G S B
fRAaSs, KRR B S4 TR i 1l i At i 2 1
T -
2.7.6  VEEIREMLIEMAN. PCA  BH Origin 2024
BIA SXoF AN (] o) R FEE 9 A o P U I AR FH A L
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R 10 RNENEHITEEBE RS/ RALRA L M EFUE M A E R IMER (XLs,n=6)

Table 10 Effects of RRRC samples with different processing degrees on rectal temperature, hemostasis time and coagulation

time in mice (X S, n=6)

T/ C

2H ) oh h oh on oh Ak I B Ta) /s P I B} 8] /s
ot HEL 36424002 3655+0.17 36.641-0.26 36.461:040 36.35+0.24  241.60114.34 93.51+5.08
R 36.27+0.04  40.36+0.52% 39.13+0.02%# 38514+0.21% 37.424+0.31% 492.67+17.26" 176.31+5.38%
ZFIAZ 36314004  39.4740.365%&¢ 38.44+0.10%% 38.33+0.05 37.254+0.26 262.16+12.72%& 9548+6.90%&
S0 36.464+0.01 37.58+0.025%& 36.84+0.39%& 36.16+0.27%% 36.041+0.41%& 229.75+17.73%& 83.12+7.28%&
s1 36.39+0.02  37.84+0.06%% 36.9940.37%&% 36.3710.25%¢ 36.24+0.07%& 189.214+522%&  69.60+7.21%%
S2 36.91+0.07 38.24+0.13%& 37.6540.24%% 37.354+0.19%¢ 36.96+0.18 168.60+558%&  62.73+7.33%&
S3 36.22+0.05  38.41+0.17%% 38.04+0.17%&% 37.914+0.18% 37.22+0.05 156.19+9.40%%  58.60+7.00%%
S4 36.2840.04  38.7940.23%& 38.0940.17%& 37.98+0.17 37.70+0.17 21595+6.58%%  7852+7.50%&
S5 36.324+0.03  38.60+0.20%% 38.204-0.15%& 38.14+0.17 37.53+045 231.89+7.90%%  8383+6.72%&
S6 36.344+0.03 38.4010.16%% 38.31+0.13% 38.3040.17 37.35+0.44  282.57+12.14%% 100.72+7.53%&
Y 36.43+0.01 39.59+0.38% 38.4940.09%% 38574017 37.34+0.12  323.111+11.97%% 114.24+7.62%&
S8 36.40+0.025%& 39.49+0.36%% 38.73+0.05 38594040 37.67+0.16  377.124+17.44%& 132.24+9.44%&
S9 36.58+0.025%& 3950+0.38% 38.33+0.12%% 38.344+0.17 37.76+0.19  393.924+13.58%& 137.84+9.90%%

Sxf R #P<0.01; SEMALE: “P<0.05 &&p<0.01; £ 12 [,

#P <0.01 vs control group; ¥P <0.05 &%P <0.01 vs model group; same as table 12.

R 11 TREEHIZE R M) R IR E RIS A L]
R (Xts,n=06) . SO
Table 11 Effects of RRRC samples with different : gé
processing degrees on blood viscosity in mice (X £ S, n =6) 11 v S3
B [(mPa-s™?) = gg
A5 = > S6
&) (s ) (5sY) 1 (50sY) mibl (20057 ] *S7
A 0441031 6301020 4324020 350%0.33 o
R 9.05+£0.35 6.04+0.23 4.43+£021 2.95+0.25%
=HA% 9651029 6.67+£0.17 4.85+0.17 3.35+0.07 =31
S0 86814039 6431019 470+0.19 4.00+£0.21%&
S1 9.74+0.28 6.49+0.18 5.67+0.11%% 4.69+0.09%&
S2 10.2340.23%& 6.8210.15%% 570+0.06%% 4.72+0.15%& B ;]
S3 11.29+0.15%& 7,534+0.10%% 6.83+0.17%% 6.08+0.174% . SO
S4 11.3340.08%& 7.554+0.05%% 5.65+0.174% 5.06+0.06%% : g;
S5 10.81+0.45%& 7.434+0.10%% 55040.19%& 4.61+0.23%& 11 v S3
s6 10.2840.15% 6524010 4.87+0.17 3.67+021% = o
s7 1075+0.36% 6441024 4501021 346+0.17% B N s
S8 10.2040.23%& 58240.05%¢ 3.99+0.26 3.18+0.08 : gg
S9 10.0040.25%& 5.8040.15%% 3.71+0.30%% 3.10+0.08
LR FIHEAT PCA, HENCH) PCA B, (5 i ’
-8 -4 0 4 8

R2x=0.994, 0*=0.983; I-IMHER R2y=0.999, Q*=
0.994; K HIX 2 MER LG 57 AT §E 7135 R
1. MK 4-A 7748, SO F1S1. S2. S3~S6. S7T~
S9 HHEE N K 4B 1, SO~S2. S3~
S5. S6~S9 FHEAN—FK. EHREW, wllhdEg
PCA J7 R )M 2 B 6 B B i B35 X 4y

El 4 AERGIZEHERFRIVRIEN (A) MM
Rz (B) HI PCA £5R
Fig. 4 PCA results of cooling blood effect (A) and
hemostatic effect (B) in RRRC samples with different

processing degrees
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ASEEGHAT T 96 HOR PARBUA FIFE 5, 7k
PEAN AR AT, AR REREBUAT, HeE T [
TRERIURGER 5 AL, &I 60% FF (a4 Bl 45 1)
7 PRS0 R d i, LR RIS TR AT B 4%,
A3 HIEE 104 204 304 50min, 455 Bon AR
INHEIA 30 mine 7EVRBIAH RGERE T, ASLK%
T HRE-0. 5% IR K IR~ . JE-0.1% H R /K TR~
FHE-0. 1% R /K IE W OG-0 4% R /KIEW . &4
5-0. 1% R /K IE R . 45 R I DA FF 0.1 % B R 7K
RN A FE BRI, %5 BT R, Bl
U 5 AR AT IR Ak B SS Reak B R 85, I HL3
LRV Ra, e -0, 1 % BB /K VA RVE IR S AH o
T 50 0T R it VS V5 96 B R 25 0 B BB 4y gk AT
TRFEK: (240, 254, 260, 330nm) HIRGI, &5
RKIAE 240 nm ALIH BRI, Huk#E 240 nm
VE R

PR, RS, 1R, B, FTAMA I
FFE, 5=, W2 ImR B s
12, A BEE i SCRE b, (5 DAY ki =,
(ARENEHY B “HFHRAREM M, SRR R
BARNE, SEATH, WRIRARRGE L, F2 5K
BHI 2 2 2540, & FA7 Mg i 7, WHRIRE 5 f FE
WA HAALL AT G L, IAHEFIARN B-2 & 5
TBIT O U SE S B0 A7 2T, Kb IR Jig AT K 52 3 5
FobEmAEH, AR o6 B 32 2k s A2 R
B R RE RIS, R R R eI
R ERERZINE, HREWENSIN—Mat
3R, BEINHPLC AEE], HMILBEAR L]
M6 2R TR R R N, 5o R U 2
JeTt i a BRI SS, JUHR AL 98 B R A i
TERMIITR, W EGRAESEHIREER. §
N SR U O Z R i N (R R e
i o AR 5 T AT AR S 805 -, 3 4 s g
IR R FHSOR, IR i e S s R, 3@
R RE, TR B &R, i3t
— P HA AR DR A I AR, S S aT LA
% 18 M TC AL IG 3 FRAE J7 TH 3 — D8R 2 6 FER o
IR PR FBLE . KB KPR S B2 R o 4
fiiE HATERSERPY, 1Z a2 KEFEK, S6
Fefb 25 SR

BRI, ZREFIEFHEIR “KmAANE” 1iE, M
1b it A A AR AR, PCA 55K S3~S5

TERARIE B2 A E R R ER A, G550, M

IMINEREFERE S5 FeahiefE, BI#E Rk

7.5 min B Ak B M EEK .
ZNTIFiRAADESE - TS SN S SN

R HHRFEHRER, KEB. 1,8- R 7

BLER T N AL R B 75 SR BRI B R T

EIEE, A LT HR B AT AN [F] 1 i A2 B v

IRFE P AT BORAE, RILBUE ] DLE — 2 1%

JE LMy E i, JUHOR R R I B B AR

TR R R E AR . I PO REI DA T LA RL

By & e, AN ARy — R SRR VRO v

FOR R IAWID TEFe e v, nliREME S ]

T2 T DAY HIR S5 530) ) = W VSR A, A o 0 1) ol o

FEHIWT TR AL HT K
HBRE A FRRALEHEA R
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