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Abstract: Objective To study the correlation between chemical composition, color and hemostatic and coagulant effects of Huaimi

(Sophorae Japonicae, SJ). In order to provide a reference basis for the quality control of SJ in the process of frying charcoal. Methods
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Charcoal samples of SJ with different degrees of processing were prepared, the contents of rutin, isoquercitrin, kaempferol-3-O-
rutinoside, narcissin, quercetin, and isorhamnetin were determined by HPLC. The charcoal adsorption of the SJ charcoal samples with
different degrees of processing was determined by ultraviolet-visible spectrophotometry, and the L* (brightness value), a” (red-green
value), b* (yellow-blue value), and Eu" (total color value) of the SJ charcoal samples with different degrees of processing were
measured by spectrophotometry. The correlation analysis of the color and the index components was carried out by the software of
SPSS 26.0 and SIMCA 14.1. The efficacy of the samples of Huaimitan (Sophorae Japonicae Carbonisata, SIC) with different degrees
of processing on hemostasis and coagulation time in normal mice was evaluated by tail clipping and slide method, and verified by
taking plasma of New Zealand rabbits for the determination of prothrombin time (PT) and activated partial thromboplastin time (APTT)
indicators. Results In the processing process of SJC, rutin, kaempferol-3-O-rutinoside, and narcissus glycoside in the samples
gradually decreased during the processing process with the increase of the degree of carbonization, isoquercitrin, quercetin, and
isorhamnetin showed a tendency to increase and then decrease, and the L*, b*, and Ex" showed a positive correlation with the
composition of rutin, kaempferol-3-O-rutinoside, narcissin and a negatively correlation with the composition of isoquercitrin,
quercetin, isorhamnetin; a” values first increased and then decreased, negatively correlated with rutin, kaempferol-3-O-rutinoside, and
narcissin, and positively correlated with isoquercitrin, quercetin, and isorhamnetin, and the hemostatic and coagulant effects first
increased and then decreased with increasing charring. Conclusion There is a correlation between the color and chemical composition
changes during the frying charcoal process of SJ, which can provide a reference for its quality control.
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1-rutin; 2-isoquercitrin; 3-kaempferol-3-O-rutinoside; 4-narcissin; 5-quercetin; 6-isorhamnetin.
1 RANBRABR (A) RIAEEERRERKXER (M1~M10) B HPLC
Fig. 1 HPLC of mixed control solution (A) and samples of SJC with different degrees of processing (M1—M10)
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®1 FRENEFIFZEEBRARERTD 6 R FRESBHIEN
Table 1 Variation of mass fractions of six components in

samples of SJC with different degrees of processing

iR B/ (mg-g ™)

Gis . S LLERE-3-0- : S
T e smg AALE Hi R R .

M1 19097 6.181
M2 18473 7.632
M3  171.62 9.042

13.639 9.390 5.676 4.730
12.715 6.094  7.207 5.065
12.382 5.832  8.042 5.200

M4 13372 9.672 10.552 5.652 10410 5.635
M5 118.07 10.613 10.420 5440 11.302 5.951
M6  93.03 10.928 9.315 5.246 14387 6.725
M7 72.64 10.711 8.677 4.673 15.008 6.936
M8  68.84 9477 6.927 4373 16.047 7.416
M9  59.84 8.902 6.426 4.196 15558 7.246

M10 53.87 5.960 4.415 3991 9504 5.774

Bk
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FIF SPSS 26.0 BAHXF AN [ 1 1l R B2 MK R A

B2 ARIEFIEERRRERDAR
Fig.2 Powders of SJC samples with different degrees of processing
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0.254 6 X5+0.153 7 Xe, LAJT 72 BAATTHRZE MR E,
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0.747 4 Y,+0.194 6 Y2), 1950, REZMEHIFE
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Table 2 Colorimetric values of powdered SJC samples
with different degrees of processing (n = 3) M3

‘ P E——— - ! Y5 CamM2

FEd L° & b Ea" R LT a" b Eaw o /,:FOI\?G’ v

M1 63.45 —3.25 28.48 69.62|M6 2591 4.79 17.69 31.74 = 19 Ay

M2 52.61 6.17 27.16 59.53|M7 20.62 4.48 13.51 25.06 -1 Mo

M3 49.90 5.8524.77 56.01|M8 13.18 3.40 10.62 17.29 ;’M:l::

M4 4471 4.80 2120 49.71|M9  8.88 2.99 7.32 1191 -3

M5 32.57 5.05 19.54 38.32[M10 6.97 1.90 5.14 8.88 6 - 2 6

t[1]
BN FER I R, g5 R 3. s S
KA SIMCA 14,1 BPRHEAT MR SR € R 18 DA J% ’ s ™~

WU ETREN PCA, S5SLEE 3, I 3-A TR, M / - AN
JA—2, M2~M4 [ JH—2%, M5~M7 Al IR 1/ Mmo}“ﬁ”‘%
—3, M8~MI10 AT —2%; il 3-B AT %1, M1~ g 4+ M8 m.. L
M2 T3, M3~MS5 [T, M6~M9 i L "‘-»\ o M2oqrt
A2, MI10 T —2K. 45K, (RS \ /
FERS A EATLUERE PCA J7idAd N A IR 3 \\ A% / S
(IR IR it 42 25 X 7o _— . 2.‘:#_,_ 2 6

&3 TREEHRZEERRRERNEGEES
Table 3 Composite scores of SJC samples with different

degrees of processing

wmE o . Y HFE|HS n . v HF
Ml 888 6.14 783 1 |[M6 3.55 4.10 345 6
M2 831 6.04 739 2 |[M7 254 3.58 259 7
M3 7.60 5.84 682 3 [M8 225 332 233 8
M4 569 494 522 4 |M9 1.89 3.02 2.00 9
M5 488 466 456 5 |[MI0O 1.92 238 1.90 10

25 BARBHEEFFERSEESCEEN
Pearson fHX M 5 EIVAS T

2.5.1 Pearson FHKME MY AR M0 FE B R OK
REERBIOEE (L' a's by Eu™) F 6 FhEpfkpl
I EE S SPSS 26.0 B I3 4T Pearson #HK
PEO T, 3R 4 50, 7T L A-3-0-E & PEE
KAEE L b* EsMHEREFIEMERL (P<0.0D),
5 a BB A, Kok IlE S ol 2 82 7 C
(P<<0.01); FeMitRzH . Wi RBRAFRE L' b
ExMEEMMXR, 5 oMEEIEMER, Hok R,

RRERS L' pEHEEZEAMX (P<00D, F
W H S oMEEREIEMX (P<0.0D).

252 [FEIH 8T SRA SPSS 26.0 B fF, LAAT .

SRR S L B -3-O- 2 BT S AL At B 2R

RRERPTENNZE, DL o PHNED
BHHATENERES T, R FEERS S ESOEE

t[1]
3 TENEFIEERARKEREEE (A) MEERS
(B) #J PCA 185
Fig.3 PCA scores for colorimetric values (A) and main
components (B) of SJC samples with different degrees of
processing
F4 TRISHIZERARESEEESRERS N
Pearson &£ 534
Table 4 Pearson’s correlation analysis of colorimetric
values and intrinsic constituents of SJC samples with

different degrees of processing

. Pearson #3751 R2%K
EZ% * * * *
L a b Eab
T 0.983% —0.078  0.967% (.983%
SR -0.214  0.621% —0.072 —-0.186

W Z5Wy-3-0- =B 0.968% —0.009  0.989%  0.976%

KA 0.877% —0.548% 0.829% 0.871%

iRz 3= —0.792% 0289 —0.705% —0.776%

R —0.848" 0230 —0.772% —0.834%
8B 5 B & &1 Pearson AHIME: #P<0.01; £ 5.6 [F.

Pearson’s correlation between chromaticity value and main

component content: *#P < 0.01; same as tables 5, 6.
ZIAHERRK R iR WK 5. 6. IR 5ATH1, LA
BN AR ERN B T R g
Wr-3-O-Z &M A MR, FRERNS
B2 FEE AR AR 73 A 96.8% 56.5%
97.9%- 98.2%- 74.5%- 80.0%; HiZ& 6 nJ %0, Al
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®5 FERSAESCEENDASH
Table S Regression analysis of content of main

components and colorimetric values

A S ARrEfh T

>/, 2
P P owe mee T
T 0.968 0.964  0.970  0.000%
S R 0.565 0.515  0.120  0.000*
I -3-0-ZF/FPEH 0979 0.976 0.044  0.000%*
KA 0.982 0.980  0.021  0.000%
iRz 2% 0.745 0.715  0.193  0.000*
FRER 0.800 0.777  0.434  0.000*

*6 TERHSESREEMEIERY
Table 6 Regression coefficients of content of main

components and colorimetric values

I _< &
A PE R PHEH R PHA

T 0.985 0.000% 0.046 0.295 0.004 0.987
SR E —2.521 0.003*%  0.319 0.056 2.398 0.005*
L Z5/3-3-0- —0.031 0.860 —0.006 0.871 1.019 0.000%
AT

FRALEF -0.003 0.985 —0.543 0.000** 0.828 0.000%
i e 3= —2.458 0.000* —0.010 0.937 1.700 0.008"
BRZER —2.362 0.000% —0.058 0.597 1.539 0.007*

(11 6 s Y HA G = L (P<0.01), KA
DLidE e € AR 25 TRl VA 7 AR T R 2 1) 5 &

2.6 WP SINE

2.6.1 IR FIFT R S AR AL A T % U R
2 20.0 g, IN&li/KiEmK 100 mL, #£%], H NaOH
W pH {EN 6.0, BIFSFTREERRIA: K BRI T 15 1
52.5mg T 500 mL SR, DT R BRI A -
BERZIE, RIS AR -

2.6.2 MEPKKERE  DUrERIE R 2 At
MR, B AR, SRR AN B VETE
K 400~800 nm HEATHIH, AL 419 nm HillE
Bk,

2,63 ZMERRFELE  FEMHMAGTE AR 0.
0.1. 0.3, 0.5. 0.7, 0.9. 1.1 mL, M EERERE
HE 10mL, 7E 419 nm AWEBHCE (4D 15, LA
E YRR (Y, FrEE iR AR (XD #57
P2, HEATZRMERDA, AT FEA Y=21.550
X+0.0153, r=0.999 4, ZEPEEFE Y 2~22 pg-
2.6.4 B FIHIIGE  FREUAS )M R B AR K
FER R 2 00, B 0.02 g, FEERE, HHlET
20 mL #fH, 1 T ERIER e, e, 1F

RN 75 1IN 0.2 mg #7558 bR A
W, IFTERRIEBE SRS, I, VRN IE TR,
1 419 nm &MEH 4 H, RIEAK R =K
PR/ i B D) T A )M A PR AR R A I PR TR
77, M1~M10 IR 711 7.500. 8.030
8.054. 7.930. 7.828. 8.247. 7.629. 7.314. 7.329.
7.325 mg/g. R Iy g ) 2 M6
2.7  FEIMEHIFEE R R R A X 4 LE i F00EE i
A ] B 2 N i 52
270 AN [RLD )RR B AR K IR R i K RV ) A%
L M1~MI10 FfEK RS 20 g, n 10 fFEKIRIE
30 min J&, [IRIREC 1 h, JEL, 552 N8 &
K, EIRESEEL Lh, JEI, ¥ 2 IRIEWEIF, BERIR
45 % 1 g/mL, BIf5.
2.7.2 ki, BEdwE A E B 72 HOICR /N,
ENEETE 1 RS, BN 12 H, B4 6
R, 0. mREZ54 (0.26 ghkg) AN
YO HIFE MR R AL S (M1~M10) 4 (7.50 g/kg),
XTI ig A ERERK, B AIH ig N, BR 1
W, ES:T7d. KRG 1h s, RAST LN E %
/NI IE M ] F-BE BURE 3 mm ARBYIHT, WiE2
ANBRE BB RS, IR E S A TR,
FFR% 20 s FHIEARIR TR AL 1 Ik, ZJE4R FG ik
s i, e Stk A

1B SRR s T 20% 6 2 iy 3E VA VR /N B
HEAT BRI, SR IR RS 8504 25 — IR BR, T4
PG 1 I, FERE 3 s FTE TS Gk B I
BB 1k, WEALMZ I, HRIAS
LM 22 1k, TSR LA [R]US-190,
273 PT.APTTE REEGRMTEE MK 3.2%H)
WERRANFARFRLE 9 0 1 IRAHIZITE 3 000 r/min 53
NE 10min, 2r A EIME, KRR 2 S5 A F M
IR FE IR IR FE K BRI, 4% 49 ¢ 1 RFRLLIR G
5], AR ERKAE N B BUR S A S0 ul, 37 C
55 3 min, IIACEFHE PT 55 100 uL, 5%
I 252 5% ] ] o KA 0 LK 5 S () A ) 2 8 DA K
IRFEMKSERA% 49 1 AR RG], K
VERRHIE . BUR AR 50 uL, I APTT iR 50
ul, A5, 37 CWE 3 min, MAFHAK CaCl,
TR 50 pL, 10 33% I A ] i i) 120211,
2.7.4  BAPIH-EIE IR . BEIAE OB EAE
FERE MK IR BE S (M1~M10) [ b LA [a] L ki
A PT. APTT iX 4 MEbREETIH— 241, H,
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X AN RARERAIE, B NERE . H—E (d) =
(Ymax— Y)/(Ymax— Ymin)» OD=(d;+--*+d)/N, Y 1y
febr, N NFEFREEL OD N o (EARTFEME. &
ZELLIX 4 PhFEAR R A PARLR ST A IR 0 1l R P oK
HRAE L R B SR ES,  HS VPR AT

275 SuibiEabE SR FH SPSS 26.0 AT AL B,
FREHARHILX +5 Fon, AR HBCRH B &=
T 50T, P<0.05 R BB S EE L.

2.7.6 ibdf. EEMLMELER @R 7 WA, Rk
JrTH, SXTRRAEML, B M2 dAh, M1 HEA BE
IEMACR (P<<0.05), HARZZHEAWEE L
R (P<0.01), HE M5 AIFUE, /R ki
MR =g EI AT R, Horh MO ik if R e 4 s

FEBRIM T, SXTHRALE, B M1, M2 444k, H
R BA MR R RUR (P<<0.01), H.E M7
HIFUG, /RIS )5 o~ mg 25 s e, o
M8 (LM R B bf - e, 565 T ki, &
R, AN M8 IR B R . Bk n] L,
I R PR o, K R 4D o i AR % i A 2
R

2.7.7 PT. APTTMESR HWESWH, 5TH
HAHEL, M1, M2 20151 PT. APTT B [A] G 2 %
4k, M3~MI10 IS PT. APTT B [A) B 5 2 sk

R 7T AEMEHIFEEARARIRAEFIT /) R LE I 7 B I A (8] Y
FM (Xts,n=6)
Table 7 Effects of samples of SJC with different degrees of

processing on hemostasis and coagulation time in mice

(Xxts,n=6)

AR BHFE(gkg™) b E]/min I E] /min
X i - 10.55+0.84  1.2940.08
=HAEY 0.26 7.110.3288# (0 54 40,0450
Ml 7.50 9.22+0.18%  1.17£0.10
M2 7.50 9.27+0.56  1.00+0.08
M3 7.50 8.10+0.8244  0.99+0.0844#
M4 7.50 8.2040.84%4 (.98 +0.1144%
M5 7.50 7.0940.6825# (.76 +0.0754%
M6 7.50 7.100.4425# (0 56 +0.0750%
M7 7.50 5.2010.5028# .47 +0.0744#
M8 7.50 3.871£0.9624# (0.30+0.1044#
M9 7.50 2.48+0.7180# (.42 40,0758
M10 7.50 3.0410.8024% (0 38 +0.0654%

EXIRAER: AP<0.05 44P<0.01; 5 M1 (BRAHD HE:
#P<0.05 *P<0.01; £ 8 [,
AP <0.05 24P <0.01 vs control group; *P < 0.05 *P <0.01 vs Ml

(raw product) group; same as table 8.

&8 TRIAHIZEMRARREMIFIA=RME PT.

APTT EMILEER (X £s,n=3)

Table 8 Results of effect of samples of SJC with different
degrees of processing on plasma PT and APTT in New

Zealand rabbits (X £ s,n=3)

Hal SBRE(gke ) PT/s APTT/s
W i - 15.07£0.12 35.17+0.47
M1 7.50 14.9740.25 34.5740.40
M2 7.50 15.10+0.26 34.43140.49
M3 7.50 11.5040.44™# 32.97+0.57"*
M4 7.50 10.20+0.36"# 30.97+£0.78"#
M5 7.50 7.33+£0.90"# 29.1740.60"#
M6 7.50 6.67+0.25"# 28.40+0.36"#
M7 7.50 5.83+0.25"# 29.9740.51"#
M8 7.50 6.57+£0.35"# 31.3340.74"#
M9 7.50 7.40+0.35"# 32.07+0.40"#
MI10 7.50 6.600.30"# 32.7740.32**

/B (P<0.0D), 5 M1 AHEHR, M2 HMFEH PT. APTT
IS B T S #5284k, M3~MI10 I3 PT. APTT i
TE) % 8 20> (P<<0.01), M3 ZHilI#5 (%) APTT i [a]
RERAD (P<0.05), ZEAHE PT Al APTT I#3
FRIEHTE], M6 2RO Fe i o
2.7.8  BVFHVEVE IR, BEMAESE R HER 9
ATLAE H, BEEBUR IR 3N, S vHE ke
Z 3, ot M8 ISP E s, fE M8 ZJE,
PHEHILURRE, B, M8 UL .
*=9 RIER—oHER

Table 9 Results of normalized analysis of overall ratings
A g B T/ i e )/

min i
M1 9.2240.18 1.17£0.10 14.974+0.25 34.57+0.40
M2 9.27+0.56 1.00+0.08 15.100.26 34.431+0.49
M3 8.10+0.82 0.99+0.08 11.50=0.44 32.9740.57
M4 8.20+0.84 0.98+0.11 10.20£0.36 30.97+0.78
M5 7.09+0.68 0.76+0.07 7.3320.90 29.17+0.60
M6 7.1010.44 0.56+0.07 6.67+0.25 28.40+0.36
M7 52040.50 0.47+0.07 5.831+0.2529.97+0.51
M8 3.8740.96 0.30£0.10 6.57+0.35 31.33+0.74
M9 2.48+0.71 0.42+0.07 7.400.35 32.070.40
M10 3.04+0.80 0.38+0.06 6.60%0.30 32.7740.32

205 PT/s APTT/s RiFE

min

0.02
0.07
1.01
1.49
2.51
2.93
3.15
3.24
3.09
3.03

3 g

AW FAL IR (P EZG L) 2020 SEFRID AR, B
BT ANFI R ST RO R ] . RO R 3
WiSm sy, RALRM. iR S EiE 2 28 E
FHR223, e 2 () 25 B H I A2 s s AR i sk
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IEVEERRY, SCERBTE R, ik i 2520k 5
1R MR 5 K 2 B W2 i 2 TR AEAR SGPERS),
MK PRSI T MR B R, PUE . P
A EFZTFRAE RS0, S B e A% I 2 4 A i
PT 1 APTT, EA RIS GRS, KANF REWS
S 5 45 DR K SR LR TR R I S R S )R], B
B py b AR R, ARSI, EHCT MK R B
i 245 1870 AR R 0 T By T TR AT, RSO
T I ZE-3-0- /P . KA. Mt . A
KR FRAR 6 Mgy, BERIX 6 fiis5Et
AT TR T

g5 R ) PCA S5 R AT LA 1, PCA J5
V5 TR A [R] A ) R R R OK R A R 3 X A
Pearson AH ¢ 73 A 45 R B, BROKZE I AS [R] K i B 1)
WHIE, L'y b Ea" B TR, 577 ILEH-
3-O-ZEFMEL . KA oo 2 IEAEDS, K AR
W RREREAMK; MEEHAER, 55
T I ZEE-3-0- =/ FEL . KT 2, 55
W MR, SRR E IR, BPBEE S
IR 3G, 2T L Zsmy-3-0-2= 8t . KA
VERIBEHIRAR, TIRER R TR, 4mikik
R R N P T 0 2R R R R R g, SR
. MR RRERTERIGTERERES,
o i R S T v R R AT R A A S LA 2
L T AHE AL, MR R EERe T TR
TR EHIE 2, ME R IR, aree2R R
IRACHEE I 7 52 BN B 128300, X Rl 73
2 V) 1) 7% Ab B A AT R A R OK IR R L i A Y
YRR

BE S, BEAT TR 7 e DA S AE 5 2 B S
5, WEFRIL, BEERAFERE 3G N, R 1%
HRIESE, TR M M S AR T 2 TS R
[FIAEAS 29 BiAs 2 4L, R S ENhn, HEmag g
HabmAER; Ak, Hma a1 ) R 4
TR AP R G Re e g sm b AR, &t 2 T
PT. APTT FIPRARER BHARK R W i ik 52 1) &/ M vk
MRS BT 1. . V. VL. X 35 TR A 5
PEEEIN R G IILR T VI, IX. XI. XTI B35,
BEI R A% IR M AR FBY, iR g5 B8 MK % 5 1k
A 3G 982 22 1oy W [E A FH R 45

X T RRK R S A S A e, AR, B
MERR, 2% 7 (hEZ) 1983 FROF (1l
FRA AP ETEY) (2012 RO 257 bk

FIE BIMRK 75 10 22 3R H A8 4 €0 Bl fE R A oKk,
MS5~M7 FIEEENIES s MRTERCT R,
M6~M9 Bilfs MR IR, M6 it
ML o A B R, A — AT A R
M5 JF4s, kg AE GG B R, B M5~
MI10 FJ 1k M AR T M1~M4; 25 REEH Z51R
B R S AW RN N AE R A E A — E AR 5%
PE, Z5 B3, N M6 FER R B, BIFE 190 °C
N 7.5 min.

AT TR A (] 0 o R R K T ) B 5 AR
PR BEAT T RBR AT, SRR B — e 2
AR A, BRIz A, AT T ki, i
FHOCSES N LABGIE , MK 7 A% H 1) o 245 o
FEAEREEAARE . (AL AAEA R 2 AL, BK AT
b 11 A N 5 1 =0 1 T 5 R T T
ITIRIT, JEBEn] ARSI RN LASGHIE, DA
N R TR R R I F 9 B A T S

HBFAR PAEEHFEFARFEAZFR
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