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TR, DWW, FRKIES, AT B2, B2, R OB2, R, FRIES, R
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2. bR RFEARTTERE, dbat 100078

3. Ak R RE R, dbat 100029

7 E: B8 WAHLSEH Bupleurum chinense ORI FICEE MR 2, RIRHR TS SEEASMIBE S BRI ATER R, FibLk
AR A PSR SRR . ik DUHIR RIS HINT BB SRR %, SMMAR, 58512 H a (saikosaponina, SSa).
LETA AT b (saikosaponinby, SSbi). LEHAREFF by (saikosaponinbz, SSbz). LE#fRE T ¢ (saikosaponinc, SSc). YeHiEtf d
(saikosaponind, SSd). EEIEMEIR Y AVEM TEFR, #Bid AHP-CRITIC 454 MRBEH & S Ha bl E R HEHH 4414 (OD
{E); BEFREZELEER, BT OE A BTN (central composite design-response surface methodology, CCD-RSM)
e kb LS A 1 AR T2, BRA RIS BT AR B S A AT S B A5 4k, 12 SPSS AU S AT B o 5 8 br i 43 AR
Kb, LI, 455 AHP-CRITIC A8 AMPEIR . SSa. SSbiv SSbay SSc. SSd. BEETEIR HMIIIBLE R4
574 0.543 64 0.102 4. 0.090 8. 0.096 9. 0.036 2. 0.099 0. 0.0310, FRIEAIISLEFAURAIEH T Z N HIEE 160 C. Kbl
B IR 10 min, ZE&4345> (ODE) 4 81.55, 5 IKIGIELE RS TRIMMEZ ¥ RSD N 0.91%, UtIARE B R p .
IS SESHAR R M) T2 AR e T, I 2 e Se R I RO (, BN, BEWES. BAHKE S, L7, b
5 SSa. SSc. SSd HHEEIEMK (P<0.05); L™ SSbi. SSh HEEMARK (P<0.05); 1 a" W5 SSbiv SSby & i R IEAH
K (P<0.05). $REEAIE—EFEE ETM SSa. SSbi. SSba. SSc. SSd &fE. 45 ikl LEiEH T EFE.
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Optimization of processing technology of stir fried Bupleurum chinense by central
composite design-response surface methodology combined with electronic eye
technology and analysis of correlation between its composition and chromaticity
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Abstract: Objective To clarify the key influencing factors of stir fried Chaihu (Bupleurum chinense, BC) processing, and explore
the intrinsic relationship between the appearance color and quality of stir fried BC, so as to provide reference for the large-scale

production of stir fried BC. Methods Taking stir-frying temperature and stir-frying time as the influencing factors, and appearance,
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saikosaponin a (SSa), saikosaponin b1 (SSb1), saikosaponin b2 (SSby), saikosaponin ¢ (SSc), saikosaponin d (SSd), and alcohol extract
as the evaluation indicators, the weight coefficients of each evaluation indicator were determined by the AHP-CRITIC comprehensive
weighting method and the comprehensive score (OD value) was calculated. Based on the results of the single factor test, the central
composite design-response surface methodology (CCD-RSM) was applied to select the optimal processing technology for stir fried
BC, and the color change of BC before and after stir fried was quantitatively determined in combination with IRIS electronic eye. The
correlation analysis between indicator components and color was analyzed by SPSS AU online software, and a corresponding
regression model was established. Results The weight coefficients of appearance , SSa, SSbi, SSb2, SSc, SSd and alcohol extract
determined by AHP-CRITIC comprehensive method were 0.543 6,0.102 4, 0.090 8, 0.096 9, 0.036 2, 0.099 0 and 0.031 0, respectively.
The optimal processing technology for stir fried BC processed slices involved a stir-frying temperature of 160 ‘C and a stir-frying
time of 10 min, yielding a comprehensive score (OD value) of 81.55. The RSD between the five verification results and the predicted
value was 0.91%, demonstrating the model’s excellent predictive capability. The optimized processing technology for stir fried BC
processed slices exhibited good stability, with the surface of the processed herb appearing dark yellow, slightly marked with scorched
spots, and emitting a stir fried aroma. According to the correlation analysis, L*, b* were positively correlated with the content of SSa,
SSc, SSd (P < 0.05); L™ was negatively correlated with the content of SSbi and SSbz (P < 0.05); while a* was positively correlated with
the content of SSbi and SSbz (P < 0.05). The chromaticity value can predict the content of SSa, SSbi, SSb2, SSc and SSd to a certain
extent. Conclusion The optimized processing technology for stir fried BC is stable, rational, and feasible, serving as a scientific
foundation for the establishment of quality standards for stir fried BC processed slices, as well as for future industrialization and digital
production efforts.

Key words: Bupleurum chinense DC.; stir fried; processing technology; AHP-CRITIC comprehensive weighting method; central

composite design-response surface methodology; chromaticity; saikosaponin; electronic eye technology

S N BL S B W 54 Bupleurum
chinense DC.BRM 4580 B. scorzonerifolium Willd.
AR, PEe. BRE, fIE, A IEL BZ,
67 RE K AR . FERERSREN.
LI PR B FH 5 AT IE I 22 2R U B (388 ) B3k
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AR : “ANMERZER, B RA” U, (HE5EH
IO T2 AR (REZH) 2020 FERCR, (LAEHT
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B BLACHI 78 LT H ] b Ao IV 2 o 24 o R
6 2015 FRAICE: “CHEERATOR USRI B R
TR AR, B, #Em”s (Rlm |y

HIATED 2008 hxhica: “HCEM, RIS (Y
kD MEMAEDR, mEKE” B,

S R H T A AR B I ZE R, AR
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AT, TCIERIUBEHE N o BRI, AHfF TR T “ 3R
HOGHR” HBEEDY, My 7T AR A UK
537 KRR IS SEA T2t T7i: DNV 45
BWAGER TR “E” “CEE” FEHREEN;
FE (R E 2 8) 2020 FF RS B E PR bR L e
#H 2 a (saikosaponin a, SSa). L¢#H 24 d
(saikosaponind, SSd) FZEAM -, B4 H0 il SLEe & I
() 32 & FE I TE] RS me AR K B SRR 2 E by
(saikosaponin by, SSby). 4E#EH b, (saikosaponin
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DU, [ 4 ARSI 14 332 D DA B AR s o0 40, DA
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i Ja 9IRGB A BT B TR 2 (central composite
design-response surface methodology, CCD-RSM) [12]
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FERRRE AR o
1 NESHF

AGI135 B, XS105DU BIHL-Fodr K7, Mk
B-FeR 208 (R HIR AR HW.SY21-KP8 A
TEER K, 6T A ERACR A F] s MS-5 Bk
ML, N SR U A R A &) s DGG-101 A
AR T R4, RIBRFHHEARAF: Agilent
1260 B4 S RO AR (354X, 26 [ Agilent 2275 VA400
A RIS HLFHR, VZE ALPHAM.O.S AH].

SEHH, b5 20240716, bt ARR IR 2L H]
AIRAF], At B2 R 2877 R B 40 3
i, NARTEESEHEEY S B, chinense
DC. {4 s X185 SSa (Fik'5 MUST-23091410).
SSby; (#lt'5 MUST-23050303). SSb, (#it*5 MUST-
23042103). SSc (#it*5 MUST-23070517). SSd (Hit
5 MUST-23091411), Ji# /43 =>98.0%, HK#l=
BB AR AR HRBaigK, #s
20240307, BUMERRSERIFR AR FEE (s
F2407M205). ZJE (b5 204128), tikaf, £H
Fisher Chemical A#]; %K, b5 C15865127, 4
fral, Bl wRAE R R AR A .

2 FAEEHR
2.1 WLEEAMESREIE

HUSEEHOR 100 g, #2HR (HEZ58) 2020 4
PR UG ) 30 U] R v A% HUARSEEH, BT
N, EREEA, MEER, BAYES, B,
P
2.2 SNMERTEN

RYE LA TR 25 HETE ) 2015 bt ( Eifg
WA 250 U HIERTEY 2008 Fi. (TTEEA T 251
JLHIRRTE ) 2005 Ji 55 1 7 M i VR A Ao b SR A S0
PEOIRFEIAR, DAANIER AR bR uESE AT 2, R
SrhRE LR 1,

2.3 HPLC JEISHRA S
231 MKV HEE CRRERATR, T 4 S,

R 1 ISR TS

Table 1 Scores for appearance characteristics of stir fried

BC
SIBLHEIR o
RERIE, WAL, AEBES 5
REBOEE, TR OFTH 3
R, 2 ILEIE, W AR 1

KEH A, RAADES

W05g, F%EE, EREHBHT, BEMAK
FARR-FEE (1019 RAEW 25 mL, @A (I
FK200W. #iZ 40kHz) 4 30 min J5, JEL,
BE 20 mL 73 2 IRV K AE, GHFvlS)E
W [FSOAT . FRIE I RS, EA A SmL, i
0.22 pm JEMEE, HELJER, & H .

232 REXRBIAER IS E  RBERE SSa.
SSbi+ SSbo SSc. SSd X iE R, HEER,
5], e O SR EE 53008 0,606+ 0.446. 0.458.
0.300. 0.658 mg/mL F{IVE A %} B8 T il 45 o

233 iGAF (Ai%FEY Zorbax Eclipse Plus Cig
¥ (250 mmX 4.6 mm, 5um); FBEHH K-8,
B RS : 0~40 min, 30%~53%Z. i ; 40~48 min,
53%~98% L ; AR & 1 mL/min; #919% 1+ 210
254nm; FEE 25 C; HEFER 10 uLo JRA XS
JOLERHRE ) HPLC B WA 1.

A ‘; 2 |? 4‘1 [5 210 nm
‘ H M ‘ Il
| |
B 3 14 254 nm
C f‘ ‘ 210 nm
I
W 1 2 5
D % 254 nm
4
0 12 24 36 48
t/min

1-SSc; 2-SSa; 3-SSb,; 4-SSby; 5-SSd.
1-SSc; 2-SSa; 3-SSb,; 4-SSb; 5-SSd.
1 BEWHR&E (A, B) MPLEHAKR (C,D) 7 210,
254 nm T ) HPLC &
Fig. 1 HPLC of mixed reference substances (A, B) and stir
fried BC samples (C, D) at 210, 254 nm

234 ZMERREFELR REWI “2327 BUNRES
X RE S 2V, TR R LURR R N, o) 2% i R ATR
ARHIE AT, 1R “2.3.37 TN (il S IR
52, VAETHIRPME (V) XRERE (X0 T4
B, #3175 FE 5378 SSa Y=3.398 X—1.4859,
r=0.999 7, Z&PEVEH] 30.35~1212.00 pg/mL; SSb,
Y=18.277X+1.5762, r=0.999 8, ZtEyuH 1.12~
446.06 pg/mL; SSby Y=18.814 X+8.623 4, r=
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0.999 5, ZEMEVEH 1.15~458.46 ug/mL; SSc Y=
3.494 5 X—8.018 5, r=0.999 6, Z&M:yulH 15.00~
600.28 pg/mL; SSd Y=3.756 2 X—2.646 6, r=
0.999 7, ZPEVEFE 32.91~1316.57 ng/mL; 45 %%
B, SRR BT EIR G N R PE R R R AT
PUSMEEL (S/ND 3 110 B (R Bk S i o
5 BRSSP R 52 B PR, 45 5 SSa. SSby. SSbo.
SSc. SSd FGIMIBR 4514 5.84. 0.08. 0.06. 3.00-
6.17 pg/mL, & 2R 5518 19.33.0.28.0.21. 10.02.
20.05 pg/mL.
235 RESEEHEE HL “2327 Ui FIREANIE RS
W, TEHR “2.3.37 OUN sk R rdbRE I e, S
5E 6 7K, iC3% SSa. SSbi. SSba. SSc. SSd (U
B, TS RSD 43908 0.12% 0.13%- 0.13%-
0.28%- 0.11%, ZRFINZAEHRGHE RIT.
23.6 FREMEELR MEMEEHRARIGE, #%
HR“2.3.17 TR k& el s i, 1% “2.3.3”
TR EE %0 T4 5 0. 4. 8. 124 164 20,
24 h JEFEINE, iC3% SSa. SSbi. SSby. SSc. SSd
(ST AR, i+ H RSD 20518 0.11%. 2.44%.
0.38%- 0.33%- 0.73%, &5 53R AL IR TE 24
h AR T R4
237 HEEMWFER WE—SEHBEK 6 1, K%
PR, &M “2.3.17 TR i & R Va i, 1%
BB “2.3.37 T T B i 26 A E R 52 , 1E5% SSa- SSbis
SSba+ SSc+ SSd U THIAR, 15 F 7 & 5354 RSD
AN 0.65%. 2.74% 1.94%. 1.15%. 0.43%, 4
REPIZTIEEE MR
2.3.8 fOFEEIUEREE BRI SEEHR R 6 1,
RERFRE, BRRE S INAE i o 45 5 VR 0] E
VRV 25 mL, %08 “2.3.17 TR 7kl AR s
T, M8 “2.3.37 I i 2 e FEAT I, 45 SSas
SSbi. SSby. SSc. SSd I F-HIMNFE Rl 243 75 N

100.43%- 96.73%- 96.86%- 97.41%. 101.81%, RSD
AN 1.44%. 2.67%- 1.74%. 2.52%- 1.87%, 4
REHZITEENCR REF, AT T 5 Fhoeil a8
53 1 A
239 MRS ENE ORISR D55 R
WA, I “2.3.17 BUF 7 iER & X, 4%
HR“2.3.37 TN i 2 %5 B R bR 3 1)
T,
24 REYHEENE

S8 (P EZ ) 2020 EARINR B E iR
[PFGRIE,  WE REE IR B .
2.5 BRI ERERIEE
2.5.1 JZR5#r (analytic hierarchy process, AHP)
EE EMAE R (0 4 ARG bR 1) E B
JEATRE, XHIOLESARI AR SSay SSbiv SSba.
SSc. SSd. FEAMER MY T LARAL . SR EA
[FLIO IR IDHIET RN, MR ZE ok, %
NE 1 JZIR; SSa. SSd &SR H R EH A
BRK, W 22K SSbi. SShy ZEAMFLE
WA e S0 H FE b SSa. SSd WL %, [FK
HITELEE Kb E [ 5C R %V, BENER 3 2R SSc 1
SE R R TP AR K, R AR b R
HSEEROR BRI IR A AR E RV, )
4 SSc. BHAMER WG 4 Zk. R 748
PR AL, B HAR G K A AR >
SSa=SSd>SSb; =SSb,>SSc=EE I 1Y, iz
i YAAHP 12.1 E IR BT A pa i & Wi b e o
FIRTHEREDS), 25 R ILEE 2. AWIPEIR. SSa. SSby.
SSba. SSc. SSd. EEENER A wi 73 7] 0.465 8+
0.1386. 0.0805. 0.0805. 0.0480. 0.1386. 0.0480,
BORNFHIEAR /9 4.031 0, —E (14 LL A Cconsistency ratio,
CR) 54 0.0116 N 0.1), RHMFERF &8t
Rrgs, FEWALE RECH R

®2 7 BUEAREL T R F B RERE

Table 2 Priority judgment matrix for seven indicator components

BEREIT ZARIMERIN SSa SSd SSby SShz SSc R PRI ) o CR
AR 1 2 2 3 3 4 4 0.465 8 0.0116
SSa 12 1 1 2 2 3 3 0.138 6
Ssd 12 1 1 2 2 3 3 0.138 6
SSby 1/3 12 12 1 1 2 2 0.080 5
SShy 1/3 12 12 1 1 2 2 0.080 5
SSc 1/4 1/3 1/3 12 12 1 1 0.048 0
BEVE R ) 1/4 1/3 1/3 12 172 1 1 0.048 0
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2.5.2 CRITIC ¥Eff @ & M E R (w0) KM
TV S8 BUs AT b e AL AL 3, SR SPSS AU R4k
A (https://spssau.com/ ) AR EAL 5 (£ 1347 AH
KA TR BIFH R R EUY, THEAMMER . SSa.
SSbi+ SSba+ SSc. SSd. FEIFE MR YN wj 5351k
0.1837. 0.1163. 0.1776+ 0.1895. 0.1187. 0.1124.
0.101 7.

2.5.3 AHP-CRITIC &€ & 4805 8o 2R B BE R
B (wue) HEFBEBEUNSEUEEPIEL E, £
71z AHP-CRITIC %, % AHP 75 CRITIC 7%
LA, LR A e A RE.

HHEALN 0 se=vioily(wiw)7, T1H5H1F H M

MR SSay SSbi. SSbay SSc. SSd. FE¥PEIR H
M) @ 435104 0.543 64 0.1024+ 0.090 8. 0.096 9.
0.036 2. 0.099 0. 0.031 0.
254 ZEVPAMERE R E AHP k.
CRITIC % f% AHP-CRITIC 7%:453 2IFALE R0 13
e W TR AR AR 5 R T4 A V4> (OD fED it
5, AN OD=100X X(wnYn/Ynmax), FH' Yo 3K
F R MAEARSEIAEL, Y nmax ARSI BR B KAB, om N
B m TR PR IOAE R, 45 R 3.

12 SPSS 26.0 HAEXT 3 FIRALTT ARG
3 E4T Pearson AHCMEAGES, 25 TR, AHP £
CRITIC 7. AHP %5 AHP-CRITIC 2. CRITIC %
L AHP-CRITIC i [AHIE 2305 518 0.683+0.997.
0.720, —FHZ MMM EE (P<0.01), 4

®3 3 MBIUENGRSTFLER

Table 3 Comprehensive scoring results of three weighting

R 3 MIRBUEBR R LR G 45 R EA — 8k
P X RCE REGHEAT A G, AHP S
CRITIC AU E REHIAH K RECN 0.426 (P>
0.05), ANEF G, W RPEEAR
HEMM. AHP-CRITIC 75174 T R & MK Z 15
W, b —WRAGEE R B, WA IR
AHP-CRITIC %34T OD {E [ THE I8,
26 HEREE
2.6.1 JOHIEEE HURILREEEH RO FES 6 10
#3100 g, AR Z5HLH, 4350T 80+ 100+ 120, 140,
160. 180 CHb#il 10 min, HUH, . $#%H “2.3.17
TR ) £ R I, 2R “2.3.37 TR il ok
A & RS B R, FFARYE AHP AUE R %015 OD
o FF 4 AT, EIOHIREEN 160 CHF OD {H i
i, BEE T )T, OD E%eH mEFFI%, %
PEEUKD IR 140~180 Cifdt—5 T EWH7.
F4 PHIBEX OD EHEM

Table 4 Effect of stir-frying temperature on OD value
YR A0 JRE S HU(mgg ™) VAR

FE/°C VF4r SSa SSbi SSb2 SSc SSd H4/%

80 1 3.1550.019 0.044 0.690 3.501 21.70 44.13
100 1 3.174 0.018 0.046 0.641 3.738 23.60 45.07
120 3 3.204 0.017 0.052 0.659 3.760 24.00 64.12
140 3 3.2490.017 0.080 0.644 3.802 25.08 64.66
160 5 3.367 0.048 0.275 0.692 3.875 23.08 85.05
180 1 1.4930.778 2.141 0.373 1.156 24.56 42.98

methods
e : OP & :
AHP%: CRITIC: AHP-CRITIC#:
1 42.69 44.50 35.10
2 59.75 50.49 55.73
3 36.90 38.64 30.93
4 82.55 63.72 80.90
5 84.75 65.38 82.46
6 79.58 59.80 78.67
7 81.52 62.11 79.98
8 82.79 62.97 80.85
9 61.65 51.37 57.01
10 48.52 60.34 42.64
11 42.10 43.76 34.72
12 43.46 65.48 42.53
13 42.17 53.68 38.20

2.6.2 Kbl EXRIGRSEERIR R R 6 4, T
#3100 g, TANIBZGHLH, T 160 Cor 7kl 6. 10.
14, 18, 22, 26min HUH, Jitid. %8 “2.3.17 T
FOTER AL, %I “2.3.37 TR A%
PEINE % B & 8, JFIRYE AHP BUE R4 OD
fHo B35 AIH, FEAEIOHI E RGN, e
[]24 10 min I} OD {E f iy, B Kb I [a] R 38 i,
OD 1B STt i1 J& BRI, Wk B i ] 6~ 14 min fif
5 lHIREYT OD EAFT

Table 5 Effect of stir-frying time on OD value

IO S Ji By i/ (mgg ™) R MR

[&/min ¥74> SSa SSbi SSb. SSc SSd Hi#/%
6 3.698 0.019 0.119 0.791 4.533  26.82  46.82

1
10 5 2.6620.079 0.418 0.609 2.975 2634 75.84
14 3 25030227 1.085 0.511 2.197 26.12  56.62
1
1
1

18 2.386 0.583 2.193 0.482 1.485 26.84 41.27
22 2.269 0.886 2.785 0.365 1.354 24.60 43.45
26 1.563 0.955 3.028 0.322 0.658 26.36 39.95
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W T EWR .

2.7 CCD-RSM it kbeEdf TZ

271 RBBITEER SHERRRFERELER, X
F CCD-RSM 1 2 K& 5 KRR, DU HIE
JE (X~ BB (X2 NHEZHE, L7 MER
%53 () OD {E N PR 48 A5 G880 (A 1) 1T 2 k47 3k
— k. ESKT. REW 5455 R NE 6.
2.7.2 HERE KR EMAR:  SRA Design Expert
13 3R S8 B E d AT I G A, AR RN

OD=80.570—0.628 2 X1—4.660 X;+8.150 X1Xo—
22.530 X12—15.940 X»2, P<<0.0001, tHfiZf7 H
BREM, TTESERNE 7. HITZEHPTATH,
R2=0.991 7 i BFAS 28 ol 4 5 S IAF A 6 v A AH
Fek, LI P=0.056 4>0.05, iR A
L, A . I T S R K BT L 2,
S H S ) 3 R AR e ) A ] S ) A
EFRE, [FEFENE Gz i % R %S5 OD
HZ R ER: K ] > Kb IE FE

%6 CCD-RSM EZE/KE, R ELER

Table 6 Factor level, experimental design and results of CCD-RSM

i XC Yofmin fbﬂ"ﬁ Ji &S B (mgrg ) B IER EfE
¥/ SSa  SSbi  SSb.  SSc  SSd  Hi%/% L a b
1 132 (—1.414) 10(0) 1 3.075 0.017 0.097 0.617 3.363 23.95 69.721 3.798 22.778
2 140 (1) 6(-1) 3 2968 0.016 0.122 0.592 3.043 24.50 68.875 4.195 23.930
3 140 14 (+1) 1 2.392  0.027 0.120 0.499 2.687 24.23 64.501 4.750 25.853
4 160 (0) 10 5 3240 0.060 0.311 0.657 3.447 2591 64.086 5.432 26.108
5 160 10 5 3329 0.073 0.271 0.627 3.990 26.85 66.946 6.119 28.504
6 160 10 5 3.006 0.081 0.159 0.644 3.171 2191 65.280 4.009 26.426
7 160 10 5 3.284 0.049 0.180 0.687 3.263 24.13 67.434 5.158 26.657
8 160 10 5 2965 0.047 0.188 0.663 4.037 24.71 67.068 4.477 27.226
9 160 4 (-1.414) 3 3.110 0.016 0.053 0.577 3.556 23.66 69.604 4.640 23.703
10 160 16 (+1.414) 1 3224 0335 1.652 0.643 2.714 23.86 61.698 7.071 27.360
11 180 (+1) 6 1 2974 0.022 0.127 0.578 3.354 24.01 63.728 5.230 25.641
12 180 14 1 1.884 0.883 2.853 0.381 0.900 24.88 52.146  6.321 20.542
13 188 (+1.414) 10 1 2410 0.404 1.638 0.443 2.066 24.24 55371 6.139 22218
RT HEDHER
Table 7 Results of variance analysis
HEXE CEFHM BEE By FlE PlE TIERI PN gmE B Fii Pl
T 5168.98 5 1033.80 167.88 <<0.0001 | X1.X> 265.85 1 265.85  43.17 0.000 3
Xi 3.16 1 3.16 0.51 04971 | %% 43.11 7 6.16 - -
Xz 174.03 1 174.03  28.26 0.001 1| ZR3I 35.39 3 11.80 6.11 0.056 4
Xi? 3529.88 1 3529.88 57323 <<0.0001 | #fiirzE 7.72 4 1.93 - -
X2 1767.21 1 1767.21 <0.000 1 | A0 5212.08 12 - - -

1 4
7%%m

v SN
;fifg’ll" /NN
//,h,,,;‘,;

286.98

& 2

X>/min

150

170

X\/C

FERRINZETTHIFMN

Fig. 2 Effect of each factor on comprehensive score
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273 T2 KERE 12 Design Expert 13
HE IS ERAE T ZE S48 WHIEE 159.16 C,
YOI [A] 9.372 min, ZEE1950 7 80.95. 454 SEkR
BAER AT AT R S HOR B HIIR S 160 C. Kb
i) 10 mine #E4T 5 YOI, HARLE R ILE 8,

IR S 255 VF 5 9 81.55, RSD 1H A 0.91%,
KW ZTZEA RIFMARE ML k.

2.8 BiEEXMES T

2.8.1 FEENE B 10 g il 4 SRS SEEARE
AR, TRIERERS R, ETEEE A

=8 WIFAIeL
Table 8 Results of verifies test

R t)L’I*XJ”u R E/(mg-g™) PV 3% %é T RSD/
o SSa SSby SSby SSc Ssd H /% PEOy %
1 5 3.351 0.067 0.342 0.624 3.436 26.06 81.24 81.55 0.91
2 5 3.438 0.059 0.253 0.619 4.053 24.10 82.38
3 5 3.294 0.075 0.281 0.648 3.852 25.70 82.04
4 5 3.349 0.064 0.209 0.651 3.376 23.58 80.46
5 5 3.428 0.070 0.247 0.673 3.562 24.71 81.60

JEAR b, BRSO T R R, B 3
U, MSERE SR L (FRE). a* (g thE),
b* GREE () 19, Z WK 6. UL AT %1, SEHA7E
S0 1) =t 2 o o e R TR 3 T B TR £ S
Ko, LEAWTFEAC, a™EA B, v sk
I, REFEFEME, iR E AR AR,

2.8.2 SEEHAE RSB S ESEEEM ST K
F GraphPad Prism 9.5 #C4Hx6F i B [y H 13 LA i
SRR B B e S AR AR O AE, IfiE
FH SPSS 26.0 AT & & -5 € FEAE WIAH S A
ZER UL 3 fik 9, HELkn%n, SSa. SSc. SSd 5
L*. b* R IEM% (P<<0.05), W& SEME, Y
SCRE Bk, FEFEREEINUR; SShi. SSby 5 L™ 2 fiAH
K (P<0.05), W#HETRBAL, Y HE MR, &

-

1 05

SSa

SSb,

SSb,

SSc
-0.5

SSd

R
Sy

SSc

SSd 4
R

HY

L
a
b*
SSa
SSb,
SSb, 4

Jul

B3 iR S & EEREXMERE

Fig.3 Correlation heatmap between indicator components

b4

and chromaticity values

R9 BRI SESEEEMAXMSN
Table 9 Correlation analysis between indicator component

content and chromaticity values

o L a* b
r P r P r P
SSa 0.760% 0.003 —0.177 0.562 0.699*% 0.008
SSbi —0.905% 0.000 0.638* 0.019 —0.567% 0.043
SSba —0.908% 0.000 0.726" 0.005 —0.512 0.074
SSc 0.760% 0.003 —0.308 0.306 0.762% 0.002
SSd 0.861% 0.000 —0.442 0.131 0.709* 0.007

PR ) —0.067  0.827 0.413 0.161 0.170 0.580

#P<<0.05 B VML #P<0.01 9TV L.
#P < 0.05 indicates a significant correlation; #P < 0.01 indicates an

extremely significant correlation.

EBFEEEMYR; SSbyy SShy 5 a™ 2 IEAHIK (P<<0.05),
W S, RAMEZHT & BERER Y
TR SR BN T M. DL RS R
FEATELETIO I P FE A, B I B ) P A DA
TN R T i, b S R R T R W e i
IR, MIRBEEAR AR, AR DE A H I =k
F ISR I IR L B PR,

2.83 WMo SEEMEREIIMESNT DLEEEE L.
b* N H A&, SSa. SShy. SSby. SSc. SSd NHAE &,
FIF SPSS 26.0 AT RIS 4T, 455K W3 104

11. B3 10 /I, 5 ANHES B P EHI /N T
0.05, HAEEM., ML 10, 11 77%1, SSa. SShs.
SSh,.SSc. SSd 1 & i v E & %43 7124 0.808.0.866
0.895. 0.785. 0.858, 1. A 52 B (A s M #5554 80.8%.
86.6%. 89.5%. 78.5%. 85.8%. mJ75F|[m] )7L
Yssa=—4.191+0.079 L*+0.205a*+0.037 b*, Yssb,=
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F10 BRSO HESEAFED T
Table 10 Stepwise regression analysis of variance for

indicator components

TR LY R? WS R? PiE
SSa 0.808 0.744 0.001
SSbi 0.866 0.822 0.000
SSb> 0.895 0.861 0.000
SSc 0.785 0.713 0.002
Ssd 0.858 0.811 0.000

11 BEESEGRRSHEERY
Table 11 Regression coefficient between indicator

components and chromaticity values

FebRE o B JEFRMELL R FRMEREL dE PHE
SSa W —4.191 - -2.975 0.016
L 0.079 0.989 3.580 0.006

at 0.205 0.481 1.976 0.080

b 0.037 0.203 0.997 0.345

SSbr  HE 2.431 - 3.501 0.007
L -0.028 -0.587 —2.547 0.031

at 0.065 0.257 1.267 0.237

b* -0.033 -0.302 -1.775 0.110

SSby, HE 6.672 - 3.118 0.012
L -0.079 -0.478  —2.344 0.044

at 0.368 0.420 2.336 0.044

b -0.116 -0.307 —2.041 0.072

SSc W -0.530 - -1.652 0.133
L* 0.009 0.544 1.859 0.096

at 0.003 0.033 0.128 0.901

b 0.020 0.501 2.324 0.045

SSd W —7.184 - -3.027 0.014
L 0.105 0.667 2.806 0.021

at -0.010 -0.012  —0.057 0.956

b 0.141 0.393 2.243 0.052

2.431—0.028 L*+0.065a"—0.033b", Yssp,=6.672—
0.079 L*+0.368 a*—0.116 b*, Yssc=-0.530-+0.009
L*+0.003 a"+0.020 b*, Yssg=-7.184+0.105 L"—
0.010 a"+0.141 b", #Huk, ArELISLEHREE R
SRR SE8 N TEFB bR o 1 i, 38 T ) T I
JF
3 g

SeHALE (PRRAELL) dEEIA L, BES
FIEAKIAE G N 2= AR RIERRY, £
H [ PA 2122145 ) TH-NMR A4 GC-MS BA,
KRG T T S A1 S5 12805 18 FH FIAL 2 1oy
AR, 25 FL R DL S8 1) AR AR AR A 4

B, HUEHIEEF] S SSa. SSd S B &K, 1M SSbi.
SSby & &S5y, HEMI AT §ESE HH T SSbyy SSby A #5#
(LRI F o

IE QB A RS B 5 Sk, B BT IR 2
Ay, MO HERERCSY, PR I8 I S BRI A
10 e DI N O 2 (A R == S 8 I
A RO 22 4 FTE B N« T 280 HH ) SSa. SSd 2
ABABA - R R OUR B 2 Sk, A S H R B 08 4 PO
SR G234\ g SSa. SSd & LEH B AT E I
SRR RLAY, AT IE S AR AT AL A DA 4 i B 25 ) ais
RN IE & 40453455, 3 n] i ik 75 S 4 A o T2 A
G P EEERS200, PR LTI I 0] L SE AR . UK
P& T BE- K PR RPN V3 1, I 60%ME-7K
AT 2 SSa & m L #EtE i K. R A 4508
TMIESE 70% ZFEFE RGeS SSa & Edp i, /N
SRR I R K

PL LR, SSa SrEiim ek,
SSa. SSd M EEEEHRIEDLS  RIF DM SET) 2K
(1) 1 B sy, FLR R AE ) ik R rp R I 2
BRI SSav SSd AT ¥4k N EEEE/INE SSbi SSby,
{E 2 BLAREE AL L 2 1 7E 2 A B B R A B
[, MAIERE, TSI, Wik, AT
JOIEANEEIR J ) SRl B, #F S FhLESH R IMEN
KOLEEARH T2 s tabs . JaIAERA TR — St
RFT SSa. SSd 1 SSbi+ SSby Z [H] {144k KR AN %
FELLHI, BIH SSa. SSd A1 SSby. SSby I HLAFI TG,
BE B8 70 70 DRAIE 24 2% R B AT ARAIE I PR FH 25 %2 40
1% {5 55 290388 o A 7 2% W IBE SR 0 0T JH 48 4 A KBRS
BRI ORAPVE ] K FEBE B RIE T, R IS SRR R A
YITENR T 3.6 gkg RN A9 K RATFAF4E4, 1
KT & N 2= 51 e DL 32 1K B3 B s,
A] Lk 7 K 58 ) F2 T BV 1R R D N T D SR A 1)
JREETEbR . R IE 5] NTE VA 1 L G A
Wi, BDZGhE 3850 52 kb 25 3R THI 3 (o sl bL SR 245 4 (0 35%
I, A2 SmAEE, &R AMEE & AED,
Fic L3 b B 402 B 8 R I R RS R A
AHP-CRITIC VEHATERE AL 58 CCD-RSM,
Tff 78 IO SE A ) B AR MR T2

PRI HTHTE Bl 2% (1) 95 128 P g e B e T 1)
THEFFRT T K- IK-FEE I £ -0 1% R K
BRI B RO, R LLK-ZE1E N s AH
€ 1 ] U TR B o B FE AR LT s 588 T A R
(15, 25, 35 C). AFRMERGE (0.5, 1.0, 2.0



PER 2025498 B56% 188  Chinese Traditional and Herbal Drugs 2025 September Vol. 56 No. 18

* 6599 »

mL/min) FHIERER, KA 25 C. HFRRE
1 mL/min B €63 06 () £ B o TR) B A 1 F— I K
43 B A3 AR, 5 B s B 2 6 o1 R
ANAERER, RAXBEE (2104 254nm) %, 15
SEEH 2R (04k 2 13 B8 % R R Bl 4 T b PR B

CEZG L) 2020 R SSas SSd 1 NS
DFEFR RS, VR T S50 R I S8 50 2 5 52 A
FasE, FEfE SSa. SSd [f] SSbi. SSby # LI A,
I I SCRR VAT i B PR I 5 0] B A& BT SSa SSd
INARRSEAE Sl N R AR TR A A A SSb . SShBYL,
RO, B A BURE 5T R B SSby Al ALt ik
TG RE N A A L IR R A FE R S JF 45349 [ OR
TEF; A2 5%P 50 R I SShy i@t 1% SIRT6 /i
PR A U I % T DAE A A S0 o s 200 B ) 3 5 5
TR PEBSZERTT 7T KB SSby S #I] TLR4/NF-kB/
NLRP3 {5 518 6 e % 22 i K B (R R 41 4E 4k, o038
B DhRE AN JORE S B o AL b HE FE p, BEE
SSa. SSd 1] SSby. SSby #ALME NN, D] GE 21
SESEEHIR T SR . (R BR AT AL S AR 1
YEM . {HHERTT SSa. SSd 1] SSbi. SSby B
FEAR DU S 7 5 A i v 28 3 0 i 1 52 e oA O
BRfRROE, S SIRBEEIEsL, IR TR ST
— A I IR T, BRI AR LB (1 25 384
FH 551 PR S FH AR A

KB T8 T A GRS IR s T 25T,
W RIL, TS H TR S B R A
YOHREE IO HIS AN 2 &, e LAk iR R A
0 B T e Sy O, T o 24 6 W) S5 b i T AR B 1
PR/ N RBST, R R, K2 HT A b
T EARA I SEIRRR T b By, 2 R v E R E] . H
BEEARXT B8 A BN, AR R IR R T
PRI 5256 = 0 H B RE R e i MS-5 AL 1%
Bl, BCHZE 15 /min. TSI R, Nzt
2> S HATE A [F) B 5 B AN (] b il i B
IO GO, TNt 2 W 5 S S AR =2
WA, I, RTEDH T2 mtRE. s, @
5 FKE MRS HIRCR, TSI Sk
B, RARIINZEN 100 g I, eI H25] H
NG IbIE, WAE G B T2 5 A AR BRI 2
WA SR EA RIS R AT I 52, 1 3 2
YO AT [R], AT T E SRR RS I
HAR KA =B B2 45 A BB B i) 14 46 A R 4%
BHEAFENIZTE . IO & 55 D 0 M A 1

AP

AWFFEET “RERE” MG A, Rk
GuA AR 5 N TE TR BR B VPRI A 45 A I8 52
3, KL AR A A ) L 5 b i B ) 2 A A
KT RGEH . RRRRRERRI: IR
9 80~160 CHT, KbUEHH R (A MR (a3 A7,
SSa. SSbi. SSby. SSc. SSd & EAIZE FHN,
KO EERF] 180 CHY, 28I AE, B, SSa.
SSc. SSd & & S R B#, SSby . SSby & &S i LT
BEE IO I (R 2B, B SE A (OB IR, SSax
SSc. SSd & BB T B, SSbi SSby 2 B IZ M
Tt FRRUE SIS FE H SSbyy SSby AT
VI, VBN EEFRPRE T . R B R R ARG 25
Fy b5 5 A N7 T 56 4% DR 2 TRD PR AH AR R gk
TR AV, DR RIS e m T8 . i
ST R N T AR P<<0.000 1, R2=0.991 7, Z<ALNIH
P>0.05, RIS RIF, X TLRE VP52
NI B 1) > IR EE 4 A5 S M B A T
2O HIIRE 160 °C, KBHilESE] 10 min. AHE T 1E
RWHES WAWTHERA R RS . AR E
K 45 TR U S 5081, 45t st o SR R
. AIEE, REEE A RN NS SR bR R A
S

O FE LB AL . BRI B S HT
BEAL R T “HRELI” MR E, R T AL
S TIRERNAL, B ZMH TR REEN
PR RBS, TEMIHIERE A, SO A R 25
o, WY E B A, AR, BABES,
SR N 2R, 2 WAEDE, WMk, @
SRR A FT R B — B % AT BE BT 257 M
PR R AE SR BN, A 2R RS S B A Bl
ARHEL, SRy — PR TS i R B AR
U, AHE TGN HL T BRALGE 70 T BR[0T} b 44 ]
AT EM T, W DU SE 5
AR, DURD N R FERRZE, 53
ALt A . [RIERE A SRR 5 2 B S 3R bR Ak
BRI, RIS AN 5 5 N TE R
PIAH SR, 455 Pearson #H ¢4 34T A& ZW, SSa SSc.
SSd 5 L*. b fF4EIEAIZE (P<<0.05); SSby. SSby 5
LFEGAR (P<0.05), 5 o fFEIEMK (P<
0.05); EFMHEREMEES L' o' PAFIEM R
P, RIS LESATEA RIS HIEE « O HIES R SSa.
SSbi. SSba. SSc. SSd FE S5O EENE —EEE
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