F47%5 F11H 2024511 8 %Kl-‘i{.‘[ﬁti Drug Evaluation Research ~ Vol. 47 No. 11 November 2024 - 2613 -

ANBEHNLZREBZNFRTSHEREX M

TE5, ¥ A, IME=E, KESE, PR, W, Sak
KHEREAGKF, Hh KEFE 130117

 OE: B RAKASEGTZ, JERFERE RSSO S R R AH . iR SR R RGRH (gik (HPLO)
AT 8 F NS BRI I E VL RN R (UV) B ASRERE . ASZHRSENETE. UASRE
Rg. ABEHRb. ABEHRe. ASZH. ASEBHMNS & LKA S WEREDERNER, 8BRS
% (AHP) -JEBUE LS G0 S TVE S SRR L . SR BLAR AR HI [0 K 12l L2, 15 s aam T2 IR T5
WE. R LS AR MG TER KSR AR T EEENE, EFESMASEYT. ASZHAMASREHSEN K
NZHATWAE IR, W B A LR 48 b5 & 94T Pearson A E M. £ 0 (PCAY. EIREERHT (HCA)
FIEAZ A s /N — 3R ik #7043 HT (OPLS-DAD . £5R RIEHI KIS uHl T2 NEHEEL 1 L 10, SR EAEE N 2.1~2.5 cm,
ZH R E] 10 mine 6 IRIGIUEZE R R, SALMH T 20845610 0 80.55, 5 TUMIME (AR YT i 224 1.10%..  AH IS PE 4 #T
SRER, NSZLH. ASAEH. ASZEHFRg. ASEHRb. ASEHERS. ASZEH Re. AZEFHRb,, ASEFH
Rb,. AZEFRAGESGPEMELS A MA ) HEOGOUEREOEHE (B WERELHX, ASEHReS5a*2E D
HIEMIE, HL*, b*. EXTEARME. PCA X HCAS R E R, REME LEH KIS R N2, OPLS-DAL R ERAS
EAFRE. Rd. Rb, & & KRS MG R 0 E B R EAEAR, o2 RIS MHE R M EESGEER. 8518 @&k 5
JH TERERAT, BERNWSHESNIERERE —EHRH,

k#EiR: KJ1%; Box-Behnken WM THIVE: ZIRAHTIE-ALE: Bl T2, BEHE: AZ2HRg: ASEHRb: AS
EZ

FESES: R284.1 XEKARERS: A XERS: 1674-6376 (2024) 11-2613-14

DOI: 10.7501/j.issn.1674-6376.2024.11.017

Analysis of color correlation between processing technology and main chemical
components of Dali ginseng
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Changchun University of Chinese Medicine, Changchun 130117, China

Abstract: Objective To optimize the artillery process of Dali ginseng and to investigate the correlation between color and intrinsic
quality during the artillery process. Methods A high performance liquid chromatographic (HPLC) method was established for the
determination of eight ginsenosides; an ultraviolet spectrophotometric (UV) method was established for the determination of total
ginsenosides and ginseng polysaccharides. Based on the Box Behnken response surface experiment, the content of ginsenoside Rg,,
ginsenoside Rb,, ginsenoside Re, ginseng polysaccharide,and total ginsenosides, and the scores of the appearance properties of the
decocting pieces were used as indicators, optimization of the processing technology of Ginseng preparation using AHP-entropy
weighting method. Determination of colorimetric values of the powder of Dali ginseng samples with different processing technology
using a colorimeter, selection of eight ginsenosides, ginseng polysaccharides and total ginsenoside content for the determination of
intrinsic quality of Dali ginseng, Pearson correlation analysis, principal component analysis (PCA), hierarchical cluster analysis
(HCA) and orthogonal partial least squares (OPLS-DA) were performed on the color and the content of the above indicators. Results

Preferably the concoction process of Dali ginseng was 1:10 ratio of material to liquid, the diameter of ginseng root was 2.2 cm, and
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the blanching time was 10 min. The results of the six validation tests showed that the average composite score of the optimal
concoction process was 80.55 with a relative deviation of 1.10% from the predicted value. The results of the correlation analysis
showed that ginseng polysaccharide, total ginsenosides, and ginsenosides Rg,, Rb,, Rf, Rc, Rb,, Rb;, and Rd contents showed
significant positive correlations with L*, a*, b*, and E*, ginsenoside Re showed a significant positive correlation with a*, no
correlation with L*, b*, E*. The results of PCA and HCA showed that the different concoctions of Dali Ginseng could be clustered
into two categories: The processed samples of D1—D12 and D13—D17. OPLS-DA results show that ginsenosides Rf, Rd, and Rb,
content were important quality indicators in the process of Dali ginseng concoction, a* was an important color indicator in the
process of Dali ginseng concoction.Conclusion The established Dali ginseng concoction process is stable and feasible, and the color
of Dali ginseng has a certain correlation with its intrinsic quality, which can provide a reference for the subsequent evaluation of the
quality of Dali ginseng.

Key words: Dali ginseng; Box-Behnken response surface methodology; AHP-entropy weight method; processing technology;

colorimetric value; ginsenoside Rg,; ginsenoside Rb,; ginseng polysaccharide
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Re Y=3107.2X+11 146
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Rb; Y=2294.8 X+28 847
Rc  Y=26554 X+27257
Rd  Y=3086.6 X+32 984
Rf Y=3222X+7512.4

0.9997 2.500~900.000
0.9995 2.525~-909.000
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17555, R Fae M B M RSD#4<1.45%, JINFE
[ 98.35%~99.55%,RSD<<1.67%, XIFF & HIE -
217 M EENE ARUAT, 656G,
35 °CHETF, BIAFAE WY 24 il id N Y, Wil B T8I ¥ T 1)
17 A K FIZFE 8 43 58 A D1~D17, HAR M #1 %&
PEILER 3. BUK DI S MUHIRE §h, 42 “2.1.27 00 F 773
1) 8 B S VAR, T B 2137 T 0 i 4% 1 N o R
w1 R SR LR 3

22 AEBZHESASREBEESENESE

221 PRSI A iR RR EUT K



<2616+ FE47HE F11H 20245F 118 "éﬁ-i‘ﬁﬁti Drug Evaluation Research

Vol. 47 No. 11 November 2024

K3 SWASEHRENELER

Table 3 Determination of ginsenoside content of eight ginseng saponins

U SIRE  BHE AZRYT A2 AZE AZE AZE  AZE  AZE AR
1&/cm [1] /min Rg./% FRe/% THRb/% FHR% HRc/% T Rb,/% T Rbi/Y% HRA/%

Y — — — 0.178 4 0.1532 0.188 4 0.067 3 0.124 9 0.2756 0.068 4 0.0554
D1 1:8 1.6~2.0 10 0.174 8 0.3832 0.279 4 0.1156 0.3829 0.454 7 0.157 3 0.159 6
D2 1:12 1.6~2.0 10 0.186 4 0.250 6 0.202 2 0.1051 0.37217 0.494 4 0.1227 0.187 5
D3 1:8 2.6~3.0 10 0.159 1 0.271 6 0.197 4 0.070 3 0.3330 0.3358 0.092 8 0.153 8
D4 1:12 2.6~3.0 10 0.184 8 0.278 1 0.1552 0.098 7 0.3392 0.434 8 0.1052 0.143 1
D5 1:8 2.1~25 7 0.160 6 0.208 2 0.184 0 0.0953 0.283 6 0.394 1 0.073 4 0.098 3
D6 1:12 2.1~25 7 0.147 6 0.193 6 0.2323 0.079 7 0.285 8 0.443 2 0.099 4 0.149 7
D7 1:8 2.1~25 13 0.156 1 0.251 6 0.161 3 0.101 7 0.3630 0.567 6 0.1198 0.2159
D8 1:12 2.1~25 13 0.182 6 0.160 0 0.2193 0.092 2 0.3223 04717 0.126 9 0.174 8
D9 1:10 1.6~2.0 7 0.2215 0.276 6 0.267 1 0.081 6 0.3910 0.5859 0.151 8 0.1534
D10 1:10 2.6~3.0 7 0.093 9 0.178 0 0.152 5 0.067 1 0.113 4 02717 0.052'1 0.046 2
DI11 1:10 1.6~2.0 13 0.2529 0.269 7 0.194 9 0.1149 0.372 6 0.5343 0.150 5 0.197 1
D12 1:10 2.6~3.0 13 0.201 0 0.2455 0.204 6 0.118 1 0.403 4 0.546 2 0.137 2 0.1858
D13 1:10 2.1~25 10 0.286 3 0.2829 03123 0.1917 0.521 8 0.800 7 0.201 2 0.354 4
D14 1:10 2.1~25 10 0.204 6 0.3326 0.334 8 0.1324 04195 0.601 9 0.158 3 0.222'1
D15 1:10 2.1~25 10 0.264 1 0.226 5 0.280 8 0.143 6 04311 0.625 6 0.162 4 0.224 4
D16 1:10 2.1~25 10 0.266 0 0.292 4 0.3149 0.169 2 04103 0.605 3 0.157 1 0.2532
D17 1:10 2.1~25 10 0.299 1 0.260 6 0.2827 0.179 5 0.5193 0.866 7 0.208 9 0.274 1

BN Z 2 Re AHIE L 10.0 mg , T 7K 5 25 B i 2% HER AV
WKBMIFE R T 100 mL &P, B2 EKR 223 ASZHLMCREBLE 2 H0 % U

& 290.1 mgmL™ (R E O IR SR, NS B Re i
FRLERT 10 mL =, 53] 1.0 mgmL ™ [P R

W
222 MG E RBOR ISR R G

M

KSR, 100 °CHE 7K [FIR AL 3 by o # A IE ,
PENR TR . WV 5 YR AR R e 5 e o, G 2
BN 50 mL 78 187K B O #A =130 3 h, 2 #dh g, &
H 2R MIER , TN 95% & B i & B ik E &
75% , 4 °C % & L & 24 h, 4 000 r-min™' & >
10 min, JU3E FHTE7K L P  ZBR R R e 5% ¥ U5
T, BB RIS NS Z /AR . B 10 mg
Z WER R REERRE  MZETKIE AR EZ5 T 100 mL &
I, B AR 4t Y VA

WK%, OB R FREL20 g, A 12 £ 10 2818 K
U2 1IR2 N, 52K 1.5 h, BUEIES , & FF 08
W, K H D101 LA JIE A IR B, 7K e Jid 22 T £,
60% P WA 60% £ B3 I, S8R 46, T
o R B BT AR .. BUS B AL 50 mg,
K B FR € 5 0 AR I T 1) B T & 9K B2 R 2 mg-mL (1)

i
V-5 %)2.5 g F & JEE Be I 7, K5 % In N 50 mL 2843
az_'\

2 R R TV 0 0.0.2.0.4.0.6.0.8.1.0.1.2. 1.4 mL
T 10 mL B ZE R E 400 N 2818 7K 2 2 mL, VB2,
IO T mL 6% KMy, B2 5 5 mL K B iR
B 7K IS min, PKZKIE A ) 10 min, =5 T #
H 15 min, F H B 5E4 . 1E 490 nm P A AL HE 4TI
6 FEM 5, LA 49 8 o B FE O R A R RO B
DA B, 2 i) b A il 2R, 49 B0 4 1 8 7 R Y=
62.057 X+0.07, R*=0.999 8, &5 F. 3% W] , %] % 4 78
0.002 5~0.017 5 mg-mL™" £k 1k 5% & B 1T .

224 ASRBHEMEXRER fH(OPEZHR)
2020 E RN 2 0 BT IR b A 2R 10 ) & 7
5 il £ N2 BT Re X HR G, 76 540 nm 1K
A2 0 S W BE S DA S BE R N A KR Jo AR B A
Al b s AR o M2 . 45 B 2R 1 B U 7 #2 Y=28.068
X+0.005 1,R*=0.999 4, 25 J R0 4 BAFTE 0.004~
0.040 mg-mL " 2150 R R if -

225 R EWE B Y.DI~DI7,
F22.2.27 BT 721 4 AR VAR RS B 1 mL
Z BE AR W 50 pL NS R B AR AT
1422372247 50 J7 AT B A5 0 2, $i BEAR



E47HE1NH 20245118 LA Drug Evaluation Research

Vol. 47 No. 11 November 2024 - 2617 -

MMt E S, SR NK 4.
2.3 SRS

T TR B K 77 2 (0 A0 W R FLAR R W T 3
AT WG I 2D, 5% A [) M 1) % A1 45 B AR R il g 1
DA R VR Amife , PPRor R WK S .
24 [BRCE-BRAWEAHP)ITHEE SFS
24.1 AHPEIMHSIBRIE R% AHP 2 —H
T W B BCE R 7, T R R R S R,
Xof R S I 3k AT 5E PR AN 5E B0 A, B yaahp B
Sk B B R ol S T A B O TR SRR E D . At A is
HPLCIIH T K1z 8 M A BH &=, (h E
25802020 Fh“ A7 00 LA S 21 Rg,Re Rb,

R4 BERPASSHERASZETNAENELSR

Table 4 Determination of ginseng polysaccharides and

ginseng total saponins in samples

FEfh ZHE%  BRE/% | AR 2% BRFE/%
Y 11.18 242 D9 17.55 237
DI 18.11 2.45 D10 1127 1.02
D2 16.77 2.55 D1l 12.58 2.73
D3 12.69 2.64 D12 13.14 2.61
D4 1342 2.88 DI3 2145 235
D5  17.06 1.85 D14  19.15 4.15
D6  14.69 2.05 DI5 2126 425
D7  19.96 2.75 D16  21.04 3.22
D8 19.92 2.15 D17 2032 2.90

D12 D13

B2 £WESRRHASHRAE

Fig. 2 Ginseng and Dali ginseng decocting pieces
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Table 5 Appearance trait score sheet
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Table 6 Judgement prioritization matrix for pairwise comparison of indicators
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EZwoe s 1 2 4 2 3 5 03285
MEHEE 172 1 4 2 3 4 02517
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CANIRERTN 1/5 1/5 1/3 1/4 1/3 1 00461
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F7 WOREERAFER AR,/ E| 2 e H T N Y=280.76—3.20
Table 7 Response surface factor level table A—13.58 B+5.74 C+6.01 AB—046 AC-+13.59
e % K BC—13.27 A*—24.00 B*—25.61 C*, R°=0.982 0.
-1 0 ! Ji o M a R AR WY 15 B ) IS B AL FAE
FHELL/(gml™ 18 1010 1012 $942.39, H P<<0.000 1,3 % B % 10\ & 4 70 76 45 i
B Z R B 1% /em 1.6—~2.0 2.1—~25 2.6~3.0 RS EM., SRR PN 547, PIE N
C I /min 7 10 13 0.067 1>>0.05, — K % T2 [A] YA A5 B [ 404 BE U
*8 MMEREEITEER
Table 8 Response surface test design and results
75 A B/em C/min X% X% X% X% X% X LZavEay
1 1712 2.1~2.5 13 0.182 6 0.160 0 0.2193 19.92 2.15 7 49.54
2 1:10 2.1~2.5 10 0.266 0 0.292 4 0.3149 21.04 3.22 9 83.17
3 1:10 2.6~3.0 13 0.2010 0.245 5 0.204 6 13.14 2.61 6 32.79
4 1:10 2.1~25 10 0.299 1 0.260 6 0.2827 20.32 3.31 9 77.27
5 1:8 2.1~25 7 0.120 6 0.208 2 0.1840 17.06 1.85 3 33.32
6 1:8 2.6~3.0 10 0.159 1 0.271 6 0.197 4 12.69 2.64 2 29.59
7 1:10 2.1~25 10 0.286 3 0.2829 03123 21.45 2.35 3 79.22
8 1710 2.1~2.5 10 0.264 1 0.226 5 0.280 8 21.26 4.25 8 79.88
9 1710 1.6~2.0 7 0.2215 0.276 6 0.267 1 17.55 2.37 5 56.69
10 1:10 2.1~2.5 10 0.204 6 0.3326 0.334 8 19.15 4.15 8 84.25
11 1:12 2.6~3.0 10 0.184 8 0.278 1 0.1552 13.42 2.88 4 31.27
12 1:8 1.6~2.0 10 0.174 8 0.3832 0.279 4 18.11 2.45 5 67.72
13 1:10 1.6~2.0 13 02529 0.269 7 0.1949 12.58 2.73 6 33.80
14 1:10 2.6~3.0 7 0.0939 0.178 0 0.1525 11.27 1.02 1 1.32
15 1:12 2.1~2.5 7 0.147 6 0.193 6 02323 14.69 2.05 4 31.77
16 1:8 2.1~2.5 13 0.156 1 0.2516 0.161 3 19.96 2.75 6 52.92
17 1712 1.6~2.0 10 0.186 4 0.250 6 0.202 2 16.77 2.55 6 45.38
®9 EEHEFESH FEEPE R . B ALY R ) B C I P AR N T
Table 9 Regression model ANOVA 0.01, R SR B4R 5 R (8]0 T Z 5 me % ,
Tk ET H Wy F . BCHIPAE/NT 0.01, Ui A SR BELAE 5 R | I 7] 52 1.
(LS N TEFIM 2 % , ABTR P H /N T 0.05, RHR L 5 SR &
B 926544 9 102949 4239 <0.0001 &£F BAHEAREZE, R AL B.CH P /NT
A 81.86 1 81.86  3.37  0.109 0.01, G5 EZam, e s i, e T 30NN
B TRE L LA 607 00001 FAER S BT L MR MR - i ) > 2
C 26393 1 263.93 10.87 0.0132 W2 > R
AB 14424 1 144.24 594 0.044 9 253 BETEAHE R T ERBE A
AC 0.84 1 0.84 0.034 0.858 . . y .
BC 73875 1 73875 3042 0.0009 Design-Expert 8.0.6 # 1, {4 BT 13 2 0L & 77 72
A’ 74091 1 74091 30.51  0.0009 Wi5E TRV ZHH T2 BB AT IF 22 T ==
B 242587 1 249580 99.89 <<0.000 1 A B C XY E5G VF 73 5 M 1 e 2 T B, LT 3. PSR
16999 7 24.28 1:9.62. R EE 2.1~2.5 cm+ & H| &} [7] 10.11 min.
I 13668 3 4556 547 00671 K% R SERR AR B T A A N R 1210, 3
4 3331 4 8.33 RE A% 2.1~2.5 cm, Z#IHS 7] 10 min.
BRI 943543 16 T 2RSS R SR, FLEE1Er N 8055, 5
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Fig. 3 Contour maps and three-dimensional response surface maps of interaction of factors
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Table 10 Process validation
it X/% Xo/% X/% Xi/% X/% X L vEar
2023091211 0.262 5 0.278 9 0.3012 20.12 3.11 8 81.62
2023091902 0.269 8 0.277 6 0.294 4 19.21 3.01 8 80.48
2023092203 0.266 5 0.2711 0.293 1 19.54 3.05 8 79.33
2023092207 0.266 1 0.273 4 0.307 6 20.06 3.12 8 81.03
2023092212 0.269 8 0.271 8 0.294 4 19.76 2.98 8 79.69
2023092403 0.262 7 0.281 2 0.296 5 19.65 3.04 8 81.13
RSD/% 1.21 1.50 1.72 1.80 0.00 1.10
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Table 11 Sun-dried ginseng and Dali ginseng

measurement results of powder color value

%5 L a b E'
Y 79.28 5.89 16.76 81.25
DI 80.03 3.18 13.36 81.20
D2 82.08 3.11 13.26 83.20
D3 80.70 2.86 12.59 81.73
D4 82.25 3.49 13.12 83.36
D5 77.19 3.00 12.77 78.30
D6 79.38 2.67 13.01 80.48
D7 80.13 3.21 13.22 81.28
D8 81.84 3.47 13.54 83.03
D9 80.43 3.05 13.17 81.56
D10 76.87 2.62 12.13 77.87
D11 82.22 3.55 13.43 83.39
DI2 80.27 3.15 13.67 81.49
DI3 83.41 3.79 13.26 84.54
D14 85.71 3.61 13.72 86.88
D15 84.16 3.37 13.58 85.32
D16 85.05 435 14.48 86.38
D17 80.38 4.00 14.05 81.70

2.6.3 AHICPESHT N FH SPSS 24.0 B, X € i
H5 104 5o (& BT IEAS MRS, 45 R WA pr
HH A AR IEZS 5347, N H Pearson AH % 53 #r 77
5 MRS Y S DI~D17 By RI L EAE (L a’ b ED
H5AZZ W A\ a2t kNS 2 Rg Re.Rb,.
Rf.Rc+Rb,Rb,~ Rd 1] 7 & 2 8] {1 A1 26 ¥ 247 &
Priel, gE WK 12, A2 Rg,Re Rb, Rd 7 &
H5L.a b EYEWNEEIEMHRKRP<0.0D; A
ZRBRTRb W AZ LB ERES LD EENEEIE
KK R (P<0.0D),5da 28 FHIEMKKLR(P<
0.05); NZEERLRL ASZHSES o b EW
B FHIEMKKRP<001), 5L E 852 1EH %
KAR(P<0.05); NS B Re 50 EE A M.
2,64 St (D E K A Hiplot
v0.2.3 AR AT IR K b, A 45 R LKL 5. i
ABFRARR % o B S A PR BRAR R 17 4
it s A E PR B R AIE 2 B0 B 1 A N 1 23 i )
FEXT AR AR e

FRAE K IISHE i & oy i R, T 2
25, D1~D12CGH At A H 564D 125, D13~D17 CEHE
Eb1:10, B H 4 2.1~2.5cm, Z HI i} 8 10 min) A

D12 D13 D14 D15 D16 D17

B4 ZWSRRNSHRBHKRE

Fig. 4 Sun-dried ginseng and Dali ginseng samples
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Re Rb,. Rbyw Rd 1 i 43 7 8 1 AH 6 22 464, F1) A

SIMCA 14.1 AT 530 (PCAY , DL ITRRIGER
BAMNEE , BEAT JE IR b, 45 R B 6~9.

FERE ) PCA A v, H4fs 67 T 466 ] 215 X )
W 18I B A, 158 5 0 F 3 AN e ) 3k
ST R A Q415005 0.844 F10.563 , 5K T
0.500, 3= BF T A5 B T 12 47, AT AR AE A 1 K50
SMEE . HE A, KSR 52 K
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Table 12 Results of correlation analysis between colori- XK, 5REr g R —5.
metric values and intrinsic components of Dali ginseng Q) IEA /N 3y = 54 (OPLS-DA) : A T
VL L da b E BB XA RS T 2K IISHFE IR 2 57 K
2k 0.502° 0.619"  0.619" 0513 SIMCA14.17E PCABALR FiF1T OPLS-DA 437,43
BT 0.820"  0.540°  0.649"  0.823" FOPLS-DA 543 VIP & B A I B0 E 1K, Tk
AZEFRg  0.635° 0818  0.751"  0.650" X RE A 2 R 22 S R R R IE AR &, 25 SR L
ANZETfRe 0347 0.374 0.355 0.428 10~12,
ANZBEIFRb,  0.640" 0590  0.647"  0.649" OPLS-DA 134 B WLIE 10, 7] LLFE H 17 418§

ANBBIFRE 0.590° 0.849"  0.733"  0.605° Vit R 2K, SR G5B B I R —8 R A
ANSHBHEFERe  0.629™ 0.711"  0.731"  0.641" PNz GEAEHENZER, FH oK LR

ANBEIFRDb,  0.505 0.730"  0.705"  0.521" Al g,

ANZEAFRb, 0613 0744”0757 0.627" 1 4 [¥) OPLS-DA #& 2 1] Z % 4 W N R’ =

ANZEAFRd 06837 07617 0.684"  0.693" 0.734.R*,=0.87.0*=0.532, ¥J KT 0.500, 3&:11F 1 it
"P<0.05 "P<0.01. e T A Y LA A R AR R A TN e 7, T T

XA
D13 I 5
D17
pig =~ |
D14

il D15 £
D1 -1
DY
D4 I‘2
D11
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B s
S D6
B OL* E* Re %5]% Rb, a* b* Rg1 Rbz Rc Rbs Rf Rd
s T SR FH HE 5B B 8E &E 8=

5 ARBHITZXRASHRHRLSHT

Fig. 5 Cluster analysis of Dali ginseng samples with different processes
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Fig. 6 PCA-X Score Chart Fig. 7 R’, and @’ of principal components of PCA-X model
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