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Abstract: Objective The study explored the correlation between apparent color and intrinsic quality, objectively quantified the key

quality attributes of Dangshen (Codonopsis Radix, CR), and optimized the optimal processing technology of honey-fried and wine-
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fried CR. Methods

with a single factor and Box-Behnken design- response surface method (BBD-RSM). The processing technology was comprehensively

The processing technology of honey-fried and wine-fried CR was optimized by entropy weight method combined

evaluated and verified by HPLC fingerprint and identified common peak components such as syringin, tangshenoside I, lobetyolin and
atractylenolide III, as well as quality attributes such as ethanol-soluble extractives, total polysaccharide, total triterpenoid, water
content, and chrominance value. At the same time, pearson coefficient and the analysis of partial least squares-variable importance in
projection (PLS-VIP) were used to reflect the correlation between color and intrinsic quality. Results The optimal processing
technology of honey-fired CR was adding 18% honey, soaking for 6.5 h, and frying at 113 “C. As for the wine-fried CR, it was stir-
fried for 9 min at a temperature of 107 “C, soaking for 3 h. The result of PLS-VIP and Pearson correlation analysis showed a high
correlation and significant change in apparent color with ethanol-soluble extractives, water, total polysaccharide, lobetyolin and
atractylenolide III. There was a negative correlation between the ethanol-soluble extractives and the chrominance value Ea", while
there was a positive correlation between water content, total polysaccharides, lobetyolin, atractylenolide III and the colorimetric value
Euw'. Conclusion The optimal processing technology and the analysis model of the correlation between color and intrinsic quality of
honey-fried and wine-fried CR determined is accurate and feasible. It can provide a better method for controlling the processing of CR,
and determine the endpoint of CR processing based on chromaticity, which can provide a reference for the study of color analysis and
quality judgment in traditional Chinese medicine processing.

Key words: Codonopsis Radix; honey-fried; wine-fried; entropy weight method; Box-Behnken design-response surface method; color;

critical quality attributes; fingerprint; syringin; tangshenoside I; lobetyolin; atractylenolide III; polysaccharide; triterpenoid
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Table 1 Chromaticity values of honey-fried and wine-fried

Codonopsis Radix slices (n = 3)

Feah L o b Ea" M LT 4 b Ea'
S1  95.11 —=0.72 4.74 95.23| S18 93.09 —0.91 13.70 94.10
S2  93.51 —0.97 10.67 94.12| S19 94.59 —0.78 6.22 94.80
S3 9449 —0.63 4.57 94.60| S20 94.59 —0.70 4.73 94.71
S4  92.71 —1.16 14.89 93.91| S21 95.44 —0.78 4.63 95.56
S5 95.10 —0.73 4.82 95.22| S22 95.67 —0.60 2.94 95.72
S6 95.30 —0.79 4.58 95.41| S23 94.70 —0.86 6.37 94.92
S7 89.70 —0.86 22.06 92.38| S24 94.95 —0.97 6.83 95.20
S8 94.92 —0.67 4.77 95.04| S25 92.41 —1.10 11.40 93.12
S9 93.17 -0.68 5.73 93.35|S26 94.25 —1.49 10.15 94.81
S10 90.44 —0.87 20.41 92.72| S27 94.98 —0.53 3.77 95.06
S11 94.67 —0.89 6.03 94.87| S28 95.38 —0.73 3.94 95.46
S12 94.77 —0.72  4.96 94.90| S29 95.25 —0.67 4.10 95.34
S13 94.45 —-1.04 8.45 94.83| S30 95.32 —0.61 3.65 95.39
S14 94.77 -0.71 5.24 94.92| S31 92.13 —1.00 15.00 93.35
S15 94.87 —0.79 5.10 95.01 S32 92.34 —1.23 13.89 93.39
S16 95.08 —0.58 3.91 95.16| S33 95.32 —0.60 3.99 95.41
S17 93.06 —1.03 12.08 93.85| S34 91.42 —0.88 18.60 93.30
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BRI, BRI, N 20 mL ok, [FIRIEEL 60
min, I, FRIE K HOKBEG, BRI
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BT HH; S-S H L 14-5%SHH; 21- 8RNI L K 2 [H,
2-syringin; 5-tangshenoside I; 14-lobetyolin; 21-atractylenolide III; same as figure 2.
Bl ZEXHE (A MEXFS (B) B HPLC {58 B R A BIELEE (R1. R2)
Fig.1 HPLC fingerprints of honey-fried Codonopsis Radix (A) and wine-fried Codonopsis Radix (B) and its control
fingerprints (R1, R2)
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Table 2 Similarity of fingerprint evaluation

FEh ARRLEE | BEdh ARRLRE | e ARMRLRE | B ARLEE
S1 0953 | SI0O 0954 | S19 0.996 | S28 0.969
S2 0943 | S11  0.985 | S20 0974 | S29 0.952
S3 0987 | S12 0932 | S21 0.994 | S30 0.949
S4 0989 | S13 0.989 | S22 0972 | S31 0.983
S5 0994 | S14 0.997 | S23 0993 | S32 0.95
S6 0942 | S15 0.976 | S24 0.992 | S33 0.981
S7 0988 | S16 0.962 | S25 0.964 | S34 0.997
S8 0977 | S17 0992 | S26 0976
S9 0994 | S18 0.992 | S27 0.967
5 14
2 21
0 10 20 30 40 50

t/min
&2 E&¥E& HPLC B
Fig.2 HPLC of mixed reference substances
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FERA X A, 12 “2.6.37 U itk 254
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Htf Y=0.3663 X4+0.4528, R2=0.999 1, £
20.00~140.00 pg/mL; GARNES I Y=0.587 7 X—
0.0776, R2=0.999 2, Z*JEHl 5.00~35.00 pg/mL.
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Tk NESEHFE 6 I, HHETHE. H3H L
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2.7.6 FasE s B OS2 A AW, T 0. 2.
4. 8. 12, 24 hidt#f, % “2.6.37 T T ik sk pFit
e, IFEERTHYT. BSH 1L RS0, BRANE
I % 553 2 & RSD 7358 1.07%- 0.58%- 0.74%-
1.42%, RS 24 h WHRE .
277 EEMHRE  BUEHE S2 FEM, R “2.6.27
TR L TATHIE 6 1, HHHKRTEHH. RS L
TSR AR EE T & RS 525320 RSD 43731
N 2.14%. 1.09%-. 1.08%. 1.72%, I EE R If.
2.7.8  INFEEIWCERIRES  REERRE 6 4 KN 4 Ff
FEPRRL SR S2 B, IMANGFE 4 Pty e i
ITIE, WHRETHE., S8 1 w2k, B
PG T 1 25 00 A W2 23 50 2 100.60% «
99.61%-+ 102.67%. 101.40%, RSD 45} 1.36%-
2.31%- 1.67%- 1.63%.
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(4) WBGEr witz =0k .
W=(1—e) Y (1—e), i=1, =, n
j=1
(5) ZE&VR5y (UD #FRIHE.
MZZW,Z,-,-, i=1, =, n
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28 ERFSMEHTIZHFAEZER
2.8.1 JNEEHEL  HEFIAREL 100 g WS HM, %
M “2.1.17 TUR kAT, 72 5 el ) 6
h KB TE] 10 min A& #PHHEE 100 CHIRETEE T,
AR (15%. 18%- 21%- 24%. 27%) 4T
BRSNS, DB, K K EhE. B=Rk. B
WHR YIS 8NN fabs, 458 RPLERE S48
PRI W (£ 3), 56y, HBEINE BN EX
WS, RIE 4. FEEMEZEZRRM, 4
BVFAr BRI G BN, MInEEA
18% 22 B it imr, WOEFE 15% 18%- 21% 1%
BEHTRESEX RS T 2%,

*3 BREZRSIUEIER WIHEER

Table 3 W results for each index of single factor test

P %ﬁW@& ﬁm%ﬁ—égﬁ%%—
K5y 046  0.44 =5 0.11 0.11
B HER Y 0.01  0.01 i 025 0.36
Z W 0.18  0.08

x4 MEENERESHEN
Table 4 Effects of honey added on honey-fried Codonopsis

Radix
i 5 5% bt
/% Koy ZHE B=wER BEHREY R
15 9397 11.33 15.08 8.88 60.31 0.56
18 94.69 933 11.70 7.14 56.26 0.74
21 92,60 8.67 5.74 7.14 65.86 0.64
24 9335 12.00 7.51 5.97 62.71 0.37
27 9443 13.00 13.65 5.22 70.31 0.36

2.8.2 [lEEEFEEE HEFFREL 100 g WS4,
FEIE“ 2,11 VIR TV A T ), £ [EE g & 21%.
SO [E] 10 min XS R 100 CHIRTIR T, &%
PEEIE] (24 44 6+ 8 10h) HHATHARIR LG, 45
R 5. B RRIE R A0, 2 R (A 6 h
WA ot WO REITER H] 4. 6. 8 h T
JEEEER S T AL,

2.83 MBI EE S HERMFREL 100 g 52456,

LI 2.1 17T T VR EEAT J] 6 [ R 0 21 %
JelJEIE] 6 h S Kb EE 100 CIATHE T, ek
B (4. 7+ 104 13 16 min) MEAT IR 225056,
GURNAR 6. BEAEISHIIS RGN, b E oy
10 min RGP e, BT IO HII R 28 & PR 23
SOMAEUN, HOZRRAMEN G B ER S T EHE
E
&5 WHENERRSHIFME
Table 5 Effects of moistening time on honey-fried

Codonopsis Radix
il . Ji 0 U % ey
A K BHE ATEEE BUAMRMY e
2 9436 13.00 11.73  4.85 63.18 0.35
4 9481 11.67 7.08  7.02 58.43 0.47
6 9467 11.00 10.56  4.93 58.80 0.55
8 9459 12.00 16.13  8.76 60.60 0.49
10 9485 1400 17.47 10.09 57.95 0.35

&6 WHIENER ESRIFM
Table 6 Effects of processing time on honey-fried
Codonopsis Radix
W 5 B0% it
[ /min =R BEIER Y Y
4 9375 12.00 854  8.80 57.55 0.43
7 93.86 12.00 11.72 10.01 58.31 0.46

10 9440 11.67 22.07 5.67 67.25 0.54
13 9471 11.33 10.50 8.08 59.84 0.53
16 9474 12.00 16.81 6.49 59.19 0.48

2.84 ICHIEEEE  HERIFREL 100 g S,
FEIR2.1.1 750 R 7 e T M), 78 [ e 0 & 21%.
PR E] 6 h A KB E] 10 min FURTHE R, o848
HIEE (70, 85, 100+ 115, 130 °C) HEAT LRI &K 5L
5, ERNE 7. FEEDHRERBM, A0
FEJ9 115 CI LRGPP e, MOREERPHIIRE 100,
115, 130 CHTEEE X %S L 2H%,

£7 WHIBEENERESHEM

Table 7 Effects of processing temperature on honey-fried

Codonopsis Radix
Pl I 5 50% Litr
BrC T KAy W REEN BRAYEE A S
70 95.01 13.00 6.87 7.69 65.35 0.34
85 94.55 12.00 16.55 5.07 57.60 0.47
100 95.11 12.00 16.42 5.89 57.45 0.47
115 9481 9.00 7.73 13.37 70.63 0.75
130  92.38 10.33 16.60 8.72 56.43 0.57
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29 BRESWEHIZEFRRER

29.1 INNEFEE  HEMREL 100 g WS4, %
MR “2.1.27 TR kAT ], 7R E el a3
hy KBHIESE] 11 min IO HITEE 105 CHRIFTHE T,
BB E (5%, 10%- 15%-. 20%. 25%) #H{TH
R E s, DAB., Koy K2 HE. S=0628, B
PRI P& BN ETR bR, S5 A RN E & FEhn
1wy (£ 3), WWELREVF, HENNEE XN & 5
S, R IE 8. BEAE N EIE N, 2

8 min BT ZREVE feimy, WUEFEIPHIETA] 5. 8. 11
min T E 0K w5 T2 H%,

294 HIREHES  HEFFKIL 100 ¢ S 4,

FRHR“2. 1.2 700 R 723 AT M), 76 ] i & 15%.
VY IS E] 3 h BB IS E] 11 min MORTEE R, o8k
FIEEE (75 90 105, 120, 135°C) 47 ok
5, fERIER 1. FEEISHNREE I, AHE
FEJ9 105 CILREVF s, WOkBIPHIIREE 90,
105, 120 CH TR & WS T2 H% %

WA 20%0 S5 VP ey, BT I E X 2R 601 Fz 10 WHIEEER RS
SN, MOZREAME NG LT R wE T 2% Table 10 Effects of processing time on wine-fried
BLR 2, Codonopsis Radix
#*8 MEBENBEXESHZI yogiilling . Joi &5 30 % ZRE
Table 8 Effects of wine added on wine-fried Codonopsis ] /min Koy ZHE B=E BEEREY
Radix 5 9481 13.00 1795 839 59.08 0.45
P 0% N 8 9397 7.33 13.60 6.96 59.66 0.84
Bop DU K 2 Bk MRS T 11 9337 8.67 1468 4.79 62.46 0.66
s 0471 1133 2035 634 P 0.55 14 93.39 10.00 14.65  7.96 56.48 0.58
10 9412 1067 11.84 1021 60.12 062 17 9262 833 1139 612 6581 0.5
15 9424 9.00 7.69  5.07 55.99 0.69 ® 11 WHEBREXNERESHFM
20 9371 8.67 1030 6.96 60.43 0.73 Table 11 Effects of processing temperature on wine-fried
25 9473 11.00 1504 823 59.10 0.58 Codonopsis Radix
292 [ElEEES S MR 100 g B2k,  PEE P % LR
P 2.1 27T T AT, 7R I R 15%.,  LEC AT BE BoWR BRI WP
RN 11 min JOOBHIE 105 R, i T0 S IB B0 se e o
CEIE] (1. 24 34 4. Sh) ST EL IR s, 25 ' ’ ' ' ' '
Ijlnj T i ﬁﬁ.%jkl " 105 9471 1033 1586 11.22 70.23 0.66
S'EJ‘@% 9 Bﬁ%‘jﬂ{lﬂﬂﬂ“lﬂﬂﬁ E:JJIJ, H eI F Y 3 h 120 93.12 10.00 12.18  6.96 62.15 052

JEEENK S T AL,

2.9.3 WHITAIEE EFFREL 100 g %3258, 1%

H“2.1.27 TURT7 AT M), 2 [ E s & 15%.

PN A] 3 h M2 KB REE 105 CHIBTIR S, o3kl

HIFIE] (5. 84 114 14, 17min) 34T BRI ZE 5206,

SERLILER 10, Bl KSR A 3G 00, A i e Sy
29 ERTEIRGER SR

Table 9 Effects of moistening time on wine-fried

Codonopsis Radix
(e . B 5 50 % ety
MM KA S AR BRI W5
1 9435 1233 1557 552 58.09 0.47
2 9445 1033 1690  4.60 64.19 0.61
39398 933 1332 5.54 62.89 0.70
4 9389 11.00 18.76  6.96 58.18 0.57
5 9544 14.00 1742 3.92 55.15 0.30

2.10 BBD-RSM {18 T2

2.10.1 BBD-RSM HZAUKF&IT M4 RE &=
ZER, DUnERE (XD, PHIEE (XD, [lEE R
(X3) NEXRFELRE, WHINTE (X KR
(Xs) RIER A (Xo) NERFREFER. LKy
WHIR Y. 20, =0, X THF. %2F 1L 5%
ZAF. WARNES 11 N5 %4645, 12H BBD-RSM
WAL TE, FEsE R 12, 13, BIBGEE %16
Frl) Wy, 25K 14,

2.10.2  [ABEAYER ST K3 dr dEid Design Expert
13 # A+ BBD-RSM 5743 7 [ A, AL T2,
HALEK . WHESEETD Vs L5 3 ARER
AJ7FEAEAY ¥Y1=1.300+0.056 7 X;—0.083 2 X+
0.023 9 X3—0.006 4 X1X>—0.026 0 X;X3—0.032 5
X2X3—0.185 8 X12—0.360 0 X2*—0.073 5 X3%; Yo=
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* 12 ER%S BBD-RSM iRIg i+ KL
Table 12 Design and results of BBD-RSM tests of honey-fried Codonopsis Radix

. . J 25> 50 % TR HU (ugg ™) Lie
RS X% X/C  Xsh — — - - - ]
Koy BEHRPERMY 28 =ik RTEHT wSH 1 wShE SANE I F
S1  18(0) 115(0) 6(0) 12.00 57.20 1555 670  42.1 388.0 375.0 66.7 1.45
2 15(-1) 115 8(+1) 9.00 62.71 1320 482  19.1 2452 236.6 66.2 0.99
S3 18 115 6 8.33 59.04 1752 818 234 269.3 318.3 473 1.15
S4 18 130 (+1) 8 6.00 57.55 1593 896 205 231.6 2413 39.0 0.82
S5 15 100(-1) 6 11.67 57.91 1575 451  11.0 2712 229.9 129.0 0.84
S6 18 115 6 13.00 55.48 1559 842 359 348.7 439.7 68.3 1.41
S7 18 130 4(-1) 7.67 60.00 773 1616 214 193.5 163.6 31.7 0.82
S8 21 (+1) 115 4 12.67 57.26 11.83 474 313 251.8 406.6 62.1 1.13
S9 18 100 4 7.33 60.38 1202 553 157 294.5 229.9 40.0 0.84
s10 21 100 6 7.33 59.64 8.66 4.12 402 289.5 265.1 39.5 0.91
S11 18 100 8 11.33 55.64 1468 6.62  19.1 319.5 362.7 111.4 0.97
S12 18 115 6 10.67 57.24 1170 7.10  44.5 3529 341.5 62.1 1.24
S13 21 130 6 7.00 57.95 10.16 435 17.0 274.2 300.2 57.1 0.65
S14 15 130 6 8.33 55.11 724 232 293 301.3 342.3 74.6 0.60
S15 21 115 8 9.33 56.55 12.17 881 437 308.3 308.9 733 1.10
S16 18 115 6 10.00 55.48 1444 741 396 377.6 352.4 57.7 1.22
S17 15 115 4 6.33 59.27 751 1193 253 4125 245.6 53.0 0.92

% 13 BER %2 BBD-RSM IR RER
Table 13 Design and results of BBD-RSM tests of wine stir-fried Codonopsis Radix

) ) . JRE % JRED B (ugg™) ZiE
K5 Xa/min Xs/'C  Xe/h — — - .

Koy BHATEIRMY 2R = BTHEET KST1 WS SARAR I 1

S18 5(-1) 105(0) 2(-1) 10.33 60.13 7.95 6.78 14.4 464.4 219.8 40.5 0.87
S19 8(0) 105(+1) 3(0) 10.67 65.50 9.95 7.04 24.6 289.2 269.8 49.0 1.16
S20 11 (+1) 120 3 10.00 56.07 8.19 7.64 13.0 414.6 283.6 55.8 0.78
S21 11 90 (-1) 3 13.00 55.44 11.92 2.63 16.5 314.4 534.0 123.6 0.73
S22 8 105 3 6.33 60.71 20.07 7.40 12.8 284.1 413.8 134.2 1.44
S23 5 120 3 11.00 55.41 16.40 2.09 18.6 378.0 291.2 94.7 0.75
S24 5 105 4 (+1) 8.67 57.39 16.90 3.81 9.6 289.4 3814 80.2 0.77
S25 11 105 4 6.00 62.61 6.52 7.25 9.2 328.8 289.9 52.1 0.96
S26 8 105 3 8.33 61.84 17.05 6.07 8.6 380.2 158.7 76.6 1.03
S27 5 90 3 12.00 57.97 16.26 2.32 11.1 329.9 367.3 68.9 0.61
S28 8 90 2 13.33 55.84 14.54 2.95 19.6 436.0 613.8 51.2 0.77
S29 8 120 2 11.67 56.58 8.71 2.87 23.6 515.6 393.8 101.3 0.96
S30 8 120 4 12.33 56.20 18.44 224 234 323.8 345.0 98.0 0.84
S31 8 105 3 7.33 65.81 10.00 5.92 25.2 370.0 261.2 48.7 1.31
S32 11 105 2 9.67 59.10 11.97 9.36 24.8 254.4 279.7 63.6 1.12
S33 8 90 4 12.00 56.89 11.50 2.71 19.4 329.6 319.9 104.3 0.73
S34 8 105 3 8.67 63.34 1241 8.93 18.6 285.5 2499 57.0 1.20

1.2304+0.074 9 X;+0.060 9 X>—0.052 2 X3—0.0254  0.05, A LR HA Gt 24 X SRR EE
X1X2—0.014 5 X1X3—0.020 3 X2X3—0.203 4 Xi2—  FEFENF A0 iR FE > 0% & > iR e, R2=
0.306 3 X22—0.095 2 X352, K I7Z/WTEERRIARE  0.907 4, VEHIFRMLT, ZHREE 780 I E K 5%
B P<0.05, ZEVABMMERE L, KW P> Sk TSR E. WS RN ST
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= 14 TR EIEfREIEts WiitEER
Table 14 W results of each index of response surface index
PR FEAR ?%5%&; PN FEAR E&?ﬁ%;
Ko 0.32 040 | £THFH 030 0.5
BRI 034 023 | BHI 022 0.19
EZ 0.34 037 | HSHE 021 0.29
= 027 028 | WAHME T 0.14 0.25

) R2=0.8729, P<<0.01, KA1 P>0.05, F W
RUR]SEPERE R 5% DN 22 5 R B A o e ) >
P )R B > Pl ) o A5 v R R A B T R
2 NMHEZRZ RIS BAE R D, RERA S
G, BMRWSINER 18.43%. JiEKH 6.33 h,
JOHITREE 113.14 °C (B 3); WK %S0 8] 8.56

‘: :s“‘\ﬁi\
/,/;’,;:::::::’Q‘ SN
125 SSRR
<> 0‘

LR

min. [OJJEEA] 2.70 hy KPHIEEE 106.53 °C (K 4),
211 BESEIE

UL BBD-RSM it Ak, #EMHALE, M
Hil TESEPRE M K, A T 258, &4
EEBFGCSRETZNNER 18%. IENE 6.5
hy WOHIEEE 113 °Cs WK S fetk T2 R0
(8] 9 min. FJYEEA] 3 hy JBHIERE 107 C. %8 L
RITEFBRNLGEEEINE 15 FiR, RERESH
il T Z &R e v HE S R AT,
212 RO ESESHENEXMES R
2.12.1 Pearson FHRNEHT B E K K S
mn (S1~S34) NAEFES B B e £ s 5 2 R
0 FE A I 5 B3, SN Origin 2021 #4433E47 Pearson
RSN, RWE S fiR. Bk, BXESE

E3 EXRSERRXEERN=HEMNE

Fig.3 3D response surface of interaction between various factors of honey-fried Codonopsis Radix

& 4

s
e

BRESZERX BRI E

3D response surface of interaction between various factors of wine-fried Codonopsis Radix

< 15 IESRIeSE
Table 15 Results of verification test

faw SR 5% B/ (ng g™ LRty
VN e Koy BEETERMY) R =W RTEE WSHIL RSHRH AN
K 1 10.33 56.43 1373 10.33 37.6 369.4 369.8 67.3 1.17
2 9.67 57.24 1457 9.67 34.7 357.9 379.6 72.1 1.20
3 10.00 56.99 1443 10.00 38.8 3433 358.0 67.5 1.17
5 4 9.66 62.57 1555  8.75 15.4 3285 346.7 58.8 1.23
5 11.00 63.57 1259 6.90 215 302.1 339.5 73.5 1.20
6 10.00 65.32 12.80  7.92 19.9 337.7 296.8 68.4 1.32
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Fig.5 Correlation diagram of chromatic value and compositions of honey-fried (A) and wine stir-fried(B) Codonopsis Radix
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Fig. 6 Variable projection importance indicator(VIP) score
plot of factors for color value of honey-fried (a) and wine
stir-fried (b) Codonopsis Radix
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