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Optimization of fresh-cutting process of Belamcandae Rhizoma by multi-index-
response surface method and correlation analysis of component-chroma
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Abstract: Objective To evaluate and optimize the process parameters of fresh-cutting Shegan (Belamcandae Rhizoma, BR) by multi-
index comprehensive evaluation, and explore the correlation between chemical composition and chroma value, so as to provide
scientific basis for establishing the quality control standard of fresh-cutting BR. Methods The alcohol-soluble extract was determined
by hot dipping method, the content of active ingredients (mangiferin, tectoridin, iridin, tectorigenin, irigenin, irisflorentin, dichotomitin)
in BR was determined by HPLC, and the appearance was determined by morphological scoring method as the evaluation index. Taking
water content, drying temperature and cutting thickness as influencing factors, the weight coefficient was established by analytic
hierarchy process (AHP)-entropy weight method, and the comprehensive score of decoction pieces under different influencing factors
was calculated. Using Design-Expert 12.0 software, Box-Behnken design-response surface method (BBD-RSM) was used to optimize
the cutting process, and the chroma values of 17 samples with different process parameters under the response surface method were
measured. Pearson correlation analysis was performed on the components and chroma values. Results The optimum cutting process
was as follows: the water content was 60%, the drying temperature was 60 ‘C, and the slice thickness was 2 mm. The powder of BR

was dark yellow. The contents of irisflorentin, tectorigenin, irigenin and dichotomitin were negatively correlated with L* (representing
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bright and dark color) and b* (representing yellow and blue chroma), and positively correlated with a* (representing red and green

chroma). Conclusion The preferred fresh-cutting process is stable and feasible. The chemical compositions and color value of fresh-

cutting BR have a significant correlation. The quality of BR can be preliminarily evaluated by appearance color, which provides a

theoretical basis for its multi-dimensional quality evaluation.

Key words: Belamcandae Rhizoma; fresh cutting; AHP-entropy weight method; Box-Behnken design-response surface method;

chroma; mangiferin; tectoridin; iridin; tectorigenin; irigenin; irisflorentin; dichotomitin
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2.1.3 &M WA 0.2%BE R KIER-Z 0,
BEREVEML: 0~7 min, 16%ZffE; 7~10min, 16%~
18%Z. i : 10~18 min, 18%~19%Z.JE; 18~22 min,
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IR 2-BRTH: 3-SR, 4SEER: S-HEREHEE
- SREER: T-AHTER.
1-mangiferin; 2-tectoridin; 3-iridin; 4-tectorigenin; 5-irigenin; 6-

irisflorentin; 7-dichotomitin.

E1 REXRE A) MHEFFHR B) B HPLC E
Fig. 1 HPLC of mixed reference substances (A) and BR
sample (B)
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Table 1 Scoring criteria for appearance traits

WIRES EE S el PEOFRE (431043)
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R el o ) =8% 0.5
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B <3% 25
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B2 9 At FREAT KR, TR 2GR E
P FN 37.5%. LU 3t Bt 11
TOKE, HREER S KEINE N 100%, T 1k
BEY)H AR S K EACFEHATIE . ST E K E T
~AWR

HoK B = O — M)/M = [mi(1 — 0.375) — (m1 —
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F 2 AHP EFIEEERE
Table 2 AHP judgment matrix
saki b Ly als ;

YRR Y SR SRR SET SEHE HSET SRR R8T Aa¥TE
R ) 1 2 3 4 4 6 6 8 9 0.300 4
CADIRERIN 172 1 2 3 3 5 5 7 8 02111
RESREHER 1/3 172 1 2 2 4 5 6 7 0.150 6
SR 1/4 1/3 1/2 1 1 3 3 5 6 0.099 0
SRHE 1/4 1/3 12 1 1 3 3 5 6 0.099 0
LHgegeates 1/6 1/5 1/4 1/3 1/3 1 1 3 4 0.048 0
W REER 1/6 1/5 1/4 1/3 1/3 1 1 3 4 0.048 0
TR 1/8 177 1/6 1/6 1/4 1/4 12 1 2 0.0253
¥ T% 1/9 1/8 1/7 1/7 1/5 1/5 1/3 12 1 0.018 6

BRI W43 9155 0.123 20 0.1729. 0.1497. 0.060 1.
0.1550. 0.060 1. 0.1375. 0.052 1. 0.089 5,

Wi=(0—E)(n=X E)s j=1, 2, = k
253 ZEAMNERI (T) MEGEAEETTE K
RZ RS ITESER v, SRBBOES W, ¥ v Al
W; a2 BIAL), RS A HE T, 133154
BRI T 23 508 0.262 4. 0.267 1. 0.186 4. 0.049 2.
0.127 1. 0.023 9. 0.054 6. 0.0109. 0.018 4,

Ty=ViWil¥_, ViW;

PR AR E SRR ER A A .

CRE VPO = REE VIR A & B/ R YER M) & B A
K& X 0.262 4+ FMHLAEAR P 43/ 40 WAL AR VT 43 5 KA X
0267 I+ X FRHERSR/XHFTRHERTRREANEX
0.186 4+ &5 2 & &/ B 11 & B iR X 0.049 2+ 52 8

2.6 HBEHEXW

2.6.1 FEUKERNESE B S 6y, 85 100g, 5
FIHET 25K EN 40%. 50%. 60%. 70%-. 80%,
MTREYA 60 C, VIFEREYA 2 mm. 2
AHP-JERGETH R LR A5y, ARNAE 3, UHKE
N 60%IT, ML E s, SKEN T0%A
50%0F, RIIKZ . K, ERFGEAETFSE S HRE
TR R FE S KA 50% 60% 70%33E47 )5
AT

2,62 METRFERES  BUES S 4y, & 100g,

®3 BKEBEEREZRLER (X+s,n=3)

Table 3 Investigation results of water content selection ( X + s, n=3)

K ORWEY ANUEIR

FEAH/(mgg ) ZE

/% % P RESERER SR

SRER TESEY WEREHR

TRE ANTR

2.14%0.19
2.22%0.09
2.36+0.11
2.40+0.23
2.03£0.25

40 21.05%0.67 7.00x1.00
50 20.95%0.89 6.00+0.58
60 24.97+0.80 9.001+0.58
70  23.60+0.93 7.00%+1.00
80 22.53+0.44 9.00+1.53

3.91£0.11 1.64+0.13 4.69%£0.15 10.04£0.31 1.26+0.13 0.68+0.09 79.73
3.34£0.18 1.15+0.19 4.62£0.14 9.24%0.39 1.36+0.11 0.72%£0.06 83.44
425+0.13 1.96+0.14 4.68+0.14 12.46+0.24 1.32+0.07 0.724+0.05 94.34
3.25+0.08 2.384+0.20 3.42+0.19 11.24+0.36 1.394+0.12 0.75+0.08 86.69
2.65+0.13 3.2940.16 2.9940.17 12.70+0.43 1.12+0.09 0.751+0.06 82.76

K EN 60%, VI JEEEN 2 mm, 737 40,
50, 60, 70. 80 ‘C ML+, HUH. izH AHP-BtL
DAt HEEVED, RN 4, 60 CHZEEVED i
B, 50 ‘CHI70 CHIZEAVFIRZ . Rk, JEPRLE
EriFor s B RETE oA &0 BERE LR 50+ 60+ 70 °C
HEAT JG S

2.6.3 VIREERER BS54y, &4 100 g,
FKELIN 60%, METREN 60 C, VIFRE

N1 24 3y 4y Smm, HEFEUHE . EH AHP-HAL
FATHSEEVES, SR S, VA EEN 2 mm B
GV e, ER T HANEE . 3 mm B YRS
92.24 43 1M 1 mm JEFEPFor G, ERTE (hEZ
BL) 2025 RGO TR HLE VIR “ H A7 (R
FEJEHTN 1~2mm), H RS 55 LN r] fgalr
KM 25 m S OB PR bR 1) e B AR . TR,
WEVREEAN 1. 2. 3 mm TRV R
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x4 BTEEREFEERGER (X+s,n=3)
Table 4 Investigation results of stir-frying temperature selection (X + s, n =3)
BEFR R SRR B A5 (g ) YN
J%/°C % W EESRERE SET SREHE BSET BFSEAR AT AasTE e
40 22.00+0.92 9.00+1.00 1.994+0.12 3.77%0.19 1.75+0.14 4.60+0.09 9.44+0.40 0.98+0.10 0.76+0.07 87.75
50 24.39+1.02 9.00+1.15 2.4340.16 4.80%+0.12 0.99+0.19 5.84+0.10 9.51%£0.74 1.36+0.08 0.82+0.08 90.56
60 24.97+0.80 9.00+0.58 2.36+0.11 4.2540.13 1.96+0.14 4.68+0.14 12.46+0.24 1.324+0.07 0.7240.05 96.98
70 22.5240.83 8.00+1.53 2.34%+0.10 3.68+0.16 1.40+0.16 4.85+0.11 10.72+0.62 1.304-0.13 0.8440.07 86.57
80 20.96+0.49 7.00+1.15 2.58%+0.12 2.7340.14 1.63£0.18 3.96+0.16 11.60+0.43 1.5240.11 0.79+0.05 84.33
x5 VIREEREFEZERER (X+s,n=3)
Table 5 Investigation results of slice thickness selection ( X + s, n=3)
VIR BT SRR P4/ (mgg!) Lty
J& /mm % Wy RESEHE SET SEHE TSET FSEHEER AT Aasrx itn
1 22.98+0.83 6.00+1.15 1.77%+0.12 3.45+0.18 1.42+0.17 3.91£0.12 9.28+0.78 1.11£0.09 0.88+0.07 77.88
2 249740.80 9.00+0.58 2.36+0.11 4.25+0.13 1.96+0.14 4.68+0.14 12.46+0.24 1.32+0.07 0.72+0.05 99.56
3 2281%0.69 9.00+0.58 2.21£0.20 3.5140.15 1.814+0.18 3.544+0.15 9.814+0.33 1.254+0.10 0.57%0.06 92.24
4 21.00%+0.67 9.00+0.58 1.96+0.21 4.35+0.19 1.63+0.13 4.254+0.11 10.08+0.76 1.11£0.11 0.66+0.08 88.59
5 21.99+1.04 8.00+1.00 1.91%+0.08 2.61+0.13 1.4940.16 3.56+0.15 10.38+0.34 1.20£0.06 0.5410.07 82.99

2.7 Box-Behnken &it-l &% (Box-Behnken
design-response surface method, BBD-RSM) i1t
SFREHITE

2.7.1 BBD-RSM S it 54558 BT HREERY
R, MH Design-Expert 12.0 #/F, #J# BBD-RSM
AV LETT R UEKE. BTiRE. VA E
FEAE AN EEN R, @3 R 3K PR TR, #%
MR “2.0.17 TR 7 kbl ke i, #4518 “2.1.37 “2.27
T R S A ROV, e B IR A I &
R¥ERSE 7TMRS&E, SR, PLZEP
I RAE RN T ERATI AN Fa A7

272 BERUE K T7 250 SRH Design-Expert
12.0 BAFEXT 6 FH ) BBD-RSM 256 $#E 347 £ 7
2 WENAR A M, DAS /KR (XD BTEE (X)
MV ERE (X3 NEAZR, UZRETFEAN RN
i, AL IENE RN A VRS =96.01 —
1.14 X1—1.34 X>+1.09 X3+1.92 X1.X>+1.34 X1.X3+
1.30 XoX3—13.01 X12—9.47 X22—10.12 X32. ity
ZEOYNTIRUF R AT e, 5 IR 7 fow, AR
RALE RSB 2 2 KT (P<0.000 1), K%
B A it e 3 R P {E N 0.328 1,
KUNZRI G BT MR R R2=0.9937, #
B S I KR LA RS FE R, R ZEACTIG, Tl
Rp?=0.941 0 5% R,o?=0.985 6 BEHEL, K
R HL AT SRR TN GE 77, & FH iz U0 T2
WHEF; ZRRE (CV) =1.56%, UiHAR I H

AR ATEE SR . T ENT RN, &
KE XD HTHEE Qo) AR EE (X) X4
BV BB TR (P<0.05), &% 2R KNI
i) 558 i FH v BMIAK ON X0 > X0 > X5, HIRR RS HAE
i XiB Wi W2 M (P<0.05), 2 KT X2, Xo2.
X2 (RS IE B 2 2 K7 (P<<0.001).

& Bl Design-Expert 12.0 BA4FAER 2 R [0] )45
TRy 7 1T ) B S v 2R 1, 93 AT 4% TR 3R A8 HL U
FE, ikt TESHME. SHEEKA AN
M) J2 PR 52 ) F ) 5 v 2k PR ) R T P R, I
RENS BBz S IR BAE F ek NAE ) st oL, S
LRHEAE, WM E SRR, R
2 MR MAS EAE GRS S A K E
Z BVAFAE I R 0RE, o o7 T P A5 v 2 2 W 5L 1
WA (B 2), #E— B EINE T &30 BAE I3
f AT, D) s T2 8 100
BRI T 2 S KR 60%, BETIREE 60 °C, 1)
FrEE 2 mm.

273 IOUFSEEG iR 2117 T4 3 e L
BRI, IR 92137 Wik, it
ITIAEIRGS, 45BN 8. 3 IRIIE P EiE N
96.644 1, RSD=0.14% (n=3), A FHIMIE =5
W4, BT L R TR AT S

2.8 BEYGISHTEEMNESER

2.8.1 REENEFM  BoEllE SN D65, LED
WO, A, 8 mm LR, (UAFRZE
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% 6 BBD-RSM i igit 54
Table 6 Experimental scheme and results of BBD-RSM

. X/ Xo/ Xal BH MR : : : ﬁﬁ%ﬁj\ﬁ/(mg-g") b

% C mm Y% Fn KESERR SET SRAX BTSET WSEERR 2T afts
SI 50 50 2 24.19 7 1.98 4.56 0.63 5.05 7.48 1.25 0.54  77.6820
S2 70 50 2 2133 6 1.94 426 0.64 4.44 7.23 1.18 0.44  70.661 0
S350 70 2 24.63 6 1.81 3.90 0.60 4.82 6.92 1.31 038 725575
S4 70 70 2 23.89 7 1.76 3.36 0.59 4.19 6.39 127 034 732066
S5 50 60 1 24.74 6 1.90 4.58 0.58 4.67 6.93 1.16 042 735720
S6 70 60 1 21.05 7 1.76 3.88 0.39 5.28 6.36 1.23 0.48  69.5207
S7 50 60 3 2046 8 1.87 438 0.47 5.28 6.33 1.15 044 735717
S8 70 60 3 20.73 9 1.73 3.82 0.46 4.46 6.03 1.12 0.46  74.869 3
S9 60 50 1 24.40 7 1.96 6.24 0.59 5.79 7.21 1.32 049 789176
S10 60 70 1 21.51 7 2.00 3.97 0.41 5.25 7.03 1.29 0.47 722332
SI1 60 50 3 22.89 8 1.93 4.59 0.54 5.31 6.79 1.31 0.55  78.004 6
S12 60 70 3 21.03 8 2.03 4.03 0.60 477 6.93 1.37 0.44 765197
SI13 60 60 2 24.65 9 2.68 432 1.37 474 10.42 1.28 0.75 975297
S14 60 60 2 2324 9 2.70 431 1.37 473 10.52 1.28 0.80  96.3655
SI5 60 60 2 23.89 9 2.63 432 1.36 475 10.25 1.28 0.69 96.1028
S16 60 60 2 22.52 9 2.64 429 1.33 470 10.06 127 0.74 944203
S17 60 60 2 2328 9 2.66 426 1.35 4.67 10.29 1.26 0.76  95.6294

®7 EEFEBHTESRER

Table 7 Results of variance analysis of regression model

WEORIE CPrA AME ¥ FE PlA

it 1 758.40 9 19538 122.69 <<0.000 1
Xi 10.41 1 10.41 6.54  0.0377
X 14.44 1 14.44 9.07  0.0196
X3 9.51 1 9.51 597  0.0445
XX 14.71 1 14.71 924  0.0189
XX 7.15 1 7.15 449  0.0718
XoX3 6.76 1 6.76 424 0.0783
X2 712.57 1 71257 447.48 <0.000 1
X2 377.90 1 37790 237.31 <<0.000 1
X2 430.97 1 43097 270.64 <<0.000 1
SR 11.15 7 1.59

KINRZE 6.03 3 2.01 157  0.3281
afiiR %= 5.12 4 1.28

pse il 176955 16

AE <040, BIEEFATIE, DOh ESHAKE L
Kl 3.

2.8.2 fEHAMH%  BUBEDIHISE TR I35
i) Z12g, FATFMRREN, £,

2.83 MEEEHE i “2.8.17 Ml “2.827 Wikl
1O, e s, SELRIE 6 IR, L'\ a*s b
{H RSD #<<2%, RWIENEZE RIT,

284 HEEMHHE & 2817 Ml “2.827 TiHl%

6 ki, ME @R, L. o' b™E RSD ¥<2%,

R TIEEE R

2.8.5 FaEiEEE 47 “2.8.17 F “2.827 Wikl
1 ek, 280F 0. 1. 20 3. 4. 5. 6h J5llE
R L', a*s bH RSD #1<2%, RIHFTFEMIE 6
h PR E T R

2.8.6 HTEEENESERE KK “2.827 Tl
17 ki, ARy 3 IR E R e e, @it
E'ap=(L"+a?+b2) 2 TH S, FEM L a’s

b*s E'w VS BN 67.90~76.45. 4.91~8.56.

25.50~27.31. 70.85~81.17 (£ 9). HH'EFEMH
e, R S13~S17 76 L'H FEEEE, MfE o5
pHE _FE IR (B 4), FRIFHEEAR B W 5
ML, 38, SRorZ s —i%.

2.8.7 AHKRMESHT CEREEED)E ST S TR AR
A S5 HEIEME L a*s b™ 3\ SPSS 26.0 3K
fF, b E AT, S5 R ILE 10, A Orign
AR EAE, Pearson AR T HAVEI L] 5. 455
XK, RESEERR. SEERX. FSERE. A
WTREES Lo D EN KM EIY<0.01;
H5 L' b\ EwE¥ENMEX, 5 EHEIEFX,
E—EfRE L, L', by E'p i/, oK, FEfh
iR 4 R SESEE. BEY. SEF. B
R TR S 0 E AR R R A O
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Fig. 2 Effect of each factor on comprehensive score
%8 BBD-RSM WIELIG4ER
Table 8 Experimental results of BBD-RSM verification
o Xil Xof Xsl B ANk B HU(mgg™) o
TR - N - N
% C mm /% KRS KEFSERR SEHT SERK BSET BSRHER AT AfTR
1 60 60 2 2395 9 2.67 4.42 1.39 4.76 10.57 1.28 0.64 96.6780
2 60 60 2 2400 9 2.68 4.50 1.38 4.82 10.37 1.31 0.66  96.763 2
3 60 60 2 23.73 9 2.66 4.48 1.39 4.80 10.43 1.32 0.68  96.4912
RSD/% 0.60  0.00 0.37 0.93 0.42 0.64 0.98 1.60 3.03 0.14

A =

S

9

S6 S7 8 S
Rl
S15 | S16 S17
T YR
S1 S2 S3 S4 S5 S6 S7 S8 S9
D 1 oDADDD
S10 S11 S12 S13 S14 S15 ' S16 S17

B3 17 BBEIHHTFREE (A) &KBKE B)
Fig. 3 Decoction pieces diagram (A) and powder diagram (B) of 17 fresh-cutting BR
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x9 BHUBHTHICEENESR

Table 9 Determination results of chroma values in fresh- gg
cutting BR g‘s‘
ﬁl:ﬁ:l L* a* b* E*ab ﬁl:llzll:l L* (l* b* E*ab gg
S1 71.24 6.13 26.68 76.32| S10 68.93 6.82 27.11 74.38 S8
S2 71.43 491 26.45 76.33| S11 75.84 5.86 27.10 80.75 2?0
S3 7438 6.23 27.19 79.44| S12 73.23 6.85 27.08 78.38 gg
S4 7271 5.68 27.27 77.86| S13 68.38 8.23 26.10 70.88 S13
S5 76.45 5.54 26.72 81.17| S14 68.03 8.31 25.50 71.27 2}‘;
S6 7521 6.37 26.92 80.14| S15 68.77 8.28 26.32 71.33 g}g
S7 73.53 6.24 27.31 78.69| S16 68.25 8.21 26.37 70.85 I pr b
S8 74.30 5.85 27.15 79.32| S17 67.90 8.56 26.20 72.35 El4 BEYSIS TS (S1~S17) e ERE
S9 75.63 5.98 26.87 80.48 Fig. 4 Chromaticity heat map of fresh BR (S1—S17)
F10 EFEIRL. o VSREYIFIHTFEYUR S REEXESH
Table 10 Correlation analysis between color index L, a*, b* and active ingredient content of fresh-cutting BR
‘ L a" b E'w
o Pearsonfi<it  P{H  PearsontikPE P Pearsonf>xfE  P{H  Pearsonfix{t  PE
2 -0.071 0.788 0.179 0.492 -0.321 0.209 —0.148 0.570
CADINERIN -0.566" 0.018 0.772™ 0.000 -0.461 0.063 -0.629" 0.007
REF SR H -0.832" 0.000 0.918™ 0.000 -0.858" 0.000 -0.904" 0.000
HRH 0.203 0.434 -0.043 0.869 -0.163 0.531 0.143 0.584
SREHE —0.786** 0.000 0.873" 0.000 —0.856™ 0.000 —-0.874* 0.000
WS R 0.315 0.218 -0.082 0.756 0.230 0.374 0.314 0219
[igen=hiN —0.823** 0.000 0.894™ 0.000 —0.884** 0.000 -0.900** 0.000
TR -0.196 0.450 0.366 0.148 —0.090 0.731 —0.200 0.441
HT% -0.751** 0.001 0.881" 0.000 -0.859** 0.000 -0.827** 0.000
P<0.05 ""P<0.01.
i | @ 1
stk | @
wesrix |0 @ @ 0.6
R ®
SR L 0o O
B R " ® 02
vz |0 @@ @ @
CRHE . -02
iz 0@ @ @ @
1| 0@ @0 0@
| 00 ® © - 00e 06
reo@® @ @ 06060
. 0@ @ @ 00000l |
T X % @ # @ B - M W s L%
H oH & O Mo B =
W R oW & M & W o R
< 4w BoE W o
%@ feny

"P<0.05 TP<0.01.

5 Pearson <MD HIRE

Fig.5 Pearson correlation analys heat map
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(peroxidase, POD) &5 I3 M4 e 58 s 7 B 218211,
60 °C ] 5 Wi 2 il 73 fe KRR BEAR B, (AN R
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BV R 4 BB E GR35 J T 5 e 2
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CHTFH L . FRdh) ROSRIREERY, M4l —Hyfadt
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AREDTIERS, ERIRCHKRREE SV,
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BES LD BB FENMR, 5 o P EIEHR,
L\ b"\ E'ap 88, a™ECOR, Bt o,
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S, R AR S BRS G RRA
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TR B, HZGRT R, (B2
7)) T Do DAY RS [ 12 1 5 1 — AR 5

ARSI AHP-I A% 45 Wi S TV AL 15
B &K 60%, HEIRAE 60 °C, IF R 2 mm )
B T2 REDIRIRE T gt ) 6 5 854k
fil 5 T REMOR, G 2L R RS
FEEED) S TS B S A B2 A R,
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