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Optimization of Gastrodiae Rhizoma fresh-cut processing method based on
entropy method and analytic hierarchy process

FU Yan, ZHOU Tao, XU Qingqing, YANG Changgui, ZHANG Jingiang, XIAO Chenghong
Guizhou University of Traditional Chinese Medicine, Guiyang 550025, China

Abstract: Objective Compare the key indicators such as the appearance, intrinsic quality, and energy consumption of fresh-cut and
traditional processed Tianma (Gastrodiae Rhizoma, GR) decoction pieces, and screen the methods of fresh-cut GR decoction pieces to
provide data support for the rationality of fresh-cut GR. Methods Taking the total amount of alcohol soluble extract, polysaccharide,
protein, the total amount of gastrodin and p-hydroxybenzyl alcohol, the total amount of parishins (including parishin A, B, C, E) as
internal evaluation indicators, entropy method and analytic hierarchy process were used to comprehensively score and analyze the
impact of 13 processing methods on the quality of GR decoction pieces, combined with the appearance, drying time, and energy
consumption, a comprehensive evaluation of the correlation between the color and ingredient contents of GR during fresh-cutting was
conducted. Results There are significant differences in the intrinsic component content of GR under different processing methods,
with the most significant differences in the total amount of gastrodin and p-hydroxybenzyl alcohol, as well as the content of
polysaccharides; The comprehensive evaluation results of internal components showed that the comprehensive scores of fresh-cut S6
and traditional processed S13 slices were higher than those of other fresh-cut groups, and S6 and S13 clustered into one group,
indicating that the internal quality of fresh-cut S6 and traditional processed S13 was the most similar; taking advantage of the similarity
in appearance between fresh-cut S6 and traditional processed S13, the time and energy consumption are significantly lower than those
of traditional processed S13; There is a significant correlation between the chromaticity value of the cut surface color of GR decoction

pieces and the content of their intrinsic components. Conclusion GR with a thickness of 5 mm, steamed for 20 min, and dried at
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60 ‘C have the most similar processing characteristics and quality to traditional processing, and save time and energy-efficient than

traditional processing. This method is the best way to cut while fresh and has feasibility in the production of GR decoction pieces.

Key words: Gastrodiae Rhizoma; fresh-cut process; entropy method; analytic hierarchy process; gastrodin; p-hydroxybenzyl alcohol,
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Table 1 Preparation conditions of Gastrodiae Rhizoma (GR) decoction pieces processed in different ways
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Table 2 Appearance of different processing methods of GR decoction pieces
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Table 3 Chromatic value measurement results of GR

decoction pieces (X £ s,n=3)

%hi's L a* b*

S1 59.00%5.15¢ 4.58+4.60% 27.6749.98"

S2 60.5017.43¢ 5.58+3.78% 34.83+4.532

S3 77.08+£2.28%  —0.42+0.79df 4.42 4239
S4 73.25+6.98% 1.25+5.41% 21.83+10.48°
S5 72.08+4.384  —1.8340.94f 22.2544.43b
S6 56.83 14.69¢ 7.75£2.222 36.83£2.55%

S7 74.17£4.00¢4  —0.2540.62%f 6.831+2.37¢°

S8 79.67+4.36®  —0.75+1.14%F  14.75+3.724

S9 84.33+£5.682 1.75+£4.16% 4.42 4258
S10 71.17+5.75¢ 0.08+1.83%f  13.08+6.194

S11 79.67 £2.02° 0.33 +0.49%f 0.08+0.67f

S12 73.08+£3.80%¢  —1.1740.72¢f 15.08+4.564

S13 55.331+6.30° 1.00+2.09%f  21.00+3.16°

ANAFRFRRFEREZERT (P<0.05), F4FH,

Different letters indicate significant differences (P < 0.05), same as table 4.
I} A], ALGEIN AR 308.9 h, FEIFHE D o 115
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Table 4 Drying time and energy consumption of GR decoction pieces (X £ s, n =3)

S8 3 SRR 2 AT S EE , KA

FEISR RIS HEAT VRS, B9 1 NS

HFEM S5

Gy TR/ REFE/X10°0 | S5 TR/ REFE/X10°) | 45 TR/ REFE/X10°)
SI  74.10£3.86¢ 0.00£0.00° | S6  27.40%2.197  41.13£330¢ | S11  87.75+1.82° 461.214£9.55
S2  31.70£3.03"  47.59+4.55¢ | S7  9590%£1.49° 504.05+7.84" | SI2 2.3610.088 7.04£0.23¢
S3 97.80+£2.33> 514.04+12.25° | S8 2.2140.258 8.83£1.07° | SI13  308.90£6.53* 463.72+9.81°
S4  243+0.33¢ 8.62E1.16° | S9  7440%1.25¢ 0.00£0.00°
S5 73.60£4.80¢ 0.00£0.00° | SI10 44.00£1.16°  66.05+1.73°

TG (R AN L L 6 W RERE TN 0,

The drying time does not encompass moisture return time; the energy consumption meter of the sun-drying method is zero.
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Table 5 Analysis of the difference in content of internal ingredients in different processing methods of GR decoction pieces
(Xts,n=3)

BB 53 U %

i RIERZR  RFRIEIEHEE RBREA RSO A ELRARF L EZ0 WA BEEER Y
S1  0.284+0.02° 0.10+0.01¢¢ 0.3840.02¢ 2.3240.02®* 29.984+0.00" 5.9940.00% 27.3440.84%
S2  0.23+0.01°F 0.06+0.01¢ 0.2940.00¢ 1.814+0.16% 35.2040.00% 5.7540.01% 23.3441.37%
S3 0.17£0.00¢  0.06%0.00° 0.2340.01f 2.3240.06® 45.334+0.00¢ 4.68+0.96° 22.49+3.50°

S4  0.2740.02¢ 0.1140.01° 0.3840.03¢ 1.754+0.10%¢  48.4240.00> 4.184+0.00¢ 27.51+1.46%
S5 0.2740.02¢¢ 0.0840.014 0.3540.02¢ 1.9740.09%¢ 39.6940.00°" 5.47+0.13%¢ 25.6411.86%%
S6  0.2240.01°" 0.10+0.00¢ 0.324+0.01¢ 1.734+0.14%  59.484+0.21° 6.64+0.04* 29.95+2.16%°
S7  0.25+0.03% 0.10+0.01¢ 0.3540.02¢ 2.3740.39% 43.28+3.02% 4.50+0.22% 28.5940.91¢

S8 0.3240.02°® 0.1140.03¢ 0.43£0.02° 2.161+0.39% 50.761+0.75> 5.1340.00% 29.3242.26%
S9  0.03£0.00" 0.47+£0.022 0.514+0.01° 0.50+0.10f  52.70+2.63> 5.4740.13%¢ 30.45+2.10%°
S10 0.011+0.00" 0.4040.01° 0.42£0.01° 0.2240.03f  38.984+0.00°" 6.284+0.28 30.0242.58%>
S11 0.04+0.01" 0.3940.02° 0.43£0.02° 0.661+0.19°  38.95+2.65" 4.824+0.32¢" 3436+1.57°

S12 0.20%+0.01% 0.0940.00¢ 0.29£0.01° 1.894+0.20% 60.4440.00° 4.701+0.01°% 27.3444.18%
S13  0.55+0.03* 0.104+0.02¢¢ 0.65%0.022 2454+0.20* 33.59+2.168" 6.3240.44%® 34.01+3.51®

[FIZIEUE G AN R T a~g FoR [ — A BRI IR E] 5%58 E K7

The presence of different letters from a to g after the same column value indicates that the observed differences between treatments are statistically

significant at a 5% level.
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(I) 1IO 2I0 3‘0
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2 RAXER&E (A) #S7#& (B) A HPLC
Fig. 2 HPLC of mixed reference substances (A) and S7

sample (B)

3 BRHZEXREANR®

40 60

t/min

1-ERIARH B: 2-EFIFRTF B: 3-EFIT C: 4-EFRIFR A,
1-parishin E; 2-parishin B; 3-parishin C; 4-parishin A.

HPLC [&
Fig. 3 HPLC of parisins mixed reference substances (A)
and S7 sample (B)

(A) F1S7H#m (B) &Y
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Fig. 4 PCA score scatter plot of GR decoction pieces with
different processing methods (n =3)
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*6 HIEMEANEHEER
Table 6 Combined weight results for each index

fatr (D Wil%  Vil%  Til%
RIREAI R RS R (Z1) 2085 2634 27.06
ERHREE (2 1639 1296 1047
ZHE (Z3) 22.14 23.57 2571
AR (Zo 21.86 16.03 17.27
IR Y (Zs) 18.76  21.09 19.49

T3+ Z4/Zamax X Ta~+Z5/Z5max X T’

THEEFEMGEAVEEIHT, 4R NE 7.
GER IR, BGINT. S13 42 60F N 87.52, FE4 S
1; BEDIH] S6 55 7F 34 80.04, HEHER 2 S8 5
HVE N 78.57, HEAE 35 HJEN S9. S12. S7.
S4. SI. S11. S5. S10. S3. S2, Z&EH AN
76.89. 73.54. 70.81. 70.41. 69.44. 69.30. 68.44.
68.18. 63.41. 62.89.

R KRR R EEYIRIFREG N THERTSE (0 =3)

Table 7 Indicator scoring while fresh-cut and conventionally processed of GR decoction pieces (n = 3)

Vg N Yy N
5B RIRERAE B w0 wle s ToREmE BAE T
\ MEZ R 12U 418 ‘ MET E 12 S8
RMEAE 5 L) ERTEAR K )
S1 15.67 993 12.75 1557 1551 69.44 8 || S8 17.80 922 21.59 13.32 16.64 78.57 3
S2 12.00 7.74 1497 1494 1324 62.89 13 |S9 20.84 2.13 2242 1422 1728 7689 4
S3 9.29 992 19.28 12.16 12.76 63.41 12 |S10 17.30 094 16.58 16.32 17.03 68.18 11
S4 15.85 7.50 20.60 10.86 15.61 70.41 7 | S11 17.91 2.81 16.57 12.51 1949 6930 9
S5 14.39 8.40 16.88 1422 14.55 6844 10 | S12 12.02 8.08 2571 1222 1551 7354 5
S6 13.06 7.41 2530 1727 1699 80.04 2 |(S13 27.06 1047 1429 1641 19.30 87.52 1
S7 14.38 10.11 1841 11.68 16.22 70.81 6
i b, U-ZE-BE AR S6 LA TFr R Bl 0.459. 0.340, 5 KRR BERIFRERLE
=, BT RSN T S13. B ERENER, MXEREH8-0.581. -0.402,
29 YHEFEREESHERSSENHEEMSH BRI VIS0 A, %5528 R 2 &

1z SPSS 23.0 Gttt EAEME L o
b HRRE .. WIRERHE., BRHRTRLE. £
BE BEAR. BEAYER WS ST AR T,
CER WK 8. AR EIN, 13 HE R LMY
xR, ZHEERREEMLS, HXR

s, MRMEREMERRET RS SRR 4%
oS EAREREIEMAX, HXRECN 0.540,
R R VI BT 2, E AR RS
s RGPS RRE. BEAM. BERIHRERA
HEEREIEMAX, MHXRHEH N8 0458, 0.338.

*8 BEEMRSBIBEXMEST

Table 8 Correlation analysis of chromatic value and compositions

. FHR R HL
L a b* RIKZE SREFEFE ORREFREE 28 AR BEHERLY

L 1.000
a —0.657""  1.000
b* -0.822"  0.708"  1.000
N -0.581"* 0.049  0.458* 1.000
o F e O P 0.495** —0.124 —0.548"" —0.717" 1.000
MR REE —0402° 0016 0338°  0.795™ —0.908** 1.000
EZ 0.340° —0.025 —0.076 —0.228 0.014 —0.109 1.000
A -0.639"  0.540""  0.526™ 0.141 0.091 —0.128 -0.211  1.000
BRI ) 0.003 —0.032 —0226  0.043 0.474" —0.344" -0.011 0.273 1.000

*fE0.05 23] WD, AMRMERZE; **7E 0.01 403 CWR), MRMEREE.

* at level 0.05 (two-tailed), the correlation was significant; ** at 0.01 level (double tail), the correlation is very significant.
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0.526, SXIFRIERHEEMAHER, HIXREH
—0.548, FHARIR T VT U s e, KR
. BEAFMERGRE B ES BB, MR
S R, [Rth,  aRas i Wl R BRI Hith
R I NAE R B B ARE BRI ARG, fE— R
J5 b Az S B TR R o AR
3 Wie
AWFFELLRBRER . SRR, ZHE. EA
JR EEEEIR B BRI NTE R TR,
CEEFEANIMEIR . TR 1A . REAETTE K BRI i
DIk, AR . Hoh R R A BRI
HEE SR, BATER B2 (R EZ) 2020 4ERR
FE KRR E VPN 4R R RIRZ R G UL
B IBE . AEZEIEE . HYsRAE ST, BRI
ROy 2 — A ] 4 KR 4E . ez g,
AR RRBRPEZERE IR ERRE R
— A N AT A R R B IS R S SR F ), H
(R EZH) 2020 FERGIE PIRFAE B sy, R
FHIX 5 AN TE ST AR bR VAN RIRE BRI ) 7 1 B A
HIE L BLRAGEIZE R HT 0 S w1 ] ()
RIRGT R HAT SR A VI, BRI AR £ 23 ke
B AL VA, XA 5 e A 7= S Bm 2 W
Fabr G BB E L L B IR T, S5 2 PR T
EBEIR/D T B A T BARE RS, XKT
RIBGEM R VG, AR T X A FE I o5 A EE A
LT, %071 CAER XU D) i i S PP R
RO, ARBFFREE R TR, RIKEEDIHIAH 54% 5000
TR, KERE. MK ZE R,
FRH 2 IRIALSEIN L S13 RIKE N 0.55%. Xf#adt
KHEERN 0.10%, 25 1 IRIZEEDIH] S6 RIKE N
0.22%- X FRIERHEEA 0.10%, A Z&H]F) S10 KRk
FN 0.02% XFERFERHEN 0.40%, FRFZES]]
BRI RS E. RS 2, X5
BRI IE 45 T —E3), A SRR 28 2 AR P 25 1
Ref R 7 TR AR AL RIREEE A 4,4-—
2 JE R SRR P AR D AR 43 R B /N T R RR
FONFRFEOR FR IR AR X 2T R R R R
RO, A SCHRHRTE R B 728 & PT35I R RR 2 A0S
BRI PR SRS, KR A RERES BT
fa, L PR R 12002 75 28 A A8 s AR R 40 ol = Y )
R A SRS BB G R EIR I
BEA%, S5 OCHRARE TR HE RIS S 4 51, i g
2K H R KRR P R oy 2 — 190, 288 Refd B2 )

R A SRR IR R, mAE
JE ZRVR AT ¥4 2K R B K 78 S — S 2808
K, KGR MR KA FIREIEIUT R A —
B RSB A B R S IR F K
TN B, FEEAEN R RGN, S
PR B A BRI /N T 20 4 B
ZE RN oK F R, A DG A 204 7 Bk —
WA

PR R R AN RS K A, R S5 16 5t
T2 W& ERAERKES, BETIHIER S1.S12
4b, HAWHZES B EE S TSN T S13, R
AT REA 2 4, — ARG T 2 ZEHI3 I 7 &
XoF 43 I 1) 2 W A D AR X o £ 11 S R
U A, SCHRIMRIE ARG R, AR,
FEGEIRIEIN T 4572 2 W 1) S0 N 125 B (1
PR R ZHE ST K, ARG T IR A
WINT AR T KL, ZHRK, XAhee
RGN T. 2 B TR DIHI 1 o — E RN . 2458
AR, RIRZHERAPUERY, Praieed, s
WHTRBWER, J& R RFE25 30 E ) T At A
Uh, TR R 2 S CEE, AR RIE
EED) ) S6 TELR B 2 B J5 TH A LA .

ANFIN T RRBRIR A AR R E 2R
FAEM R Bk g, aFEmE, REZ
BT IR RIR B R A4, T3 A& gt
FR G HIAEAR B, WO B T 0 R K [ A € 73 5
TRC T (R R R R C B ik B b €, A it/
W, POZARTEEZE KM T, #EMN AR
B SEOIHRER G B RCE s TR R
WA DI SRR, SRR By PR AR AE F T T Rk
PR, BRIV ARES SR EMmERY; K&
il BB R T (0 R R, DITHR A B B R
AL BURL . AUPEARVE N ZM B R R AN 1)
HER, HEZH5ZEMRELM, OF G
L'\ ' b"EEH S WNTERr BAT W AR 27,
AR T 2R R B E AN 3 1 o M AR
5, KRS LY o' b OIS NS
TEAER BB AR, 1% 7925 RE DR s W TR J
i, ATV A E R A R A

IAER, MBI 2] T B KBRS H,
FHOG 2= R 1) 5 5 O, RN 22 2 4 E 3L
ARG I T A RA . ARG RE R, WTE
FRFREEE TR S6 HER 5 2, 5AE40NT S13 N
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i, S6 W IR &GN T S13 BONARL, D)
il S6 HfEghn T. S13 b2 S R N—3, it
—B UL TR EEDIH] S6 AT LML, FEfR
Btk R R R AR, BEE D, TARA. 41,
RIFRAESE I g 2L, R 5 mm, 28]
20 min, 60 CHET (Mt 12h, FEENTF 12 h). &
TFFE N R IRR (PR B I T B L o bR e g v e it 7 =
BHISEME.
RBAR AR ERNTAEF B R
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