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Study on fresh-cut processing of Gastrodiae Rhizoma based on AHP-CRITIC
method combined with response surface method
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Abstract: Objective To establish a method for evaluating the quality of fresh slices of Tianma (Gastrodiae Rhizoma) and provide
reference for standardized processing of its initial processing technology. Methods The comprehensive score of seven index
components (gastrodin, p-hydroxybenzyl alcohol, parishin A, parishin B, parishin C, parishin E, alcohol-soluble extract) and
appearance score were used as indicators, furthermore, the AHP-CRITIC mixed weighting method was used to determine the weight
coefficient of each evaluation index. On the basis of the single factor test results, the response surface method was applied to investigate
the effects of dry temperature, slice thickness and dry time on the best processing parameters of fresh-cut pieces for Gastrodiae
Rhizoma. At the same time, chemometrics was used to compare the fresh cutting process of different single factor test results. Results
The optimum fresh-cut processing technology of Gastrodiae Rhizoma is as follows: fresh Gastrodiae Rhizoma was washed and placed

on a steamer after boiling, and the first, second, and third grade Gastrodiae Rhizoma were steamed for 25, 15, 10 min respectively,
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furthermore, Gastrodiae Rhizoma for each grade were cut into 6 mm diagonally, and dried at 55 °‘C for 13 h subsequently. Conclusion

The AHP-CRITIC method combines subjective and objective factors to evaluate the quality of fresh cut slices of Gastrodiae Rhizoma

comprehensively. Therefore the scoring results are scientific, reliable, and the optimized process conditions are stable, simple, and

feasible, which can be used for fresh-cut processing of Gastrodiae Rhizoma.

Key words: Gastrodia elata Bl.; fresh-cut; processing technology; quality evaluation; gastrodin; p-hydroxybenzyl alcohol; parishin A;

parishin B; parishin C; parishin E; alcohol-soluble extract; AHP-CRITIC method; response surface method
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L-RIRE: 2-0RA2E I, 3-EAI%RTY E; 4-BR&HB: 58
IR C: 6-LFIFRTF AL
1-gastrodin; 2-p-hydroxybenzyl alcohol; 3-parishin E; 4-parishin B;
S-parishin C; 6-parishin A.
1 FAMXER (A REMNBREHE B) MELRRE
(C) I HPLC
Fig.1 HPLC chromatogram of negative control (A), mixed

reference substances solution (B) and sample solution (C)
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R (YD HEATLRVEIRNE, 4555 06) B 1R 2 1 ]
AR BN KRR Y=30 175 X+33 170, R*=
0.9999, £k 1475 5.8~116.0 pg/mL; HBA Y=70931
X+20901, R2=0.999 9, £kt [ 2.6~52.0 pg/mL;
PE Y=29 283 X+19 493, R*=1.000 0, ZM:ulH
6.2~124.0 ug/mL; PB Y=34 433 X+38 177, R*=
1.0000, 2t 5.0~100.0 ug/mL; PC Y=30783
X+8176.6, R*=1.000 0, L1 G H| 2.2~44.0 pg/mL;
PA Y=36 484 X+117 998, R?*=0.999 9, {475
15.2~304.0 pg/mL.
2.1.6 FEHEERLE  H “2.1.27 WUNFRE S R
T AR 2007 U TR ARE SR 6 UK
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1.26%- 0.52%, FEUIHEE LR LT,
217 FoEtEiie REER “2.1.37 T A
W BT #1455 04 24 4. 8. 12, 24N, #242.1.1”7
TR G 2R, DRI AR, 15 RFK% . HBA.
PE. PB. PC. PA &R RSD 735l 0.14%.
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WEIRAER 445 24 h WEaETE R 1T
218 HEMIRE FERICKIK AL 2 g,
36 1, $%2.1.3 700 R ik 4t mis i, «2.1.17
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PC. PA im0 RSD 3514 1.23%. 1.82%.
1.43%. 1.17%- 1.72%. 1.96%, F£WiZTiEERE M
R4t
2.1.9 FEESERREE RS EPREL 6 4 CE EbR
B SRR AR 1 g MAEERKE.
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T7EER S AUR VA, “2.1.17 TR g &R &
&, oxREMmAR. iFERMKE. HBA. PE. PB.
PC.PA [ I AL RIS 53 519 103.67%-+98.02%
99.96%- 96.85%- 98.52%- 93.89%, RSD 4335l N
1.07%- 1.78%- 2.12%. 1.80%. 1.69%. 1.45%, %
B 7 R 2 R 4F
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Table 1 Appearance scoring criteria of G. elata decoction

THEAEN, SPSS #AFTHE SRR IIAREZE (6))-
MM (R =X(1—ry) (g FoRVFIRS i 17 2 [H]
AR REO . LRENE RE (C) = X R M AL
HERH (W) =C/XC, FHRIKE HBA, JMULF
oy EEEMEIR Y. PC. PAL PB. PE [ W 55K
0.0947. 0.1518. 0.1652. 0.1882. 0.1027. 0.084 5.
0.099 7. 0.1132, BARLGERIE 3.

&2 AHP EF|BiERE

pieces Table 2 AHP method judgment matrix
T H kS oM F T HE B
SAREEE REOEERG (FERRE 1.0 B2 300D G B
SlRGERRE RERE 08 FIRE HBA s s TC PA PB PE
Leg i) 0.6 RIKF 1 /3 1/4 15 1/6 1/7 1/8 1/9
ZLafgen BEOERIRG (ERERE) 1.0 HBA 3 112 13 1/41/51/6 1/7
BARAEIRE CRERIEE) 0.8 SRRy 4 21 12 173 1/4 1/5 1/6
) 0.6 BOAIER MY 5 302 1 1213 14 1/5
HOZEFAG (AEFRAG 0.4 PC 6 4 3 2 1 12 173 1/4
YIF-PEEE PR, R D (<15%) 1.0 PA 7 5 4 32 1 1213
MR [15%, 30%) 0.8 PB 8 6 5 4 3 2 1 12
TR [30%, 50%) 0.6 PE 9 7 6 5 4 3 2 1
AT [50%, 70%) 04 %3 CRITIC AR HR
% (=70%) 0.2 Table 3 CRITIC method related data
R s 10 i o R G W
(50%, 80%) 06 RIKZ 23.0564 4.1675 96.0884  0.094 7
(20%, 50%] 0.3 HBA 193628 7.9565 154.0605 0.1518
24 KRS R T ZIEFNERE VIR 239353  7.0025 167.6069 0.1652
241 AHP BUEME (P EZH) 2020 SRR BEVAVER YY) 28.8853  6.6126 191.0077 0.1882
TR 2B 58 A0 6038 K 250 HBA, {EARF 3, PC 23.1741 44977 1042301 0.1027
FERBRZ. HBA. PA. PB. PC. PE 3t 6 Flipisy, PA 207516 4.1308 857206  0.084 5
FTOLTE R R T TN AR et B 258779 390811011335 0.0997
PE 231387 49631 1148409 0.1132

TR ATH S R R . A R BRI R T 5 I 11
FEEBR R, BEMER B R R0 5
—febr. Bk, ARSI 8 MEHR IR L R H R
FEGrN 9 ANZIR, R py g LB IR R, 25 R
W 2. HE 2 AW TS HRKE . HBA,
SAESr . BRI MER ). PC. PA. PB. PE AL
A HN 03773, 02061, 0.1450. 0.100 7.
0.069 0. 0.047 0. 0.032 1. 0.022'8, —F:ELHpIA
7 (consistency ratio, CR) =0.035<<0.1, F£HIH%+5
B 53 BT AR — B ] &

2.42 CRITIC VAR EME W& Tabr i o5 Hit
ITPREAAR R, Fabr i bntEdufE = [(ELIME — &%
AMA)/ KRB — Be/ME) ] X100, JEER A BN G

243 AHP-CRITIC VEE A E 437 AHP 2.
CRITIC %+ AHP-CRITIC & A A EERANE T2
T R TERE VR (S iR, H AHP-
CRITIC B EME (W ge) = WanriWerimcd 2 W anp:
Werimicio W EAFH RIRE . HBA. SMWPES> . BE
IR Y. PC. PA. PB. PE HIE &R E R0 7HH
0.2819. 0.2468. 0.1890. 0.1495. 0.0559. 0.0313.
0.025 2. 0.020 4.

S§=100X Z(Yi— Ymin)/(Yinax— Yanin) X W s+
Yonin AFEFRFIRAME,  Yima NFEARH I E
2.5 FRIEEMEN

RIE L T HIWOR KA SRR, 18 RIER
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TAREE 5 O A X35 R IR A X3 2 e R
R B fE, B, SERIF AT, R
PR RIERBRKIDER 4, FLERZ B ALk
AXIBKIDER o HILER b, HHAEE (@),
o=1—abl/AB
26 HEZRER
2.6.1 RENEKWIE RAF: HrlE gRRRI
2, W, B 6mm, 60 CTIRES/KE 12%LL
o ZEWIAT: B QUORRRERZE, Wi, Kk
Ja B T84 b, JFaGTEe, 43 alZ&H) 04 54 104 15,
20, 25min, T, MEAZEZ, #Y) 6 mm, 60 C
THREEKE 12%LA T BHIRE: Bl ZRMR
PR, Yeid, feKEbEETESY, T, 4
SEH 0. 104 15, 20 25. 30 min BUH, U E 2

EFR, #Y6mm, 60 CTHEES/KE 12%LLF.
WA FRE E TS R &% BT 4P PE5Y,
ME BEPER WA 6 M2y, tHE S, 4R
W 4.

BTN, 7&H] 10 min KFE S feis, B2
IS A RE K, S TR P, ZAIEFEAE 15 min BFIA 2] 100%.
BHIRER, ZH 30min KK S Feir, PUEEALE 20
min JAF] 100%. 7&#]. ZHIZKFE 102 15. 20 min
i), 25 S L ERIRE S, AT 25 min B, ZEH
AT RS LEEHMG, TR R ZE I AR, 3
A BRI K, —H KRR 15 min,
SAVESr . R AR BRURSY PE R
B, WUHEE AL T Z ROR R T J7 1S A 8] [ g
NZEH] 15 mine

F4 EHMEFREFAWER (X+s,n=3)
Table 4 Results of steaming and boiling fixation (X + s, n=3)

FEDH(mgg™)

A% WA it
U mamme s
ik min A% RIkE

N
PE PB PC PA

FH 0 0.00c 283%0.17¢
5 62.80%3.76b 2.90%0.20e
0 9286+191a 3.40%0.15d
15 100.00a
20 100.00a
25 100.00a
#H 0 0.00c

—

2.8310.17¢

20.6510.08a 0.680+0.112b  3.530£0.189a 2.9160.154b 1.418£0.117b  0.2800.052¢
21.07£0.03a 1.758£0.102ab 1.397£0.048b 5.62110.137a 4.06610.083a 0.8210.039abc 12.55210.089a 42.94
25.72£0.03a 1.994£0.274a  0.510£0.046b 3.558+0.104b 2.315+0.155ab 1.258+0.116a
3.6210.18abc 24.5710.04a 1.633£0.024ab 0.66710.070b 3.731£0.005b 2.843+0.035ab 0.63410.026abc  7.343£0.108ab 53.22
3.52£0.10bcd 23.3410.02a 1.775£0.326ab 0.455+0.094b 2.374£0.116b 2.315+0.173ab 0.54610.099bc
34240.18d  20.5610.03a 1.899£0.107ab 0.578+0.038b 3.56510.043b 3.896+0.100a 0.999+0.069ab
20.6510.08a 0.680£0.112b 3.530%0.189%a 2.91610.154b 1.41820.117b 0.280£0.052¢

1.24740.082¢  29.03

6.25510.105b 58.61

4.697£0.127bc 46.62

9.24410.087ab 47.50
1.247£0.082c  29.03

10 49.52+191b 3.5210.23bed 21.75+0.03a 1.668+0.165ab 0.794+0.027b 3.279£0.025b 3.221+0.071ab 0.66510.038abc  7.418+0.113ab 46.84

15 60.15£29.09 3.40+0.21d 23.8710.02a 1.49610.115ab 0.4290.071b 1.992£0.033b 2.23610.099ab 0.48010.053bc

20 100.00a
25 100.00a
30 100.00a

3.7210.13a

6.19610.209b 40.06

3.6310.14ab 18.90+0.09a 1.67310.011ab 0.642+0.030b 3.123£0.051b 2.856+0.050ab 0.7221+0.012abc  8.045+0.110ab 41.88
20.76£0.05a 1.720£0.057b  0.790x0.013b 2.675+0.039b 3.526£0.021a 0.921£0.031abc  9.743£0.127ab 51.81
3471031cd 20.75+0.02a 2.349£0.128a  0.888+0.143b 2.55510.006b 3.737+0.0482 1.10610.039ab

8.30510.082ab 58.67

FFFEARRERG REZER (P<0.05); £ 5~7 .

Different letters in the same column mean significant differences (P < 0.05); same as tables 5—7.

2.6.2 AFFEFRIRAGER e, B,
Rk G BT 7288 b, JFRTEE, — SRR 7%
#10. 5. 104 15, 20, 25, 30min; —=Z KRR
Z&H 0. 5. 104 15, 20, 25min, HUF, J5E %
K, Bl 6mm, 60 CHLTREATHMIESY, Wiz
IR YA 6 My, THE S, SRNEK S,
—RRMRZEN] 25 min, S FE, POEEIL 100%, —
KFRIRZER] 10 min, S FeE, HIEEIE 100%.

263 YIFHRGEE B QORI P
Z&H] 15 min, R8T, AU, &) 4. 6. 8 mm,
60 CHET, BEATAPIES:, TEBEA R B 6
b2 sy, M5 S, SRR 6. VI R

i, S ¥EARHI> R >0 U1 7 KA R,
Y8 6 mm>4 mm>8 mm, HUEFERY] 4. 6. 8 mm
HEAT A S TS o

2.6.4 TR LT A] B GOR IR R, P
Z& M 15min, AV 6 mm, {EETH: 50, 60. 70,
80 CTHIEZEEKE 12%LLF; ZBETH: 50~
60 C. 60~50 ‘C. 60~70 C. 70~60 CFHj—
BETES hEHEE—IRETRET/KE 12%8
T, HHTAMRVES, W BEA VR AR 6 Fhik A
WA, tHES, SRR 7. EETEN, 60 CYTF
sy, 80 CVEArffik, #uk#k 50, 60, 70 Cik
AT BEEAGS s ARURTRET, BN TR
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=5 —HZM=FRKRARREREIRELER (X£s,n=23)
Table 5 Results of fixation times of the first grade and the third grade of G. elata (X + s, N =3)

A R A imee ) S
min BHI% NS HBA PE PB PC PA
=% 0 000e 33210.17c 25.12+0.04a 1.204£0.016d 1420+0.018a 1.649£0.032a 2.813£0.063¢  0.538+0.010c  8.247£0.233a 30.91
5 5939£1.27d 3.2240.15¢ 24.11£0.07a 2.274%0.038bc 1.12440.050ab 1.632£0.005a 3.158£0.079¢  0.675£0.021c  9.243+0.271a 24.72
10 69.41£3.7lcd 3.53£0.10a 27.92+0.02a 2.15410.084c  0.66710.042b 1.724£0.020a 3.546+0.104c  0.725+0.027bc 9.772£0.352a 66.88
15 78.92%1.82bc 3.43£0.06ab 26.59+0.01a 3485+0.076a 0.5500.011b 2.26610.093a 4.59140.071ab 1.103+0.019a 13.042£0.273a 44.63
20 86.36x1.80b 3.28+0.15bc 25.11£0.04a 3.12620.043ab 1.02710.051ab 2.401£0.062a 4.873£0.023a  1.154£0.005a 11.315+0.112a 51.78
25 100.00a 34510.05ab 25.59£0.05a 2.74510.034abc 0.403+0.014b 2.159£0.062a 3.912£0.052abc 1.024£0.017ab 9.167£0.231a 70.76
30 100.00a 342140.16ab 2641+0.01a 1.204£0.016d 1420+0.018a 1.649£0.032a 2.813£0.063c  0.5381£0.010c  8.24710.233a 47.75
=90 0.00c 32240.13b 24.17£0.03b 1.13110.028a 0.95310.035a 2.343£0.086a 2.989£0.0472  0.516£0.008a  9.71310.224a 29.71
5 8217£0.09b 3.45+0.10b 28.6610.04ab 1.641£0.049a 042210.025b 2.353£0.060a 2.801£0.115a  0.520£0.019a  8.5831+0.352a 50.68
10 100.00a 35310.080 32.14%0.06a 1.49610.069a 0.383+0.016b 1.17520.039b 2.661£0.085a 0.569£0.020a  8.270£0.273a 62.44
15 100.00a 3.7310.18a 25.8240.01ab 1.505£0.031a  0.530£0.006b 1.396£0.026a 2.941£0.060a 0.655+0.014a  6.54410.124a 4639
20 100.00a 33810.19 2336%0.02b 1.542+0.072a 0.390£0.017b 1.659£0.072a 3.143£0.116a  0.725£0.031a  6.58620.317a 40.32
25 100.00a 3.1310.14c 282540.02ab 1.131£0.028a  0.9531+0.035a 2.343£0.086a 2.989£0.047a 0.51620.008a 9.713+0.224a 40.34
#6 AERARAMEERLLER (X+s,n=3)
Table 6 Results of different slicing and thicknesses processing (X +s, N =3)
EEE/ ST T \@?%ﬁ FE 25 (mgg™) s
mm A% N HBA PE PB PC PA

4 BEY) 3.5340.09bc 24.35£0.01a 1.27240.029ab 0.71740.019ab 2.46940.048bcd  2.25410.020bc  0.48410.008a 5.463+0.052c  50.98
Y1) 3.80+0.13a  24.7740.09% 1.24010.043bc 0.363+0.020b 2.24240.059bcd 1.88240.042c  0.4501+0.013a 5.775+0.189%bc 42.08
A7 3.7040.05ab  23.7840.03a 1.923£0.017ab  0.543+0.018ab 4.303+0.075a  3.22620.034ab  0.511£0.040a 10.14140.125ab  70.45

6 Ml 3.6210.08abc 24.5710.04a 1.63310.010abc 0.66710.028ab 3.731+0.007abc  2.84310.035abc 0.63410.010a 7.343+0.162abc 67.22
YY1 3.65+0.09ab  23.00+0.02a 1.151£0.014c  0.757£0.025ab 2.87140.113abed 2.393+0.049bc 0.597£0.022a 6.505+0.105bc  54.51
F1 3.67£0.10ab  24.3240.022 2.012+0.0482  0.792£0.022a 3.793+0.054ab  3.725+0.056a  0.88710.016a 10.564+0.000a  92.52

8 MY 3.53£0.19bc  19.09£0.01a 0.946+0.012¢  0.75620.015ab 1.99240.004cd  2.38440.037bc  0.53340.008a 7.009%0.091abc 32.05
Y40 33840.14c  233610.01a 1.17810.017c  0.542+0.018ab 1.954£0.073d  2.177£0.049bc 0.547+0.012a 6.03510.133abc 29.64
I 3.4840.34bc 20.63£0.06a 1.48140.095abc 0.416£0.020ab 3.50440.212abed 2.74440.131abc 0.61240.035a 8.38440.526abc 32.16

x7 EEFEATEFHEAEER (X£s5,n=3)
Table 7 Results of constant temperature drying and variable temperature drying (X £ s, n=3)

i :Elu / f:.‘:'fmé ﬁ—.ﬁéﬁ. J/ |
J‘FLK 1 ﬂ&"F ST ‘@%Jﬁ‘f 72 4 (mgrg ™) §
Bk C BEHY/% KRE HBA PE PB PC PA

fHIR 50 3.5310.12a 23.000.02a 1.1481+0.118c 0.72310.282bc 2.97120.040bc 2.293+0.325¢ 0.590%0.099ab 6.535+0.284d 37.49
60 3.6710.12a 23.724+0.02a 2.5041+0.677a 0.85110.357bc 4.7381+0.777a 4.44610.053a 1.003+0.068a 10.911+0.638a 79.76
70 3.6710.12a 25.331+0.02a 1.46310.069bc 0.8821+0.137b 2.85310.631bc 2.96210.583bc 0.633+0.166ab 7.4221+0.310cd 50.90
80 3.00£0.20b 25.8310.04a 1.795+0.388b 0.34610.142¢c 3.3384+0.273b 2.62240.473bc 0.706+0.515ab 8.345+0.261c 32.34
R 50~60 3.60+0.20a 22.5440.01a 1.15510.264c  0.73540.025bc 2.81010.601bc 2.95240.569bc 0.616+0.178ab 7.865+0.591c 37.00
60—50 3.6010.20a 23.78+0.01a 2.523+0.198a 1.586+0.510a 2.974+0.400bc 3.470+0.753b 0.799+0.245ab 9.894+0.634b 81.97
60—70 3.471+0.12a 21.59£0.03a 1.515%£0.152bc 0.479£0.192bc 2.182£0.444c 2.1751£0.574c 0.458+0.140b  5.474%0.486e 23.29
70—60 3.6710.12a 25.54+0.03a 1.958+0.054b 1.547+0.091a 3.079£0.610bc 4.351+£0.271a 1.005+0.101a 11.281+0.85%9a 86.16

WERCE, SE&. ARAHETRIOKMEIE 2, B9, 11. 13 h FKENT 12%, #HukfEiz 3 MK
AR R, AFRPRREHERROAAET - FREAT R {58 .
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A —— RARH
200 - —— 71?%” 5 min
—A— Z&Hfi] 10 min
—v— Z&H#] 15 min
—— 7% 20 min
1501 —4— Z&ifi] 25 min
20 —»— Z il 10 min
f'?‘ﬁ —e— il 15 min
@ 100 1 —#*— ] 20 min
—eo— Eifi] 25 min
—9o— il 30 min
50 .
0 T T T T T T T T T 1
8 10
200 4 —a— *ﬁw 4 mm
—eo— V)4 mm
—a— #HJ] 4 mm
150 —v— Y] 6 mm
—— V) 6 mm
20 —a— F) 6 mm
@ —»— Y] 8 mm
g 1001 —e— 1] 8 mm
—— £HJ] 8 mm
50
D o
—F
=i
0 T T T T T 1
9 12
200 . 50 C
—e— 60 C
—a— 70 C
150 7 —v— 80 C
—— 50—60 C
mﬁ —— 60—50 C
= 100 4 —»— 60—70 C
Piad —— 70—60 C
50
0 T T T T T T T T T T T T 1

T 1) /R
A-RFIZRE I RREAK MR B-A A D) A 77 20R S i L4
RIKHIZR s C-A Rl ARHE I LMK i 25
A-drying dehydration curves for different fixation processes; B-drying
dehydration curves for different slicing methods and thicknesses
during processing; C-drying dehydration curves for processing at

different drying temperatures.
2 FEBERMIXMRET R FRRKMZE (Xts,
n=3)
Fig. 2 Drying dehydration curves of different single factor

processing of G. elata fresh slices (X £ s, n=3)

27 WaRZHERACEEIHITZ
271 gt S E RIS SRR RIS AR,

B RME, SR (XD VIR EE (X)) fil
FEET R (X3 HEAT 3 RIZR 3 KPS i 43 #r
DL S Ama AR, I wit KRR 8, HEH S
iR H Design-Expert 11 T2 wRIH, 15
%56 2 RIEIA T E §=53.634+2.91 X;—8.34 Xo+
8.44 X;—227 XiXa—10.29 X, X3+ 8.37 XoXz+5.40
X12—14.60 X2—3.76 X32. it [AlJARE TR 34T 77 0047,
SER R 9, R 9 WIAMER F=23.010, P fHA
0.0002<<0.01, ¥, MR P{EN 0.5659>
0.05, A%, RPZHEYEERIFER S WEE
RUF, H R%q=0.9253, R i LA KR
BEED) I T2 S 11 92.53% KU T 1R« V) JE BE A
T AR 1]

MFE 9 TTDAE H, SRR EIH] T2 8 1
FRFRIEE T N X3 >X >X, Hb Xo. X3 0l —
TR X2 FIAE LI X\ X XoXs RHEEEE) ) T 250
W2 (P<0.01), KT X2 X EED) I T. 2520
B, HAWWARE . FE, HYE R
224 HH %5 DR 2R A ELAE e mm h T P, B ORAAR R
XiXo XiXa XoXs A8 A X EE) i i) T 20520,
WK 3, HA TR S e, YR EEST
FER ST 1) PR 22 LA P 2 v 2 T 38K, e D 3 P ¢
B, ULEAY) R BT S g 18] (A8 BAE R, Xf
RIFKEEEDIH] 8 MEIRI S MR . TIREES
VIR R R S w2t 220, e 7 i 3 BE T 2%, i
AU 1 P 5 et R PR 52 ELAE R AsE5 0 R R
EEIH] 8 MEFRM S MR/

272 ML TZMMRASIGUE S N T
BTSSR, TR BR MR SN TR s e T2
RV EFE 6.069 mm, TR 53.768 C, T
i) 12.958 h, S 60.68. N 1 {F T SZhrEefEr it
TR YT EE 6 mm, FHERE 55 C, T
i) 13 h, FFEEAT 3 IREGIERLS, S 7034 59.65.
61.32.58.30, 5 TilIE 60.68 HIFHAHRZ N 1.521%,
ZER IR 10, PLHZIERTN AL /) on, RerH T
SRR, EIL .

273 HEZTZHE i ChEZ) 2020 4
Fi 6 R BREEAT ARSI T, $5I8 “2.17 WE 6 Fh
My RSy, “2.27 T e B IR R, “2.37 ik
TR ST, R RAL G T 2 52 ) 1)
S, &R WK 10, Z5EREY, BEDIH S s T4 L
ST, AT SEg T ML, REE)HIRT LD
RIRREAE IR R R k.
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* 8 RRFREEEELIHING N B IR 45

Table 8 Response surface experimental design and results of fresh-cut processing of G. elata

X X/ X X/ A EEEM RSy E/(mgg ™)
A Tas . i S
T mm h ¥ BREYW%  KKE  HBA PE PB PC PA

1 50 11 3.00 26.47 03771 0.0839 03853 05033 01491 13967 3921
2 70 11 347 26.49 03677 0.0584 03985 04341 01308 1.1419 4883
3 50 11 313 23.07 02458 0.0662 03481 03333 0.0976 08470 2298
4 70 11 3.60 21.68 0.1646 0.0426 0.1879 02226 0.0723 05931 23.52
5 50 9 333 18.00 02636 00501 03058 02829 0.0788 0.6526 21.79
6 70 9 320 22.58 04814 0.0529 04881 05587 0.1854 1.6304 48.94
7 50 13 3.8 29.39 04147 0.0914 02994 03907 01258 09931 60.58
8 70 13 338 23.88 03922 0.0956 03273 03867 01277 1.0142 46.58
9 9 352 26.88 02988 0.0607 02321 03190 0.0956 0.7663 42.17

—
o
(o))
(=]

9 3.35 17.34 0.1838 0.0451 02531 02033 0.0573 04823 1284
13 3.30 25.68 03279 0.0919 03396 03996 0.1172 1.1337 4096
13 3.45 27.82 03153 0.0698 03537 04055 0.1287 09402 45.12
11 3.58 21.84 04717 0.1261 03905 05301 0.1516 12562 60.45
11 3.68 22.58 03662 0.0713 03383 02601 0.8202 0.6036 52.90
11 3.67 25.21 03425 0.1027 03278 03818 0.1180 1.0722 5231
11 3.32 21.08 02668 0.4554 0.1245 0.1962 03659 0.1674  49.57
11 3.60 23.29 03721 0.0955 0.6230 05399 0.1493 1.1650 5292

*9 MEEERESZES

Table 9 Variance analysis of response surface

TEMKIE CFOIA AmE ¥i05 FME PAE BFEVE|TERIE CPrM BBE BJ7 FE PE RBEME

e T
AN L AW N =
D DD D D
S O o o o o o

(o2 NNe ) NNe N e N - =) W) S o) W) S c R SR G

—_
-
D
o

A 3076273 9 341.808 23.010 0.0002 HEFE| X2 122665 1 122,665 8258 0.0239 3
X 67.920 1 67.920 4.572 0.069 8 NEZE| X2 897.208 1  897.208 60.400 0.000 1 # i3
X 556278 1 556278 37.449 0.0005 tHEFE| X2 59.527 1 59.527 4.007 0.0854 AEF
X 569.531 1 569.531 38.341 0.0004 H@¥F| k= 103.981 7 14.854

XX 20612 1 20.612 1.388 0.2773 AREE| FLI 38206 3 12.735  0.774 0.5659 A3
XX 423331 1 423331 28499 0.0011 HE3%| &%= 65.775 4 16.444

XX 280.395 1 280.395 18.876 0.0034 HiE#| HEZE 3 180.254

Xhoog5 T X/C

3 REREEEYIH] S BN R H E
Fig. 3 Response surface diagram of comprehensive score of fresh-cut processing of G. elata
2.8 A REIZEHITZ HPLC 158 EEA R P S ANCrp 24y (i i SRS AR DL PR B (2012
BAFREINE AFRFZEREL AFRTEERE  BO), 3] 42 min J& BRI (EHIE T,
[E ARV TS S 28 ERBIN TR & BL S12 IS MIEE (Z5H) 15 min, 0] 6 mm, 50 C



- 4346 -

FED 2024FE7H $55% B 138 Chinese Traditional and Herbal Drugs 2024 July Vol. 55 No. 13

xz10 EHUFITZHIESEETIZEHE (X+s5,n=3)
Table 10 Technology validation of fresh-cut processing of G. elata and compare with traditional technology (X +s, n = 3)

W

JE T/ (mg-g ™)

TZ AP

RHY/% NS HBA

S
PE PB PC PA

EEIH] 3.704£0.10 28.01+£0.27 3.783£0.012 0.66440.002 4.245+0.014 4.67610.015 1.55940.005 14.20910.046 59.64
3.754+0.09 28.90+2.16 3.773+0.017 0.584+0.002 3.787+£0.014 4.571£0.017 1.459+0.004 14.587+0.055 61.32
3.60£0.20 29.02+0.99 3.809+0.012 0.710£0.002 3.835+0.012 4.5394+0.014 1.454£0.005 14.267£0.045 58.30

4T, 3.50+0.23 26.34+0.15 3.189+0.011 1.15540.006 4.168+0.018 4.853+0.012 1.57440.017 13.635+0.028 49.65

TP, B TR YR BN 0.3 min, KA 0L,
2 % )AL IE AT A VUG 5 AE ot BRFR a0, 2551
LK 4, bR 19 ANEFNE, HAgE s, 10, 12,
15. 17 19 4359 K#EZ . HBA. PE. PB. PC.
PA.

TR, 4558 S1~S28 FIAHMLE 75N
0.521. 0.991. 0.992. 0.914. 0.963. 0.982. 0.981.

5

1 2 3 h6789 11 P

0.979. 0.966. 0.990. 0.990. 0.988. 0.967. 0.970-.
0.989. 0.991. 0.992. 0.973. 0.972. 0.972. 0.991.
0.985. 0.922. 0.967. 0.990. 0.976. 0.962. 0.986.
AL, ST CRAVE) MR 0.521, S2~S28 AHAU
JETE 0.914~0.992, UiHIRMRAE SARE 257V
2, ATUARTRGEE A X o, SREDIHIIn T2
[ 2H 53 22 SN, Fa GBI AR N AR T

15
14 N6 17
A

1
A

i
C

k

24 30 36 42

S-RIRF: 100 BRI HEE, 12-ERIFRTH Bs 15-ERIRT Bs 17-EFRHRH C; 19-BEFIF%H A.
5-gastrodin; 10-p-hydroxybenzyl alcohol; 12-parishin E; 15-parishin B; 17-parishin C; 19-parishin A.

4 28 RARLEYHIHRIBLEE (S1~S28) RITRIELEIE (R)
Fig. 4 Fingerprints for 28 batches of fresh-cut processing of G. elata (S1—S28) and their reference fingerprints (R)

29 HWEHEFESH

2.9.1 KM (cluster analysis, CA)  LL28 #t
RN T 6 M s & & v &, $ A\ SPSS
26.0, K H A A1 B 2802, DAPJ7 WRaE S A s
a AR ACAEE RIS, AT SR, S5 WK 5. 4
SRR BN 10 B, 28 HERFRAIN TR AT 790 2 25
S1ARAF I T BN 138, KRBt oisin
(S2~828) L2744 11 K.

2.9.2 ERSHT (principle component analysis,

PCA) DL 28 LRI TR 6 Fivf 2o & &
AR R, SN SPSS26.0, A ERRFIEE, HE
TR S R B A, S5 AR 11, 120 DURFE
{8 >1 NAREhRHE, $2E 2 N TSR T, BT %E
IR ISR 78.704%, FHIXAS 2 AN E s HThg
RERMRFSEEDH T Z 78.704% 015 2. FHH
T 1 FE w7 RERZE . PE. PB. PC. PA HIfE &,
FRA T 2 FE BT HBAL PE {5 5. 4 28
FER BN TR 6 BB U85 2 8 5\ SIMCA 14.1
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T I7 BRI RS
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S28
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S4
S23
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S22
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S12
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S1

5 28 KRB EYIHIHRBASF
Fig. 5 Cluster analysis for 28 batches of fresh-cut
processing of G. elata
F 11 PCAHEERFEREE

Table 11 PCA eigenvalue and variance contribution rate

L GEER RN SR 75 A
EN2 %) - ﬁ%ﬁ ?%Rﬁ%é - ﬁ%ﬁ %%Rﬁ%
BRA/% TTHRE/% BRA/% TTERA/%
1 3.628 60.474 60474 3.628 60.474 60.474
2 1.094 18230 78.704 1.094 18.230 78.704
3 0.628 10.461 89.165
4 0333 5.546 94.710
5 0.261 4353 99.063
6 0.056  0.937 100.000
*& 12 PCA EFHPEIEMR
Table 12 PCA factor loading matrix
Mgy ERGR 1 ERG 2| A ERGR 1 R 2
KEEZE 0857 —0.145 PB 0.943 0.096
HBA —0.110 0.948 PC 0.813 —0.118
PE 0.703 0.386 PA 0.915 —0.041

AR PCA B, 152 PCA 190, 455 LK 6,
ST ARAH I LI 5 H A EYIH T (S2~S28)
FZERK, EREREGRESIrER—E
3 g

R 23R TSR R L, “HRRIBIR” M4
g 7B i 1 K23 BN AN W 17 SN T
FIW LR, XM AT ERKIE 22 TIE

& KAH (SD

41" m EHAY (52~56)
* HHIAE ($7~S1D)
o ERTE (S12~815)
® BT (S16~819)
2 1 m < D (8200 $23. S26)
o A YY) (S21. S24. $27)
& o . m BT (S22, $25. S28)
0 [l <3 | -
4 ®e x g
ARy o
_2 T T r T T
-2 -1 0 1 2
PC1

El6 PCA§5E
Fig. 6 PCA score plot

Ul 2R PP R N AR W BEiER 7oy S 13 2 o 2
SRRy, FEMAPEGRUCT, TR A 95 B D) T L
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AN AE R LA Vg « AHP V52T #4 v o
JRIREER, PN S R R AE A — K 5 2R G 45
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B, DA 8 BN TR o ot 2 1P A0 82 I A EE (1) 32 0T
M J7iE082001, CRITIC 2 B ah 1% (FRifEZE) i
MR GHKRED R e bn BN 7715,
BRI EZE RO, BB, B, fRiRZ
(] A SO MR, bR, B RG22, [A]
I, ABFICLAANR BB, U] B S G T
W dEat, RIS RKE. HBA. PA. PB. PC.
PE Jt 6 Fh £ B AL E R FIE A R & &, R
AHP-CRITIC PFIMELEE VT RIREE BRI R
B, MRS S, BT LAk AHP 51 3
MUIRELER = Bl 221, (R SEREARNEIREE, X
Aedd /D> CRITIC VAR FE bR [A] () B (1) B, 45

Rl R g 2324,

AE AR TSR R EERT . RIERE
TIE SIS Ta], - AN [F S5 200K R A7 75 IR 8] 7 5 R 2R 15
SERRW, RE R RRIRA LEARFRAW S &,
0 )R 725 o ok R A B A JRRC o 3] 260 0 S T S5 /K e g 2k
T, B SON SZ BP0, PR T BT SRR A 1)
filt, RIKFAERHRER RGN, &2 “RER
7 AEHRS28, Bl s e SR 2R b A
W TR AT AR TR ZRHE . X F
10, 15, 20 min I, ZHIRER S FRFRE ST
A, EHIRT 5K B, 6 RBRER
HBA. FEREEKIEVEE FRW T 2 A0 RS T /K 0
WA R K, HERHE S BoKiR 2R TR, it
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— IR AR I RR, RR A RS R IR B FE A
fI127:29-300, Bt 5 3% B 28 1) 0 T B AR ) R BR 24 44 R JRR
. HBA, IR SERERHEE ., ERIHRETRNS S
PR T 28400 T80, fE—E R EI RN, 2l 5]
FEK, RIKE. PB. FrERIR & EIZWH N, PA. PE
FrEIRWTEAG; AW AT, RRRREGE, REEA
W, ERFRERATEHNNRIRER, RIKETE
W B R B8 HBA, HLER (A7 s B AR
PR R AR F, 7T 72 o) A T o R i K 3 A 28 o i
XK, RIRRE L2, Higk, nEtEEmy
BRARD2300, X P AR S 5 AR L — 2, B g0k
JBRZE ] 0~10 min, SH4IN, B RAR S R 3 H.,
AR R RFRZE T AR, SRR, 26| 30E
s TR Bk G, 28 RO IR B R R, RR I
FTHBA [F)9ak /b B 230361, 3 54K 78— 8, Bl —
PRIRZER] 25 min, S e, POEEIE 100%, —H%
RIFRZEH] 10 min S H i, 15 min #UEFEIA 100%,
=R BRFEH] 10 min S B, PUEEEIA 100%.

IR0 R BR B A% B i s B B . 1)
M BB R, TR RAED,
PR AR, (BT R, R R U) JREER,
AR BB RNA M IR, ARG, HAS
TR K BT-401, BT 5 SRR B, 1) v S FEAH [
i, RN RBREE D) s 7 s U1
FFIES, 6 mm KRR EAE D) B .

T8 R IR SRR 5 ) G . AT Fu 4
W, 7£ 50, 60, 70, 80 ‘CIHIE TN, KpRELY)
F S Jettn g, 60 CHE, AR BEATER .
AR BB R, Sim, 80 CHY, S
ko RN, REREEVIATE 60 CTHE Sh 5
50 ‘CTHE. 70 CT 5h J5 60 CT8 S Him, nf
AE SR R RV R R U6 T8 it Sk &K, AR
JE2 LU J5 S B2 v I A R T AR B K, R BE
TR ZERREA R T 2. Li EP85 R R
FEHRIE 50 C, RIRKF Kt 2Bl R, X5
AR 515 FE - T AR AL 28— 5, B 50 CHF
MR A, HRRE . RET AR, WAHits
X, 65 CHX B N, 70 CT
B, RBRA A ™ E A MR 80 CHF, KIFK
AR ZE, R L IRR S, R AR BAB237.3941 ) [R] I,
B TRl B R T 5y, RBR A 25 3073 v] ek
FOBHESEEIRF LR B, 75 CRPR KRR Z . HBA.
PA. PB. PC. PE. BEiEMEIR B, RIKRZHE & EAR

RIZY, SPPA—E N K. MiBuE I A

®WY, WK, BmEKEEZ, AR T EE

B gt BIRRE R S AR A A R 8, BT

P v TR B S5O B R S R B VIR,

FRRIR AR, PR G, A R B R

TR, O LR ER T, B A
BT RO EE R, S5 L A R R

EOIH T 2S5, e s L L 208 KRR

BZE, Yed, fKbEE T AR L, —JORBREH

25 min, ZCRRAH] 15 min, ZZCRRRZAEH] 10
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