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Abstract: Objective To compare and analyze the fresh-cut processing slices of Tianma (Gastrodiae Rhizoma, GR) by comprehensive
quality evaluation, and to screen the optimal process of fresh-cut processing of GR. Methods Different steaming time (0, 5, 10, 20
min) and drying temperature (30, 45, 60, 75 ‘C) were set, and a total of 16 kinds of fresh-cut process parameters (Q1—Q16) were set.
UPLC-Q-TOF-MS technology was used to analyze the different components of different fresh-cut decoction pieces. Gastrodin, p-
hydroxybenzyl alcohol, parishins, polysaccharide, protein and alcohol-soluble extract were used as quality parameters. Entropy weight
method and technique for order preference by similarity to ideal solution (TOPSIS) method were used to comprehensively screen the
optimal process of fresh-cut decoction pieces. Results A total of 27 compounds were identified by UPLC-Q-TOF-MS technology.
Using variable importance projection (VIP) > 1.0 as a condition, the differential components of different fresh-cut decoction pieces

were screened as syringic acid glucoside, uracil, bergenin-8-O-a-L-rhamnoside, adenosine, parishin B, parishin K, parishin F. The
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clustering of differential components showed that the decoction pieces steamed for 0 min were clustered into one group, and there were

significant differences in the differential components between steamed for 0 min and other steamed time. Different fresh-cutting

processes had significant effects on the contents of gastrodin, p-hydroxybenzyl alcohol and polysaccharides. The comprehensive

evaluation and analysis of entropy weight method and TOPSIS method showed that the comprehensive score of Q6 group (steaming

for 5 min and drying at 45 °C) ranked first, and the radar map area accounted for the largest proportion. Conclusion Steaming is the

key process affecting the quality of fresh-cut GR. The comprehensive quality of fresh GR is high when it is cut into 5 mm thick,

steamed for 5 min and dried at 45 “C, which can provide reference for the development of fresh cutting process standard of GR.
Key words: Gastrodiae Rhizoma; UPLC-Q-TOF-MS technology; content detection; entropy weight method; TOPSIS method; fresh

cutting process; syringic acid glucoside; uracil; bergenin-8-0-o-L-rhamnoside; adenosine; parishin B; parishin K; parishin F
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Table 1 Processing technology of Gastrodiae Rhizoma

samples
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2.2 UPLC-Q-TOF-MS AR E RN 514

221 WHESERIIHS R EPREBURBRR .
FORHRE. BRI E. BRI B, BRI C.
ELRI AR A G Sl &, 0 30% £ 1) o ik
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Fig. 1 Total ion flow diagram of Gastrodiae Rhizoma by UPLC-Q-TOF-MS technology
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Table 2 Results of chemical composition identification of Gastrodiae Rhizoma
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Fig.2 VIP value distribution histogram (A) and differential component clustering thermogram (B) analysis of different
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components of Gastrodiae Rhizoma
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Table 3 Comparison of peak area of different components with different steaming time

A X U T AR

[B/min THBEEHT  REE A ARE-8-O-o-L-REMHT IR ER&TB  EAKREM  ERHEK
0 21.66+2.85  14.39+0.89¢ 0.85+0.25° 16.88£4.01> 1.56+2.09" 3.54£2.50* 2.18+2.15"
5 5.33+041%  32.96+0.35° 2.1940.92¢ 29.24+8.91% 1224%1.86" 1.39+1.85" 40.94426.94°
10 4.80£0.97°  26.67+4.07 1.86+0.54 28.84£7.94% 10.19£2.36* 1.15+£1.38* 42.27+19.81°
20 5944095  32.09+2.13° 2.13+0.49® 34.24+3.87* 13.41£0.86° 1.01+1.11* 4837+18.81°

[FI S Ja AN R 7 B a~c IR IR — AL B ) 22 70K B 5% /KT

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

ata 5% level.
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HEE 25.00 pg/mL. ELFFRF E 83.57 pg/mL. LA
FR1F B 76.61 pg/mL. ERIFRF C 28.73 pg/mL, =
FIFRE A 208.29 png/mL 7R & %R S IE W .

(2) PR SV H A% . RIREE ok i 1 60
Hf, #REC 2.0 g, FEZEE, BT 50 mL HEEH
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W. #i% 40 kHz) 4bFE 60 min, A4, FIREHRE,
FH 60% H EEANERCR R, #2250, S8, EU)E
W, 0.45 pm FRFLIEMESETE, BRASAL AR .

(3) il 25 s i AN Symmetry® Cs £ (250
mmX4.6 mm, 5um); A LHE-0.1%BEE K
Wi BEEEVEMAEHE: 0~20 min, 3%ZM; 20~30
min, 3%~4%Z}E; 30~35 min, 4%~5%Z M
35~45min, 5%~10.1%Z i ; 45~60 min, 10.1%~
10.2% 2 s K3 K 220 nm; #AFRFE 1 mL/min;
FE#E 35 C.

(4) TJRPEFEE: 5y BIRE % R EUR G 0] I
Wi BEREIES 10 pL, o bR R 2k R
SEo GERRM, RN s B A R pR 4306 5 A
Ay B R T 1.5, BRGIHEROBUR & g
HIIAMET 5000, 773 @1 REF, HPLC (i &l
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Fig.3 HPLC of phenols glycoside mixed reference

substances (A) and Q6 sample (B)
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Fig.4 HPLC of balisenosides mixed reference substances
(A) and Q6 sample (B)
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. 2. EE. BESEER BN TR,
R AR R SRR, RREMAE
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x4 KRRRTRMIIZEERSTRE

SMSH (X+s,n=3)

Table 4 Analysis of difference of internal component contents in Gastrodiae Rhizoma Decoction slices by different processing
methods (X £ s,n=3)

R 5%

e RFRER BRI RRRAXRER P AE BT E2Li AR SRR Y
Ql  0.01+0.01' 0.27£0.01¢ 0.28+0.01° 0.39+0.011  22.034+0.88" 7.3240.08% 30.29+0.06°

Q2 0.174+0.012  0.08%0.01 0.25+0.01f 1.264+0.01¢  75.681+0.22¢ 8.03+0.07* 26.57+1.20%
Q3  0.1440.00"  0.0310.01% 0.1710.00¢ 1.754+0.02*  65.07+0.517 7.5040.13¢ 27.4840.83°

Q4 0.214+0.00°  0.10%0.011 0.3140.00° 1.461+0.02% 51.781+0.441 7.54+0.06*¢ 25.8310.06%
Q5 0.03+0.00k 0.13£0.01% 0.1610.00¢ 0.38+0.000  42.58+1.37" 7.14£0.12¢" 30.05+0.50°

Q6 02240.01° 0.13£0.01°f 0.35+0.01¢ 1.52+0.05* 82.58+0.14* 7.69+0.30> 23.53+0.00%

Q7 0.18%0.00° 0.12+0.01&" 0.30£0.00° 1.04+0.01°% 75.834+0.22¢ 7.97+037® 22.83+0.00¢

Q8 0.16+0.00¢  0.10%+0.01 0.26+0.00f 1.024+0.01%  73.824+0.08¢ 7.00+0.06' 20.6540.50"

Q9 0.05+0.01  0.1940.01° 0.24+0.02¢ 0.394+0.000  37.214+0.64™ 7.4940.02¢¢ 25.9340.88"¢
Q10 0.2940.02®* 0.2440.01¢% 0.53£0.02° 1.094+0.07¢f 57.10+0.64¢ 5.50+0.03" 22.98+1.13¢

Q11 028+0.01® 0.15+0.01&" 0.43£0.02° 1.11£0.06°  71.73+0.26° 6.21+£0.08¢ 25.45+0.03%%
Q12 02640.01° 0.10+0.017 0.36+0.01¢ 1.41£0.06° 77.504+0.20> 6.17+£0.02¢8 22.80+2.03¢

Q13 0.1140.01"  0.09%£0.01° 0.20£0.01* 0.58+0.02" 47.23+1.05k 7.7740.09%% 24.3240.51¢%
Q14 0.2240.01° 0.3740.01¢ 0.59+0.01¢ 1.034+0.10°% 55.161+0.11" 5.68+0.04" 24.6610.524f
Q15 0.254+0.00¢ 0.161+0.01¢" 0.41+0.01¢ 0.994+0.04¢  422140.16' 6.29+0.17¢  24.8140.024f
Q16 0.294+0.01*  0.1240.01 0.4110.01° 1.4740.04%* 49.224+0.200 6.05+0.02¢ 24.9340.019%f
RSD 58.84 56.40 37.42 40.78 30.09 12.11 10.18

[FIZIEAE G AN R 5B a~n FoR A — AL R Z FIAF] 0.05 2 KT

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

at a 5% level.

®5 BRI WITEER

Table 5 Calculation results of each index W;

EeESiElaD BE ERER W%
RMEAXRERHELE 09339 0.0661  19.09
BRI 2L 09034 0.0966 27.90
eS| 09495 0.0505 14.59
HHR 09271 0.0729 21.04
R PEIR ) 09398 0.0602 17.39

Q13 &, ¢ b, AR AL S mm, 2l 5 min,
45 CHEF CHE 12h, FiRFE 120 B ED) 6] T
2 Q6 LR A VE L -

2.4.2 TOPSIS MEPFM4E R R SPSS PRO 7E4k
B 53 B P & Chttps://'www.spsspro.com ) i3 17
TOPSIS 3 #7 o i 1% & M @B R SR AR, 115
TV RS IE. fEAAMBER (D D), L
BARNMS, B, GEAER JREE) 251R%
PRSI R B/ ME. (AP AR R i 25 )
HAET ST RS &M RS T7 R TR
B, mAAFHETRRIRIGEE (GED MZEET
Hras A, TSIl 77 Z AT FPEA 181, 256G

33 HEAATT 5 BIFEMAKICY Q6+ Q2. Q4. Q3. Q7
(£ 7). Hrf, Z&H] 0min i 3 A (Q2. Q3.
Q4) BIHENHT 5, $R/R75M 0 min ALBEAE Z 4548 )
FEPEAN AR A . Q2. Q3. Q4 FEfhHh i
R 50} P2 oK B B AP AR IR AR (Q3) BAY
I Ftikhr (Q2v Q4) WIIEHNL, HEEHIEEHY). K
K2 BE. AR O E IR SRR 15 T8
INEE. RERZHERG RZERT . R, PR
WEPIEEIEN, BEEREYE Sws. SE &
Z R FTEEYIR, VYRS B 9 R IRRZ & [FR
PR AL E IR 25 b, Q6 N RIRE FHA A fefh
T2, Q2. Q4. Q3 A[{ENRIMREEANEF=M Tk
i ERIn T 0.
2.5 ETHFEZENEETEN

HEHUR R I R OR R . LRI 2R
RE. BEEEREY. 20, EA S S REANE
FEARE N VR KR, 32 Origin 2024 B4 & FE &
FRIAF S 0 22t R TR T (P 5D, FEAE Bl Tmage J 3K
RIS 16 FiRE ST IAEIHEA, ZEETPNES RN
KEPNHEFIH KN Q6>Q2>Q4>Q3>Q7>Q11>
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&6 KEKIRFREHBBUETFNHEF (1=3) 7 XBIRFRE TOPSIS AiFNHEF
Table 6 Evaluation ranking of Gastrodiae Rhizoma quality Table 7 Quality evaluation ranking of Gastrodiae Rhizoma
by entropy weight method (n = 3) Gie D D oAt HEE
o e Ql 0.712 8 0.558 4 0.4392 12
%ﬁ‘ﬁ%% Eﬂﬁ L8 EAR %mﬁ N Hy Q2 04080  0.7200 0.638 3 2
FHEE HX R Q3 04696  0.7558 0.616 7
Q1 1546 420 4.17 16.08 19.18 59.09 15 Q4 0.3912 0.658 1 0.6272 3
Q2 1325 1359 1725 17.64 16.82 7855 2 Q5 0.747 8 0.520 4 0.4103 16
Q3 8.82 1891 1231 1647 1740 7392 7 Q6 0.356 8 0.7615 0.680 9 1
Q4 1654 1572 979 16.57 1636 7498 6 Q7 0.494 4 0.6509 0.568 3 5
Q5 8.52 4.10 8.05 15.69 19.03 5539 16 Q8 0.6203 0.507 8 0.450 1 11
Q6 1926 1638 1798 16.89 1490 8541 1 Q9 0.659 1 0.508 1 04353 13
Q7 1599 1125 1434 17.51 1446 7391 8 Q10 0.636 1 0.5251 0.4522 10
Q8 1391 1096 1396 1537 13.07 67.66 12 Q11 0.4823 0.5809 0.546 4
Q9 18.99 419 7.04 1646 1642 63.10 14 Q12 0.518 5 0.607 9 0.5397
Q10 23.87 11.75 10.80 12.07 14.55 73.04 10 Q13 0.5682 0.645 2 0.5317
Qll 2141 1199 13.57 13.63 16.12 76.72 4 Q14 0.608 7 0.468 3 0.434 8 14
Q12 19.05 1521 14.66 13.54 1444 7690 3 Q15 0.578 9 0.443 3 0.4337 15
Q13 26.29 623 893 17.07 1540 7355 9 Q16 0.502 1 0.593 5 0.5417 7
Q14 20.15 11.12 1043 1247 1562 69.79 11
Q15 1953 10.62 798 13.82 1571 6727 13 Q16>QI12>Q13>Q10>0Q8>Q1>Q9>Q14>
Q16 2159 1585 931 1328 1579 7582 5 Q15>Q5, X5 TOPSIS LR 45 B 52 4= —5.
RIREFSRFE RS TR F3 52K T S
¢ —a— Ql - s —a— Q5
—o— Q6
—A— Q7

W Q8

B L B ¢ BRI 2K

O L O o

TR 2RI R A R FRIRRFE G FR oK R i
| —u— Q9 —u— Q13
—e— Q10 —o— Ql4
—A= Ql1 —— Q15
—v- Ql2 —v—Ql6

T BRI R — A ., BRI

Bl 5 XRitmELE
Fig. 5 Radar map of Gastrodiae Rhizoma samples
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Bl: SHrEH 2281 5 mm, &%) 5 min, 45 CHt
F Mt 12h, FEET 12h); Q2. Q4. Q3 F[{EN
FIRBEANIET= . ThRE & s JE R 7 =K.

3 Wie

ZEHE R IR T s W H R Ty, s
BRI KGR, AL R A S AR
R DUAWIFRI, ZZREAR A TR
ERIAREF Ay RIRBEE [ 4,4'- —F2 3k — LRk A
NRIRZER KR H R S FL A ARG 7 7 i
FUARFU, Z8HI 25 G AT T4, 7T SR L M OR B KRR
M ThREVEVERL S, AR SR “ B R S5 R R
WROS), (R ZR T FE i, %o FR 5 2 F A7 A6 X )
ML, — 5T B R R, 55—
Tl 7K 28 S ZE TR R0, thAb, 2R HIIE BE LGS R AR
AL 5T, (AR N T B R s 2 SRR %
fift R B BE AR, ZHEUERAR 0718,

R SRR B ZE B B K AR AR R R
PUREZFIEE, W RBRPGES IFE. &
BRAVBIEA . AL S 7 A TEZE AT S
TR RE, ERBRE R R RRR LT
PR R IIBE R &, (E25. B INRAF FlgsE
K5 W R A B AR, 5 SCHERARIE I 78 I Be fe i B
RAT LA ST R A — 8. KRR
X PR IR AR S 25 O E TR AR R AY, TEAS R =
Hh B2 T 2264 B IR AR I B 22 SRR, T A2 AH
X AT [ VPN PR ARTY . HE T SE RO H ) XU )
AR, YOI FP R IR T4 RS PR e 25
IR RIS g8 b, B FORISCHR R E 3
[FiJ A S5 2 1) 5 R R AT 250 TR0 T2 o S 2 A A o &
KHETE,

TR 2 W8 A ER (5 A B ) IR T A IR
Fefih. DA, ZAHRBINRSE S 2R
NFERESCRRE, Bl gen T IR ZE R 45
2 2 BEFARRO, “ FLZE L I R TR 2
Bée Jo P T Ao 1Y, [ 25 i I [) i SE0AS 22 0 5
AR, X LR TR B 2 R b B, B
il S5 (117N~ BRI F B H A ie . AT 7T o 28
il 20 min ¥F i 2 A BRI TR, 5 IR Sk
— 3, HEW ZE T BORKK 2 05K AE K SR bE B
B, B 2SR, (HPTRESR S AR R E
M2, EARSEZZEREWE N, RET6E
RAARM, (HEERRRER, AR SikiE

—.

JAL-TOPSIS & — Pl I B I 72 WA B
715 TOPSIS 2 I3 A fF-HE T DhRe AH LS S 2R &7
WM I7 %o ZTT R R R BOETE T 5 PPN R AR AL £
PR B HORE B VA5 0, AR B /N e %48
PR, A ROEE G AN M SOE
TOPSIS V115 A6 G5 1F S AR A (R IR GG
TR, B AERH R B [FRE S R 456 T 22
SIHBM AT, ZNEERINATRZ. K
PR SR Z R p 2586 Ik R MR B 25 AV 5
T EARIER), AR TR RAL-TOPSIS ¥, RBERE
PAEIL DA K JBR 25 0T 3 05 2% PR R S i A% 00 2 3048
br, XAREABEA LA BT MR

SMIIREM BRI R B R, 0. EAR. B
VR IS 22 200y, SETL T 6 R RS e A
JR R A TR A VAN

AHFFAER) UPLC-Q-TOF-MS AR, RIIMiEE
BEIN TR %52 46 FHIBTEAL RSy, FFRAE
T 27 Mk e . 1 R FT TOPSIS VA &
TR 25 F AR R 2 B8 00 T 1 B A T 2 3 B R SRR B
R 5 mm B, 788 5 min, 45 CHETF, K%
Hl AT VR A R BRGNS . Thae & R R 7
Ko ML T EAELFRA A B % R AP TAT M S5 4
TE, SRR AR = R R Kl
I RIRHER 48 T

HBFAR HHGEHFARGEFZF R

SE TR
[1] EZd [S]. —&B. 2025: 61-62.
[2] VKRR, XKD, BB T SCREE R R BRI R R

2754-2762.

[31 Han Y J, Je J H, Kim S H, et al. Gastrodia elata shows
neuroprotective effects via activation of PI3K signaling
against oxidative glutamate toxicity in HT22 cells [J]. Am
J Chin Med, 2014, 42(4): 1007-1019.

[4] HLfREE, BRI, ABeZR, 5. RIRAL SR B o B4 il
WEFEHERE [7]. Wz, 2011, 33(10): 1785-1787.

[5] BRid, 240, THME, & MR I RS R 5%
WA ()] RIS TR, 2023, 35(3):
539-549.

[6] HEE “RIRYT” MR EIEN KN T TZH T [D].
JRHR: AR R 25K, 2017

[71 A48, AW, VS, & 2= TRALEME R ik
R B EEDIHI 7% (3], TREZ, 2024, 55(5): 1493-



« 5510 « PER 2026£7H B57% B 148 Chinese Traditional and Herbal Drugs 2026 July Vol. 57 No. 14
1501. [17] Xie Y K, Li XY, Zhang Y, et al. Effects of high-humidity
[8] #amise, BN, 2235, 6. ANEN L L2 P iE R hot air impingement steaming on Gastrodia elata:

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

R E B S 205 [J]. WAL EE, 2023(12):
51-56.

FuY, Xu Q Q, Zhang J Q, et al. Identifying the quality
markers and optimizing the processing of Gastrodiae
Rhizoma to treat brain diseases [J]. Front Pharmacol,
2024, 15: 1396825.

KA, ML, TR, & BRRKEEFRN ]
K2, 2022, 44(4): 1079-1085.

Ji N, Liu P, Zhang N, et al. Comparison on bioactivities
and characteristics of polysaccharides from four varieties
of Gastrodia elata Blume [J]. Front Chem, 2022, 10:
956724.

T4 Al GB5009.5-2016 (Fr i % 4= [H SR 1 v 2
EREIE Y 2 5.1 BLIRE BRIk AR ERAE R EMENT (1],
b4 57, 2018(30): 54-55.

WA, B, BB, K=MK EORER S OR A
RETIVPAN TS Rl 2 BF 40 T AL-TOPSIS Al J3-fir
HEVASHT [, R ERE SRS T, 2024, 56(1): 82-
91.

LiY, Liu X Q, Liu S S, et al. Transformation mechanisms
of chemical ingredients in steaming process of Gastrodia
elata Blume [J]. Molecules, 2019, 24(17): 3159.

Li S, He X H, Zhang X C, et al. Integration of volatile and
non-volatile metabolite profile, and in vitro digestion
reveals the differences between different preparation
methods on physico-chemical and biological properties of
Gastrodia elata [J]. Food Chem, 2025, 463: 141177.
REMLE, B8, BRI, 5. AN[E) P~ H 20 R BRAE R PR R
33T [, WHEARERFE, 2014, 53(17): 4167-4169.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Steaming degree, weight loss, texture, drying kinetics,
microstructure and active components [J]. Food Bioprod
Process, 2021, 127: 255-265.
Wu Z, Gao R P, Li H, ef al. How steaming and drying
processes affect the active compounds and antioxidant
types of Gastrodia elata Bl. f. glauca S. Chow [J]. Food
Res Int, 2022, 157: 111277.
MHA, B, FFEE, & SONARXIES . 4]
FRBUEZE ST [0]. & TR, 2024, 45(17): 241-
251.
MRS, (i, B2, &, RBEYIR LRI 4555
WO S 4 ELBEWE 7T [J]. AR B ZY, 2023, 54(9): 2776-
2784.
#e7, BRTY, AR, & T EU0- 20 pUE S T
RIRII TR FTRE L& LM B B ARG (1], h 52,
2025, 56(2): 476-486.
EIRER, EEM, ZW5, & SR ALE PO
SR SRR [J]. W2 EEEZ,
2023, 34(2): 356-359.
WAREE, A, AR, AF. AR IR o R T A
At U KURAR AL (1], B RS, 2022, 43(23): 301-
309.
WEW, IVRAIL, M. 3T 28 KEAL-TOPSIS HIR
PR R (1], PEEZE SR, 2024, 30(10):
65-70.
oT [EEE, G, ENINI, 58 HPLC 2 M7 & & Mk
FIHRES B TOPSIS BIRAEKHRLL AR Rlr &
PR EIRIHT [3]. BEOT ORI HARERAMR, 2024,
57(3): 51-57.

[JriEsm4E  ARALRE]



