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Abstract: To investigate the impact of compound microbial fermentation on Gastrodia elata quality (fermented liquid),
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providing a theoretical foundation for its industrial deep processing. Gastrodia elata was fermented using a compound
microbial consortium (Lactobacillus plantarum, Acetobacter pasteurianus, and Wickerhamomyces anomalus, FJ group),
with unfermented (CK) and enzymatically hydrolyzed (MJ) groups as controls. Physicochemical properties (total acidity,
pH, etc.) were assessed. HPLC analyzed gastrodin, p-hydroxybenzyl alcohol, determined total phenols, and total flavonoids,
evaluated their antioxidant and hypoglycemic activities. Volatile compounds and differential metabolites were identified
using SPME-GC-MS. Sensory evaluation assessed overall quality and flavor. The results showed that compared to CK, FJ
significantly increased total acidity (2.6-fold), decreased pH, and elevated the content of crude polysaccharides
(247.65+16.10 mg/g) and ethanol (0.54%vol+0.02%vol). MJ showed minimal physicochemical changes except in
polysaccharides. HPLC revealed that microbial fermentation enhanced the production of bioactive compounds (gastrodin,
p-hydroxybenzyl alcohol), significantly increased total phenols (promoted 29.45% vs. CK), total flavonoids (promoted
44.08% vs. CK), antioxidant activity, and hypoglycemic activity (FJ>MJ>CK). SPME-GC-MS identified increased
alcohols, acids, and esters in FJ, with characteristic differential metabolites including 3-penten-2-one, isoamyl alcohol,
phenethyl alcohol, and ethyl acetate. Sensory evaluation confirmed improved quality, imparting distinct alcoholic and sweet
notes. These results provide that compound microbial fermentation effectively enhances the bioactive components,
functional properties, and sensory quality of Gastrodia elata, offering valuable insights for developing functional foods and
advancing its industrial processing.
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70 eV; JE AL m/z 50~550 amu; I 4
F4#5 (Full Scan) .
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Table 1 Sensory assessment standards of fermented liquid
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FRFTE T, Cskal 21~30

W (3043) FRHI HLBIEE, WS AT R i W 28 ek 11~20
AR s R RIT, 2R sl 28 S o ] J 0~10

I 9, 2 8~10
FE&(1043) LA 2, T 4RI 5~7
LA 0~4
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1.3 HEAE
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SPSS 27.0 Gt B X BAE A T IE A TEAG 30 AN T7 22
SEPERG IS, STE S5 HLT ] Simca 14, Origin 2021
Graph pad 10.0 FA/FHAT4E
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Tt 125 b, BHT4s & = TR DM E] A Al SRRt BT ) .
P o

2 OR[EIPRAL A S A A PR Al
Table 2 Determination of key physicochemical properties
in different Gastrodia elata processed groups

e FI4H MJZH CK#H
WE TR AR e e
(FMEAMAEY)  GEFEREK) IR
pH 3.37+0.04° 5.04+0.01° 5.54+0.02°
R (g/100 g) 4.86+0.08° 1.50+0.42° 1.35+0.55"
HZH (mg/g) 247.65+16.10° 145.50£0.79"  125.50+0.88°
2 (%vol) 0.54+0.02° / /

ik [ﬁlﬁfﬁ /NG TR R R H AT 3 25 5 (P<0.05), R4lH); /" Fom Ak
2.2 REERFREE ZE U AYER DT

RYGHTIV) 2 09 SCHRA BT A M AS S50 2 X% 224tk
KRR W) A T A 45 21, 38 3 b 6 Pk G0 17E
RIPR P30 5 A vy AR, SR RIRZ 2 sy
P FEEE 220 DIBRHE S BRI EE X (ug/mL)
SRR AR, XL T RSB Y AR, 2R
HERhZe, IFARPEPRAE IR IEA T [FR AT A3 . 4521
IR 6 RIS LI SE A R4S, 107 B FIAR =G
FENEE 3 s

W E AN R 2H FORREE BOR P i A &9, 455 4n
1A TR o SRR AN A WEAL B , RIBRUE i 1
T EPIFAE I 22 55, LA JORRER | XIS g |
MR A A9 HE225 35 (P<0.05) . AFHSCHTTESR
B, AR A TERSRVETR Al oMl RIRER L X2
FEZE B e LRI AR IS5 )2 . CK ALl i,



4785 % oM

WA A TEY R i BT b - 283 -

3OS YIAMNLER (n=6)

Table 3 Linear relationship of active compounds (n=6)

ha=) i )57 R

HH R[] (min)

1 PN i+ 2.863 y=6620.4x—134.28  0.9994
2 XEREORFEE 4.470 y=4202.4x-52.65  0.9997
3 FrHERREEE 10.060 ¥=3925.8x-79.89  0.9995
4 XEREOETREE 10.608 y=6285.8x—127.03  0.9997
5 FrE IR BEB 15.596 y=3177.9x-3.2212  0.9998
6 EAZREA 16.637 y=4669.2x-70.154  0.9998
A 30f
[1CK4
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HilEZs R K (B)
Fig.1 Compound contents (A) and chromatographic peaks (B)
in different Gastrodia elata processed groups

e FPARFRVNG TR BT 25 (P<0.05), [/ 2~ 4 [F],

ELFIZRTT A B ESE, [FIBF IR E FIX L8
P B b ZE I I (P<0.05) s &t A K s, FI 4A
TR JRR 220 %) ¥ 3 8 BRI o B ML ZH 43 )
8.41% F1 7.87%, [FlH4 CK ZH 43 B3N 80.14% Fil
35.65%. BAN, FriEiRlis B, AT ETREE B X ¥EItE
R S IO B AR IR R S R A AN R R AR
Ak, WP S i 22 5 IR T e R e I R 1)
Ak, Horh MY ZHATERFR TR E X Lo HH i 5 &t
AT, UERH RS 2 Bl o0 i %k E
B TR AN BTS2 IBE R IR =4, A5 E vy HE X
FRHEORFI 5 i 3.94 1%, S RIBRER & it 4.57 i, 5
BT ASCHE GiAE Y AT HE—25000T H gl
(& 1B) &I, FJ 20 ARSI 88 Z242) 5%, an HH g Ta]
24 1.527 min BYARFACEY, FogE AR B HAE CK.
MJ 2H R B AR Y, B RHZ A BT R A R L R OB
AR FRIGBER, SR R AR

T RIRIEPER ST AL S RBEL, 6 A T B 28
WY, ¥ R B T RE N M 5 M INAN(E, R R PR & 1
PRI R FEAE T E A ER SRR AR AR S
2.3 AMERMMEELETEZE (TPC) « S&EH (TFC)
SEMT

X FEAS [R]ZH R BRSO h S 22 19 (TPC) FILEL B
i (TFC) &% &, 45 R UnEl 2 /R . FI 419 TPC 1
TEC &4 95355 39.87+1.55 mg GAE/g f1 17.52+
0.21 mg RE/g, KT MJ 41(30.80+£0.89 mg GAE/
g. 12.16+0.57 mg RE/g) 1 CK #H (24.95+0.97 mg
GAE/g. 9.08+0.10 mg RE/g) (P<0.05) ., 5 CK £H4H
Lt., FJ 40 TPC #1 TFC & 1& 43 5 #2 & 29.45% Fn
44.08%. [EIIF, MJ 2644 TPC A1 TFC &t B3k
T CK 4H, x—#a3 5 HPLC MIsE4h AR —3,
HH Pl R R B 1= T RRR T 22 T RN 2 RS o 1 7%
Ho DIHEWT, KRRz R P E A s sh T e (e
HET RIS R RSN A, KR fa 20 & 5
WM, X5 LA R B R R 1Y B IR 45 SR AH
A1, Ak, BEERZEY) BRI T B8 5 R R R P
AP 2B YRR AT G, P2 BIE T K1
XoF RIBRIE PE A3 RS SR A -

50 N
1 BZ% (mg GAE/g)
40 b S EE T (mg RE/g) ?
b
30 F £3
2
Qi
20 F a
b
10 } ¢
0
CK4 MIZH Fl4l

K2 R[EIRBRAL BRZE S 2o W . S 5 i
Fig.2 Total polyphenol and total flavonoid content in different
Gastrodia elata treatment groups

24 RREEERINEMENE
AFFEARYE B EEBREE ) RS 1A R RE T

LUEEAS [FIZH R R & B P A i o PR HR 2
KA ERA RPTEA TN (V. Vo), Bt fbnh vk w2
1= T R PR R i, £ i 2t BesR) i T4 RE,, 1
M TET 56 IE T ARSI R R . W&l 3(A) IR,
CK ZH . MJ 201 FJ 4 3 20 R BRAE Sh FE 2R B2 714
fE 1 EAFEAE W3 25 5 (P<0.05), HAKRZKI N FI 4>
MJ 4H>CK 4H. unlE 3B~ 3D FioR, LLis T 3 4ifk
A%F DPPH A i3t ABTS [ i REFn¥e ([ i LA
BREE S, IC,, EAK/ MR A b ELIE R BE I ikas, S0 HT
KPR 3 HAE G E B RS BRI AAAE I 25 I (P<
0.05), AW H HEEBRAE I T —3: FJ 2H>M1T Z4H>
CK ZH. DPPH =:55t, FJ 4l ICs, “ 3.46 mg/mL, 1fij
BH PE X BR 2 AV 35 9.31 pg/mL(AH 22 24 371 1% ) ;
ABTS" [l HEEE BRF S 4, FJ 2H 1C5, 4 0.73 mg/
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Fig.3 Antioxidant activities of different Gastrodia elata
processed groups

TE: A8 T ik I RE /15 B-DPPH H Hi FLi5BRBE /15 C-ABTS'
H IS0 BRBE T DR A RIS BRAR ) o /MBI R BHPE XS fRZH
HORZER, 1K 4 7).,

mL, FHPEXTREZE N 19.20 pg/mL(AHZE 24 38 %) ; 72
A EFESZE T, FI 20 1Cs, A 93.42 mg/mL, [HPAEXTHR
ZHA 215.50 png/mL(AFHZE2Y 434 %) o BHPEXT HECA /N
SrFima AR, A B A T e SR P
I HR 2 1T ORRRARE S T TR P RS (A 2 L 528
Al fEE I MRV E S8 IR A th 2k, HAZ 5L 2t
SEMR), ORI

254 IR RIRR 2 My a2 45 R, AR W) R IR
PR RBRIR P I P B 32 BRI 5 e, I v T 4
TRTE M, X —45 R S SERT S AEAF Y, 2R
TPUEALRE 1 S B Wy . B & R 2 (A7 AE IR 1)
FeF o AP, B CK 2, MT 21 W B H A i P 4a
AHBE ), X AT R DA A il L B v o3 L T R S
BRSPS, MMTEETE T RBREE S P i
W
25 o-EEPEEESHIFIBE I

& 4 AT, AS R RIRPERAE PN o~ 255 0
Y G P T R B 2 5, HH BT 4HAE 3 i
B2l R (1C5,=0.69+0.12 mg/mL), &3 { T
MJ 4L (1C4,=1.17+1.14 mg/mL) Fl CK 41 (1C4,=3.02+
0.96 mg/mL ), UESEAMA: 1 K 18 v $E TH SRR R I
(FJ 2H%E CK 4 1Cs, FEARZY 77.15%) , BHHEXT B 2H
CBAT = P 0 ) 1) 200 41 25 BB 328 & 1 R BRAE & (1C 5=
181.56x12.45 ng/mL) , Ui BH % W% IR B 76 B8 7% 1k
T AR KRR T 25 (0] o SR, 38 L T4 A= ) % 1,
R X o7 765 1 11 B 318 R 0 R BB D ) W S 4R
(P<0.05), H &L T 2 HHEE RS =, X —
e BRIT T RIBR MY ARG T A58, 45 A E IR R A
NG R g b B B

a a

100 F a —=— CK4
b —e M4
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Fig.4 o-Glucosidase inhibitory activity of different Gastrodia
elata processed groups

2.6 MEXMDH

FLT A4, X 4520 R IPRAE i o B 22 13
W 5 hU A AL RE ) FNBRERE J1UE1 T Pearson AHCHE
SyHT, UNE S R, B E i SRR P AT A L
wEPERE AR (DPPH H HERIEREE ST . ABTS' H H 2E
BREETT . ¥% A LS BREE T . 2kes iR R RE ) FIRE
RS (o8 PR I 1 B8 77) 24 S 90 28 TEAH G
(P<0.001) (M & 1 S BRI 1C, (HEE A
5%, W5 =GR ) 2 IEAH S, B & & [FFE) ; [FI6sT,
JEEE I et SRR T E A I T R R P A S
IEAHZE(P<0.001) o 2245 S UEHH B 22 13RI 2ol 5
SHUEAL R RN SRR P A B AR, RIa A 4H
KWFFER, FEAL G YIS G22I G EA BT
SEALZGIRNEE, H = e T e UEE A, SRR
5% 1 ER 2, BRI IR TR,
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Fig.6  Volcanic map of volatile metabolites
of Gastrodia elata

CK ZH i 2% (231.89+11.41 pg/mL) F7E 24 (100.45+
10.38 pg/mL) 4 JoT & 1 5% i, M 2H i 25 (288.60+
16.28 ug/mL) FIEZ 2 (162.29+11.77 ng/mL) ) JFi &

TR, T FY AR S R i e A, s

(474.04+47.24 pg/mL) | fig25(681.72+64.19 pg/mL) .

F 4 RERBRACHLH T4 LY (pg/mL)

Table 4 Major volatile compounds in different Gastrodia elata processed groups (ug/mL)

ENGIEEE7)sigz s
Y 2 T 24 7 CASS
CK FJ MJ
B 64-17-5 ND 239.00£19.20° 190.14+10.77°
ST 78-83-1 1.76+1.27° 40.6143.47° 3.02+0.87
K 60-12-8 17.51+1.03° 42.97+5.07° 22.73+6.02°
EC 111-27-3 3.96+0.07° 57.54+13.12° 33.31+4.86"
[i52S N
S 123-51-3 29.66+2.59" 91.33+9.71° ND
2- P 543-49-7 13.8442.42° 0.15+0.03" 1.53+0.32°
2-T- 628-99-9 13.49+0.72° 0.44+0.07° ND
B B 100.45+10.38° 474.04+47.24° 288.60+£16.28"
LR 64-19-7 14.28+0.63° 650.99+61.44° 152.66+11.55
R IR 503-74-2 1.02+0.05¢ 14.93+4 .45 2.22+0.32°
BRSSP f 16.30+0.83° 681.73+64.19° 162.29+11.77°
IECRR M 123-66-0 0.76+0.18° 0.39+0.11° 1.09£0.15°
LR TR 141-78-6 8.07+0.18° 52.81£7.37° 30.20+4.52°
e LRSI 123-92-2 ND 26.13+5.11° ND
LIRS TR 110-19-0 ND 18.2942.05° 0.39+0.04°
BRS B 9.73+1.68° 121.2449.69* 39.01+5.05°
ﬁlﬂﬂlﬁl 111-13-7 11.26+1.56" 1.39+0.06° 2.71+1.11°
2- 13T 107-87-9 23.81+1.44° 6.24+0.07° 13.09+1.80°
. 2- 110-43-0 107.89+10.06° ND ND
B
2- Tl 821-55-6 58.28+5.26 ND ND
3-1Hi-2- TR 625-33-2 ND 114.7+22.02° ND
P 231.89+11.41° 122.89+23.25" 36.3343.45°
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NGEGL)
YR 2 T 447 CASS
CK FJ MJ
2,4- " ILBEE 2213-23-2 22.69+0.66" 1.98+0.54° 15.46£2.36°
. A 124-18-5 11.39+1.47° 14.5+1.82° 30.32+1.65
Ng ik . ,
By 25339-56-4 10.09+0.76" ND 5.19+0.83"
BT A 44.17+2.08° 16.48+2.12° 50.97+7.65"
I T I 694-87-1 100.22+0.91° ND 92.05+9.33°
AB-F R 527-84-4 16.87+1.46" ND 2.81+1.07
13- RUT 5% 1014-60-4 0.09+0.02° 154.71+31.16° 57.89+5.33"
1,2,4,5-PU HH 3R 95-93-2 36.27+1.63° ND ND
FE IR I 1,3- 223 141-93-5 13.05+2.09° ND ND
1-2.3-3,5- " 3 934-74-7 138.74£12.5° ND ND
Xof EE A i 104-93-8 19.64+0.74° ND 69.22+10.79"
4-2 FEOR R 1515-95-3 17.92+4.82° ND ND
FERREE 342.8+21.36" 154.71£18.98° 221.97+£21.43°
Xif FH 106-44-5 14.6+0.89* 5.27+0.91° 12.41+1.83"
4-Z IR By 123-07-9 13.36+1.46" 0.07£0° ND
N,N,O-= L B2 41502-84-7 ND 406.76+21.12° 89.2+16.39
o W I 2516-34-9 67.63+7.69" ND ND
e 2-(RAA T E-1-3) % 1072-52-2 74.1£5.61° 0.47+0.08° 143.03+104.46°
iR R R 1123-24-6 ND ND 70.17£10.56"
2,5- A Jknbigg 123-32-0 ND 5.10+£0.89° 13.85+1.54°

169.69+15.45°¢ 417.67+36.77" 328.66+31.25°

T NDFIR AR o

MRS (121.24+9.69 pg/mL) FRZE (122.89+23.25 pg/
mL) PRSI . G L, AR R IR R A
PEY R RS E O B3 5 CK dAHLE, FI b
Bs2ls | PRZS ARS8 BT o3 P < 3.72 £i% . 40.82 1%
M 11.46 £%, a2t Sy Bgmt s by, Hob g
T LR TR . LR S IBRS S HBR IS I ) K™
e, X 5 G MR R W R TP R A SN TS 4 1)
FEOC (B R B A QN L B2 S BE TR LB BR AL SN
FHICHSE R, BRISJTTAE £ it RUBR 19 B2 B2 4R A,
A o SR RIS FIVE TR L E A /AR
MJ ZH ] S BE B S S R 2 Y Bt S e n g T, m)
BB S MR 2 TR B St A DR

W 7A, I EAR R N 3R 5538 (OPLS-
DA), = ZHAE S AEAS o3 K i S BB I 43 8 (RxP=
0.705, Ry*=0.257, 0*=0.628), 7 i fit 5 K& we b PR
R R Y T kB R 25, B 7B &
Pk (200 ROLEIR R O [BIHZR SYNNAS JFE T
X 0] (P<0.001), UESCAR Y BT R 4770 A 1 H A H
PG HE—EIEEAR 37 B VIP (EH=1 HEA
Geit2f i M (P<0.05) =S (B 7C, B L
FE7NHT 30 Fh HE YT, FRKES R (L 1%) (VIP=
6.44) . ZEE(VIP=4.11) , 2-BE{(VIP=3.04) . 3-I&J7-
2-fiil (VIP=2.98) | 7 Il (VIP=2.72) &% ik &
Y. Horp, 2-BFER | 2- TR AEERZE Y BiE CK 4 5
EG, M FI SRR 2R LR SERRIEY  B
EEAE, ATREIK T AR A E IR R TR
PEME(OAV) IR AT B /R (3R 5), it 25 2R

®5 FEERHEZEFIUY OAV IHTH
Table 5 Calculation of OAV for major characteristic
differential metabolites

WA ( mgfg”‘“‘] Tﬁij_ﬁx}i’”] CK O:JV MJ
VKSR 10.00 Tl \ 0.07  0.02
L 3.50 SN T \ 0.07  0.05
2- 0.001 HRLREE R 10789\ \
3-8 J-2- 0.0015 HHE \ 7647\
S 0.004 j‘;@%‘}“pﬂ% 741  22.83 \
Xof R 4 i 0.025 A FHE 079 \ 2.77
2-F-fid 0.005  MHELZA. AR 11.66 \
FCEE 0.0056  WAE. FMHEK 071 1028 595
R T 0.005  REG@EHAER) 10.56  6.04
1,2,45-P0HIER 0,083 MR . R 0.44 \ \
RTH 0.36 BRI, Eit \ 0.11  0.01
LIRS IR 0.00015 FHAEE.HIRE 17421
KL 0.000015 YA 1167.432864.411515.14
2- 15 0.01 fik ey . A 238 002 131

LS T IR 0.025
2,5- i Sk 0.08

IR \ 073 0.02
RILTF | MR \ 0.06 0.17

&8-S ER 0.04  MIARFE . AMMEEE 042 \ 0.07
2 0.058 WA, BR 023 0.01 \

4-2 KBy 0.004 JHEEBR ., 250K 334 0.02 \

1,3- 3K 0.39 VRIHR . BRI 0.03 \ \
2- P 0.041 B LR 034 \ 0.04
IR 0.012 WS TFRRIR 124 018
o iy 0.001 2R 146 527 1241

T “VFIRAAE
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Fig.7 Principal component analysis (PCoA) of characteristic
aroma compounds
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SERE . 5 CK Z4HAHEL, MT 2405 FJ 4039 52 AR
Py, {5 FJ b S (W55 ) 19 OAV i 3%
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P, IX— B SCHR [36] $ H Y < SR Ul I E
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Fig.8 Sample images from different treatment groups
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Fig.9 Sensory evaluation radar chart
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7.87%), 3 CK £H 53 $2 =5 80.14% 1 35.65%; Lt
A1, 55 CK 2H., FRIPREEIURE 22 1) R FE R B4 51
2Tt 29.45% 1 44.08%, ISP 1L (DPPH H i3k
B F 1Cs, FFE 57.75%. ABTS' [ Hi & 7 5 %
ICs, T & 26.27%) 5 K& B 06 M ( o-# 29 BE 1 B
ICs KR 77.15% ) WpIRHE 5 B TR IR 16 S 0 & 5
SR R (AN ZUBR 2156 OAV=10.56, 7K Z, Jis
OAV=2864.41), I T KRR E BRI T SHREER
BB . AFIER T &G ME AL IRIRTE AL
G Bt BT BRI AL, TR bR — B AR A R 5 (Can 5+
WRERER ), SR I s BB Dy Bt £ ity CAan IS5 i o ol
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