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Optimization of Fermentation Process and Composition Analysis of Gastrodia elata Vinegar
ZHANG Chi, HE Yang, JIANG Yu-chen, JIA Yuan-long, ZHANG Wei, WEN Lian—kui"

(College of Food Science and Engineering, Jilin Agricultural University, Changchun 130118, Jilin, China)
Abstract: The single —factor experiments combined with response surface methodology were employed to
optimize the liquid fermentation process of vinegar prepared from Gastrodia elata, and the headspace solid -
phase microextraction—gas chromatography—mass spectrometry (HS-SPME-GC-MS) was used to analyze the
aroma components of G. elata vinegar. The results showed that the acetic acid content of G. elata vinegar reached
4.23 ¢/100 mL under the following optimized conditions: fermentation temperature of 32.6 °C, acetic bacteria
inoculum amount of 0.56% , and initial pH4.6. Thirty—two types of aroma components were identified in G. elata
vinegar, including four types of acids (27.46% ), nine types of esters (18.29% ), six types of alcohols (14.82% ),
five types of phenols (13.26% ), five types of aldehydes and ketones (5.37% ), one type of heterocyclic substance
(0.18%), and two types of other substances (0.18% ). The obtained G. elata vinegar was clear in color and
possessed both the unique smell of G. elata and the rich vinegar aroma, with suitable acidity and soft taste.

Key words: Gastrodia elata; vinegar; fermentation process; aroma; headspace solid—phase microextraction—

gas chromatography—mass spectrometry (GC-MS)

7l LA

ik, B, £ &R, F . RIREE B T LARACTR SR A 5 TF A, 2022, 43(21):154-161.

ZHANG Chi, HE Yang, JIANG Yuchen, et al. Optimization of Fermentation Process and Composition Analysis of Gastrodia
elata Vinegar[J]. Food Research and Development,2022,43(21):154-161.

Tk (Gastrodia elata) ] 2B Orchidaceae ) FEH 4 11
TR IR A S b 25k 2 0 BFSE R, R
RS Z R AT 25 AR 180T, IR R R KR
2 AR | R AR, I L il B AT
E=R AR 7118 = N o0 IWA SN 3 1 BN S AR YIS Gl )

NAARAF B E TR BRI o 2020 45 [ 5 TLAE
ZG TIRBINA 258 W48 B0, 0 RBRIR AT A A3
T RAFRIBLE o R IPRER b D5 T 2T A R IFROK
T R AT AR RIBRTAT 2% PR SRR ST 77 o, T L
RIFR N OB R I ATE 5 i DL AR

VEF T 5kt (1998—) , 53 ), B-LAFSE2E , P58 ) - K L AR A B EOT R HT
BRS04 (1962—) , 3 (B0, Bz, Wi, WP J5 ol - B i T I S BrROR B



B AR

RatinSHR

2022 411 H
55 43 555 21 1

155——

i L R s 5 A A ) o 4 T A AT
T TR i i B TR R VRS IR iy, R 8 K TR
AT MR SFE T, 2 T 7AW, O — A AR
B ROK R o AR, LAZG R RN UR T 2 1) O fek 1
T SRR o B U ) TR 7R S 32
FEORL, VRTINS I IR T A 1 IS TR 2 A T
A IR T . BRI B R R 3y Rk, )
ORI AW AR AL DRSO RS B B T
ESHAT T, B T R ARG A B T 2R
IR I R TR A TR S £ , A A% ) SR I
AMUA LG R BRI RE , A TR E TR

ARSCUARBROAJGORE, Sk Al B PORS A I8 IS
P R T Tl e R RR T , O 2 B4 IR 2% B o 1 T X 6 6 A ¢
TE T 2025 | SR BT (1 AR Bl 2 I — O 3% - o %
(headspace solid—phase microextraction—gas chromatog—
raphy—mass spectrometry , HS—SPME-GC~MS ) X} K ki
AR ORI A T 20 AT, S O R BRI i o ) 328 e S 1
27 PEIE RIS AL K o

1 #MBEFE
L1 ARG
LSRR 75 A WE R E B A LA AT BR A 7] 5

a—JE# i (40 000 U/mL) AL (100 000 U/mL) : Al-
addin G871 () A BRA R 5 22 BRI o2 36 M e B« 22
DU A B2 B 5 UP I 1.01 [ 2 DAL R IS I 11 5%
IRk AR AR PR G s BERRE T AR PRI A Rt
HABRA AL BERE () INAR TR TABR A
FEBER (B4R ) : VL3 224 W) T AR BR A W) 5 kR &L
BICE ) Brm s Al A R v 5 HAh ] 35 [
e [E
1.2 5k

PV IR K VA B (HH=-4A) - JE R T E I 7 A 2
J 7 5pH 11 (pH-3C) : FHFERMUAEHMERA R A s BN
HAL TAE & (SW=CJ-2D) : Wi VT 55 e AL % 25 43 FR 2>
A 5 IR ¥ 15 546 (SPX =250B-D ) . 4 1k 1% 35 46 (SPX —
250B-7) JE HZE VK B (LS-3D) : i sl A
FRA A RERZILEOIL(LX]-TB) : ik sspleg
IR #E Bk (50730 wm DVB/CAR/PDMS ) : b1 424%%
SRR B A BR A A 5 AR HIAL (TSQ9000) : ¥R
AR (D) A BRA 7 5 AR 4315 (1200) : 55
[E Agilent NI
1.3 Tk
1.3.1  RREEERRE T 20 AR A E s,
13,11 RJRESRRE T 20

P BE TR £L
|

RIR—PEIE G ARE— RRRIK I S — i i — Wl T B TR A

l

TR IFRTG B it % B T AR TR TR A T

1.3.1.2  $#AEES

PRIk JEVE i Pk ToE R e R F RO TR
R BT RIS VE T, SO T4 65 CHET 5 R
WIEHLE HOR AR, 3 100 H 0 , B4R IRAT o

TR 5 AR L 12 10 (g/mL), 8] RFEKS P
TR AS B RIRIEI oK 2ot w3 s IR AS A F I 4
TR AT T TR A T o

WAL BRI I A TR B2 0.4% o—TEH;
IEFE ) 88 CCIKIA 40 min FRASRALIE .

BEAL KB 28 25 CJR IR I A KRR I f:
SOMEALEE P A)JE 54 °C/KER 40 min, AR LI

1F U8 :200 H AT L8 R FREILES , IEER R PRIRIE

WEREA L  HIREMRRE R R (LIPS RS 5 2210%

PR TRITG A - ERR AR R L BLRE RS A 2% 0%
AR R SRR L R 12 20, BEFEISS), & 35 C~

1
Pl 2 TR A
38 C/K R IS AE 30 min,

TRG AT < 4 T RE 05 AW R T R AL, e 19 B
FHEERN RN 0.8 o/L, 30 CIEKE K 1% 8 d, 15 205k 1
1 5.2% vol Fl pH4.5 I RFRIEE

i T2 1 9% A < K TS T P 4% R 1 2 100 IR R EE 42
ABGEIR & B is 7R3 b TR 30 °C 1120 v/min R 45 5%
48 W',

Pt K I - 7 R PRI 1 P e i 1 1 2 LB
Pt T 42 B (R TR 28 AR A 1.04x10° 1~/mL)
Wk pH (H CRFIAEIR Sl S A2 v il 3 %% pHIE)
EFT IR 2 1 , 5 31 PRI

IARTRS = i T ) A5 P R JBR i s DRUIAR Jl | 11 JR 2
JE AR B R RR SRS AE 25 CA 1 BRI 60 d 78 F11 X
R R

VB - RBRIFUEE 7R 5% 3 4 000 r/min 51040 F , B0



20224 11 H

P o O X
155 a2 RRARSEREX B A#A

20 min. #2025 mm JRIEERE 0.25 wm) BN ELEEUS, ik
AR B0 5 B R R R T W, B R B A1 mL/min, AT BCR A E SR, ANt

JE A2 IR B o HEIRAE THEFET A 45 CA-HF 3 min, K5 LA 5 °C/min 1)

1.3.2 RIRBS AR R it
1.3.2.1 R PR Xo) T TR e 1) 5 i)

A5 55 V8 T A5 SR 7 TR R A T, I R R & 1%
TNEE R hh pHA.S, B RR B AP LN 0.6% , 530 B T
28.30.32.34 .36 CH;: 35 12 d, £EFE 2 d BUREN &2 iR
i, DABSTR & it A P A o e fh A eIl
1.3.2.2 Pt B 42 o TS TR A% T P 52 1)

R S T S T VAR A L, TR R K TS
REMAIR pHA.S, 20 AT K55 BSR4 0.4%.0.5% |
0.6% .0.7% 0.8% , B T R 25 PR HECH 1.04x10° 4~/mlL,
BT 32 CHigR 12.d, B3R 2 d UREI S e 7 o, AT
TR B VP AR R e R A
1.3.2.3 4 pH (BRI R & T 5

R AT 5K 0 T 2O 7 VR R A 2, R KRR i T TS
fEWItE pH {EHy 3.5.4.0.4.5.5.0.5.5, B TR H HEAh N
0.6%, & T 32 CH;3% 12 d, BibE 2 d BORED & BS BR &
i, DABATR & = A PPN A 2 B i W 1h pH A
1.3.3 RIS A e g IR Ak i e i 1

TR Z R 6 AL Rl T, SR Box—Behnken $5¢11
FIRBHE IR, i (B R R SR 7 it , Me 8 K R IR
JE(A) B RR R R L (B) 146 pHAE(C)3 MR N
H AR B = R =K 17 A8 i 1o 1
R ILE 1,

F1 MEERLEREEETZHERENKE

Table 1 Factors and levels for optimizing the fermentation process

of Gastrodia elata vinegar by response surface methodology
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Fig.1 The effect of fermentation temperature on acetic acid

fermentation
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Fig.2 Effect of acetobacter inoculum on acetic acid fermentation
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Fig.3 Effect of initial pH on acetic acid fermentation
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Table 2 Box-Behnken experimental design model and its response

values
P A K BESIRIE  CHIMG R BEPR& R/
WEEIC B % pH {4 (/100 mL)
1 32 0.7 5.0 3.64
2 32 0.5 4.0 3.60
3 32 0.7 4.0 3.15
4 32 0.6 4.5 4.19
5 30 0.6 4.0 3.04
6 30 0.6 5.0 3.32
7 30 0.5 4.5 3.51
8 34 0.6 5.0 3.48
9 32 0.6 4.5 4.07
10 34 0.5 4.5 3.98
11 32 0.6 4.5 4.20
12 32 0.6 4.5 4.00
13 34 0.7 4.5 3.66
14 34 0.6 5.0 3.73
15 32 0.6 4.5 4.09
16 32 0.5 5.0 3.92
17 30 0.7 4.5 3.24
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Table 3 Analysis of variance results

KW Yo amE ¥Hor P PE REE
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A 37.85 1 37.85 3314 00007
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AC 0.023 1 0.023  0.020 0.8923
BC 0.72 1 072 063 04525
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o 62.33 1 6233 5459 00002
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Fig.4 The effect of the interaction between fermentation
temperature and acetic acid bacteria inoculum on acetic

fermentation
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Fig.6 The effect of the interaction between acetic acid bacteria

inoculum and initial pH on acetic fermentation
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Table 4 Composition and relative content of volatile compounds in

Gastrodia elata vinegar

il e A At .
[i7ES 1 109313 R 2231
2 12700 0 ST IR 0.35
3 139296 SR 1.98
4 169805 SR 2.82
fifZk 5 21664 LR T 0.08
6 39614 25 TR 0.31
7 43888 TR 0.09
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18 13.863 8 2N F-1-FE 1.42
19 166715 AR 12.91
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22 183548 Xof Yy 10.49
23 20419 4 2,4-TORUCT SR 0.32
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