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Optimization of Fermentation Processing of Gastrodia elata Oral
Liquid with Lactic Acid Bacteria

CHEN Laifeng, NI Linyu’, DENG Chenglin, LUO Yanan, LI Haiyan, FENG Guijiang, LIN Qiuye’

(College of Food Science and Technology, Yunnan Agricultural University, Kunming 650201, China)

Abstract: In this study, Gastrodia elata was treated with compound enzyme, and Lactiplantibacillus plantarum STDA6
was used as fermentation agent to prepare fermented G. elata oral liquid. Orthogonal experiment was used to optimize the
preparation process of lactic acid bacteria fermented G. elata oral liquid. The results showed that the optimal process
conditions for enzymatic hydrolysis of G. elata were carried out after mixing pectinase, cellulase, tannins and a-amylase,
and the optimal process conditions for enzymatic hydrolysis of complex enzymatic hydrolysis were: the ratio of material to
liquid (g:mL) was 1:11, the amount of enzyme was 0.4%, the pH value was 4.0, the enzymatic hydrolysis temperature was
50 °C, the enzymatic hydrolysis time was 180 min. The optimum technological conditions of lactic acid bacteria fermenting
G. elata oral liquid were as follows: inoculation amount with 1x10° CFU/mL, fermentation time for 12 h, fermentation
temperature at 37 °C, sucrose addition with 10%. The average number of L. plantarum STDAG in G. elata oral liquid
fermented by lactic acid bacteria was 2x10° CFU/mL, pH value was 3.5, the total number of bacteria was less than
10 CFU/mL and coliform, mold, yeast, Staphylococcus aureus, Salmonella were not been detected, which complied with
the relevant requirements of GB/T 31326-2014 ‘Botanical Beverage’.
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Fig.1 Processing technology of fermented G. elata oral liquid
with lactic acid bacteria
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I Vit e i R PR LR 3R 526 43 39 25 SR L
[1:7.1:8.1:9,1:10. 1:11(g/mL)]. SEEEFAS &
(0.1%. 0.2%. 0.3%. 0.4%. 0.5%) . pH(4.0. 4.5,
5.0, 5.5, 6.0) . EffF7EE (40, 45, 50, 55. 60 °C) Al
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Table 1 Factors and levels design of orthogonal test
¥ ARG B & AR . D il 2
(g/mL) (%) C HifitpHt (C)
1 1:9 0.3 4.0 40
2 1:10 0.4 4.5 50
3 1:11 0.5 5.0 60

1.2.2.3 BHRABE SRR KSR Jrik, FREL
RIFMAE S (5 g) B THEAE, BEfEWE 5000 r/min, B5.00
10 min, YLHE 80 °C T4 3 h JFFRIE (m,), MG
INETT A B A T B R,

B AR R (%) = % % 100—9.67

A my: KIFRFE AL BT AL, g 5 my: FRIE YT, g
9.67: AT INHFAL R FR AV B
1.2.3  FLIR P & BRI I AR 1. 250tk
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Table 2  Factors and levels design of orthogonal test

JEiiSE
S A Rl B %M C K D ik
(CFU/mL) B (h) MREECC) W (%)
1 1x10° 12 33 8
2 1x10° 16 35 9
3 1x10’ 20 37 10

1.2.4 JEEVEEME | 10 Al I Lll
WHFEAR B E Ve /N, DB S AN 75 2%
R B ZH L UR 25 P05 TR FLIR BT & 97 R R 11
NRBGHATIBCE V7, PPEPRENLER 3.
3 FURRE IR RR D IR E o bt
Table 3 Sensory scoring criteria for fermented G. elata oral
liquid with lactic acid bacteria

HE AT WM KT (4)
. ; B85, AR 16~20
%"%@ﬁ“ B, RO G, BRI, 10-15

B 5] (IR s (), VD 5~9
A RBRIA R, A KRR, TCRIR 16~20

FR(204))  KERESR L, EREEWRIR, TRK  10~15
TERIRIIES, BREEWRAL, B 2k 5~9
PR LU BIE P, & IR R vk 5 HL 22,

S TR FLRR AN 3¢ 2630
(3043) TR B RS, KRR BR, SR 20~25
K BERRIR, 11 B AR R 16~19
G2, M5 —3, KB TCUITE 26~30

HYURT SN ORI PR
(3040) WEAT 43 )2, LV, ISR TETIE 20~25

SIS, ZHEVHLEE, AR DIE 16~19

1.2.5  FLFR P & BERR 1T AR T e bR a2

1.2.5.1 pHMxE M pH #H0E KK H AWK pH.
1.2.5.2 AEMFEWRNE  $% GB/T 31326-2014 #H
ST UE B LSRG I B B % BB IR GB 4789.2-
2016 AT ERY; KA HEHEZS IR GB 4789.3-2016 i
A7 7 P 25 T AR B TR 2 ] GB 4789.15-2016 i3
A7 52 P 4 B 0 f 2 ER B = I8 GB 4789.10-2016
BEATIE B YT TG 2 B8 GB4789.4-2016 #4711
EP ZURRT MECESIR GB 4789.35-2016 SIS,
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J7 224577 Al Duncan £ FL ST 45805 = 18] 4 2
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BE-S&
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2.1 KRESRE T ZHEE
2.1.1 RIRMEME AR RS0 LE R SRR R i

R 2 B B e (gimL) 1: 10, ANl 0.2%.

pH4.5. 50 °C [if#fi# 180 min.

F 4 22 I 5 A I A SR N B 3 T R L
(g:mL)1:9., Nk 0.4%. pH5.0. 50 °C fif#f# 180 min.
BT R AR i SR A AN IE] 4 BT O s ORHUE LR
(g:mL)1:8, JINfEER 0.3%. pH4.5. 60 °C [ 150 min,
a-VE B3 B AL B fie S AR an &l 5 A as s BHE Lh
(g:mL)1:10. JiiffE 0.5%. pH4.0. 40 °C fif#f# 150 min,
FH 3R B PR 2 S g0 5 SR T, AR R R 43S
ARG . LFAEZR . 0T BN o-DER NG, BEEBIR
LY B L . pHL . A R R R TRT R o, R R
SRS ESE FIHE FRREER . BEE RN LR,
Tt i >3RS E G 5 U, S BTEE I AT BRI MR NG, %
WARFE R, sl 22, il 55 S BEflAS 5557, S0

80 1A 80 4B 80 4C
- a . .
- P S S I SR I S O
S 704 ¢ < 70 A b,y < 70
= 65 & 65 E 651
& 60 & 60 & 60
55 T T T T T 1 55 T T T T T 1 55 T T T T T 1
1:6 1:7 1:8 1:9 1:101:111:12 0 01 02 03 04 05 06 35 40 45 50 55 60 65
FHE L (g/mL) SN (%) pH
80 9D 801 E
75 a 75 -
o b b 3
S 70 4 '_./-\b;c\; < 70 4 b ab a a a
= 65 B65
& plccy
=60 = 60
55 T T T T T 1 55 T T T T T 1
35 40 45 50 55 60 65 60 90 120 150 180 210 240
TR () FEEf#F ] (min)
P2 SRR KRR RN 2R S B0 4G
Fig.2 Results of single factor experiment on pectinase enzymatic hydrolysis of G. elata
TE: AR TR R 225 35 (P<0.05); 5] 3~[4] 6 [
80 qA 80 4B 80 4C
75 75 4 75 4
Q 3 a a 3
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i b M 3 b
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= d =
= 60 4 = 60 - =60
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FHELL (g/mL) R (%) pH
80 4D 80 1 E
75 1 75 1 a o,
< a o
< 70 A b Sqf b 2 0
5 ¢ be ol
¥ 65 d B 65
2 60- = 60 -
55 T T T T T 1 55 T T T T T 1
35 40 45 50 55 60 65 60 90 120 150 180 210 240
AL (C) BEEF RS (min)

B3 214 SR B IR R S04

Fig.3

Results of single factor experiment on cellulase enzymatic hydrolysis of G. elata



5 444 55 154 Mok R, 55 FLRRTE R WERBR I i T2k - 197 -
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< 70 H < 70 a < 70 H
8 a ab b 3 ® L0 ¥ W e be cd
: =
2 60- 20l = 60
55 T T T T T 1 55 T T T T T 1 55 T T T T T 1
1:6 1:7 1:8 1:9 1:101:111:12 0 01 02 03 04 05 06 35 40 45 50 55 60 65
FRRLL (g/mL) St (%) pH
759D 801 E
70 . a CE
é b é 70 <
M 65 1 c be M a a a a
¥ E 651
izcy B
=60 =604 b
55 T T T T T 1 55 T T T T T 1
45 50 55 60 65 70 75 30 60 90 120 150 180 210
TR (°C) JiEFR IR TR (min)
P4 B R PR SR R S 2
Fig.4 Results of single factor experiment on tannase enzymatic hydrolysis of G. elata
80 1A 80 4B 75 4C
a b
75 75 - 65 - ¢ ¢
< 70 - a < 70 S 55
¥ a ¥ c a a & M
= 65 b b R B 45+
= { =
= oe0d g 2 60 =354 ¢
55 T T T T T 1 55 T T T T T 1 25 T T T T T 1
1:6 1:7 1:8 1:9 1:101:111:12 0.1 02 03 04 05 06 0.7 25 3.0 35 40 45 50 55
B L (g/mL) S (%) pH
809D 801 E
75 75 4
S S
< 70 4 a < 70 4
= 5. b ¢ 5 b b _e—a b
Piccy d plzcg
= 60 - = 60 -
55 T 1 T 1 1 1 55 1 1 1 1 1 1
30 35 40 45 50 55 60 60 90 120 150 180 210 240
AR (C) JiEE A ] (min)

KI5 o-BER BRI R PR 5 PR R SR 4 20

Fig.5 Results of single factor experiment on a-amylase enzymatic hydrolysis of G. elata

AN E 4 TTVABURR, 1O B, IR AR,
SN T RN AEATU . A AR R I, TSSO
PRy, Wl ARSI, PR R D) 2 S SO MU SR
BaHm, BT ER A B ORES BEE pH T, WS PR
RITHG R, TR, pH ARSI G v HESZ 3
K], BEAR R RAEATG . BE T A IR RS T e, TS PRI
BOR, WA R R, IR ARSE T Ry, Bl RSE PEREAIR,
SPELBEETE T [, B R BBE Z FEREY . FE—E i 1a]
BT PN, FHEE THAPA Fo] TR) SE S, PRSP 308 o, TRAEAE AR B 20k
SEAE R, WA TRRE, Z0 P N AT BEJR i 39
JEVISEA A S 400 . R . LT 4E R TR BE
BEHFE T E] A 180 min, BT AT o- TR Tl ) 501 it i
AFIE] 9 150 min, £5G 2% 18R 58P 4] 2 WA I 1] 2

180 min. AR5 WERE AR R 2 45 T2 n9 ST
WA T AR SR . AR Is PR ZR LB 45 2R, R

=

iff . LT YR 20 . AT HEAT o-TE R B A B AR L 43
B 1:10, 1:9, 1:8 F1 1:10, BAERFAANEZ 0.2%.
0.4%. 0.3% 1 0.5%, ¥ 1% pH 43 jill /& 4.5. 5.0,
4.5 F 4.0, BAERE 53502 50, 50, 60 F1 40 °C, %5
G, WA R LR R A AH R I B LS E o IE
I RO e, BPBfE R EE 1:9.1:100 1:11, &
HEFRIE 0.3%. 0.4%. 0.5%, pH4.0. 4.5, 5.0, fiff
FARIERE 40, 50, 60 °C ERIEASH R HELLKF-.
2.1.2 IEASIRIGHNE B2 G E i i R B T 24514
AR AL R ZR A B 45 I, i B L (A) L ARG
InE(B) | B pH(C) FIEG#HIEE (D)4 ANHEE, iF
17 4 B 3 /KCFIIEASIRES, IEASIREEE R L% 4,
HRIE A R WE KT, 454G R AEK/INAT LUy
SN0 R BRI 220 EIR A FE C R C>A>B>D, RVl
fift pH>AL MR LY >4 & Wil s 0 22 > A v 2 . AR U8
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Table 4 Results of orthogonal experiments (enzymolysis rate)

e A O
MUA R B S AN C FffpH D BRI ’
1 1 1 1 1 70.23
2 2 2 2 1 69.13
3 3 3 3 1 67.83
4 3 2 1 2 70.83
5 2 1 3 2 67.73
6 1 3 2 2 68.83
7 1 2 3 3 66.63
8 2 3 1 3 70.03
9 3 1 2 3 70.03
K, 205.69 207.99 211.09 207.19
K, 206.89 206.59 207.99 207.39
K, 208.69 206.69 202.19 206.69
Kl 68.56 69.33 70.36 69.06
Kz 68.96 68.86 69.33 69.13
E3 69.56 68.90 67.40 68.90
R 1 0.47 2.96 0.23

H: Ky Ky, Kbl R — KT E 743 (9 P-4 s R 4[] K7
PR IR 5 TR/ IMELZ 225 =61 .

K {H, 15 B BAERE R T 224 A AB,C,D,, B
BHELE 1:11. BE-&5EFEINE 0.3%. pH4.0. AR
B 50 C. FEIEASIIG R TS A;B,C, D, i
o BFIEAS IS Hh H B HT AR A kA T 2D BRI
A NP R A TR S50, 455 Bos A,B,C,D,
(70.93) i 3= T A3B,C,D,(70.53) . 45515 51152
SEN) N SR EEW I — 2L, ST T e R R R )
IR B S AR S E S P AR T2
BN LE 1:11. ZE BRSNS 0.4% . pH4.0. FEFIR
BE 50 °C. HHER 5 Ty 2250 BT A SR T, BRI R (A)
I pH(C) Xof A >335 i) i 38, PRI 285 i) K/ NI 5
2 4 W ZESTHTEE IR 2K, R TEASIR I E s nT 5
5 IESSRE I 20T (%)

Table 5 Anova of orthogonal experiments (enzymolysis rate)

g3 WAL R af HJ7 FfH Sig.

BEIFAERY 45.884 8 5.735 15.946  0.000
IR 128622.911 1 128622911 357591.215 0.000
A 4276 2 2.138 5.944  0.010
B 1.322 2 0.661 1.837  0.188
c 40073 2 20.036 55.704  0.000
D 0213 2 0.107 0296  0.747
W2 6.474 18 0360
it 128675.270 27

MIE St 52358 26

R*=0.876, R?,;=0.821

2.2 FEEABXROBRRIZML

2.2.1 FLERBE A RR IR BA 2R S0 g0 4 R i
I PR ER SR E T AP FLAEAT B STDAG AR
R I BRI ) T 2585 0F, S5 AN 1E] 6 s . BEFE FLIR
PEHEAP R ARG N, PR AR B e o SR 8 se BT
Je FEER AR, ST I DA E— e W REYE BN, 3

2023 4F 8 A
100 4 A
abc a b
~ 80
8 70
R
=60
Siiing
50 -
40 4
30 1 1 1 1 1 1
2 3 4 5 6 7 8
JEFP i (Ig (CFU/mL))
100 4 B
a b
w04 2 Fobe ¢
—~ 804
8 70
&
260
Siiing
7 50 =
40
30 1 1 1 1 1 1
31 33 35 37 39 41 43
R E (°C)
100 4 C
- b a
90 b a ab b
—~ 80 -
8 70
e i
260 -
Siing
# 50
40
30 T T T T T 1
4 8 12 16 20 24 28
KRS (h)
100 4 D
90 b ab & oz b
— 80 - WH
8 70
R
=60 o
Siing
# 50 -
40
30 ] ] ] ] ] 1

5 6 7 8 9 10 11
FERETR N (%)
K6 R FUREAT T A R RR IR T 20 B PR 3R S B 4
Fig.6  Single factor experiment results of processing of G. elata
oral liquid fermented with L. plantarum

FLERPE B &, X IRR T IRV A U IR T T A2 T
BN 52 i, 3 BURCE R4 BT, MR ks )
1x10° CFU/mL B, BEE TPk 2l RIE . Bl 22Fh
SEARSEHE N, BB PP REAIR, S PTRE A Re R A
1 2 P EOR AR 1B . $2232 BEAIR, 31X 55408
RGNS g Ay H TR AR E GO R B2 T 22 FLIR
PB4 S AR, BRI i e e R & 1<10°, 1x10°,
1x10” CFU/mL YE N IEZZ R F B LK. AR E
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X KR 1 IS B PSR S R s, Bl R R T
=L BEE VPSR e TS S RRAR, R BRI R S 35 °C B
BB Pk B S, ST R R BERIR I S i F LR
BB AR B BRI G, S R BRI EE N 35 °C
B, ZLBR PATE i =y, RIS EAT, R I IRIR 1 8%
25 R B lefs IR T 35 °C B, FLAR VG Pt £ fif
TR T R, REFCRAR R AL, AR
X RE S T I R U T 2 A b i ot As T AR
PSS S, PR R EIRE 33, 35, 37 C fERIERS
RIZEHEIKRN, KBRS a6 TR 1 AR BB B PP
AR T A NN b i B BT NS A = B Ba oo wi=i0 =1 1
IS, S3 AT SR S ] B2 R IR TR K, & e AR AN B ik,
KRR R BT, LI PR RS aal, fHorig i, 11/8%
B2E), HYE R BAAERT W —3 . DI A e
[B] 12, 16, 20 h YERMIEAS R R E/KE, RGN
ORI I R Py R 25 S sm s, B RS N
AN, BB PO Fe Tt IS R, REEGS b /b ek
TEZ BT, B R sl a2 gl 9% A, 2R
JRR F IR 11 B T, SR Pk B e e, I S e T
PHES IR 8%, 9% . 10% 1EMIEAZHRZH LK

2.2.2 FLBREE ABEFRM IR IESSINE LS R ARYE
BRI M S54SR, e A FUAE AT R (A) |
FEENTE](B) . AR (C) FEERZINE (D)4 A
2, YT 4 HZE 3 K FIIERZ IS, 1E38 525 51 0L
% 6. MR R BEKT, 456 RAAK/NAT LA
K2 M LR B 2 R R R 11 IRRUER B PN B IR IR 2R
KR ASB>D>C, R Fh > & [t [a] > FE s
>R . AR KE, SR RAeETZHE8 0
A,B,C;D,, BRI 1x10° CFU/mL, A& ERTE] 12 h,
KBERE 37 °C, BEFERIIIE 10%,. FEIEZZgFr
BRE IS i = A &8 A3B,C,D,, BIEEF N
1x107 CFU/mL, %k BERTIE] 12 h, &R N 35 C,

*o6 IEIRBESR(EEED)

Table 6 Results of orthogonal experiments (sensory score)

-~ M= RIS

A LRl B REEAIN C REHRIE D ERRRmE D)

1 2 2 2 1 81.27

2 2 1 3 2 82.57

3 1 1 1 1 84.70

4 1 2 3 3 85.33

5 3 2 1 2 81.40

6 3 1 2 3 85.43

7 1 3 2 2 82.53

8 2 3 1 3 81.40

9 3 3 3 1 81.87

K, 252.56 252.70 247.50 247.84

K, 245.24 248.00 249.23 246.50

Ky 248.70 245.80 249.77 252.16

X, 84.19 84.23 82.50 82.61

X, 81.75 82.67 83.08 82.17

i< 82.90 81.93 83.26 84.05

R 2.44 2.30 0.76 1.89

PERHAS A 10%. K5 1B 28 R8 H f EO0A BT T A
) T T e B N SE PR B LA TS ESE 46, 2550
BoRHEE IR A B,C;Dy BEIFS) 88.33, i T 3LkR
et AsB\C,Dy JBYE VP43 85.60. Ui Fef: R I T
23R 1x10° CFU/mML, A BERT A 12 h, & BEiE
37 C, BERERINE 10%. H32 7 Py 2E08rn]
1, Behh i (A) . RBERTE](B) AR InE (D)3 4>
PRI 2R B PSR i k5, DRI 2R R/ NI 5 3% 6
W 2553 AT A5 R34, R IEASIA I HAIE A &

®7OIERK T2 GRE )

Table 7 Anova of orthogonal experiments (sensory score)

T2 MESEHH af B0y FfE Sig.

M IERERY 72127 8 9.016 11.070  0.000
i 185754.083 1 185754.083 228074.591 0.000
A 26916 2 13.458 16.524  0.000
B 24847 2 12423 15254 0.000
C 2.809 2 1.404 1724 0.206
D 17.556 2 8.778 10778 0.001
BRI 14660 18  0.814
Bt 185840.870 27

BEIE I R 86.787 26

R=0.831, R*,;=0.756

2.3 FARREA BRI ORRR R EIEINLER

SOOI A LR B 2 T R PR IR pH A 3.5, FL
T BRI B A 2% 10° CFU/mL, T/ E e bn: BEvE A<
10 CFU/mL, K HHE . 25 R ANEERETN | 420 (o 45
BRI . WITIERE B RKEH, 545 GB/T 31326-2014
SR RI Y AR SR IE
3 g

£ 2 25 RN e S A ) AN R Y 35 5 A4y, AT
TF5E & BRET 2 22 1k 11 SR TS T B 405 A AR ) A48 O 1)
STHEEMDY . USRI S A K E IS,
BB ST BT R AT BRAR Y SR S A R A
TP TR A T A 2 SR A 1 My LA R AT
AR, RIS AT AR i Ui B A R A5 02 . SRR
SCBETERS IS R IR 90%Y, o TE B Il X S A TE R
OB o T ELREVER, SCREVER -85 K Ky
TEMEEH TR T2 a-TER BEBEAAECY . PRIk, B a-
TEAT T T LA IIRR P 1) S AU Ry Bt R 22 ZE AN /L
RIZEIRE, AR TEGERE) . H RTESE R RN T
FPEIR IR, A5 LI TR 2 17 T P R PR I 5 fcf
WHGE . PRI, ST R A8 FH rT A e T et
RIS . R T 2 Wt 4 o s L R e 58 XU 14 P
B AR il MR T, SR ORI
FINET 2 ZZ AT B RRIECRE . R 4607 Fizs
WIXUAE ST ] £ R RR B SAE ) R, Y2k 85 °C
242 20 min I RIRIZIER . 5 FIRSCHERAH L, 4%
SCR AR —A A, HAT T AR S A REIR AL
o DARIBREAI A I 57 1) K e = s AR T AR 2 P
FhAE IOl ZR b, ZLIR TR R W R S WHGE . AT
WFFEUE AR DI ZLAAAT B LEAT R0 FRE0 A
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SR R R A T B A PR R AT, PIREE R A EL
AEAT R RENS T SZ A 2 M 25T, A 1 i)
FUABAT PAIE X 1 269 ot A G ] e B AT 4iEdr 4
JEBeR PATIVER© . AL, ALY ZE BEFNTEA B
YERIR, RIBRH LT AE 2R FITERY St A i T e et
AT WA ZUAEAT R A AR A, 3 — 242
= T AEZUAEAT B I R BEVERE . ASHIFIE & I A IRERsT
()RS M LR TR R B BRI E I E L R K, Hie
FRAGEEON ZE I3, HEIMI A & BR Ta] A8
FYTSRZIS RNTREZIS ) Jo1 PT BT LR TRT 2 e KRR 11 IR & 1
IRUBA S BT R T B AR Y, i 5 ZLER TR P E]
KPR REA B T HER SR B AR R AN R
BRI BT EEAR0 . FEASRAFTE Y, B X LR o A 1
TRIFR 11 IR 8 XU Jox S D e A TR A, S H
77 i R A S Ry
4 g

A SCR FH B R 3R S g A E SR e T, BfE T
ST G MRS . T AR . BT AT - DE R TR R
IREAE T 25500 AW LA B 325555 AR ZLAEAT
A STDAG6 P a7, FLER AR I R RR IRV 11 A
T2 544N 2RI R 1x10° CFU/mL, REZHTR] 12 h,
KRR 37 °C, BEFEGS IR 10%, MEREAE KRN
FRAEXUBAR, FR A L Ag3E b, e B IR R vk I HL 22 F, 4
JRE FE, MY FLAEAT B STDAG6 15 B BCF- H{E A 2
10® CFU/mL, pH3.5. 5% % 0 h A93E BEECH L, A
YFUAEAT I A BCEERIN T 3.3 log CFU/mL, W
TERRB R B U R RS sa s .
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