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Abstract: Gallic acid had wide application in food, chemistry and pharmaceutical industries. Compared with the traditional chemical
production approach, the enzymatic hydrolysis had the advantages of environmental friendness and fewer by-product. In this work, a previously
developed thermal stable tannase Tanl was used for the simultaneous leaching-enzymolysis of Tara tannin and the hydrolysis conditions were
optimized for the high efficiency enzymatic production of gallic acid. First, the preliminary hydrolysis conditions were optimized by single
factor test as followed: Tara powder liquid ratio 1:30, reaction temperature 60 ‘C, enzyme dosage 4 mL and reaction pH=5. Based on the single
factor test, the Plackett-Burman design was performed to investigate the effects of different factors on the reaction conditions of tannase
hydrolysis of Tara powder. It was found that temperature, pH and ratio of material to liquid were the significant factors that affect the hydrolysis
process. Furthermore, the optimal hydrolysis conditions were optimized by response surface design as follows: Tara powder liquid ratio 1:40,
reaction temperature 65 ‘C, pH=4, the yield of gallic acid was 65.89%. The continuous feeding reaction was also investigated under the optimal
hydrolysis conditions. The results indicated that Tara tannin could be hydrolyzed into gallic acid with high efficiency during six batch feeding

G

WREE A, R, S SEIH, 55 B T R T B B T IR I T 2 AU [0] B & i AH:2,2020,36(12):60-68

CHEN Pei-xu, LIU Chun-li, WANG Si-yuan, et al. Optimization of gallic acid production by enzymatic hydrolysis of Tara tannin [J].
Modern Food Science and Technology, 2020, 36(12): 60-68

WiFsEEA: 2020-06-23

HEWE: =EAREItRISISHE (2016N0021)

{EEEN: MRS (1994-), &, WitE, HRAME: RREYRA

BIREE: BREA (1977-), 5B, SEEHR, |RREMER; HoKig (1988-), 5B, HL, #F, HiRAME: EREMHR

60



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.12

process. This research laid the foundation for the industrialization of gallic acid produced by enzymatic hydrolysis of Tara tannin.
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% 1 Plackett—Burman SEIGi%it+EZEKKF
Table 1 Factors and levels of Plackett-Burman experimental
design
* EARFCD 0 HARFEHD
#hi Hb/(g/mL) 1:40 1:30 1:20

R JE)C 50 60 70
HnBfE /mL 3 4 5
B pH 4 5 6
JE AR -1 0 +1

1.3.7 e @A S Bk it B & BOK-F
L PB AR H A S R A AT R R
M) ) B TR 2 a0 A T S pH AR L, ST
K Design-Expert #3417 (Box-Benhnken Design,
BBD) Ikttt FExHAge s KA A H
W S AR, A3 BB R SN IR IR KT
T 2.
7 2 MR ESEIE I ERRKFE
Table 2 Factors and levels of response surface experiment

design
* BATFC) 0 FHEKPFED
A 1:20 1:30 1:40
R L% %) C 45 55 65
BE pH 3 4 5

1.3.8 Tanl /2 % REAR L & 64 52

AR A 7 T Ab 45 SR, ) FH i 2H B 1 il Tanl 75
BKIRAIE TR, BT 2Bk, 75 60 CHIfE/]
Ditkes b, F 500 mL Z80/K G 16 g 3Ky, ARG
] VA R TR NN RS 10 20000 U (1) 2 40 3 1 g
Tanl, JXM 20 min ZJGH0RE, FREERURE 5 LR A) S B
IO 16 g ¥BHky, #8220 min 2 JFHUEE,
B —JLIRIN 6 YOERR . e & RMIEK 1 h,
SIS FEHAERR OV I 60 C o FERZIE 4 5000
r/min £5.0r 1 min 7325 35 ROR AR S, S 2
TS DU VB TR B R s P s o B Y R A 8 TR
AERRIEDL, FETFAR): IETEE: AR K=2:2:1, R
3% FeClso
139 #dBELitaAr

I BT B AT = = P, B
% H Microsoft Excel 2016 1 Minitab 17.0 343847
it AR Origin 2019.

2 HERSSH

2.1 B A RERBRIT Z R
BB BRI T 2 PRI SRR 4320 0

17, BIJRIR PG EHR T AN A AR AR B T 56, N
BN 50 °C, 43 5 min BURERG T & T IR IS
RIGLERWE | R, fERIEMRT R+, WE
TRRIF R E 16.40%, LRI SE-BHE T %
o, R 90 min BB FRRINAS 2 5 mIA 29.16% .
SREL RS- Bl 12 Rede s s b e T B RICR.
LR RS2 B 5 B i 5 2 PR B R ey B B iR
SigiE A8 &0, IS ER T RSS2 2]
70, SUMARRHAR S SR, 1T (R4 Bl T 2 m] e
BUTTRIERNAR R R, AR TR E IR &3
EAERE, AR T R R SR I TR B

S
0L e BRI

BETREE/%

O 1 1 1 1 1 1 1
0 20 40 60 80 100 120

F 8] / min
B 1 B A ERI T ZR
Fig.1 Comparison of different methods for Tara powder

extraction
22 BHEEFRRERE M
22.1 FRFHRIL LS TR 6 H R

801 _m1:50
70+ -e-1:40
—-4-1:30
-+1:20
-o-1:10

BETREE/%
S

0 20 40 6IO 80 160 12|0
i 8] / min
& 2 RIS R FERSERAIFM
Fig.2 Effect of material-liquid ratio on the yield of gallic acid
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Fig.3 Effect of reaction temperature on the yield of gallic acid
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< 3 Plackett—Burman i3t 5458
Table 3 Plackett-Burman design and results

A% kR EROR1 BE/SC BBOR2  MBEE/mL B3 pH TR E%
1 1:40 1 65 -1 5 -1 4 44.65+1.13
2 1:40 1 65 1 3 1 6 57.60+2.19
3 1:20 1 45 1 3 -1 4 12.17+0.16
4 1:40 -1 45 -1 3 -1 4 28.05+1.01
5 1:40 1 45 -1 3 1 6 26.85+0.82
6 1:20 1 65 -1 5 1 4 31.14+1.60
7 1:20 -1 45 -1 5 1 6 37.33+0.19
8 1:20 -1 65 -1 3 -1 6 28.97+2.44
9 1:20 -1 65 1 3 1 4 27.67+231
10 1:40 -1 65 1 5 -1 6 62.58+4.13
11 1:20 1 45 1 5 -1 6 32.78+1.09
12 1:40 -1 45 1 5 1 4 35.34+1.73

2.3  Plackett-Burman 5Z 3625 2 5 747

IR4E PB T AN [R50 A5 A E 47 5 7l Tanl 7K
fRESRIRY, WEE R 3 fiR.

F Minitab 17.0 FRAEXHREGEE R 7 Z M, H0
B PRI RA BE R (p<0.05) MIKZE.
% 4 "T%n, A p 4=0.046, Ui PB IRy B
AEEN . pH AUERE LR p (A5 712 0.02. 0.04
F10.02, ¥J/hF0.05, VLB pH AUERE LX) [H)
RS- BRI N B A BB TR R . RIS pH
AR L EEA T 0 B T T

3R 4 Plackett-Burman iR S ESH

Table 4 Analysis of variance for Plackett-Burman test

3l T p REMH
ARA 0.046 *
BRI (g/mL) 373 0.02 *
B RLiB ) C 3.51 0.02 *
HnBEE /mL 2.74 0.05
pH 2.94 0.04 *
JEAR 1 -0.65 0.55
SRR 2 1.37 0.24
JE 4R 3 0.29 0.78

E: *ATRE p<0.05; * ARTFHMEZ p<00l. FEG6
H.
2.4 g NLE SR EER G AT

PB bttt A B HERMMNEZRIRNE . pH
FBHREL. 4 B BRI F R EKCFEET BBD

BTSRRI ARG S5 R LR S,
“KFH Design-Expert J 13T 2041, WFE 6

Fias, R F {5=30.65, EUREHMEA REERE Y,
p<0.0001, 5BH ARG R . JF0LI0 p {54 0.0805,
N AEXFEILT, SR A SRR R A2 A
B. C f1BC, AC. B> B B # M, JERFEHFZEN AB.
AL Co LR BRI R TR R . AR
RERE, BETRGEANXN:

=-99.77+2.94A-0.56B+35.83C-0.24AC-0.45BC+
0.03B°

7% 5 Box—Benhnken Design RIGIFIT R HLER

Table 5 Box-Benhnken design and results

£ Ak BE/SC pH FE1%
1 1:40 45 5 59.04+0.72
2 1:20 45 5 26.04+2.40
3 1:40 65 5 63.4245.11
4 1:20 65 5 51.6240.55
5 1:40 55 4 53.68+047
6 1:20 55 4 35.80+1.30
7 1:40 55 6  58.72+0.66
8 1:20 55 6  50.61+2.06
9 1:30 45 4 43474058
10 1:30 65 4 60.25+1.15
11 1:30 45 6  57.72+3.23
12 1:30 65 6  56.54+1.99
13 1:30 55 5 49.78+2.35
14 1:30 55 5 50.96+1.33
15 1:30 55 5 49.90+0.23
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= 6 Box—Benhnken Design i3 =S
Table 6 Box benhnken design test variance analysis

7 ERR -7 Fa B A H7r F{& p A& BEMH
AR 788.37 7 112.62 30.65 <0.0001 Ho
A-BHR& P/(g/mL) 32733 1 32733 89.10 <0.0001 o
B-R LR B/ C 192.61 1 192.61 52.43 0.0002 H
C-pH 11539 1 115.39 31.41 0.0008 o
AC 23.88 1 23.88 6.50 0.0381 *
BC 80.69 1 80.69 21.96 0.0022 A
A? 11.93 1 11.93 3.25 0.1145
B? 33.43 1 33.43 9.10 0.0195 *
EEVEN 24.87 5 497 11.72 0.0805
KRE 25.72 7 3.67
#EE 0.85 2 0.42
Bfa 814.08 14
a 70}

S

E

5.5
5.0 55 60

454045 50

B R

Cop &
6 FE RIS AN R
Fig.6 Response surface of each factor to the interaction of yield
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