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ABSTRACT: The work aims to optimize the optimum culture conditions and methods for production of bacterial pellicle
with acetic acid bacteria to obtain a natural and safe production process of pellicle for food packaging. Astringent per-
simmon vinegar was used as raw material, and excellent acetic acid bacteria with high yield membrane were isolated and
screened. The optimum culture method and technological conditions of acetic acid pellicle were optimized by single factor
and Plackett—Burman experimental design. The pellicle producing acetic acid bacteria was isolated and purified from as-
tringent persimmon vinegar and identified as gluconacetobacter xylinum. The optimum conditions for culture of pellicle
with acetic acid bacteria were as follows: sucrose 5% (mass fraction), peptone 0.7% (mass fraction), yeast extract 1.2%
(mass fraction), sodium citrate 0.15% (mass fraction), K,HPO, 0.16% (mass fraction), acetic acid 1% (v/v), absolute eth-
anol 2% (v/v), seed age 32 h, inoculation amount 9%, cultured for 5 days. The average yield of pellicle was 364.65 g/L,

which was 1.48 times as high as that before optimization (246.03 g/L). The average moisture content of wet pellicle was
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99.38%, and the rehydration rate was 71.09%-83.39%. The rehydration rate of dry membrane was high and the rehydra-

tion speed was fast. The water content can reach more than 70% after one minute of rehydration. With the optimized cul-

ture medium and method, high-quality pellicle can be produced with acetic acid bacteria.

KEY WORDS: acetic acid bacteria; pellicle; packaging; condition optimization
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Tab.1 Experimental factors and coding level of Plackett—Burman
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Fig.1 Colony morphology of acetic
acid bacteria
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Fig.2 Microscopic observation of
acetic acid bacteria
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Fig.3 Effects of seed age on growth of
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Fig.7 Effects of sucrose concentration on yield of AP
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Fig.9 Effects of yeast extract concentration on yield of AP
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TERTI A D) AR pO LRl b, DARERE . B
FEREBE U . Ko HPO, . APERTREA . R . To/K LB
R E, FIH Plackett-Burman {511, #17
12 4L, s pras R 4. & 4 078, E£3L
N FR IR AP PR LR O (P=0.002). TG
K ZEE (P=0.003 ), K,HPO, (P=0.009), FHEHZE
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F R BT 50 800 0.7% (TR IO B i 73 550 1.2% .
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Tab.4 Analysis of main effects for Plackett—Burman experiment

KR 5oy A -5 A ¥75 F1{a P {H HErP
FER 7 236.306 33.758 18.75 0.007 —
HEHE 1 86.602 86.602 48.10 0.002 1
a5 3] 1 8.012 8.012 4.45 0.103 4
HE R 1 3.724 3.724 2.07 0.224 5
K,HPO, 1 40.808 40.808 22.67 0.009 3
Fr i IR 4H 1 1.255 1.255 0.70 0.451 6
Tk T 1 94.770 94.770 52.64 0.003 2
21 1 1.135 1.135 0.63 0.472 7
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#* 5 Box-Behnken iRIGIZITER
Tab.5 Results of Box - Behnken experiment design

T | AP 7H/ (gL™)
EEORE GHPO, M T e
1 0 -1 1 315.55 314.23
2 -1 0 -1 173.05 173.61
3 0 0 0 360.61 359.18
4 0 0 0 351.19 359.17
5 -1 0 1 297.86 295.97
6 0 0 0 363.41 359.24
7 1 -1 0 299.09 300.09
8 0 -1 -1 315.6 311.83
9 1 0 -1 248.66 250.63
10 1 1 0 287.17 283.91
11 0 1 -1 236.37 237.82
12 0 0 0 358.97 359.23
13 -1 1 0 271.96 270.0
14 1 0 1 232.87 232.34
15 0 1 1 335.7 339.49
16 -1 -1 0 298.25 301.51
17 0 0 0 361.72 359.23

FIH] design expert FAFXE e 5 H I g0 £ #E 4T
AT, 153 AP PP (Y ) X B AS f RS (% ). K,HPO,

(%), OFE (x3) WZITEIH TR .
Y=35.92+0.33%,—1.22%,+2.6X;+0.36X;X,—3.52X; X3+
2.48%X,%X;—6.64%,°—0.37%,°—5.47x5”

FH T 22T ] IO 36 6 ), ARSI {25 P<0.000 1),
KT R E (P=0.467 6 ), F{E S5 HIMENA =
I (R=0.996 6 ), UEHIRR SS2PRilA RAE, Ik
T AP 7= =R 0 430 5wl

N 7 REFEIE RS0 105 5 R R A PR 56
SERVLE, EEBSHT x5 x5, x5 X Z[H
FI2E HAE X AP P2 RGN W%, x5 % M H
YEFRIXT AP =R B2 A 32

212 AP RUFEESHNE

HRASIEIR RS . AP B THUA R IR B3R 00
AP JREIRAL PR 2 BUFL # AN E PR, 2 Ak B
JERBOERIL A OEEIR, SO AR, K
R, AHEE, 2 (90+£3) CAFES , 5B, It
S22 SRAD BRI AP R . 2K AL HLS Y AP R
ZIR AL S B AP R T IRZFRUE X IR WL 16

213 APREAKESFHEAE

P 8 RIS, T PR P Tl B EL A AR i i R Ak
i T A P SV BT 2 B KR R 99.38%, e fIk B 7K R
Al 35 ) 99.22% , v Al ik 99.53%, &K FE
H 71.09% ~ 83.39%, AP AR /K 35 HAZ 7Kk
BEPR, &K 1 min HA /KM K] 70% L) .

R6 AP ABEFESTRABFESN

Tab.6 Anova for multivariate quadratic equation of AP fermentation medium

78 S A YR FJ7 F ¥r F{& P
R 474.64 9 52.74 230.35 <0.000 1
AU 0.7 3 0.23 1.03 0.4676
afiiR2E 0.9 4 0.23
SRS 476.24 16
x7T EBEFRERSOAFTERBEZHKLE
Tab.7 Regression equation coefficient significance test of medium components
ARt ES (Cipan brifEiR 22 tH P& T
IR 35.92 0.21 171.048 <0.000 1 *ok
X 0.33 0.17 1.941 0.0894
X -1.22 0.17 =7.176 0.000 2 *ok
X3 2.6 0.17 15.294 <0.000 1 *ok
X1 X 0.36 0.24 1.500 0.176 9
XiX3 -3.52 0.24 —14.667 <0.000 1 *ok
XoX3 2.48 0.24 10.333 <0.000 1 ok
;2 —6.64 0.23 —28.870 <0.000 1 *ok
X, —-0.37 0.23 —1.609 0.158 2
X3 -5.47 0.23 —23.783 <0.000 1 ok

T **RIRTE 0.01 KF LR BEE
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Fig.16 Morphology of AP

®x8 AP EESKEMFEEKE

Tab.8 AP wet membrane water content and dry film

rehydration rate

5 FKR/% K%
1 99.41 71.09
2 99.36 75.02
3 99.25 73.54
4 99.46 78.87
5 99.31 75.30
6 99.46 71.76
7 99.36 81.40
8 99.22 79.26
9 99.39 82.03
10 99.46 75.48
11 99.31 79.29
12 99.51 83.07
13 99.26 80.48
14 99.48 83.39
15 99.53 81.83
XA 99.38 78.12

VAT s D B2 Ry Ak, DA H 25 43 B85 v 7 s R
PSR B Rl , 32 FH R R IR AR AR & T R K B
3 A 7 T RSM ) a8 15 1% T TR T IS % 7
AT, IS Ry 4k o TRIAS, X TR PR P
PRI E A LA M il T 9, AR BN IBInR .

1) 0 0 7= B S T ik 22 T 5 W28 % A A Al
FEJETHH, XA ARG AT IR ( Gluconacetobacter
xylinum ),

2) W HEIRE, e T RER RN (%
FlE N 9%, FhiE A 32 h, REFEmEl A 5d) FI& K
FH 7K L

3) i@t Plackett—Burman i3 56356 H) 52 0 41 1 £F
Y FE R RN KO R . UK O K,HPO, .

4 ) R i LA, IF LR A AR R
S5 SRAT B e A 7 B 2R o A« TR T A A Bk
5%, HEAMETESBCN 0.7% ., BRI R 5L
H1.2% . FEIERREN BT 53 E0h 0.15% . K, HPO, it
SR 0.16% ., IKETRIAFRAECH 1%, JoK L EEk
BUYECH 2%, R TR SRR AP B P37
FH 364.65 g/L, SEPLALHTAY (246.03 g/L) 1) 1.48
i s TETR TR PR RN BT 35 5 KR R 99.38%, &K%
A 71.09% ~ 83.39%, AP T HREAN I /KR = H. & 7K
FEM, &K 1 min HA 7K FME R IR 5] 70% L) 1.
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