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Optimization of Fermentation Conditions and Moisturizing Properties of

Exopolysaccharides Produced by Paenibacillus ZX-5
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(College of Bioengineering, Henan University of Technology, Zhengzhou 450001, China)

Abstract: An exopolysaccharide-producing bacterial strain ZX-5 was isolated from lake sediments, and identified as Paenibacillus sp. by
16S rRNA gene sequencing and phylogenetic tree analysis. The yield of exopolysaccharides was determined by the sulfuric acid-phenol method.
In the meantime, single factor tests and response surface tests were carried out on six fermentation conditions including pH, temperature, carbon
source and concentration, and nitrogen source and concentration, with the analysis of variance performed on the quadratic model. Results
showed that sucrose concentration, temperature and sodium nitrate concentration had a great influence on sugar production, and there were
significant interactions. Response surface tests revealed that the optimal sugar-producing conditions were: the initial sucrose concentration, 200
g/L; sodium nitrate, 3 g/L; K;HPO,4-3H,0, 3 g/L; KH,PO,, 1 g/L; MgSO,-7H,0, 0.50 g/L; pH, 6.00; fermentation temperature, 20 ‘C. Under the
optimal conditions, the yield of exopolysaccharides from shake-flask fermentation with strain ZX-5 was 34.55 g/L, which was 2.01 times the
base level of 17.15 g/L. The investigations on the moisturizing properties of the exopolysaccharides from the strain ZX-5 showed that in a dry
environment, the moisture residual rate of the exopolysaccharide after 38 h was 50%, which had better moisturizing properties than glycerin and
chitosan. In this study, on the basis of the optimal processing conditions for exopolysaccharide production by Paenibacillus ZX-5, the moisture
retention property of the polysaccharide was studied, which laid a foundation for subsequent in-depth research and development.
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Fig.1 Phylogenetic tree of strain ZX-5 based on 16S rRNA
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Fig.2 Effect of carbon sources on the yield of EPS
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Table 2 Analysis of variance
5 E SRR T HdE HF F1{& P& BEM
FHERANIRE 29.75 3 9.92 2252 0.006 ok
FEABIRE 1118.80 4 372.94 216.44 0.000 ok
R BRI 1240.98 4 310.25 642.87 0.000 sk
pH 138.39 4 45.846 89.38 0.000 *x

JE: p<0.05, £2FBF, *; p<0.01, EFHEFE, **,
%% 3 Box Behnken ii&igit 545 R

Table 3 Response surface test design and results

B KF FHEEI(QIL)
AE A EAERENQ/L) B: BESC  C: FEER4AIRE/(QIL) KA FAME
1 -1 -1 0 8.37£0.22  7.35
2 1 -1 0 14.23+0.18 1317
3 -1 1 0 9.31+0.36  10.38
4 1 1 0 25.42+0.38  26.43
5 -1 0 -1 17.29+028  17.55
6 1 0 -1 28.63+0.27  28.94
7 -1 0 1 16.47+0.32  16.16
8 1 0 1 28.05+0.35  27.79
9 0 -1 -1 11.8620.32  12.65
10 0 1 -1 27358021  25.99
1 0 -1 1 15.86+0.31  17.15
12 0 1 1 20.82+0.33  20.10
13 0 0 0 35.31+0.28  35.48
14 0 0 0 35.58+0.18  35.48
15 0 0 0 35.19+0.27 3548
16 0 0 0 35.88+0.36  35.48
17 0 0 0 35.44+031 3548
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% 3 ki 545 R SEM, FEFEM, Al B. C. AB. BC. A2, C2, Al
X B I EAMWREYE. KT F (4 4364, p AT
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X SEIS AR IEAT Z oA E, 1538 —IRTTREN: R°=0.99>90%, it ] EPS /& (i ga i SR a1 %k
Y=35.18+5.47A+4.07B-0.3468C+2.56AB+0.06 AC A BRAFI— Btk . BIRORLIE RH RPA=0.98, It

-2.6BC-8.75A%12.09B%*4.12C? HZAE T e R A DA AR 0 I 98%, RETUHUL A B
S U, TNME S S A BRI S, AT 5 ZX-5
Y——Js 5 4= F, glL; P4 h 22 R T P AT AT A S
A——EAERE, glL; AR R G SRR P R IR FE D X6 ZX-5
B—BA, C; R ah 22 pr= 0 As AR R, AT LA e 7 i P A A5 e 2
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A (&) RN EEMERIRAREEXT ZX-5 fgsh 2 hl
AR A S R, 5 (o) A () 2R

REWEVR RS KBl ), Mgt hir- B &L, —
B ZNAMFAEAL HAE A AR, B AL
WEIRZHE WD B2 134, ARG, R FRAWH BERIIR BEXS ZX-5 M 4/M 20 W 7= B A PR i L
WeEEROR, BRI REeSs RS oy % . B 5 (b) YE A
R4 RIERRHES
Table 4 Analysis of variance in quadratic model

KR P Aa B A H7 F1& P DM
ARA 1578.91 9 175.43 127.93 <0.0001 x
A-FABRE 237.82 1 237.82 173.43 <0.0001 *x
B-iR 132.68 1 132.68 96.76 <0.0001 *x
C-FEBRANIR A 0.95 1 0.96 0.69 04313
AB 26.37 1 26.37 19.23 0.0032 *x
AC 0.01 1 0.01 0.01 0.9213
BC 27.22 1 27.22 19.85 0.003 *x
A 322.74 1 32274 23535 <0.0001 *x
B? 596.39 1 596.39  434.91 <0.0001 *x
c? 71.30 1 71.30 51.99 0.0002 *x
KRE 9.60 7 1.37
KR 9.31 3 3.10 43.64 0.0016 ok
Wik £ 0.28 4 0.07
EAm 1588.50 16
R?=0.994
R’Aq=0.98
E: *EFRE (p<0.05), **£FHEF (p<0.01).
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Fig.6 Moisturizing properties of extracellular polysaccharides
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