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Abstract: A plant growth-promoting rhizobacteria (PGPR) strain, SZ7-1, was obtained from mangrove
rhizosphere and tested previously for potential applications. To develop an economical and practical
fermentation medium for the growth of SZ7-1, response surface method was used in this study. Plack-
ett—Burman factorial design was used to examine the significance of 11 different media on the growth
of SZ7-1. Experimental result demonstrated that media consisting of corn syrup, yeast extract and
K,HPO, significantly improved the growth process. The effect of different combinations of the three
nutrients on the growth of SZ7-1 were further explored in a Box-Behnken design. The optimal concen-
tration of each nutrient for maximum growth were corn syrup 28 g/L, yeast extract14 g/L and K,HPO,
2.2 g/L. The optimized medium enhanced the growth of SZ7-1 by 12.4, 2.4 and 5.5 times more than the
original medium, LB and cow meat extract protein peptone medium, respectively. This research indi-

cates that it is possible to increase bacterial yield and reduce its costs using optimized growth medium.
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M — B, 45 A2 RIA K SZ7-1 MATISLE:, 78
PR 0 1 S L HEA T TR R M L B
Pk 600 nm F LB OD [HFER 10 %), Kk
O3 AT BRI ST YR - Minitab 15.0 #Ef7, HACE
KA i FKE WL 1 &8 i A = (1)
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xi=(Xi—Xo)/ A X (N

Hop x 2R R X R (E, Xo 228 X ot s,
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% 1 Plackett-Burman X381 i+ 7K F 5 4555

Level and code of variables chosen for
Plackett-Burman design

25 foe Jifg 7K Coded levels

Table 1

Variable (g/L) Symbol -1 1
Corn syrup A 15 25
Yeast extract B 10 15
Beef extract C 10 15
Glucose D 10 20
NaCl E 1 10
MgSO, F 0.2 0.4
KCl1 G 0.1 0.3
(NH4),S04 H 0.5 1%
K,HPO, J 1 2
MnSO, K 0.002 0.006
FeSO, L 0.001 0.003

132 SBEMHEIRL: HRib B ERERG, WRIEH
PR 15 i — G 0 R, 2R A BE R it
5o —UAUA D7 AR L TR Y R BRI 7 1]
AR AP, DT 38 3T 5 R Mg 1 DX 3k
1.3.3 MR ERiT: T A R N X S,
Box-Behnken 1%t i 25 R R HEA T4k I A4 LA 7R,
TR LT SZ7-1 K W Y e R T AR KU (OD {8) Fil
Pt 3% 2 g5 i 15T 6l A PR R K P Rl 2R
R i /N AR AU A 1Y IR EZ WU RN
Y:b0+2bini+zbijxixj+zbiixiz (2)
oy R BO AR DA, bo A2 H K, b R
AL, by RS HIREL, by e AL A5
B ett . B B KRR HE ST 42k A Minitab 15.0
BA BT

% 2 Box-Behnken i&itEZERKER

Table 2 Factors and levels in Box-Behnken central
composite design

% et JKF- Levels
Factors (g/L) Encode -1 0 1
Corn syrup Xi 20.0 25.0 30.0
Yeast extract X5 12.0 14.0 16.0
K>HPO, X3 1.4 1.8 2.2

Note: xi=(X;—25)/5; x,=(X,—14)/2; x5=(X;—1.8)/0.4.
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Table 3 ANOVA for the regression equation of SZ7-1 in
Plackett-Burman design

UL B SS MS Fvalue P value
Source DF
i)
s 0.025 7327 0.0023393 10.09 0.041
Model
lj)%,ﬁ 0.000 6953 0.000 231 8
Residual
242
B, 00264280
Total
2 Adj
R=0974 poog 377

A R HA AL, £ 1 11 DA
o U E KK (P=0.009) |, BELEE (P=0.036)F1 K,HPO,
(P=0.021)iX 3 HFHE 95%MERAKF 2257 0 3,
HAbH 722 5 R W3, IR I r A 98 1 £ £ oK
W WEREFT A KoHPOL AR 520 SZ7-1 () 5 [N &,
FoAth X 230 45 g i A 3, BT LR B
BIH A 75 . EFGHKL 7Kk 52 2 0L 3% 4, AN
9 IE B AR, SR B KP(E . ik 3R 4 7]
DA E. G. K EBURAKF, 205081, 0.1 F
0.002 g/L; F. H. L EBGRAKF, 40804, 1.5
F10.003 /L, MR 3 AIH, 2R 0 3 . IEWiZ0y
FEBIRIAE 0=0.05 7KF b 29 Ml & 1 i 50 4l Bl ix
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Y=1.03+0.02624+0.0160B8+0.0197.J (3)
(3) A Y W IGAE, 4 T KK (e/L), B ML)
F(g/L), J A K,HPO4(g/L).

F4 BEERNEYMNR
Table 4 The total effect of each factor

[K & Factor E F G H K L
S I

The total effect
W BN Plackett-Burman iR 865 145 5 4 I R = KK F
Z .

Note: The total effect is the sum of each factor high and low level
of Plackett-Burman design.

-0.14 0.102 —0.158 0.034 -0.096 0.166

2.2 EIENCRERKE
i Plackett-Burman SE5 ] 1, 7E{EEB SZ7-1

KelErp, TR BEREFFI KoHPO, 3% 3 AN E X%
AR HE R, H =R 535 00,
RN, HAR R LRAIR AR, T8
ATFHIE, deRpFUKF o MRAEX 3 AP AL R/
(4 L9 580 E B AT B AR A T 1) B DA HE AT e 3 S 5
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Tt
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Table 5 Design of steepest ascent tests and
corresponding results

Ak K- Variable levels

RnEs PR oD
Test No. Steep Corn Yeast K,HPO, 600
syrup (g/L) extract (g/L)  (g/L)
A 5 2 0.4
1 Origin 15 10 1.0 0.539
2 Origin +A 20 12 1.4 0.685
3 Origin +2A 25 14 1.8 0.781
4 Origin +3A 30 16 2.2 0.759
5 Origin +4 A 35 18 2.6 0.756
6 Origin +5A 40 20 3.0 0.702

A Bk
Note: /A: Mobile steps.
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WA R S B A R s R WLk 7, R
7 AL, BH X, (P=0.002) . X, (P=0.023) .X; (P=0.015),
X2 (P=0.002). X,* (P=0.010). X, 5 X;Z = HAE
F(P=0.032)X WA BIE R B3 T X2, X, 5 X B3
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8 il LIAEH, AR PRI B, R
FH 1 40 G 2 4 R 4% DR 5 e g A =2 8] A 6 &R
If, H PN AR i A 8 AR e 2 (ALY TR H DG R 3
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Table 6 Design and results of Box-Behnken central
composite tests

RS Com syrup Yeast extract K,HPO, oD jﬂﬁﬁ
TestNo. Xi(@L)  M(gl) XL = Fited
values

1 25 14 1.8 0.780  0.775

2 30 16 1.8 0.753 0.756

3 30 14 1.4 0.740  0.734

4 20 16 1.8 0.731 0.722

5 20 14 1.4 0.718 0.724

6 25 16 1.4 0.756  0.758

7 25 16 2.2 0.757  0.759

8 25 14 1.8 0.776  0.775

9 25 12 1.4 0.718 0.715
10 30 14 2.2 0.791 0.784
11 25 14 1.8 0.769  0.775
12 30 12 1.8 0.729  0.737
13 20 12 1.8 0.702  0.698
14 20 14 2.2 0.715 0.721
15 25 12 2.2 0.764  0.761

© PERFERMEMARAATIEKRSHELT http://journals. im. ac. cn



FMFMRAE: LLRIMRAEAIAE AL T SZ7-1 IRk A BRI AL 337

%7 SEZWEARBRESNEFHIS S frZWwZ ol IFE G, Fras 30 a9 a3 I 7 1 i
Table 7 Regression c(;iegfil;licfii(ecl;trféei;npact factors and their T M A E e R 1-3, XA . W
P 7T LT TR % LA 22 0 A B TR I AT
No.  Cosfficient ~ CocfMcient P P KT o Bl 55 5 4 T AR R WS T 3R 55
ik 0.775 000 0.005 309 145.984  0.000 jtlj\’ ﬁﬁﬁ%%ﬁﬁ%iﬁ{ﬁmx@%’ P
Constant FORMA R CEAF R . & 1A, B Tk
X 0.018 375 0.003 251 5.652 0.002 éﬁ%ﬂﬁ%ﬂ%dﬂ}f%iﬁﬂ, OD {Ef’ﬁibﬂiﬁﬂﬁ/}‘o)ﬂ@ 2
X5 0.010 500 0.003 251 3.230  0.023 EPHU%!’ZH, 7 K,HPO, 2.2 g/L. EE)K%Z 26-30 g/L
X3 0.011 875 0.003 251 3.653 0.015 it oD {Eﬁ-ij(o Iﬁlﬂﬂ’, & 2 2D Fﬂ%%%ﬁu&iﬁd\
X’ —0.027 000 0.004 785 —5.642  0.002 ¥ P (0032)@@%%%9@&51@ B Hﬂﬁ% L A
X2 0019250  0.004 785 -4.023  0.010 3 UM T ERE AT 14.5 g/L, KoHPO, 2.1-22 g/l
X2 —0.007 000 0.004 785 —1.463 0.203 EH‘, oD {Eﬂaij(o ;FIUEH Minitab15.0 i—l;}ﬁ(ﬁlxﬂ‘%ﬁgmg
XiX; —0.001 250 0.004 598 -0.272  0.797 E/‘J:‘{Kg]jﬁitﬁijﬁaﬂi&ffﬁ;k%’ EIREE| 121:;%‘3;[11!
XiX; 0.013 500 0.004 598 2.936 0.032 18] *&{E}f_ﬁ\ , B & ﬂ{§§ 28 g/L. @% 14 g/L.
XX, —0.011250 0.004 598 —2.447  0.058 K,HPO, 2.2 g/L. Tt i {E OD & K 0.789,

x8 EPAREMAESH
Table 8 ANOVA analysis of model equation

FUR Source A & DF Seq SS Adj SS Adj MS F P
[A]J Regression 9 0.009 791 0.009 791 0.001 088 12.87 0.006
2P Linear 3 0.004 711 0.004 711 0.001 570 18.57 0.004
77 Square 3 0.003 838 0.003 838 0.001 279 15.13 0.006
ZHAFE Interaction 3 0.001 242 0.001 242 0.000 414 4.89 0.060
$e 95195 Residual error 5 0.000 423 0.000 423 0.000 085
4l Lack-of-fit 3 0.000 361 0.000 361 0.000 120 3.88 0.212
4% 2% Pure error 2 0.000 062 0.000 062 0.000 031
47t Total 14 0.010 214
R*=95.86% AdjR*= 88.41%
A 5 15.5
5
0.775 % s
_ 0.750 % 135
g >
8 0725
0.700 12.5

20 22 24 26 28 30
Corn syrup
1 EARSEBEBEXEZNSZ7-1 Btk oD HBHEE(A)MES%E(B)

Fig. 1 Response surface plot (A) and corresponding contour plot (B) on the growth of SZ7-1 versus corn syrup and yeast
extract
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Fig. 2 Response surface plot (A) and corresponding contour plot (B) on the growth of SZ7-1 versus corn syrup and K;HPO,
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Fig. 3 Response surface plot (A) and corresponding contour plot (B) on the growth of SZ7-1 versus yeast extract and K,HPO4
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FIE 223 86 8 F o ik 1710 fEA% 42 19 fe Ak iR 5
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W, SCE B RN, EESSEERE RN A
U7 A FH Plackett-Burman 15345 2 i 7 i T 55
REA RO AME G 7 1k () — BE A JR 13200
© PERFERMEMARAATIEKRSHELT http://journals. im. ac. cn



FMFMRAE: LLRIMRAEAIAE AL T SZ7-1 IRk A BRI AL

339

Blon Origina medium

—0—Optimal fermentation
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--m-- Cow meat extract protein
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Fig.4 The growth curves of SZ7-1 in various medium
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