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Optimization of Selenium—enriched Candida utilis by Response Surface Methodology
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Abstract: The fermentation conditions of selenium enrichment by Candida utilis were studied. Based on the results of the single factor experi—
ment, three factors including the concentration of sodium selenite, inital pH and incubation temperature were selected. The response surface

method was used to optimize the various factors. The optimal conditions were obtained as follows: incubation time was 30 h, time of adding

selenium was mid—logarithmic, the sodium selenite concentration was 35 mg+ L™ with inital pH of 6.6, incubation concentration of 10%, incu—
bation temperature of 27 °C, the medium volume of 150 mI/500 mL, respectively. Under the optimal condition, the biomass was 6.87 g-L.7.
The total selenium content of Candida utilis was 12 639.7 pg-L™, and the selenium content of the cells was 1 839.8 pg-g™, in which sodium
selenite conversion rate was 79.1% and the organic selenium was higher than 90%. The actual value of selenium content was substantially

consistent with the theoretical value, and the response surface methodology was applicable for the fermentation conditions of selenium en—
riched by Candida utilis.
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Figure 1 The growth curve of Candida utilis
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Figure 2 Effects of time of adding selenium on the biomass and

selenium content of Candida utilis

A ASFIRZ R, 25 A0 ek 5] S e 5 Sk AR
755, AR RE [V A % BRI, A Wy A Ty, (EL LA
B R RER S DL, st ] e S i e e
2.1.3 PRI 1AL 7= o e 22l Bk A i ML 35 2 Y
LAl

TEPER RN ] 24 30,3642 .48 h, MUk T 1 8 Y
FAIRZRSLH, A R PRI 1007 Fpe i 22 1 5 A 4y o
R AR o ANTET 3 B, B RN ] B 3
el 22 I Bk ) AR R 5 B B 5 b TR B R
30 h A=Wy LGN B ik Bl ey, BEFRIAIAE RS,
A AR S A R DRI, A I TR] 4
30 h BEiE

77 19000
| |
6t [ T e e - 1
S * * 18500
< 5t SR S S T
= ; { i
04k h; =
fE oL i {8000 I
H 3k E 1 &1
= Y i g
o, L / BB
L W T 17500
1y & e P 5 _
0t : {7000
20 25 30 35 40 45 50
R IR []/h

3 REERTEX 7T AR 2 B B AR M B AN S W E R R0
Figure 3 Effects of incubation time on the biomass and selenium

content of Candida utilis
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Figure 4 Effects of sodium selenite concentration on the biomass

and selenium content of Candida utilis
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of Candida utilis

B8 6.5 B, 77 B 22 1 B A 4 i SRR 5 B2 35K 2]
KA, M 535 g- L7 Fl1 10 162.2 pg- L PRI ERAE Y
Witk pH B4 6.5,
2.1.6 HPira Xy A 24 1 B A 2 e R G 1) 5

TR [F] 3R e A T R s 5 , W SR P i Xof
7 ICAR 22 P A 4y 1 AT S e R R . AL 6 BT
TN, B R ARG, 7 AR 22 I B 1) A ) 1 LS
Bl 5 b T, R R A 10% )5, B iARR A:
Py ARG 5 e TR o R e i R I IR
TN 10%,
2.1.7 BEFRUR R Boe A 2 W B A Wy i 5 A T
Al

TAE P A DA R A R F— R 91 B A A S
ZHRCI T I Tk 2 i o LA B S A s ],
BB FRIRE 20~40 °C, LL 5 °C Ry [aIBE , B9 TR %) 7
WA 2 e B A 4 R ST B B s . Al 7
T X 7 Wl 2 P B 1 A R R B P T ) 4R HL A A
—578—

70 1 11000
| 4
6l " [ TS S T— 110000
| * - I -, a i ~
T 5t __’.I‘ 19000 »'J
o, Wy ls000
B | I
s / 17000 &
2 wwkrE joo0 =
N e A 15000
0 b R ' 4000
0 5 10 15 20

Heftia/%
B o6 EMENTMERLEGENENSWENZIT
Figure 6 Effects of inoculum concentration on the biomass and

selenium content of Candida utilis

8 - 14000
r i
7 . fffff '_"-' .- i
I [ |
6 L 412000 -
T i 3
PRl g RN Z ¥
= I g | =
o4 A 410000 08
H | b
3t { &=
20wk TR , 18000
T A a1
0 T T T ST T 1 6000
20 25 30 35 40

TR EE/C
7 EFRENTRBLEEENEMSWEN N
Figure 7 Effects of incubation temperature on the biomass and

selenium content of Candida utilis
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Table 1 Level and code of independent variable used for response

surface analysis

B2 A 7K
-1 0 1
A-NERRFR AR E /mg- L 25 30 35
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C-IRJE /°C 20 25 30
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Table 2 Analysis and results of response surface tests

PN R A B c Y— il & it /uge L
1 0 0 0 12031.7
2 0 -1 1 11298.9
3 0 0 0 11 801.8
4 1 0 -1 10 853.4
5 1 1 0 122393
6 1 -1 0 118449
7 0 0 0 11 902.4
8 -1 0 1 8985.5
9 -1 0 -1 77353
10 0 1 -1 10235.5
11 0 -1 -1 98763
12 0 0 11945.5
13 -1 -1 0 8669.2
14 0 1 1 11370.7
15 0 0 0 12 003.0
16 1 0 1 12 058.1
17 -1 1 0 8223.9
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Table 3 Analysis of variance for the fitted regression model

TR PO AmE By FfE  PfH  BEN

iRl 3.665x107 9 4.072x10° 15138 <0.0001 B

A 2239x107 1 2.239x107 832.14 <0.000 1

B 18057.68 1  18057.68 067 0.4396

C 3.141x10° 1 3.141x10° 11676 <0.000 1

AB 1.763x10° 1 1.763x10°  6.55  0.0375

AC 517.50 1 51750  0.019 0.8936

BC 2064737 1 2064737 077 04100

A2 6.474x10° 1 6.474x10° 240.65 <0.000 1

B 8.627x10° 1 8.627x10° 32.07 0.0008

loe 2.620x10° 1 2.620x10° 97.41 <0.000 1
7
3
4

%% 1.883x10° 26 900.89
A 1.554x10° 5181111 63  0.0537 AR
afifizz  32872.90 8218.23

MBS 3.684x107 16
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Table 4 The verification test

R %gztiét@ E\ﬁﬂié‘? / “mﬁi; / gm@?%ﬂ iﬁgmﬁ
/gL pg-L neg AR 1% B %
1 6.94 126734 18261 79.3 927
2 6.87 125992 18339 78.8 93.6
3 6.81 126466  1857.1 79.1 922
FIE 6.87 126397 18398 79.1 92.8

xS BEREWAR
Table 5 The study of selenium—enriched yeasts

— RS TR SR 5%
pg-L gL negtg 3k

Candida utilis 16 486.5 7.94 2076.4 [20]
Saccharomyces cerevisiae 15 803.8 6.44 2454.0 [21]
Candida utilis 15 304.6 11.32 1352.0 [22]
Candida utilis 11 613.9 5.12 22683 [23]
Saccharomyces cerevisiae 10 654.6 10.62 1003.3 [24]
Candida utilis Y5 82724 5.70 14513 [25]
Saccharomyces cerevisiae 1 204.0 6.01 200.3 [26]
Saccharomyces cerevisiae 753.6 2.83 266.3 [27]
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