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Process optimization of high-density Candida utilis feed yeasts

by solid state fermentation
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Abstract: Probiotic feed yeasts were made from the raw materials of
defatted soy meal, rice hull and corn straw by solid state fermenta-
tion. The culture medium ingredients were optimized by the orthogo-
nal experiment. The model of fermentative condition was developed
by the simplex-centrioid mixture design and analyzed by the response
surface analysis. The results were as follows: defatted soymeal : rice

hull ¢ corn straw was in the ratio 5 *

2+ 2. Forty grams of the raw
materials were added with 4 grams of glucose, 0. 2 grams of
(NH;)2SO; and 1 X mono-microelement combination. The inocu-
lum volum was 3. 5%. The culture thickness was 1. 3 cm. The ratio
of water addition to raw materials was 1 ¢ 1(m/m). The fermenta-
tion temperature was 30. 6 ‘C and the fermentation period was 28 h.
Under the above conditions, living yeast cells was obtained at
(2.92+0.05) X10° CFU/g.

Keywords: rice hull; corn straw; state fermentation; Candida uti-

lis ; living yeast count

it 2B B AR A A T el B A A T R R L B
FPUA 2R AR B 1] B B L 45 A R B BE Y 2 B AR R

BELWA 2013 4RI A BHELBOCHH (45 : Gel3B409)
EB B A ARH(1968—) . 2, A I AR Mk R 2 U3 v 9 T RE VW, 1
+ . E-mail:success3320@sina. com
BIRAEE T EM
WA BE#:2014—12—30
202

RTZRE, CHREZ S ., 854 B ae Rl m £ E N
A B TR RE ST L A B P M AR R R
W) IO e e A VR TS A S e L S R BE 1 B
AT 42 755 30 0 04 2 7 R 0 RIS 0 3% B B ) ) 48 Ak AR

PRI L BRI A AN E B AR, A
1989 4F i T # 55 B FDA(GE E & F 2y & 8 BRIl AAF-
COCE E A R E Jy th 2O bk b 7l B4 MR 3 W 1Y & 2 TH
i+ 2008 4F ey [ Al 798t 4 50 A A 9 £ IR ) R R SR
T B R T DR e 0 AR /N R B AR R L B A R Y
FIRME BB 4 B B R T S B A A R B &
¥ hg e, HLAE KNG 78 3% W 5T S 07 S T R 4 2 RO A
PR U R A KR TR A R R N E A
LA S AR B A R A R

r ] AR I T ORK L L TR KR R A R = TR A R
SLR SRR AR Hrh SR TR AR oK e i M S L TR
3R BRI RS FF RS 58 7 0 004 R B 79 U 3 be TR 2 Bt
WIS MBS, 1.Y. Choi IV BFT T LA & W 2% A= 741 77 0 [
75 T 2 A2 VAR oF DB 3 A A S I, R B TE 4R v A 1 i R
o T8 A 2% 2 W T B L RIS A R 0 R O B S
R TR e [ 2 K T i 4% A6 B 00 R F 25 A 1 19
PRAF G PE M RS E , SEBR I N B . B A A
Bk B Al A WG G AR P S O AR L b X
I A B Bz A= 7 ek T o B AR G o AT L RS R 52 R AR Bk B
5 K T ) 6 T B R 00 A DL AR TE . AR WF 5 400 i 1E 38 3l L o
O A IR B T W N T 43 BTk R A B R AR A B R S A
43 R SRR FE R 58 TR & T 4 I 1 25 A T 710 48 118 5 mh B0E
[ B o %) i DR N 0 M P O el SR 805 e s R AR S



F &R

2015 % 3

1 #E 5Tk
1.1 EfEERE

FRBCAR 22 R 2. 118 B T4 i Ak 2B 0 B0F 9 9T T b
LR O 5

B BE T 1537 45 . PDA WA R 325,121 "C K I 20 min;

PR R R T VL o 005 A B R TR A I TR R — TR R A
PDA W FH 735 37 3,30 ‘CHEFR 180 r/min }53% 16 h;
1.2 ##

FE 72 LK 0 1 R T 3, SRR R 40 H & H 5

FEFF AT R P BR TR TR E 1~
3 mm,
1.3 WA E5MNE

NaNO, .K, HPO, . KCl, MgSO, *
i, REER A EH R T

FIWEHL . HR2168 % , TR i COR I 52 B2 WL 25 A BR A 7 5

fE R KV . DK-98-1 B, REE R AR U IR A R A 7

A AR FRAE  LRH-250 #, il —fE A} BRA A

K 2 48 fH R IR 5 %% . TDHZ-2002B 89, K 43 Tl 42 35 7
AT

FEE T AEA  ZHIH-1109 B, YEII T 91 3% s 7 BH 4 A R
NG

TR R R T 48 . XYRX-20 AU, i VT 58 3 B 97 2% WA IR

7H, O, FeSO, : 4> #r

2l

>
Il

H

AT 4 . DHG-9240A B, FigAS 7 LRk & A R
NG

B2 TR A . DZF6090 AU, 1K 2 S50 B 45 A7 PR A #l
1.4 FHik
Tl o 70 BV R P I

(D IXHEITCEE R (m/V)  EF R 4l NaNO,
0.6 g.K, HPO, 0.2 g, KCl 0.1 g,MgSO, * 7TH,0 0.1 g,Fe-
SO, 0. 002 ¢. P WAL EHEBKEM. GHEERE
100 mL, B 8 NaNO; 0. 6% K, HPO, 0. 2% .KCIl 0. 1%,
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Table 1

Levels of independent variables of

simplex-centroid design

ity AEFE/% BJERE/em CK4r/mL DIREE/C
—2 1 0.5 20 22
—1 2 1.0 30 26

0 3 1.5 40 30

1 4 2.0 50 34

2 5 2.5 60 38
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Figure 1 Effects of corn straw on the growth of yeast
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Figure 2 Effects of rice hull on the growth of yeast

= 8.6
2
B 82
g
2= 8.0
5
&
= 7.8 : . - :
0 1 2 3 4 5 6
B
Glucose/g

A3 WAandsddERkeayn

Figure 3 Effects of glucose on the growth of yeast
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solid-state ferment
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Table 2 Levels of different variables of

orthogonal experiments
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1 3 0.2 1X
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3 5 0.6 3X
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Table 3 The results and analyses of orthogonal experiment
AR A B C Kkt /(X108 g1

1 1 1 1 3.004+0.16

2 1 2 2 6.50+0.03

3 1 3 3 3.0040.07

4 2 1 2 6.00+0.13

5 2 2 3 7.004+0.17

6 2 3 1 8.00+0. 04

7 3 1 3 2.50%+0.13

8 3 2 1 3.0040. 23

9 3 3 2 6.0040. 06
"""" b 417 383 a1

ko 7.00 5.50 6.17

k3 3.83 5.67 4.17

R 3.17 1. 84 2.00
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Table 4 Simplex-centroid design and response values
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Table 5 ANOVA for the reduced quadratic mixture models

o A 5 c b P RF TR T4/
(X108 g 1)

1 0 —2 0 0 8.00+0.11
2 1 1 1 —1 5.60+0.16
3 —1 1 1 1 10.00+0. 17
4 —1 1 1 —1 8.60+0.05
5 0 0 0 0 12.00+£0. 10
6 1 1 1 1 7.8040.13
7 0 0 0 0 12.40+0. 36
8 0 0 0 0 12.10%£0. 10
9 0 0 0 0 11.50+0. 10
10 0 0 0 0 12.30+0. 10
11 0 0 2 0 7.50+0.04
12 1 1 —1 1 6.50+0.03
13 —1 —1 1 1 8.20+0.18
14 —1 —1 —1 —1 6.00+0.12
15 1 —1 —1 1 11.40+0. 26
16 0 0 0 2 6.90+0. 20
17 —1 —1 1 —1 7.0040.17
18 0 0 0 0 12.30+0.17
19 2 0 0 0 9.00+0. 21
20 0 0 0 —2 6.00+0.16
21 1 —1 —1 —1 10.10+0. 44
22 —1 1 —1 1 5.60+0.10
23 —1 —1 —1 1 6.70+0.15
24 —1 1 —1 —1 5.50+0.15
25 1 —1 1 1 7.80+0.18
26 0 0 —2 0 7.60+0. 14
27 0 2 0 0 7.4040. 04
28 —2 0 0 0 7.20+0.11
29 1 —1 1 —1 5.80+£0. 26
30 1 1 —1 —1 7.10+0. 27

BES K430 CD UK 4y 58 B, H 3D ma jf i 32 5. 4F A L
Pl 6~9, [ 6~9 H i) e 1 T R e 2 Bl 42 P LR EE LK
Or R TR B PR [ R B i Se G A . BB SR
H R R K S BR T 5 SR o A1 SR A B 2 AR K A
R PR TR D R R R A I R
R Y SR B R B IR R O S T S A R L R AR AR
T B —E K I BE L K g e R K o BE A L T R
BB By 2R IS AELE 2 K o 23 R 4 18T 25 1 5R k EORE, S UK
AL ST B i T B A A I . A KA R I R
B, A 5 3 IR T B IR R T R A I e (H 2
o suptiEa B AE s g Do A NI G RN
Pl 6~9 AT LA . P b 19 DR 3% 9 A A 28 E AR T (D Ao
it 5 COKIM R R BE, s HAE TR .
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K P AWME ¥o7 F {4 Prob>F
A 2.73 1 2.73 13.87 0.002 0" *
B 2.34 1 2.34 11. 89 0.003 6"
C 0.12 1 0.12 0.061 0.446 7
D 4.25 1 4.25 21.56 0.000 3**
AB 6.13 1 6.13 31.07  <C0.000 1**
AC  20.48 1 20. 48 103.85  <C0.000 1" *
AD 0.14 1 0.14 0.71 0.411 6
BC  10.08 1 10. 08 51.13  <€0.000 1" *
BD 0.28 1 0.28 1.4 0.2555
CD 1.76 1 1.76 8.9 0.009 3" *
A? 27. 14 1 27.14 137.67  <<0.000 1" *
B 32.88 1 32. 88 166.74  <C0.000 1%~
C? 35.17 1 35.17 178.36  <C0.000 1" *
D2 54. 32 1 54, 32 275.51  <C0.000 1"~
[ 154,15 14 11.01 55.85 <<0.000 1%~
CR% 296 15 o.20
ES1) 2.42 10 0.24 2.24 0.193 4
iR 0.54 5 0.11

B 157011 29
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Figure 6 Combined effects of inoculum size A and
thickness B on yeast count
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Figure 8 Combined effects of thickness B and water

addition C on yeast count

[AEIE R
Number of yeasts/(XlOZ )

= 50.00
32.00 45.00

30.00 0w
n Diy, 2890 3500 s SR
gy, & 26.00 30.00° " i et
We/‘t «‘&\eﬁa

B9 Kohwz CHEEDRIXEZAA LB =$HE T
Figure 9 Combined effects of water addition C and

temperature D on yeast count
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