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Fermentation optimization of Clostridium butyricum HDRyYB1
isolated from sheep
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Abstract: [Objective] There is almost no report about the sheep-derived Clostridium butyricum in the
world at present. It is the study that optimized of liquid fermentation for sheep-derived Clostridium
butyricum HDRyYBI. This study sets the foundation for Clostridium butyricum HDRyYBI industrial
product as feed additive in livestock. [Methods] We used the Plackett-Burman (PB) design and
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response surface methodology (RSM) though determing the spore number of Clostridium butyricum
HDRyYBI in this report. [Results] The results showed that the concentration of wheat flour, rice flour,
fish meal had remarkable effect on the spore number. The optimum medium for incubating the
Clostridium butyricum HDRyYB1 was composed of 3.72% wheat flour (W/V), 0.90% fish meal (W/V),
3.96% rice flour (W/V), 0.60% yeast powder (W/V), 0.19% NaCl (W/V), 0.19% MgSO47H,0 (W/V),
0.01% KH,PO4 (W/V), 0.01% NaHCO; (W/V), 0.48% CaCO; (W/V), at 37 °C, pH 7.2-7.4,
bottled in 100/250, inoculated quantity 3%. Under this condition, the spore number was
1.478x10® colony-forming units (CFU)/mL after fermented completely in 18 h, which was 2.7 times than
before. [Conclusion] These results indicate that the fermentation medium has been optimized, it can be
used in the expanded fermentation experiment to verify its application value in production practice.
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Table 1 Arrangement and experimental results of the PB design

S

Experiment No. X1 (%) X (%) X3 (%) Xe(%)  Xs(%)  Xe(%)  X7(%)  Xsg(%)  Xo(%) Y (x10° CFU/mL)
1 3.00 0.75 1.00 0.20 0.14 0.14 0.03 0.03 0.16 30.33
2 1.00 0.75 3.00 0.20 0.42 0.42 0.03 0.01 0.16 41.00
3 3.00 0.25 1.00 0.60 0.42 0.42 0.03 0.03 0.16 55.00
4 1.00 0.25 3.00 0.60 0.14 0.42 0.01 0.03 0.16 0.02
5 3.00 0.25 3.00 0.20 0.14 0.42 0.03 0.01 0.48 75.33
6 1.00 0.25 1.00 0.60 0.42 0.14 0.03 0.01 0.48 29.67
7 1.00 0.25 1.00 0.20 0.14 0.14 0.01 0.01 0.16 0.01
8 3.00 0.75 3.00 0.60 0.42 0.14 0.01 0.01 0.16 56.33
9 1.00 0.75 3.00 0.60 0.14 0.14 0.03 0.03 0.48 0.12
10 3.00 0.25 3.00 0.20 0.42 0.14 0.01 0.03 0.48 62.67
11 3.00 0.75 1.00 0.60 0.14 0.42 0.01 0.01 0.48 36.00
12 1.00 0.75 1.00 0.20 0.42 0.42 0.01 0.03 0.48 14.67
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Table 2 The regression results for the PB design Table 4 Arrangement and experimental results of the

Box-Behnken design

W wm T e EREET

. The order of el Y (% 10°
X X X
Source  Effective T value P value e T s 1 2 3 CFU/mL)
X 22.389 10.470 0.009 2 1 1 0 1 93.00
Xo 14.944 6.990 0.020 3 2 0 -1 -1 65.00
X3 39833  18.630  0.003 1 3 1 1 0 137.00
X, 4056 1900  0.198 6 & — 0 l 64.67
Xs —4.833  —2.260 0.152 5 > 0 0 0 151.00
6 0 0 0 149.30
Xe —-9.500  —4.440 0.052 4
7 0 -1 1 128.00
X7 3.389 1.590 0.254 7
8 -1 0 1 92.33
Xs —-0.833  —0.390 0.734 9
9 -1 1 0 142.30
Xo 1.278 0.600 0.611 3 0 0 ) ) G
11 -1 -1 0 110.00
*3 mEERHIRIEIEITRER 12 1 0 -1 115.30
Table 3 Arrangement and experiment results of the 13 1 ~1 0 125.70
steepest ascent path
- 14 0 1 -1 81.67
R ZH Y (%10
X1 (% X2 (% X3 (%
Trial groups 1 (%) 2 (%) 3% Cpy/mL) 15 0 0 0 162.00
] 26 055 31 53 e Xio Xoo X3 AM0IMGEHEZRNS . My, TR X, Xou X5
TR R EAERLL) S 5HR 3.2%. 0.7%. 3.4%, FK
2 32 07 34 101 O BE (T HEABLL) MBI 3.8%. 0.9%. 3.7%, KT (H)
3 3.8 0.9 3.7 134 W (AR L) /3 3R 4.4% . 1.1%. 4.0%.
4 44 11 40 11 Note: X;, X5, X; was rice flour, fish meal, wheat flour. The
: : : concentration of X;, Xz, X5 in low level (—1) was 3.2%, 0.7%, 3.4%;
5 5.0 13 43 84 in zero level (0) was 3.8%, 0.9%, 3.7%; in high level (+1) was
4.4%, 1.1%, 4.0%.
x5 MEEmREAESTER
Table 5 ANOVA results for Box-Behnken
K A B kil ¥ F{E P (&
Source df SS MS F value P value
[A] )94 %0 Regression model 9 12 560.18 1395.58 5.06 0.044
2 Linear 3 1 289.03 429.68 1.56 0.309
77 Square 3 9 806.91 3268.97 11.86 0.010
AZHAEM Interaction 3 1 464.25 488.08 1.77 0.269
2R 7= Error of residuals 5 1377.77 275.55
SADIF Lack of fit 3 1283.03 427.68 9.03 0.101
i1 7= Pure error 2 94.74 4737
411 Total 14
e Z R R 0.901 1
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Table 6 Effects estimates for Y model
I
W gy AR g gy
. Coefficient
Source Coefficient T value P value
standard error
X1 7.708 5.869 1.313 0.246
X, 2.875 5.869 0.490 0.645
X3 9.667 5.869 1.647 0.160
XixX; —12.681 8.639 —1.468 0.202
XoxXs —12.681 8.639 —1.468 0.202
X3x X3 =50.097 8.639 —5.799 0.002
XixXs —5.250 8.300 —0.633 0.555
X1xX3 —12.500 8.300 —1.506 0.192
Xox X3 —13.500 8.300 —1.627 0.165
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Figure 1 Fermentation response surface for the interaction of X; and X,
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Figure 4 Effect of inoculation amount (A), liquid volume (B), initial pH (C) on the fermentation of Clostridium butyricum
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