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Use of fermented soybean meal with Bacillus subtilis TJ-C9 in
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ABSTRACT: The utilization of fermented soybean meal (FSBM) with B. subtilis TJ-C9 in nurs-
ery-pigs diet, was assessed in this study. Changing of nutritional composition and the anti-nutritive
factors (ANFs) content, as well as the nutrients utilization in weaning pigs were investigated. Fer-
mentation with B. subtilis TJ-C9 increased the concentration of crude protein, ether extract and gross
energy in soybean meal (SBM) by 3.50, 13.59 and 8.77%, respectively, compared with the unfer-
mented SBM. Moreover, the contents of trypsin inhibitors, B-conglycinin, stachyose and raffinose were
clearly decreased by 81.82, 36.13, 80.00 and 99.93%, respectively. The reduction of ANFs led to the
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improvement of the protein digestibility from 73.86 to 78.56% and the metabolizable energy (ME)
from 3,237 to 3,562 kcal/kg. Furthermore, the effects of replacing dietary different protein sources
with FSBM on growth performances of nursery pigs were also studied. A total of 420 piglets aged
4 weeks was divided into five groups and six replicates with 14 pigs per each, which was randomly
fed one of these experimental diets; a control diet based on soy protein (SBM and extruded soybean),
fish meal and enzyme-treated SBM (diet 1), replacing protein sources in control diet with FSBM; soy
proteins(diet 2), 50% fish meal (diet 3), 100% fish meal (diet 4) and enzyme-treated SBM (diet 5),
respectively. Results showed that the growth performances in term of the average daily gain, average
feed intake and the feed conversion ratio of piglets in period 5-9 weeks of age were not significantly
different among groups. However, replacement of FSBM for soy protein provided the better feed con-
version ratio by 5.3%. In conclusion, fermentation of soybean meal with B. subtilis TJ-C9 improved
the nutritional quality of SBM and therefore, fermented SBM can be used as high quality protein
source in nursery pigs diet.
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Table1 Feed ingredients composition and analytical nutrients component of experimental diets for
piglets aged 5-6 weeks

Experimental diets"

Ingredient (%)

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Broken rice 56.50 58.80 55.53 54.46 55.62
Soybean meal (46% CP) 10.20 - 10.20 10.20 10.20
Full-fat soybean (35% CP) 5.00 - 5.00 5.00 5.00
Fish meal (55% CP) 6.67 6.67 3.33 - 6.67
Whey permeate 10.00 10.00 10.00 10.00 10.00
Fermented SBM with B. subtilis TJ-C9 - 13.00 3.83 7.67 9.33
Enzyme-treated SBM 8.33 8.33 8.33 8.33 -
Monodicalcium phosphate 0.77 0.77 1.15 1.46 0.83
Limestone 0.74 0.78 0.93 1.12 0.67
L-Lysine 0.52 0.50 0.55 0.59 0.53
DL-Methionine 0.20 0.20 0.20 0.21 0.20
L-Threonine 0.20 0.20 0.20 0.21 0.20
Vitamins/minerals premix 0.75 0.75 0.75 0.75 0.75
Analytical nutrients component (%)
Moisture 10.05 10.05 10.10 10.00 10.15
Crude protein 20.59 20.28 20.42 20.25 20.27
Ether extract 1.64 1.35 1.70 1.56 1.56
Crude fiber 2.20 1.89 2.29 2.45 2.00
Calcium 1.15 1.10 1.10 1.15 1.05
Total phosphorus 0.71 0.69 0.65 0.74 0.63

"Diet 1= control diet; diet 2-5= replacement of fermented SBM for soy protein, 50% fish meal, 100% fish meal and

enzyme-treated soybean meal in control diet, respectively.
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Table 2 Feed ingredients composition and analytical nutrient component of experimental diets for

pigs aged 7-9 weeks

Experimental diets”

Ingredient (%)

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Broken rice 60.83 65.06 60.25 59.55 59.96
Rice bran 4.00 4.00 4.00 4.00 4.00
Soybean meal (46% CP) 11.00 - 11.00 11.00 11.00
Full-fat soybean (35% CP) 5.00 - 5.00 5.00 5.00
Fish meal (55% CP) 3.33 3.33 1.67 - 3.33
Whey permeate 5.83 3.83 5.83 5.83 5.83
Fermented SBM with B. subtilis TJ-C9 - 13.60 2.00 4.00 7.50
Enzyme-treated SBM 6.67 6.67 6.67 6.67 -
Monodicalcium phosphate 0.90 0.92 1.04 1.25 0.92
Limestone 0.86 0.92 0.94 1.07 0.85
L-Lysine 0.48 0.56 0.50 0.53 0.51
DL-Methionine 0.17 0.17 0.17 0.17 0.17
L-Threonine 0.18 0.19 0.18 0.18 0.18
Vitamins/minerals premix 0.75 0.75 0.75 0.75 0.75
Analytical nutrients component (%)
Moisture 11.10 11.45 11.10 10.90 10.85
Crude protein 19.07 19.38 19.08 19.31 19.06
Ether extract 1.98 1.61 1.66 1.44 1.63
Crude fiber 2.16 2.09 2.28 2.49 2.49
Calcium 1.03 1.00 0.93 0.98 1.08
Total phosphorus 0.56 0.59 0.52 0.54 0.57

"Diet 1= control diet; diet 2-5= replacement of fermented SBM for soy protein, 50% fish meal, 100% fish meal and

enzyme-treated soybean meal in control diet, respectively.
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Table 3 Nutritional composition of soybean meal before and after fermentation with B. subtilis TJ-

C9 (% as dry matter basis)

Nutrients

Soybean meal

Fermented soybean meal with

B. subtilis TJ-C9

Dry matter (%) 89.20 89.30
Crude protein (%) 54.87 56.79
Ether extract (%) 1.96 2.23
Crude fiber (%) 5.44 5.15
Crude Ash (%) 6.78 7.28
Calcium (%) 0.28 0.22
Total phosphorus (%) 0.66 0.68
GE (Kcal/kg DM) 4174 4540
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Table 4 The anti-nutritional factors content in soybean meal before and after fermentation with B.

subtilis TJ-C9 (as-fed basis).

Anti-nutritional factors

Soybean meal

Fermented soybean meal with

B. subtilis TJ-C9

Trypsin inhibitor (mg/g CP) 9.90 1.80
B—conglycinin (mg/kg) 84.54 54.00
Sucrose (g/100g) 8.00 0.001
Stachyose (g/100g) 3.00 0.60
Raffinose (g/100g) 1.50 0.001
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Table 5 The total tract digestibility of protein and metabolizable energy of SBM before and after
fermentation with B. subtilis TJ-C9

Digestibility of protein” (%)  Metabolizable energy" (kcal/kg)

Soybean meal 73.86°+1.48 3,237°+59.9

Fermented soybean meal with 78.56°+1.15 3,562°+124 .4
B. subtilis TJ-C9

P-value 0.0332 0.0152
*’Means within column with no common superscript differ significantly (P<0.05); " Mean+SD

Table 6 Effects of replacing protein sources by fermented soybean meal on growth performance

in piglets.
Growth Experimental diets"
SEM P-value
performances” Diet 1 Diet 2 Diet 3 Diet4 Diet 5
Initial weight (kg) 6.47 6.42 6.38 6.41 6.43 0.1298 0.9935
Final weight (kg) 20.02 20.01 20.40 19.00 19.87 0.3159 0.9419

Period 5 - 6 weeks of age

ADFI (g/d) 291 287 304 277 288 0.0064 0.7897
ADG (g/d) 232 221 242 223 226 0.0051 0.9913
FCR 1.26 1.30 1.26 1.24 1.27 0.0113 0.6716

Period 7 — 9 weeks of age

ADFI (g/d) 760 711 766 730 745 0.0142 0.9133
ADG (g/d) 484 486 485 450 489 0.0078 0.8845
FCR 1.57 1.46 1.58 1.62 1.62 0.0174 0.1564

Whole period (5 - 9 weeks of age)

ADFI (g/d) 571 540 578 549 562 0.0099 0.9385
ADG (g/d) 382 379 386 360 384 0.0085 0.9397
FCR 1.50 1.42 1.50 1.53 1.46 0.0133 0.4268

"Diet 1= control diet; diet 2-5= replacement of fermented SBM for soy protein, 50% fish meal,
100% fish meal and enzyme-treated soybean meal in control diet, respectively.
?ADFI = averaged daily feed intake, ADG=averaged daily gain, FCR=feed conversion ratio
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