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Abstract

Background: Corn and soybean meal (SBM) are two of the most common feed ingredients used in pig feeds.
However, a variety of antinutritional factors (ANFs) present in corn and SBM can interfere with the bioavailability of
nutrients and have negative health effects on the pigs. In the present study, two-stage fermentation using Bacillus
subtilis followed by Enterococcus faecium was carried out to degrade ANFs and improve the nutritional quality of
corn and SBM mixed feed. Furthermore, the microbial composition and in vitro nutrient digestibility of inoculated
mixed feed were determined and compared those of the uninoculated controls.

Results: During the fermentation process, B. subtilis and lactic acid bacteria (LAB) were the main dominant bacteria in
the solid-state fermented inoculated feed, and fermentation produced a large amount of lactic acid (170 mmol/kg),
which resulted in a lower pH (5.0 vs. 64) than the fermented uninoculated feed. The amounts of soybean antigenic
proteins (3-conglycinin and glycinin) in mixed feed were significantly decreased after first-stage fermentation with

B. subtilis. Inoculated mixed feed following two-stage fermentation contained greater concentratioin of crude protein
(CP), ash and total phosphorus (P) compared to uninoculated feed, whereas the concentrations of neutral detergent
fiber (NDF), hemicellulose and phytate P in fermendted inoculated feed declined (P < 0.05) by 38%, 53%, and 46%,
respectively. Notably, the content of trichloroacetic acid soluble protein (TCA-SP), particularly that of small peptides and
free amino acids (AA), increased 6.5 fold following two-stage fermentation. There was no difference in the total AA
content between fermented inoculated and uninoculated feed. However, aromatic AAs (Phe and Tyr) and Lys in
inoculated feed increased, and some polar AAs, including Arg, Asp, and Glu, decreased compared with the
uninoculated feed. In vitro dry matter and CP digestibility of inoculated feed improved (P < 0.05) compared with the
uninoculated feed.

Conclusions: Our results suggest that two-stage fermentation using B. subtilis followed by E. faecium is an effective
approach to improve the quality of corn-soybean meal mixed feed.
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Fig. 1 Schematic outline of the manufacturing process for two-stage fermented feed
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Table 1 Effect of fermentation on the concentration of soybean antigenic protein, as air-dry basis

[tem Glycinin

-conglycinin

Content, mg/g

Degradation?, %

Content, mg/g Degradation, %

Raw mixed feed 63.74 - 31.76 -
Uninoculated feed® 61.02 - 32.15 -
B. subtilis® 797 86.94 6.98 7828
B. subtilis and E. faecium® 847 86.12 712 7753

?Degradation rate = soybean antigenic protein content in uninoculated feed - soybean antigenic protein content in inoculated feed) / soybean antigenic protein

content in uninoculated feed x 100%

PUninoculated feed: sterile medium was added to mixed feed (45% corn, 45% soybean meal and 10% wheat bran) instead of inoculated bacteria, other

experimental procedures were the same as those of inoculated mixed feed

“B. subtilis: mixed feed was inoculated with B. subtilis and fermented at 37 °C for 24 h
9. subtilis and E. faecium: first-stage fermented (B. subtilis) mixed feed was inoculated with E. faecium and incubated under anaerobic conditions at 37 °C for 48 h
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Table 2 Analyzed nutrient composition of fermented inoculated and uninoculated feed, as air-dry basis'

[tem Inoculated feed Uninoculated feed? AA compositon Inoculated feed Uninoculated feed
DM, % 88.06+1.02 89.09 + 1.67 Indispensable AA, %
CP% 2761+273° 2403 +193° Arg 101 +0.15° 117 £0.19%
TCA-SP,% 885+ 1.19° 118+0.12° His 0.58+0.08 052+0.11
Fat% 337+£065 367+0.73 lle 0.78£0.13 0.78+0.16
NDF % 833+095° 13.64 +£0.99° Leu 150£0.18 146 +0.23
ADF % 3.58+040 349+0.76 Lys 1.17 £0.08° 0.99+0.10°
Hemicellulose® % 475+087° 10.15 +0.56° Met 0.26 £0.05 023007
Ash,% 4.71+051° 377+038° Phe 178 +0.26° 0.86+0.13°
Ca% 0.18+0.03 0.17+0.02 Thr 079+0.12 0.75+0.09
Total P% 0.55+0.05 049 £0.07 Val 1.06 £0.12 1.04+0.17
Phytate P% 021 +004° 0.39+0.04° Dispensable AA%
Asp 168 +0.10° 192 +0.17°
Ser 0.79+£0.14 0.75+0.16
Glu 323+£0.58 349+ 044
Gly 0.85+0.18 080+0.13
Ala 0.98+£0.16 094+0.10
Cys 048 + 0,05 0.38+0.06°
Tyr 140+021° 067 +009°
Pro 1.09+£0.17 1.17+021
Total AA 19.56 +2.33 18.12+247

'Values are means of three replicates per treatment. Means in a row without common superscript differ significantly (P < 0.05)
2Uninoculated feed: sterile medium was added to mixed feed (45% corn, 45% soybean meal and 10% wheat bran) instead of inoculated bacteria, other

experimental procedures were the same as those of inoculated feed
*Hemicellulose = NDF-ADF
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Table 3 In vitro CP and AA digestibility (%) of fermented
inoculated feed and uninoculated'

[tem Inoculated feed Uninoculated feed?
DM,% 7060 + 2.87° 5933 +232°
CP% 86.28 +223° 7836 +2.04°
Indispensable AA %

Arg 82.50 + 4.65 82.72+387
His 8491 +370° 74.85 + 3.46°
lle 8049 +342° 7562 + 2.44°
Leu 7730+ 304° 69.71 +2.81°
Lys 84.59+ 391 8144 +360
Met 85.30 +396° 7031 +274°
Phe 81,99 +4.25° 65.64 + 3.63°
Thr 7873+4.12 7503 +383
Val 80.74+377° 7449 + 348°
Mean 81.29+4.09° 74.80+321°
Dispensable AA%

Asp 83.14+532 7854 + 497
Ser 77.86+3.13 74.29+3.74
Glu 85.13+247° 80.25 +3.02°
Gly 80.78 +4.21 7670 +4.08
Ala 84.53 +338° 7551 +366°
Cys 79.74 + 364° 67.90+3.87°
Tyr 8186 +343° 7228 +3.10°
Pro 79314428 7541+ 394
Mean 8272+311° 77.16+3.04°
Total AA% 82.15 +343° 76.07 +3.35¢

'Values are means of three replicates per treatment. Means in a row without
common superscript differ significantly (P < 0.05)

2Uninoculated feed: sterile medium was added to mixed feed (45% corn, 45%
soybean meal and 10% wheat bran) instead of inoculated bacteria, other
experimental procedures were the same as those of inoculated feed
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