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Fungal pre-treatment and fermentation could improve nutritional value of wet  corn dis-

tillers’ grains and solubles (WDGS), soybean hull (SH), and their blend in swine and poultry

diets,  which can potentially increase revenues for corn-ethanol and soybean processing

industries  while reducing feed cost in swine and poultry production systems. This study

evaluated  the effectiveness of pre-treatment of SH, WDGS, and their mixture by Trichoderma

reesei  and fermentation by Aspergillus oryzae to improve the nutritional profile and digestibil-

ity  of these ingredients. T. reesei produced cellulase and xylanase, resulting in structural

carbohydrates  reduction by 69.2% while concentrating amino acids from 6.8% to 11% in SH.

Fermentation with A. oryzae degraded phytate by over 50% and improved in vitro digestibil-

ity  of amino acids in WDGS and its mixture with SH. Fermenting T. reesei pre-treated SH

by  A. oryzae showed higher in vitro dry matter digestibility than non-fermented substrate.

Moreover,  the proportion of key amino acids (arginine, threonine, methionine, and lysine)

in  both T. reesei and A. oryzae fermented substrates were significantly improved. The results

demonstrated  the feasibility of combining T. reesei and A. oryzae in improving feeding value
of  WDGS and SH for potential use as feed ingredients for monogastric animals.

© 2021 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
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Table 1 – Chemical composition of SH and WDGS.

Feedstock MC (% w.b.) TS (% w.b.) Ash (% d.b.) CP (% d.b.) Total amino acids (% d.b.) Total structural
carbohydrates (%
d.b.)

SH 6.2 ± 0.1 93.8 ± 0.8 5.6 ± 0.0 10.4 ± 0.7 7.6 ± 1.0 59.7 ± 0.1
WDGS 51.2 ± 0.1 48.8 ± 0.1 4.4 ± 0.1 30.8 ± 0.3 23.7 ± 1.4 36.7 ± 2.0

SH: soybean hull, WDGS: wet distiller’s grains and solubles, MC: moisture content, TS: total solids, CP: crude protein, w.b.: wet basis, d.b.: dry
basis. All the values are represented as mean ± standard deviation.
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Fig. 1 – Production of cellulase, xylanase and reducing sugars and dry weight loss by T. reesei treatment of SH at 0, 9, 15, and
20 days (a); soluble sugar concentration before (Ctrl) and after treatment by T. reesei (TR) using SH (b) and WDGS (c) as a
substrate dard
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Fig. 2 – Yield of structural carbohydrates in non-pre-treated (Ctrl) and T. reesei pre-treated (TR) in (a) SH, (b) WDGS/SH (75/25)
mixture and (c) WDGS. The yield of structural carbohydrates considered weight change of substrate before and after
pre-treat ndar
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Fig. 3 – Concentration and yield of amino acids in non-pretreated (Ctrl) and T. reesei pretreated (TR) SH. The yield of amino
acid reflects the weight change of the substrate before and after treatment. All values are means with error bars
representing standard deviations of three replications.

Table 2 – Concentration and yield of total amino acids and structural carbohydrates, in T. reesei (TR) treated and
non-treated (Ctrl) SH, WDGS/SH mixture and WDGS.

Componenta SHb WDGS/SH WDGS

Ctrl TR Ctrl TR Ctrl TR

Total AA conc. (% d.b.) 6.7 ± 0.7 11.0 ± 0.4 21.3 ± 0.9 21.0 ± 0.5 23.6 ± 0.2 22.8 ± 0.3
Total AA yield (mg/10 g sub. d.b.) 659 ± 69 620 ± 25 2101 ± 42 1541 ± 42 2360 ± 32 1899 ± 36
Total SC conc. (% d.b.) 68.2 ± 1.0 36.5 ± 0.8 45.2 ± 2.4 33.3 ± 3.0 39.0 ± 0.2 37.1 ± 0.5
Total SC yield (mg/10 g sub. d.b.) 6707 ± 89 2064 ± 48 4454 ± 336 2443 ± 206 3891 ± 7.1 3084 ± 76

All the values are represented as mean ± standard deviation.
a AA: amino acids, SC: structural carbohydrates.
b SH: soybean hull, WDGS: wet distiller’s grain with solubles.
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Fig. 4 – Proportion of four essential amino acids (Thr,
threonine; Arg, arginine; Met, methionine; Lys, lysine) to
total amino acids in T. reesei pre-treated (TR) and
non-pre-treated (Ctrl) SH, WDGS/SH mixture and WDGS. All
values are means with error bars representing standard
deviations of three replications.
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Fig. 6 – Concentration of phytate (a), total lipid (b), total structural carbohydrates (SC) concentration (c), and in vitro dry
matter digestibility (d) in non-fermented (NF) and Aspergillus oryzae fermented (F) WDGS mixing with TR-pre-treated
soybean hull (WDGS/TR-SH), WDGS with untreated soybean hull (WDGS/SH) and WDGS only (WDGS). All values are means
with error bars representing standard deviations of three replications.

Table 3 – In vitro digestibility of amino acids in non-fermented (NF) and A. oryzae fermented (F) WDGS mixed  with T.
reesei-treated SH (WDGS/TR-SH), non-treated SH (WDGS/SH), and WDGS alone.

Amino acid WDGS/TR-SHa WDGS/SH WDGS

NF F NF F NF F

Asp 66.8 ± 1.8 72.8 ± 1.3 73.7 ± 0.6 85.4 ± 1.1 57.7 ± 0.5 74.4 ± 1.3
Glu  68.3 ± 3.7 74.5 ± 1.7 73.6 ± 0.3 83.2 ± 1.3 59.6 ± 0.2 74.0 ± 1.9
Ser  63.2 ± 3.2 64.1 ± 1.4 71.4 ± 0.4 76.8 ± 0.8 60.2 ± 0.5 71.3 ± 1.9
His  54.0 ± 3.8 56.9 ± 1.4 68.0 ± 1.5 73.2 ± 2.1 55.8 ± 1.4 67.7 ± 3.4
Gly  57.6 ± 2.3 57.7 ± 1.6 69.3 ± 1.0 73.4 ± 0.7 59.4 ± 0.3 69.7 ± 1.8
Thr 60.4 ± 3.1 66.0  ± 1.2 70.4  ± 0.7 78.8 ± 1.2 54.5 ± 0.6 70.6 ± 1.9
Arg 63.6  ± 1.5 47.0  ± 5.2 75.4 ± 1.7 68.6 ± 0.7 67.1 ± 1.1 62.0 ± 2.8
Ala 67.1 ± 3.0 57.6 ± 2.2 74.0 ± 0.8 72.4 ± 1.3 62.2 ± 0.1 66.7 ± 2.6
Tyr 65.3 ± 3.1 62.2 ± 2.2 75.1 ± 0.2 75.9 ± 1.5 64.6 ± 1.1 75.6 ± 3.4
Cys 50.1 ± 2.1 53.2 ± 1.7 65.2 ± 2.2 69.8 ± 0.7 47.5 ± 3.4 63.0 ± 3.4
Val 57.2 ± 2.9 60.0 ± 0.9 68.5 ± 0.6 73.7 ± 2.1 52.8 ± 0.6 66.9 ± 2.4
Met 70.4 ± 0.9 68.5 ± 2.7 77.9 ± 1.6 84.1 ± 3.1 61.9 ± 1.2 73.8 ± 4.7
Phe 66.5 ± 3.8 62.1 ± 1.5 73.6 ± 0.3 75.4 ± 1.5 61.4 ± 0.2 70.6 ± 2.4
Ile  62.9 ± 3.1 65.6 ± 1.2 71.1 ± 0.5 78.1 ± 1.3 57.2 ± 0.4 71.6 ± 2.0
Leu  64.3 ± 4.3 57.1 ± 2.0 71.7 ± 0.4 71.1 ± 2.3 57.2 ± 0.2 65.1 ± 3.6
Lys 60.7 ± 1.4 71.1 ± 1.1 73.2 ± 0.8 82.0 ± 1.6 62.2 ± 2.5 80.7 ± 1.7
Hyp 52.5 ± 2.1 63.9 ± 1.5 69.2 ± 2.4 82.5 ± 1.6 55.8 ± 1.3 77.6 ± 2.1
Total 63.6 ± 3.0 63.6 ± 0.7 72.2 ± 0.5 77.5 ± 1.2 59.0 ± 0.4 70.8 ± 2.0

All the values are represented as mean ± standard deviation.
a WDGS: wet distiller’s grain with solubles, SH: soybean hull.
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