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Summary

Background:	fermented soybean meal (FSBM) by virtue of its method of processing has lost some anti-
nutritional factors such as some oligosaccharides and antigens. Therefore, it is possible to include FSBM in 
weanling pig diets to replace fish meal (FM), chicken meal (CM), or poultry by-product meal (PBM). Objective: 
three experiments were conducted to test the hypothesis that FSBM may replace FM, CM, or PBM in diets 
fed to weanling pigs. Methods: in Experiment 1, a total of 192 pigs (initial BW: 6.88 kg) were randomly 
allotted to 4 dietary treatments: negative control (NC) and positive control (PC) without or with FM and 
protein plasma; low level of FSBM replacing FM, and high level of FSBM replacing FM and protein plasma. 
In Experiment 2, a total of 175 pigs (initial BW: 6.86 kg) were randomly allotted to 5 dietary treatments, which 
were similar as Experiment 1 but with 3 levels of FSBM. In Experiment 3, 175 pigs (initial BW: 6.97 kg) were 
allotted to 5 dietary treatments: NC, FM diet, chicken meal (CM) diet, poultry by-product meal (PBM) diet, 
and FSBM diet. Results: the final BW of the pigs in each experiment was not different among treatments, 
except for Experiment 2 in which adding high level of FSBM reduced final BW (p<0.05). Likewise, the G:F 
(feed conversion efficiency) for the overall experiment were not different among treatments in Experiments 1 
and 2. However, in Experiment 3, G:F was greater (p<0.05) for pigs fed FM diet than for pigs fed other diets, 
but G:F was not different among pigs fed CM, PBM, or FSBM diet. Conclusions: fermented soybean meal 
may replace FM, CM, or PBM in diets fed to pigs during 4 week post-weaning period without affecting pig 
growth performance.

Keywords: anti-nutritional factors, fermented grains, growth, growth performance, protein sources, 
swine nutrition.
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Resumen

Antecedentes: la harina de soya fermentada (FSBM) debido a su método de procesamiento  pierde algunos 
de los factores anti-nutricionales como son los oligosacáridos y antígenos. Por lo tanto, es posible incluir FSBM 
en dietas a cerdos post-destetados reemplazando harina de pescado (FM), harina de pollo (CM) o harina de 
sub-productos de pollo (PBM). Objetivo: tres experimentos fueron conducidos para probar la hipótesis de 
que FSBM podría reemplazar FM, CM o PBM en dietas de cerdos destetados. Métodos: en el Experimento 1, 
un total de 192 cerdos (peso inicial BW: 6,88 kg) fueron aleatoriamente asignados a 4 tratamientos dietarios: 
control negativo (NC) y control positivo (PC), sin o con FM y plasma proteica, bajo nivel de FSBM en 
reemplazo de FM y alto nivel de FSBM  reemplazo FM y plasma proteica. En el Experimento 2, un total de 
175 cerdos (peso inicial BW: 6,86 kg) fueron asignados a 5 tratamientos dietarios, los cuales fueron similares 
al  Experimento 1 pero con 3 niveles de FSBM. En el Experimento 3 un total de 175 cerdos (peso inicial BW: 
6,97 kg) fueron asignados a los siguiente tratamientos dietarios: NC, FSBM, CM, PBM y FSBM. Resultados: 
el peso final de los cerdos en cada uno de los experimentos no fue diferente entre los tratamientos, excepto en el 
Experimento 2 en el cual la adición de altos niveles de FSBM redujeron el peso final (p<0.05). Así mismo, 
la eficiencia alimenticia de todo el experimento no fue diferente entre los tratamientos en los Experimentos 1 
y 2. Sin embargo, en el Experimento 3, la conversión alimenticia fue mayor (p<0.01) en cerdos alimentados 
con dietas con FM comparado con cerdos alimentados con los otros tratamientos, pero no fue diferente entre 
cerdos alimentados con CM, PBM o FSBM. Conclusiones: la harina de soya fermentada podría reemplazar 
FM, CM o PBM en dietas de cerdos durante 4 semanas post-desdete sin afectar el desempeño de crecimiento.

Palabras clave: crecimiento, factores anti-nutricionales, fuentes de proteína, granos fermentados, nutrición 
porcina, rendimiento productivo. 

Resumo

Antecedentes: o processo de obtenção da soja integral fermentada (FSBM) resulta em perda de alguns 
fatores anti nutricionais como oligossacarídeos e antígenos. Consequentemente, é possivel incluir FSBM em 
dietas de leitões recém-desmamados em substituição a farinha de peixe (FM), farinha de vísceras de frango 
(CM), ou farinha de vísceras e ossos de frango (PBM). Objetivo: três experimentos foram conduzidos para 
avaliar se FSBM pode ser usada para substituir FM, CM e PBM em dietas de leitões desmamados. Métodos: 
em Experimento 1 um total de 192 leitões (peso inicial: 6.88kg) foram randomizados em 4 dietas tratamento: 
1) controle negativo (CN); 2) controle positivo (CP) com ou sem farinha de peixe e farinha de sangue; 3) nível 
baixo de FSBM substituindo FM e 4) nível alto de FSBM substituindo FM e farinha de sangue. Em Experimento 
2, um total de 175 leitões (peso inicial: 6.86 kg) foram randomizados em 5 dietas tratamento similares ao 
Experimento 1 mas com 3 níveis de FSBM. Em Experimento 3, 175 leitões (peso inicial: 6.86 kgs) foram 
randomizados em 5 dietas tratamento: NC, FM, CM, PBM e FSBM. Resultados: não houve diferença no peso 
final dos leitões entre os diferentes tratamentos, exceto por Experimento 2 onde a adição níveis alto de FSBM 
reduziu o peso final (p<0.05). Também, a conversão alimentar em geral não foi diferente entre os tratamentos 
em Experimento 1 e 2. Entretanto, em Experimento 3, a conversão alimentar foi maior (p<0.05) em leitões que 
consumiram farinha de peixe comparado com leitões que consumiram as outras dietas, mas não foi diferente 
entre leitões que consumiram dietas com CM, PBM ou FSBM. Conclusões: soja integral fermentada podem 
ser usadas para substituir FM, CM e PBM em dietas fornecidas a leitões durante o periodo de 4 semanas pós 
desmame sem afetar o desempenho de crescimento dos animais.         

Palavras chave: crescimento, desempenho de crescimento, fatores anti-nutricionais, fontes de proteína, 
grãos fermentados, nutricao suína.  

Introduction

Use of conventional soybean meal (SBM-CV) 
as the sole source of AA in weanling pig diets is 
not recommended because SBM-CV contains anti-
nutritional factors such as oligosaccharides and antigens 
(Li et al., 1991; Jezierny et al., 2010). Antigens may 
produce transient hypersensitivity in the small intestine, 

which affects the digestion and absorption of nutrients 
(Li et al., 1991). The oligosaccharides cannot be digested 
by pigs (Li et al., 1991) because pigs cannot secrete 
α-galactosidase, which is the enzyme that breaks down 
the glycocidic bonds in oligossacharides (Karr-Lilienthal 
et al., 2005). Therefore, oligosaccharides in diets fed 
to weanling pigs result in diarrhea (Liying et al., 2003; 
Karr-Lilienthal et al., 2005). 
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Instead of SBM-CV, animal proteins such as fish 
meal FM, chicken meal (CM), and poultry by-product 
meal (PBM) are usually used as AA sources in diets 
for weanling pigs because these ingredients have a 
high digestibility of nutrients and are free of anti-
nutritional factors (Kim and Easter, 2001; Pierce et 
al., 2005). However, production of fermented soybean 
meal (FSBM) was recently initiated in the US. During 
fermentation, most of the oligosaccharides and the 
antigens are removed (Cervantes-Pahm and Stein, 
2010), and it is, therefore, believed that FSBM is 
tolerated by weanling pigs. The digestibility of P, AA, 
and energy in US-produced FSBM has been reported 
(Rojas and Stein, 2012; 2013).

Between 3 and 9% of FSBM may be used in 
weanling pig diets to replace dried skim milk powder 
and protein plasma (Kim et al., 2010), and 1.5 to 
3.75% of FSBM in combination with dried porcine 
soluble may replace FM in diets fed to pigs from d 
7 to 21 post-weaning (Jones et al., 2010). However, 
it is not known if FSBM can replace CM and PBM 
and there are no data on inclusion of more than 10% 
FSBM in diets fed to weanling pigs. There are also 
no data on effects of replacing FM, CM, or PBM by 
FSBM during the initial 7 d post-weaning. Therefore, 
the objectives of these experiments were to test the 
hypothesis that FSBM can replace all animal proteins 
in diets fed to weanling pigs during the initial 28 d 
post-weaning. 

Materials and methods

Ethical considerations

Three experiments were conducted at the University 
of Illinois at Urbana-Champaign, and the Institutional 
Animal Care and Use Committee at the University of 
Illinois reviewed and approved the protocols for all 
experiments on March 22, 2010. 

Experimental population

Pigs used in the experiments were the offspring of 
G-performer boars mated to F-25 gilts (Genetiporc, 
Alexandria, MN, United States. Pigs were weaned at 
approximately 21 d of age. Ingredients used in the 
experiments included FSBM, SBM-CV, FM, whey 

powder, protein plasma, CM, and PBM (Table 1). 
The FSBM (PepSoyGen®; Nutra Ferma Sioux City, 
SD, United States) and is produced by fermentation 
of SBM in the presence of Aspergillus oryzae and 
Lactobacillus subtilis. The SBM-CV that was used 
was sourced locally (Solae, Gibson City, IL, United 
States). The FM was prepared from menhaden fish 
(Menhaden Select, Omega Protein, Houston, TX, 
United States). The CM and PBM were prepared from 
rendered parts of chickens (The Scoular Company, 
Minneapolis, MN, United States).

In all 3 experiments, pigs were allotted in a ration 
of 2 gilts and 3 barrows per pen except in Experiment 
1 that contained 2 gilts and 4 barrows. Pigs were 
housed in 1.2x1.4 m pens that have fully slatted floors. 
A feeder and a nipple drinker were provided in each 
pen. Feed and water were provided on an ad libitum 
basis throughout the experiment. 

Corn was the only source of cereal grain that was 
included in all diets used in the 3 experiments. In 
Experiment 1, diets were formulated to contain 1.35 
and 1.25% standardized ileal digestible Lys in phase 
1 and 2, respectively. In Experiments 2 and 3, diets 
were formulated to contain 1.40, 1.35, and 1.25% 
standardized ileal digestible Lys in phase 1, 2, and 
3, respectively. Values published by Rojas and Stein 
(2012; 2013) for standardized ileal digestibility (SID) 
of crude protein (CP) and AA in FSBM were used to 
formulated diets for Experiments 1, 2, and 3. All diets 
were formulated to meet or exceed current nutrient 
requirements (NRC, 1998).

Experiment 1: fermented soybean meal in phase 
1 and 2 diets

Experiment 1 was designed to test the hypothesis 
that FSBM can replace FM in phase 1 and phase 
2 diets fed to weanling pigs during the initial 26 d 
post-weaning without negatively impacting growth 
performance. A total of 192 weaned pigs with an 
average initial BW of 6.88 ± 2.48 kg were used. On 
the day of weaning, pigs were randomly allotted to 
4 dietary treatments in a randomized complete block 
design. Phase 1 diets were fed for 14 d and phase 2 
diets were provided during the following 12 d. There 
were 6 pigs per pen and 8 replicate pens per treatment. 
Four phase 1 diets were formulated (Tables 2 and 3). 



25 

Rev	Colomb	Cienc	Pecu	2015;	28:22-41

Rojas OJ and Stein HH. Fermented soybean meal for weanling pigs

Table 1. Analyzed nutrient composition of fermented soybean meal (FSBM), conventional soybean meal (SBM-CV), fish meal (FM), protein 
plasma (PP), chicken meal (CM), poultry by-product meal (PBM), whey powder, and corn as-fed basis.

Ingredient

Item1 FSBM SBM-CV FM PP CM PBM
Whey

powder
Corn

GE, kcal/kg 4,328 4,283 4,337 4,620 4,907 5,226 3,593 3,924

Ash, % 7.06 5.70 20.20 8.06 14.19 11.33 7.29 1.26

DM, % 92.97 90.69 93.70 89.57 96.80 94.80 84.15 89.11

CP, % 52.96 44.93 61.47 73.14 66.04 62.25 13.53 7.61

ADF, % 5.37 6.15 - - - - - 2.29

NDF, % 8.30 9.51 - - - - - 8.98

P, % 0.81 0.62 3.09 1.31 2.43 1.87 0.65 0.27

Ca, % 0.36 0.35 5.23 0.11 4.43 2.69 0.42 0.02

AEE, % 1.4 1.4 10.17 0.32 11.03 14.29 0.84 4.08

Indispensable, AA %

Arg 3.53 3.12 3.69 4.23 4.05 4.05 0.26 0.37

His 1.37 1.18 1.47 2.56 1.25 1.32 0.21 0.21

Ile 2.44 2.01 2.53 2.35 2.43 2.35 0.65 0.24

Leu 4.05 3.35 4.37 7.36 4.27 4.25 1.11 0.75

Lys 3.24 2.75 4.85 6.64 3.49 3.96 0.93 0.27

Met 0.70 0.57 1.66 0.71 1.09 1.26 0.15 0.15

Phe 2.71 2.26 2.45 4.17 2.42 2.41 0.35 0.33

Thr 1.96 1.65 2.45 4.24 2.27 2.37 0.68 0.26

Trp 0.74 0.67 0.66 1.40 0.58 0.60 0.23 0.07

Val 2.61 2.11 2.96 5.04 3.15 2.92 0.62 0.33

Dispensable, AA %

Ala 2.24 1.86 3.81 4.03 3.78 3.92 0.52 0.48

Asp 5.58 4.65 5.38 7.06 4.67 4.84 1.09 0.45

Cys 0.68 0.59 0.48 2.07 0.96 0.59 0.22 0.15

Glu 8.95 7.60 7.90 10.14 7.56 7.68 1.81 1.17

Gly 2.22 1.86 4.43 2.63 5.56 5.63 0.21 0.30

Pro 2.40 2.25 2.83 4.29 4.06 3.52 0.59 0.55

Ser 2.22 1.84 2.07 4.23 2.65 2.38 0.43 0.30

Tyr 1.96 1.65 2.00 3.72 1.92 2.08 0.26 0.23

Total AA 49.60 41.97 55.99 76.87 56.16 56.13 10.32 6.61

1GE = gross energy; DM = Dry matter; CP = Crude protein; ADF = Acid detergent fiber; NDF = Neutral detergent fiber; P = Phosphorus; Ca = Calcium; AEE 
= Acid hydrolyzed ether extract; Arg = Arginine; His = Histidine; Ile = Isoleucine; Leu = Leucine; Lys = Lysine;  Met = Methionine; Phe = Phenylalanine; Thr 
= Threonine; Trp = Tryptophan; Val = Valine; Ala = Alanine; Asp = Aspactic acid; Cys = Cystine; Glu = Glutamic acid; Gly = Glycine; Pro = Proline; Ser = 
Serine; Tyr = Tyrosine.  
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Table 2. Ingredient composition of experimental diets, as-fed basis, Experiment 1.

                                                                         Diet

Phase 1 Phase 2

Item Positive 
control

Negative 
control

FSBM1    
Low

FSBM1   
High

Positive 
control

Negative 
control

FSBM1     
Low

FSBM1    
High

Ingredient, %

Corn 50.57 45.16 47.81 40.61 55.16 59.25 52.45 55.43

FSBM1 - - 10.00 19.00 - - 9.00 11.00

Whey powder 15.00 15.00 15.00 15.00 5.00 - 5.00 -

Soybean meal, 48% CP 18.00 34.00 17.00 19.75 28.00 35.00 28.00 28.00

Fish meal 8.00 - - - 8.00 - - -

Protein plasma 3.50 - 3.50 - - - - -

Soybean oil 3.10 2.55 3.45 2.75 2.35 2.50 2.65 2.55

Ground limestone 0.35 0.75 1.00 0.95 0.35 0.75 0.95 0.95

Dicalcium phosphate 0.30 1.10 0.95 0.80 0.10 1.15 0.80 0.95

L-lysine HCL 0.19 0.32 0.29 0.19 0.07 0.26 0.17 0.15

DL-methionine 0.16 0.21 0.17 0.14 0.14 0.21 0.16 0.16

L-threonine 0.13 0.21 0.13 0.11 0.13 0.18 0.12 0.11

Sodium chloride 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

Vitamin-mineral premix2 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

1FSBM = fermented soybean meal.
2Provided the following quantities of vitamins and micro minerals per kilogram of complete diet: Vitamin A as retinyl acetate, 11,128 IU; vitamin D3 as 
cholecalciferol, 2,204 IU; vitamin E as DL-alpha tocopheryl acetate, 66 IU; vitamin K as menadione nicotinamide bisulfite, 1.42 mg; thiamin as thiamine 
mononitrate, 0.24 mg; riboflavin, 6.58 mg; pyridoxine as pyridoxine hydrochloride, 0.24 mg; vitamin B12, 0.03 mg; D-pantothenic acid as D-calcium pantothenate, 
23.5 mg; niacin as nicotinamide and nicotinic acid, 44 mg; folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 125 mg as iron sulfate; I, 1.26 
mg as potassium iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 mg as sodium selenite; and Zn, 100 mg as zinc oxide.

The positive control diet contained 8% FM, 15% 
whey powder, and 3.5% protein plasma, but in the 
negative control diet, fish meal and protein plasma 
were replaced by corn and SBM-CV. Two additional 
diets in which FSBM replaced FM (FSBM-Low) 
or FM and protein plasma (FSBM-High) were also 
formulated. In the phase 2 diets the positive control 
diet contained 8% FM and 5% whey powder, but FM 

and whey powder were replaced by corn and SBM-
CV in the negative control diet, and FSBM replaced 
FM or FM and whey powder in the FSBM-Low and 
the FSBM-High diets, respectively.

Diets and ingredients were analyzed for gross 
energy (GE) using bomb calorimetry (Model 6300 
Parr Instruments, Moline, IL, United States), DM 
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Table 3. Analyzed nutrient composition of experimental diets, as-fed basis, Experiment 1.

                                                                          Diet 

                                Phase 1                              Phase 2

Item2 Positive 
control

Negative 
control

FSBM1    
Low

FSBM1       
High

Positive 
control

Negative 
control

FSBM1        
Low

FSBM1       
High

GE, kcal/kg 4,113 4,048 4,092 4,091 4,100 4,065 4,091 4,107

DM, % 90.27 90.40 89.63 90.58 89.39 89.89 89.98 90.52

CP, % 22.70 24.72 22.53 25.79 24.29 24.18 24.20 25.67

ADF, % 2.31 2.68 2.50 3.00 2.73 2.91 3.07 3.21

NDF, % 8.32 7.98 7.20 6.83 8.81 8.57 8.41 8.39

P, % 0.71 0.67 0.64 0.63 0.61 0.58 0.59 0.59

Ca, % 0.81 0.82 0.81 0.82 0.81 0.74 0.75 0.77

Indispensable, AA %

Arg 1.30 1.45 1.29 1.51 1.40 1.38 1.54 1.49

His 0.57 0.59 0.57 0.61 0.57 0.56 0.62 0.60

Ile 0.89 0.98 0.88 1.00 0.93 0.89 0.99 0.99

Leu 1.84 1.87 1.83 1.96 1.83 1.76 1.95 1.89

Lys 1.58 1.62 1.53 1.59 1.39 1.40 1.46 1.40

Met 0.51 0.50 0.42 0.45 0.50 0.53 0.44 0.48

Phe 0.99 1.11 1.05 1.12 1.03 1.06 1.18 1.15

Thr 1.04 1.12 1.00 1.10 0.96 0.97 0.99 0.95

Trp 0.30 0.31 0.31 0.32 0.28 0.27 0.30 0.30

Val 1.09 1.06 1.05 1.09 1.05 0.97 1.08 1.09

1FSBM = fermented soybean meal. 
2GE = gross energy; DM = Dry matter; CP = Crude protein; ADF = Acid detergent fiber; NDF = Neutral detergent fiber; P = Phosphorus; Ca = Calcium; Arg 
= Arginine; His = Histidine; Ile = Isoleucine; Leu = Leucine; Lys = Lysine;  Met = Methionine; Phe = Phenylalanine; Thr = Threonine; Trp = Tryptophan; Val = 
Valine; Ala = Alanine; Asp = Aspactic acid; Cys = Cystine; Glu = Glutamic acid; Gly = Glycine; Pro = Proline; Ser = Serine; Tyr = Tyrosine.  

(method 930.15; AOAC Int., 2007), CP by combustion 
(method 999.03; AOAC Int., 2007) using a Rapid N 
cube (Elementar Americas Inc, Mt Laurel, NJ, United 
States), ADF (method 973.18; AOAC Int., 2007), 
and NDF (Holst, 1973). Ash (method 975.03; AOAC 
Int., 2007) was also analyzed in the ingredients. 

Phosphorus and Ca were analyzed in all diets and 
ingredients by the inductively coupled plasma 
spectroscopy procedure (method 975.03; AOAC 
Int., 2007) after wet ash sample preparation (method 
975.03; AOAC Int., 2007). Total fat concentration was 
measured in ingredients by acid hydrolysis using 3N 
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HCl (Sanderson, 1986) followed by crude fat extraction 
using petroleum ether (method 2003.06, AOAC Int., 
2007) on a Soxtec 2050 automated analyzer (FOSS 
North America, Eden Prairie, MN, United States), and 
AA were analyzed in all samples of diets and ingredients 
(method 982.30 E [a, b, c]; AOAC Int., 2007). All diets 
and ingredients were ground through a 1 mm screen in 
a Wiley mill (Model 4; Thomas Scientific, Swedesboro, 
NJ, United States) before analysis. All samples were 
analyzed in duplicate. 

Individual pig BW was recorded at the start of 
the experiment, on 14 d and at the conclusion of the 
experiment. Daily feed allotments were recorded as 
well and feed left in the feeders was recorded on the 
same days as pigs were weighed. At the conclusion 
of the experiment, data were summarized to calculate 
average daily gain (ADG), average daily feed intake 
(ADFI), and feed conversion efficiency (G:F) for 
each pen and treatment group. Data were analyzed 
using the Mixed Procedure (SAS Institute Inc., Cary, 
NC, United States). Homogeneity of the variances 
among treatments was confirmed using the Univariate 
procedure and this procedure was also used to identify 
outliers, but no outliers were observed. 

Statistical analysis

The statistical model for analysis of ADG, ADFI, 
G:F, and pH included diet as fixed effect and BW 
block as random effect. The least square means 
(LSM) statement was used to calculate treatment 
means and the PDIFF option was used to separate 
means if differences were detected. The pen was the 

experimental unit for all calculations and α-level of 
p≤0.05 and p≤0.10 were used to assess significance 
and tendency, respectively, among means. 

Experiment 2: fermented soybean meal in phases 
1, 2, and 3 diets

Experiment 2 was designed to test the hypothesis 
that FSBM can replace FM, whey powder, and protein 
plasma in phase 1, 2, and phase 3 diets fed to weanling 
pigs without negatively impacting growth performance. 
A total of 175 pigs with an initial BW of 6.86 ± 2.86 kg 
were used. On the day of weaning, pigs were randomly 
allotted to 5 dietary treatments. Phase 1, 2, and 3 diets 
were fed for 7, 7, and 14 d post-weaning, respectively. 
There were 5 pigs per pen and 7 replicate pens per 
treatment. Five phase 1 diets and 5 phase 2 diets were 
formulated (Tables 4 and 5). The positive control diets 
contained FM, whey powder, and protein plasma. In the 
negative control diets, all whey powder, FM, and protein 
plasma were replaced by corn and SBM-CV. Three 
additional diets in which FSBM replaced FM (FSBM-
Low), FM, and protein plasma (FSBM-Medium), or 
FM, protein plasma, and whey powder (FSBM-High), 
respectively, were also formulated within each phase. 
In phase 3 diets (Tables 6 and 7), the positive control 
diet contained FM and whey powder, whereas those 
ingredients were not included in the negative control diet. 
The FSBM replaced FM in the diet fed to FSBM-Low 
and FSBM-Medium treatments, but FSBM replaced 
both FM and whey powder in the diet fed to FSBM-High 
pigs. All diets and ingredients were ground as explained 
for Experiment 1 before chemical analysis and analyzed 
as described for Experiment 1.

Table 4. Ingredient composition of experimental phase 1 and phase 2 diets, as-fed basis, Experiment 2.

Diet

 Phase 1   Phase 2

Item Positive 
control

Negative 
control

FSBM1  
Low

FSBM1 

Medium
FSBM1  
High

Positive 
control

Negative 
control

FSBM1  
Low

FSBM1  
Medium

FSBM1  
High

Ingredient. %

Corn 47.35 54.8 44.07 39.07 56.05 54.68 54.99 51.42 48.84 55.66

FSBM1 - - 9.00 20.00 22.00 - - 9.00 15.00 18.00

Whey powder 20.00 - 20.00 20.00 - 10.00 - 10.00 10.00 -

Continues
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Diet

 Phase 1   Phase 2

Item Positive 
control

Negative 
control

FSBM1  
Low

FSBM1 

Medium
FSBM1  
High

Positive 
control

Negative 
control

FSBM1  
Low

FSBM1  
Medium

FSBM1  
High

Soybean meal, 48% CP 15.00 40.00 15.00 15.00 15.00 20.00 40.00 20.00 20.00 20.00

Fish meal 7.00 - - - - 7.00 - - - -

Protein plasma 6.00 - 6.00 - - 3.50 - 3.50 - -

Soybean oil 3.00 1.70 3.15 3.00 3.15 2.75 1.60 2.88 2.85 2.74

Ground limestone 0.47 0.57 1.00 0.95 0.90 0.35 0.54 0.88 0.85 0.83

Dicalcium phosphate 0.12 1.60 0.67 0.65 1.36 0.55 1.65 1.12 1.10 1.43

L-lysine HCl 0.16 0.27 0.22 0.33 0.41 0.19 0.21 0.25 0.33 0.30

DL-methionine 0.12 0.20 0.13 0.15 0.23 0.15 0.17 0.15 0.17 0.19

L-threonine 0.07 0.16 0.06 0.15 0.20 0.12 0.14 0.10 0.16 0.15

L-tryptophan 0.01 - - - - 0.01 - - - -

Sodium chloride 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

Vitamin-mineral premix2 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

1FSBM = fermented soybean meal.
2Provide the following quantities of vitamins and micro minerals per kilogram of complete diet: Vitamin A as retinyl acetate, 11,128 IU; vitamin D3 as cholecalciferol, 
2,204 IU; vitamin E as DL-alpha tocopheryl acetate, 66 IU; vitamin K as menadione nicotinamide bisulfite, 1.42 mg; thiamin as thiamine mononitrate, 0.24 
mg; riboflavin, 6.58 mg; pyridoxine as pyridoxine hydrochloride, 0.24 mg; vitamin B12, 0.03 mg; D-pantothenic acid as D-calcium pantothenate, 23.5 mg; 
niacin as nicotinamide and nicotinic acid, 44 mg; folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 125 mg as iron sulfate; I, 1.26 mg as 
potassium iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 mg as sodium selenite; and Zn, 100 mg as zinc oxide.

Table 5. Analyzed nutrient composition of experimental phase 1 and phase 2 diets, as-fed basis, Experiment 2.

Diet

                 Phase 1                    Phase 2

Item2 Positive 
control 

Negative 
control

FSBM1 

Low
FSBM1  
Medium

FSBM1  

High
Positive 
control 

Negative 
control

FSBM1 

Low
FSBM1  

Medium
FSBM1  
High

GE, kcal/kg 4,104 4,049 4,074 4,095 4,121 4,114 4,041 4,087 4,077 4,093

DM, % 89.38 90.28 89.85 90.56 90.96 90.40 90.40 90.37 91.01 90.85

CP, % 23.56 24.40 23.32 25.26 24.62 23.92 24.44 23.75 23.56 24.09

ADF, % 1.80 3.48 2.38 2.87 3.33 2.51 3.55 2.79 3.32 3.45

NDF, % 6.75 8.33 5.02 5.78 8.21 7.44 9.07 7.73 8.11 8.80

Table 4. Continued

Continues
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Diet

                 Phase 1                    Phase 2

Item2 Positive 
control 

Negative 
control

FSBM1 

Low
FSBM1  
Medium

FSBM1  

High
Positive 
control 

Negative 
control

FSBM1 

Low
FSBM1  

Medium
FSBM1  
High

P, % 0.63 0.71 0.59 0.63 0.68 0.69 0.72 0.63 0.64 0.69

Ca, % 0.76 0.80 0.78 0.82 0.85 0.81 0.80 0.78 0.75 0.82

Indispensable, AA %

Arg 1.25 1.59 1.27 1.33 1.40 1.31 1.53 1.31 1.44 1.55

His 0.58 0.63 0.58 0.56 0.58 0.58 0.61 0.57 0.59 0.62

Ile 0.90 1.04 0.93 1.00 0.95 0.90 0.96 0.91 1.00 1.01

Leu 1.93 1.95 1.93 1.82 1.80 1.84 1.86 1.85 1.88 1.93

Lys 1.67 1.55 1.64 1.63 1.54 1.59 1.49 1.48 1.59 1.58

Met 0.47 0.47 0.41 0.45 0.51 0.50 0.51 0.43 0.46 0.49

Phe 1.02 1.19 1.06 1.06 1.08 0.99 1.14 1.06 1.11 1.15

Thr 1.06 0.98 1.01 1.00 0.99 1.01 0.99 0.95 0.98 1.00

Trp 0.32 0.29 0.32 0.31 0.28 0.30 0.29 0.30 0.32 0.30

Val 1.16 1.14 1.17 1.08 1.06 1.12 1.06 1.08 1.09 1.12

1FSBM = fermented soybean meal.
2GE = gross energy; DM = Dry matter; CP = Crude protein; ADF = Acid detergent fiber; NDF = Neutral detergent fiber; P = Phosphorus; Ca = Calcium; Arg 
= Arginine; His = Histidine; Ile = Isoleucine; Leu = Leucine; Lys = Lysine;  Met = Methionine; Phe = Phenylalanine; Thr = Threonine; Trp = Tryptophan; Val = 
Valine; Ala = Alanine; Asp = Aspactic acid; Cys = Cystine; Glu = Glutamic acid; Gly = Glycine; Pro = Proline; Ser = Serine; Tyr = Tyrosine.  

Table 6. Ingredient composition of experimental phase 3 diets, as-fed basis, Experiment 2.

Diet
Item Positive control Negative control FSBM1  Low FSBM1  

Medium FSBM1  High

Ingredient, %

Corn 54.25 58.43 51.01 51.01 57.78

FSBM1 - - 9.00 9.00 12.00

Whey powder 10.00 - 10.00 10.00 -

Soybean meal, 48% CP 25.00 37.00 25.00 25.00 25.00

Fish meal 7.00 - - - -

Protein plasma - - - - -

Table 5. Continued

Continues
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Diet
Item Positive control Negative control FSBM1  Low FSBM1  

Medium FSBM1  High

Soybean oil 2.14 1.58 2.27 2.27 2.18

Ground limestone 0.42 0.77 0.95 0.95 0.97

Dicalcium phosphate 0.09 1.10 0.63 0.63 0.94

L-lysine HCL 0.16 0.17 0.21 0.21 0.19

DL-methionine 0.12 0.14 0.12 0.12 0.14

L-threonine 0.12 0.11 0.11 0.11 0.10

L-tryptophan - - - - -

Sodium chloride 0.40 0.40 0.40 0.40 0.40

Vitamin-mineral premix2 0.30 0.30 0.30 0.30 0.30

Total 100.00 100.00 100.00 100.00 100.00

1FSBM = fermented soybean meal.
2Provide the following quantities of vitamins and micro minerals per kilogram of complete diet: Vitamin A as retinyl acetate, 11,128 IU; vitamin D3 as cholecalciferol, 
2,204 IU; vitamin E as DL-alpha tocopheryl acetate, 66 IU; vitamin K as menadione nicotinamide bisulfite, 1.42 mg; thiamin as thiamine mononitrate, 0.24 mg; 
riboflavin, 6.58 mg; pyridoxine as pyridoxine hydrochloride, 0.24 mg; vitamin B12, 0.03 mg; D-pantothenic acid as D-calcium pantothenate, 23.5 mg; niacin as 
nicotinamide and nicotinic acid, 44 mg; folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 125 mg as iron sulfate; I, 1.26 mg as potassium 
iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 mg as sodium selenite; and Zn, 100 mg as zinc oxide. 

Table 7. Analyzed nutrient composition of experimental phase 3 diets, as-fed basis, Experiment 2.

Diet

Item2
Positive control Negative control FSBM1 Low FSBM1 

Medium FSBM1 High

GE, kcal/kg 4,046 3,993 4,047 4,047 4,040

DM, % 89.83 89.80 89.97 90.17 90.32

CP, % 22.56 24.46 23.98 24.03 24.82

ADF, % 2.98 3.20 3.18 2.99 3.19

NDF, % 8.26 7.24 6.81 6.95 9.22

P, % 0.60 0.60 0.56 0.55 0.61

Ca, % 0.73 0.79 0.72 0.77 0.83

Indispensable, AA %

Arg 1.29 1.44 1.35 1.34 1.43

His 0.53 0.58 0.55 0.55 0.58

Table 6. Continued

Continues
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Diet

Item2
Positive control Negative control FSBM1 Low FSBM1 

Medium FSBM1 High

Ile 0.85 0.90 0.93 0.91 0.92

Leu 1.75 1.79 1.77 1.75 1.80

Lys 1.38 1.36 1.38 1.38 1.40

Met 0.45 0.44 0.40 0.40 0.45

Phe 0.95 1.08 1.04 1.03 1.09

Thr 0.92 0.90 0.90 0.92 0.92

Trp 0.27 0.28 0.29 0.29 0.28

Val 0.95 0.99 1.02 1.00 1.02

1FSBM = fermented soybean meal. 
2GE = gross energy; DM = Dry matter; CP = Crude protein; ADF = Acid detergent fiber; NDF = Neutral detergent fiber; P = Phosphorus; Ca = Calcium; Arg 
= Arginine; His = Histidine; Ile = Isoleucine; Leu = Leucine; Lys = Lysine;  Met = Methionine; Phe = Phenylalanine; Thr = Threonine; Trp = Tryptophan; Val = 
Valine; Ala = Alanine; Asp = Aspactic acid; Cys = Cystine; Glu = Glutamic acid; Gly = Glycine; Pro = Proline; Ser = Serine; Tyr = Tyrosine.  

Individual pig BW was recorded at the start of 
the experiment and on d 7, 14, and 28 post-weaning. 
Daily feed allotments were recorded as described for 
Experiment 1 and data were summarized and analyzed 
as described for Experiment 1.

Experiment 3: fermented soybean meal, chicken 
meal, or poultry by-product meal in phase 1, 2, and 
3 diets.

Experiment 3 was designed to test the hypothesis 
that FSBM can replace CM, PBM, or FM in phase 1, 
2, and 3 diets fed to weanling pigs without negatively 
impacting growth performance. A total of 175 pigs 
with an initial BW of 6.97 ± 2.1 kg were used. On 
the day of weaning, pigs were randomly allotted to 
5 treatment groups that were fed a 3 phase feeding 
program as explained for Experiment 2. There were 5 
pigs per pen and 7 replicate pens per treatment. Five 
phase 1 diets were formulated (Tables 8 and 9).

Table 8. Ingredient composition of experimental phase 1 diets, as-fed basis, Experiment 3.

Diet

Phase 1

Item Positive control Negative control CM1 PBM FSBM

Ingredient, %

Corn 48.30 46.13 46.22 46.22 44.86

Soybean meal, 48% CP 21.00 30.00 21.00 21.00 21.00

Fish meal 8.00 - - - -

Chicken meal - - 9.00 - -

Table 7. Continued

Continues
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Diet

Phase 1

Item Positive control Negative control CM1 PBM FSBM

Poultry by-product meal - - - 9.00 -

FSBM - - - - 10.00

Whey powder 15.00 15.00 15.00 15.00 15.00

Protein plasma 3.00 3.00 3.00 3.00 3.00

Soybean oil 3.00 2.82 3.69 3.69 3.16

Ground limestone 0.30 0.75 0.54 0.54 0.88

Dicalcium phosphate 0.25 1.05 0.25 0.25 0.90

L-lysine HCL 0.18 0.27 0.27 0.27 0.25

DL-methionine 0.14 0.16 0.18 0.18 0.15

L-threonine 0.12 0.12 0.13 0.13 0.10

L-tryptophan 0.01 - 0.02 0.02 -

Sodium chloride 0.40 0.40 0.40 0.40 0.40

Vitamin-mineral premix2 0.30 0.30 0.30 0.30 0.30

Total 100.00 100.00 100.00 100.00 100.00

1CM = chicken meal; PBM = poultry by-product meal; FSBM = fermented soybean meal.
2Provide the following quantities of vitamins and micro minerals per kilogram of complete diet: Vitamin A as retinyl acetate, 11,128 IU; vitamin D3 as cholecalciferol, 
2,204 IU; vitamin E as DL-alpha tocopheryl acetate, 66 IU; vitamin K as menadione nicotinamide bisulfite, 1.42 mg; thiamin as thiamine mononitrate, 0.24 mg; 
riboflavin, 6.58 mg; pyridoxine as pyridoxine hydrochloride, 0.24 mg; vitamin B12, 0.03 mg; D-pantothenic acid as D-calcium pantothenate, 23.5 mg; niacin as 
nicotinamide and nicotinic acid, 44 mg; folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 125 mg as iron sulfate; I, 1.26 mg as potassium 
iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 mg as sodium selenite; and Zn, 100 mg as zinc oxide.

Table 9. Analyzed nutrient composition of experimental phase 1 diets, as-fed basis, Experiment 3.

Diet

Phase 1

Item2 Positive control Negative control CM1    PBM1   FSBM1 

GE, kcal/kg 4,110 3,997 4,182 4,246 4,067

DM, % 90.00 89.53 90.24 89.34 88.71

CP, % 23.97 20.60 25.78 24.74 23.96

Table 8. Continued

Continues
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Diet

Phase 1

Item2 Positive control Negative control CM1    PBM1   FSBM1 

ADF, % 2.39 2.46 2.43 2.53 2.78

NDF, % 6.83 6.34 7.70 8.29 6.37

P, % 0.75 0.69 0.73 0.61 0.67

Ca, % 0.92 0.93 0.95 0.72 0.83

Indispensable, AA %

Arg 1.44 1.19 1.45 1.40 1.42

His 0.62 0.52 0.59 0.57 0.60

Ile 0.99 0.81 0.96 0.91 0.97

Leu 1.99 1.66 1.94 1.86 1.91

Lys 1.74 1.43 1.66 1.63 1.60

Met 0.52 0.40 0.47 0.48 0.45

Phe 1.12 0.94 1.05 1.01 1.08

Thr 1.09 0.93 1.09 1.01 1.03

Trp 0.31 0.28 0.32 0.33 0.32

Val 1.19 0.97 1.17 1.11 1.13

1CM = chicken meal; PBM = poultry by-product meal; FSBM = fermented soybean meal. 
2GE = gross energy; DM = Dry matter; CP = Crude protein; ADF = Acid detergent fiber; NDF = Neutral detergent fiber; P = Phosphorus; Ca = Calcium; Arg 
= Arginine; His = Histidine; Ile = Isoleucine; Leu = Leucine; Lys = Lysine;  Met = Methionine; Phe = Phenylalanine; Thr = Threonine; Trp = Tryptophan; Val = 
Valine; Ala = Alanine; Asp = Aspactic acid; Cys = Cystine; Glu = Glutamic acid; Gly = Glycine; Pro = Proline; Ser = Serine; Tyr = Tyrosine.  

Three of these diets contained FM, CM, or PBM, 
and 15% whey powder and 3% protein plasma, but the 
negative control diet did not contain any ingredients 
of animal origin. The last diet was formulated by 
using 10% FSBM in addition to whey powder and 
protein plasma, but no FM, CM, or PBM. Phase 2 
and phase 3 diets were formulated as the phase 1 diets 
with the exception that no protein plasma was used 

in these diets and whey powder was included by only 
10 and 5% in phase 2 and phase 3 diets, respectively 
(Tables 10 and 11). All diets and ingredients were 
ground and analyzed as explained for Experiment 1. 
Individual pig BW and daily feed allotments were 
also recorded as described for Experiment 2, and 
data were summarized and analyzed as described for 
Experiment 1.

Table 9. Continued
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Table 10. Ingredient composition of experimental phase 2 and phase 3 diets, as-fed basis, Experiment 3.

Diet

Phase 2 Phase 3

Item Positive 
control

Negative 
control CM1 PBM1 FSBM1 Positive 

control
Negative 
control CM1 PBM1 FSBM1

Ingredient, %

Corn 52.16 49.98 50.58 50.58 48.7 55.76 53.31 54.20 54.20 52.95

Soybean meal, 48% CP 25.00 34.00 25.00 25.00 25.00 30.00 37.00 30.00 30.00 30.00

Fish meal 8.00 - - - - 5.00 - - - -

Chicken meal - - 9.00 - - - - 6.00 - -

Poultry by-product meal - - - 9.00 - - - - 6.00 -

FSBM1 - - - - 10.00 - - - - 7.00

Whey powder 10.00 10.00 10.00 10.00 10.00 5.00 5.00 5.00 5.00 5.00

Protein plasma - - - - - - - - - -

Soybean oil 2.85 2.67 3.32 3.32 3.02 2.24 1.95 2.64 2.64 2.29

Ground limestone 0.21 0.66 0.47 0.47 0.8 0.52 0.79 0.65 0.65 0.91

Dicalcium phosphate 0.48 1.28 0.42 0.42 1.13 0.43 0.90 0.39 0.39 0.80

L-lysine HCL 0.24 0.33 0.22 0.22 0.32 0.13 0.14 0.17 0.17 0.15

DL-methionine 0.17 0.19 0.16 0.16 0.17 0.12 0.12 0.14 0.14 0.11

L-threonine 0.17 0.18 0.12 0.12 0.16 0.10 0.09 0.11 0.11 0.09

L-tryptophan 0.02 0.01 0.01 0.01 - - - - - -

Sodium chloride 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

Vitamin-mineral premix2 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

1CM = chicken meal; PBM = poultry by-product meal; FSBM = fermented soybean meal.
2Provide the following quantities of vitamins and micro minerals per kilogram of complete diet: Vitamin A as retinyl acetate, 11,128 IU; vitamin D3 as cholecalciferol, 
2,204 IU; vitamin E as DL-alpha tocopheryl acetate, 66 IU; vitamin K as menadione nicotinamide bisulfite, 1.42 mg; thiamin as thiamine mononitrate, 0.24 mg; 
riboflavin, 6.58 mg; pyridoxine as pyridoxine hydrochloride, 0.24 mg; vitamin B12, 0.03 mg; D-pantothenic acid as D-calcium pantothenate, 23.5 mg; niacin as 
nicotinamide and nicotinic acid, 44 mg; folic acid, 1.58 mg; biotin, 0.44 mg; Cu, 10 mg as copper sulfate; Fe, 125 mg as iron sulfate; I, 1.26 mg as potassium 
iodate; Mn, 60 mg as manganese sulfate; Se, 0.3 mg as sodium selenite; and Zn, 100 mg as zinc oxide.
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Table 11. Analyzed nutrient composition of experimental phase 2 and phase 3 diets, as-fed basis, Experiment 3.

Diet

               Phase 1                   Phase 2

Item2 Positive 
control

Negative 
control CM1    PBM1   FSBM1 Positive 

control
Negative 
control CM1    PBM1   FSBM1 

GE, kcal/kg 4,078 4,030 4,139 4,213 4,043 4,029 4,005 4,09 4,110 4,072

DM, % 88.56 88.98 89.50 90.66 90.09 89.51 88.93 89.6 88.99 89.47

CP, % 24.32 24.34 26.67 25.18 25.10 23.98 24.01 25.1 25.53 25.79

ADF, % 2.74 3.12 2.84 3.14 3.31 2.65 3.07 2.95 2.39 2.90

NDF, % 8.69 6.99 8.64 9.60 6.88 8.17 7.71 8.67 8.12 6.70

P, % 0.72 0.70 0.71 0.65 0.71 0.60 0.58 0.61 0.55 0.57

Ca, % 0.82 0.71 0.89 0.69 0.84 0.75 0.62 0.80 0.68 0.72

Indispensable, AA %

Arg 1.42 1.53 1.56 1.55 1.58 1.44 1.63 1.47 1.54 1.40

His 0.58 0.61 0.59 0.60 0.63 0.59 0.65 0.58 0.61 0.57

Ile 0.97 0.98 1.04 1.01 1.06 0.98 1.10 0.99 1.01 0.97

Leu 1.84 1.91 1.92 1.91 1.96 1.85 2.05 1.85 1.94 1.79

Lys 1.48 1.56 1.54 1.57 1.57 1.46 1.52 1.42 1.52 1.36

Met 0.48 0.46 0.53 0.53 0.42 0.47 0.45 0.45 0.53 0.41

Phe 1.03 1.11 1.09 1.09 1.16 1.06 1.21 1.06 1.10 1.04

Thr 0.96 1.03 1.02 1.00 1.00 0.94 0.96 0.92 0.99 0.88

Trp 0.29 0.30 0.31 0.32 0.34 0.28 0.31 0.29 0.30 0.29

Val 1.08 1.07 1.18 1.14 1.16 1.10 1.22 1.12 1.14 1.07

1CM = chicken meal; PBM = poultry by-product meal; FSBM = fermented soybean meal. 
2GE = gross energy; DM = Dry matter; CP = Crude protein; ADF = Acid detergent fiber; NDF = Neutral detergent fiber; P = Phosphorus; Ca = Calcium; Arg = Arginine; 
His = Histidine; Ile = Isoleucine; Leu = Leucine; Lys = Lysine;  Met = Methionine; Phe = Phenylalanine; Thr = Threonine; Trp = Tryptophan; Val = Valine; Ala = Alanine; 
Asp = Aspactic acid; Cys = Cystine; Glu = Glutamic acid; Gly = Glycine; Pro = Proline; Ser = Serine; Tyr = Tyrosine.  

Results 

Experiment 1: fermented soybean meal in phase 
1 and 2

The initial and final BW was not different among 
treatments (Table 12). However, the BW at the end 

of phase 1 was greater (p<0.05) in pigs fed the PC or 
FSBM-Low diets than for pigs fed the FSBM-High 
diet, but no difference was observed between pigs fed 
the FSBM-High or the NC diets. The ADG in phase 1 
was greater (p<0.05) for pigs fed the FSBM-Low diet 
than for pigs fed the NC or FSBM-High diets, but no 
difference was observed between pigs fed the NC and 
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the FSBM-High diets. However, during phase 2 and for 
the overall experiment, ADG was not different among 
treatments. The ADFI was not different during phase 1, 
phase 2, or the overall experiment among diets. The G:F 

ratio was not different among treatments during phase 
1 or for the overall experiment, but the G:F ratio during 
phase 2 was less (p<0.01) for pigs fed the FSBM-Low 
diet than for pigs fed PC or FSBM-High diets. 

Table 12. Growth performance of nursery pigs fed experimental diets, Experiment 11.

 Item3 Positive 
control

Negative 
control

FSBM2      
Low

FSBM2      
High SEM p-value

BW, kg

Day 0 6.97 6.93 6.99 6.99 0.349 0.22

Day 14 9.54a 9.46ab 9.74a 9.15b 0.388 0.01

Day 26 14.90 14.42 14.38 14.09 0.573 0.27

ADG, g/d

Day 0 - 14 184ab 165b 197a 154b 10.71 0.04

Day 14 - 26 446 414 387 412 21.02 0.18

Day 0 - 26 305 278 284 273 12.58 0.33

ADFI, g/d

Day 0 - 14 260 254 276 236 12.64 0.08

Day 14 - 26 655 647 644 625 25.24 0.75

Day 0 - 26 442 433 446 416 17.42 0.42

G:F

Day 0 - 14 0.71 0.65 0.72 0.66 0.04 0.26

Day 14 - 26 0.68a 0.64ab 0.60b 0.66a 0.01 0.01

Day 0 - 26 0.69 0.64 0.64 0.66 0.02 0.14

a-bMeans within a row lacking a common superscript letter are different (p<0.05).
1Each least squares mean represents 8 pens of 6 pigs/pen.
2FSBM = fermented soybean meal. 
3BW = Body weight; ADG = average daily gain; ADFI = average daily feed intake; G:F = feed conversion ratio.  

Experiment 2: fermented soybean meal in phase 
1, 2, and 3 diets

The initial BW was not different among treatments 
(Table 13), but the BW at the end of phase 1 was 
greater (p<0.05) for pigs fed the PC or FSBM-Low 

diets than for pigs fed the NC, FSBM-Medium, or 
FSBM-High diets. Pigs fed the FSBM-High diet had 
less (p<0.05) BW than pigs fed the PC and FSBM-
Low diets at the end of each phase, but the BW for 
pigs fed the FSBM-Medium diet was not different 
from that of pigs on any of the other treatments. The 
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ADG during phase 1 was greater (p<0.05) for pigs fed 
the PC or FSBM-Low diets than for pigs fed the other 
diets, but during phase 2 and phase 3, ADG was not 
different among treatments. However, ADG for the 
overall experiment was greater (p<0.05) for pigs fed 
the PC diets than for pigs fed the NC or the FSBM-
High diets, but there was no difference among pigs fed 
PC, FSBM-Low, or FSBM-Medium diets. The ADFI 
during phase 1 was greater (p<0.05) for pigs fed PC 
or FSBM-Low diets than for pigs fed the other diets, 

but for phase 2, phase 3, and the overall experimental 
period, no difference among treatments were observed 
for ADFI. The G:F ratio during phase 1 was not different 
among pigs fed the PC or FSBM-Low diets. However, 
pigs fed the NC, FSBM-Medium, and FSBM-High 
diets had negative values for G:F, and, therefore, these 
treatments were not included in the statistical analysis 
for G:F during phase 1. The G:F was not different among 
diets fed to pigs during phase 2, phase 3, or for the overall 
experimental period.

Table 13. Growth performance of nursery pigs fed experimental diets, Experiment 21.

Item3 Positive 
control

Negative 
control

FSBM2    
Low

FSBM2 
Medium FSBM2 High SEM p-value

BW, kg

Day 0 7.08 7.04 7.07 7.10 7.13 0.42 0.35

Day 7 7.44a 6.94bc 7.41a 7.14b 6.86c 0.41 < 0.01

Day 14 9.09a 8.44bc 8.84ab 8.53abc 7.97c 0.43 < 0.01

Day 28 16.34a 14.99bc 15.94ab 15.37abc 14.43c 0.61 < 0.01

ADG, g/d

Day 0 - 7 51a -16bc 50a 4b -37c 11.50 < 0.01

Day 7 - 14 232 214 205 200 158 23.29 0.27

Day 14 - 28 521 467 465 489 461 24.90 0.26

Day 0 - 28 331a 282b 292ab 295ab 260b 16.60 0.05

ADFI, g/d

Day 0 - 7 126a 88b 127a 93b 67b 10.20 < 0.01

Day 7 - 14 301 282 285 282 234 19.70 0.20

Day 14 - 28 724 668 722 681 646 29.49 0.14

Day 0 - 28 469 427 455 434 398 20.81 0.11

G:F

Day 0 - 7 0.29 - 0.41 - - 0.15 0.56

Day 7 - 14 0.78 0.75 0.69 0.70 0.67 0.06 0.75

Day 14 - 28 0.72 0.70 0.64 0.72 0.71 0.02 0.08

Day 0 - 28 0.71 0.67 0.63 0.68 0.66 0.20 0.14

a-cMeans within a row lacking a common superscript letter are different (p<0.05).
1Each least squares mean represents 7 pens of 5 pigs/pen.
2FSBM = fermented soybean meal.
3BW = Body weight; ADG = average daily gain; ADFI = average daily feed intake; G:F = feed conversion ratio.
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Experiment 3: fermented soybean meal, chicken 
meal, or poultry by-product meal in phase 1, 2, and 
3 diets 

The initial BW was not different among treatments 
(Table 14). Likewise, the BW at the end of phase 1 
and 3 were not different among treatments. However, 
the BW at the end of phase 2 was less (p<0.05) for 
pigs fed the NC diet than for pigs fed the other diets. 
The ADG during phase 1, phase 3, and overall period 
were not different among treatments. However, during 

phase 2, ADG was less (p<0.05) for pigs fed the NC 
diet than for pigs fed the other diets, but no differences 
were observed among the other diets. The ADFI for all 
phases and for the overall experiment was not different 
among diets. The G:F ratio was not different among 
treatments during phase 1 and phase 3. However, G:F 
was less (p<0.05) during phase 2 for pigs fed the NC 
diet than for pigs fed the other diets, but no differences 
among the other diets were observed. The G:F ratio for 
the overall experiment was greater (p<0.05) for pigs fed 
the PC diets than for pigs fed the other diets.

Table 14. Growth performance of nursery pigs fed experimental diets, Experiment 31.

Item5 Positive 
control

Negative 
control CM2 PBM3 FSBM4 SEM p-value

BW, kg

Day 0 7.06 7.09 7.07 7.10 7.05 0.34 0.53

Day 7 7.49 7.41 7.41 7.38 7.33 0.36 0.68

Day 14 9.12a 8.34b 8.94a 9.05a 8.87a 0.41 < 0.01

Day 28 17.49 16.16 16.62 16.65 16.36 0.73 0.08

ADG, g/d

Day 0 - 7 61 45 49 40 40 10.47 0.59

Day 7 - 14 233a 132b 217a 239a 220a 14.17 < 0.01

Day 14 - 28 598 559 549 543 535 26.08 0.16

Day 0 - 28 372 324 341 341 333 16.04 0.07

ADFI, g/d

Day 0 - 7 135 124 133 119 114 8.69 0.31

Day 7 - 14 308 275 297 315 300 18.96 0.44

Day 14 - 28 791 744 759 762 749 41.27 0.86

Day 0 - 28 506 471 487 490 478 26.09 0.80

G:F

Day 0 - 7 0.44 0.34 0.34 0.32 0.34 0.06 0.69

Day 7 - 14 0.75a 0.48b 0.73a 0.76a 0.73a 0.03 < 0.01

Day 14 - 28 0.76 0.75 0.72 0.71 0.71 0.02 0.13

Day 0 - 28 0.74a 0.69b 0.70b 0.70b 0.70b 0.01 0.03

a-bMeans within a row lacking a common superscript letter are different (p<0.05).
1Each least squares mean represents 7 pens of 5 pigs/pen.
2CM= chicken meal.
3PBM= poultry by-product meal.
4FSBM= fermented soybean meal.
5BW = Body weight; ADG = average daily gain; ADFI = average daily feed intake; G:F = feed conversion ratio.
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Discussion 

In Experiment 1, pigs fed either low or high levels 
of FSBM in the diets had a BW at the end of the 
experiment that was not different from that of pigs 
fed the positive control diet. This observation is in 
agreement with Jones et al. (2010), who reported that 
fish meal may be replaced by 6% FSBM in a diet fed 
from 7 d to 28 d post-weaning. The FSBM-High diet 
was formulated to replace FM and protein plasma by 
FSBM, and results indicated that high levels of FSBM 
may replace FM. The fact that ADG during phase 1 
was greater for pigs fed the FSBM-Low diet than for 
pigs fed the NC and FSBM-High diets indicate that 
FSBM can replace FM and SBM-CV in diets fed to 
weanling pigs, but it cannot replace whey powder 
or plasma protein. The reason for this observation is 
most likely that whey powder provides both lactose 
and AA to the diet, but no lactose is provided by 
FSBM (NRC, 2012). Weanling pigs easily digest 
lactose and inclusion of 15 to 30% lactose during the 
initial weeks post-weaning usually results in improved 
performance (Mahan et al., 1993; Tang et al., 1999; 
Mahan et al., 2004; Kim et al., 2010). Protein plasma 
is an ingredient that is used not only to supply AA to 
the diet; it also contains immunoglobulins that may 
enhance the immune system of newly weaned pigs, 
which may result in a reduction in post-weaning 
diarrhea (Van Dijk et al., 2001). It is, therefore, likely 
that when FSBM replaced whey powder and protein 
plasma, pigs did not get sufficient quantities of lactose 
and immunoglobulins, which was the reason for the 
reduction in performance for the FSBM fed pigs.  

During the first week post-weaning pigs experience 
many changes (Pluske et al., 1997) and usually pigs 
during this phase have low ADG and ADFI. Therefore, 
the main objective during the first week post-weaning 
is to avoid loss of BW and to stimulate feed intake. In 
the second experiment, results indicated that FSBM 
may replace FM without negatively impacting pig 
growth performance. In agreement with the results 
of Experiment 1, it was not possible to replace whey 
powder and protein plasma during the first week post-
weaning without negatively impacting pig growth 
performance. However, the fact that ADG and ADFI 
were not different among treatments in the second 
week post-weaning indicates that FSBM may replace 
whey powder in diets after 1 week post-weaning. The 

reason for this observation is most likely that lactase 
activity in the small intestine starts decreasing at 3 
d after weaning and continues to decrease as pigs 
get older (Tang et al., 1999). Kim et al. (2007) and 
Jones et al. (2010) reported that increasing levels of 
FSBM improved G:F and ADG. However, results 
from Experiments 1 and 2 indicated that increasing the 
concentration of FSBM beyond 9 and 15% during the 
first and the second week post-weaning, respectively, 
tend to decrease ADFI, ADG, and G:F. 

Overall, the results of Experiments 1 and 2 
indicated that whey powder and protein plasma 
improved growth performance of weanling pigs and 
that these ingredients cannot be replaced by FSBM. 
In Experiment 3, therefore, the inclusions of whey 
powder and protein plasma were kept constant among 
treatments and only effects of replacing FM, CM, and 
PBM with FSBM were evaluated. As was the case 
in Experiments 1 and 2, it was possible to replace 
FM with FSBM without impacting ADG and ADFI, 
but unlike the situation in Experiments 1 and 2, 
G:F was slightly less for pigs fed FSBM compared 
with pigs fed FM. We do not have an explanation 
for this observation. It was previously reported that 
CM and PBM may replace FM during the first 28 d 
after weaning (Keegan et al., 2004; Zier et al., 2004). 
However, Keegan et al. (2004) reported that pigs fed 
CM with high levels of ash had a reduction in G:F 
compared with pigs fed CM with low levels of ash. 
In the present experiment, we only had one source 
of CM, and the ash value was close to the ash value 
reported by Keegan et al. (2004) for CM with low 
levels of ash. Likewise, the ash in PBM used in this 
experiment is close to the value of ash for CM with 
high ash reported by Keegan et al. (2004). We did not 
observe any difference in ADG, ADFI, or G:F between 
CM and PBM. However, the fact that the final BW 
at the end of the experiment was not different among 
treatments indicates that FSBM can replace not only 
FM, but also CM and PBM in diets fed to weanling 
pigs. We are not aware of any previous data that have 
demonstrated this effect.  

In conclusion, FSBM may replace FM, CM, and 
PBM in diets fed to pigs during the initial 28 d post-
weaning without affecting pig growth performance 
except that G:F may be reduced. However, FSBM cannot 
replace protein plasma and whey powder during the first 
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week after weaning without negatively impacting pig 
growth performance, but during the second and third 
week after weaning, it is possible to use FSBM rather 
than protein plasma and whey powder.
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