
Kansas Agricultural Experiment Station Research Reports Kansas Agricultural Experiment Station Research Reports 

Volume 0 
Issue 10 Swine Day (1968-2014) Article 1062 

2004 

Effects of increasing extruded soy-protein concentrate on growth Effects of increasing extruded soy-protein concentrate on growth 

performance of nursery pigs performance of nursery pigs 

N A. Lenehan 

N Z. Frantz 

C N. Groesbeck 

See next page for additional authors 

This report is brought to you for free and open access by New 
Prairie Press. It has been accepted for inclusion in Kansas 
Agricultural Experiment Station Research Reports by an 
authorized administrator of New Prairie Press. Copyright 2004 
the Author(s). Contents of this publication may be freely 
reproduced for educational purposes. All other rights reserved. 
Brand names appearing in this publication are for product 
identification purposes only. No endorsement is intended, nor 
is criticism implied of similar products not mentioned. K-State 
Research and Extension is an equal opportunity provider and 
employer. 

Follow this and additional works at: https://newprairiepress.org/kaesrr 

 Part of the Other Animal Sciences Commons 

Recommended Citation Recommended Citation 
Lenehan, N A.; Frantz, N Z.; Groesbeck, C N.; Lawrence, K R.; Goodband, Robert D.; Tokach, Michael D.; 
DeRouchey, Joel M.; Nelssen, Jim L.; and Dritz, Steven S. (2004) "Effects of increasing extruded soy-
protein concentrate on growth performance of nursery pigs," Kansas Agricultural Experiment Station 
Research Reports: Vol. 0: Iss. 10. https://doi.org/10.4148/2378-5977.6902 

https://newprairiepress.org/kaesrr
https://newprairiepress.org/kaesrr/vol0
https://newprairiepress.org/kaesrr/vol0/iss10
https://newprairiepress.org/kaesrr/vol0/iss10/1062
https://newprairiepress.org/kaesrr?utm_source=newprairiepress.org%2Fkaesrr%2Fvol0%2Fiss10%2F1062&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/82?utm_source=newprairiepress.org%2Fkaesrr%2Fvol0%2Fiss10%2F1062&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.4148/2378-5977.6902


Effects of increasing extruded soy-protein concentrate on growth performance of Effects of increasing extruded soy-protein concentrate on growth performance of 
nursery pigs nursery pigs 

Authors Authors 
N A. Lenehan, N Z. Frantz, C N. Groesbeck, K R. Lawrence, Robert D. Goodband, Michael D. Tokach, Joel 
M. DeRouchey, Jim L. Nelssen, and Steven S. Dritz 

This research report is available in Kansas Agricultural Experiment Station Research Reports: 
https://newprairiepress.org/kaesrr/vol0/iss10/1062 

https://newprairiepress.org/kaesrr/vol0/iss10/1062


 64

Swine Day 2004 
 

EFFECTS OF INCREASING EXTRUDED SOY-PROTEIN CONCENTRATE ON 
GROWTH PERFORMANCE OF NURSERY PIGS1 

 
N. A. Lenehan, R. D. Goodband, M. D. Tokach, S. S. Dritz2, J. M. DeRouchey, 

J. L. Nelssen, N. Z. Frantz, C. N. Groesbeck, and K. R. Lawrence 
 
 

Summary 
 
 Two hundred and forty barrows and gilts 
(initially 13.0 lb and 18 ± 2 d of age at wean-
ing) were blocked by initial weight and were 
allotted randomly to one of five dietary treat-
ments. There were eight replications (pens) 
per treatment, with six pigs per pen. Pigs were 
fed experimental diets from d 0 to 14 after 
weaning that included a control diet contain-
ing 40% soybean meal and diets containing 
7.1, 14.3, 21.4, or 28.6% extruded soy-protein 
concentrate. From d 14 to 28, all pigs were fed 
a similar diet to determine if any carry-over 
effects existed from the treatment diets. 
 
 From d 0 to 14, ADG and ADFI increased 
(quadratic, P<0.06) as extruded soy protein 
concentrate increased from 7.1 to 21.4%, and 
then decreased similar to control values when 
28.6% extruded soy-protein concentrate was 
fed. Feed efficiency improved (linear, P<0.01) 
with increasing rates of extruded soy-protein 
concentrate in the diet. Overall (d 0 to 28), 
there were no differences observed for ADG 
or ADFI, but F/G improved (linear, P<0.01) as 
extruded soy-protein concentrate increased in 
the diet.  These results indicate that an inclu-
sion rate up to 21.4% of extruded soy-protein 
concentrate was optimal for nursery-pig per-
formance during the first two weeks post-
weaning.   

 
(Key Words:  Growth, Extruded Soy Protein 
Concentrate, Pigs, Weanling Pigs.) 
 

Introduction 
 
 Commercial diets for early weaned pigs 
currently contain relatively low concentrations 
of soybean meal. It has been suggested that 
the transient hypersensitivity response to beta-
conglycinin and conglycinin contained in soy-
bean meal limits its inclusion in starter diets. 
A greater inclusion of soy proteins may be 
possible without negatively affecting pig per-
formance because soy proteins are produced 
by different processing methods than those for 
soybean meal. Therefore, further-processed 
soy proteins such as extruded soy-protein con-
centrates may be alternatives to animal-based 
protein sources. Soy-protein concentrates are 
produced from defatted soy flakes. Soluble 
carbohydrates, primarily sucrose, raffinose, 
and stachyose, are removed from the defatted 
flakes. In previous trials (Swine Day 2003 
Report of Progress), we have observed that 
pigs fed greater than 14% extruded soy-
protein concentrate in diets immediately after 
weaning had decreased ADG compared with 
that of pigs fed soybean meal.  It seemed that 
high rates of extruded soy-protein concentrate 
(28%) as a complete replacement for soybean 
meal negatively affected feed intake.  There-

 
  
 
1The authors thank The Solae Co., Decatur, IL, for providing the Profine E used in this trial.  
2Food Animal Health and Management Center. 
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fore, this experiment was designed to follow 
up our previous studies and to determine the 
optimal concentration of extruded soy-protein 
concentrate (Profine E) in nursery-pig diets.  
 

Procedures 
 
 Two hundred and forty barrows and gilts 
(Line 327 sire × C42 dams; PIC; initially 13.0 
lb and 18 ± 2 d of age at weaning) were 
blocked by initial weight and were allotted 
randomly to one of five dietary treatments. 
There were eight replications (pens) per 
treatment, with six pigs per pen. The experi-
ment was conducted at the Kansas State Uni-
versity Swine Teaching and Research Center. 
Each pen (5 × 4 ft) had slatted metal flooring 
and contained a stainless steel self-feeder and 
one nipple waterer to allow ad libitum con-
sumption of feed and water.  
 
 Pigs were fed experimental diets from d 0 
to 14 after weaning that included a control diet 
containing 40% SBM and diets containing 7.1, 
14.3, 21.4, or 28.6% extruded soy-protein con-
centrate (Profine E; Table 1). From d 14 to 28, 
all pigs were fed the same phase 2 diet formu-
lated to contain 1.5% total lysine (Table 1). 
Diets were formulated to meet or exceed the 
nutrient requirements of pigs. Pigs and feeders 
were weighed every 7 d to determine ADG, 
ADFI, and feed efficiency (F/G). 
 
 Data were analyzed as a randomized com-
plete-block design with pen as the experimen-
tal unit. Pigs were blocked based on weaning 
weight, and analysis of variance was per-

formed by using the PROC MIXED procedure 
of SAS. Linear and quadratic polynomial con-
trasts were performed to determine the effects 
of increasing extruded soy-protein concen-
trate. 

Results 
 
 From d 0 to 14 post-weaning, an increase 
in ADG (quadratic, P<0.06) and ADFI (quad-
ratic, P < 0.04) was observed as extruded soy 
protein concentrate increased to 21.4% of the 
diet (Table 2). But both ADG and ADFI de-
creased to control values when pigs were fed 
28.6% extruded soy-protein concentrate. Feed 
efficiency improved (linear, P<0.01) as ex-
truded soy-protein concentrate increased to 
28.6%.  
 
 From d 14 to 28 post-weaning, when all 
pigs were fed the same phase 2 diet, there 
were no differences in ADG, ADFI, or F/G. 
Overall (d 0 to 28), there were no differences 
observed for ADG or ADFI. Feed efficiency 
improved (linear, P<0.01) as extruded soy-
protein concentrate increased to 28.6% of the 
diet.  
 
 Conclusions from this study, combined 
with the findings in the Swine Day 2003 Re-
port of Progress, indicate that nursery pigs can 
be fed as much as to 21.4% extruded soy pro-
tein concentrate post-weaning to maximize 
growth rate. Higher dietary rates have resulted 
in improved feed efficiency, but consistently 
reduced nursery-pig growth rate. 
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Table 1.  Diet Composition (As-fed Basis) 

 Extruded Soy-Protein Concentrate, %  
Ingredient, % 40% SBM 7.1 14.3 21.4 28.6 Phase 2
Corn 32.96 35.92 38.91 41.87 44.34 51.17
Soybean meal, 46.5% CP 40.00 29.90 19.75 9.65 --- 27.30
Soy oil 2.50 2.50 2.50 2.50 2.50 3.00
Extruded soy protein concentratea  --- 7.14 14.28 21.42 28.55 --- 
Spray dried whey 20.00 20.00 20.00 20.00 20.00 10.00
Monocalcium phosphate, 21% P 1.38 1.39 1.40 1.41 1.45 0.90
Limestone 0.93 0.93 0.94 0.95 0.98 0.60
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Vitamin premix 0.25 0.25 0.25 0.25 0.25 0.25
Trace mineral premix 0.15 0.15 0.15 0.15 0.15 0.15
Medicationb 1.00 1.00 1.00 1.00 1.00 1.00
Zinc oxide 0.38 0.38 0.38 0.38 0.38 0.25
L-lysine HCl 0.05 0.04 0.04 0.03 0.01 0.30
DL-methionine 0.10 0.10 0.10 0.09 0.09 0.15
L-threonine --- --- --- --- --- 0.13
Total 100.0 100.0 100.0 100.0 100.0 100.00
 
Calculated Analysis:      
   Total lysine, % 1.51 1.51 1.51 1.51 1.51 1.50
   Isoleucine:lysine ratio, % 72 73 74 75 77 61 
   Leucine:lysine ratio, % 133 135 137 139 142 121 
   Methionine:lysine ratio, % 30 30 30 30 30 34 
   Met & Cys:lysine ratio, % 57 57 57 58 57 58 
   Threonine:lysine ratio, % 65 66 67 68 70 65 
   Tryptophan:lysine ratio, % 21 20 20 19 19 17 
   Valine:lysine ratio, % 77 78 80 81 83 68 
   ME, kcal/lb 1,513 1,513 1,513 1,513 1,513 1,545 
   CP, % 23.8 24.0 24.2 24.4 24.7 21.1 
   Ca, % 0.90 0.90 0.89 0.89 0.90 0.81
   P, % 0.80 0.80 0.80 0.79 0.80 0.73
Lysine:calorie ratio, g/mcal 4.53 4.53 4.53 4.53 4.53 4.40
aProfine E.   
bProvided 55 mg/kg carbadox per ton of complete feed. 
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Table 2.  Effect of Increasing Extruded Soy-Protein Concentrate on Growth Performance 
of Weanling Pigsa 
 Extruded Soy-Protein Concentrate, %  Probability (P<) 
 
Item 

40% 
SBM 

 
7.1 

 
14.3 

 
21.4 

 
28.6 

 
SED 

 
Linear 

 
Quadratic 

Day 0 to 14         
   ADG, lb .72 .74 .78 .78 .72 0.03 0.81 0.06 
   ADFI, lb .80 .83 .83 .85 .73 0.51 0.33 0.04 
   F/G 1.09 1.11 1.04 1.08 1.00 0.02 0.01 0.28 
Day 14 to 28b        
   ADG, lb 1.39 1.36 1.35 1.36 1.39 0.03 0.93 0.15 
   ADFI, lb 1.87 1.81 1.83 1.87 1.82 0.50 0.76 0.74 
   F/G 1.33 1.33 1.35 1.36 1.30 0.02 0.74 0.25 
Day 0 to 28         
   ADG, lb 1.06 1.05 1.06 1.07 1.06 0.27 0.83 0.77 
   ADFI, lb 1.33 1.32 1.33 1.36 1.28 0.46 0.44 0.30 
   F/G 1.20 1.20 1.18 1.20 1.14 0.01 0.01 0.15 
aA total of 240 pigs (average BW of 13.0 lb), with six pigs per pen and eight pens per treatment 
with experimental diets fed for 14 d. 
bAll pigs were fed a common phase 2 diet from d 14 to 28. 
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