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INTRODUCTION

Spray-dried animal plasma (SDP) is a highly di-
gestible protein (Almeida et al., 2013) obtained from 
industrial fractionation of abattoir blood collected from 
healthy swine or cattle and spray-dried to preserve most 

of its biological activity (Pérez-Bosque et al., 2016). 
Both porcine (SDPP) and bovine (SDBP) origin SDP 
used in diets for pigs has demonstrated beneficial ef-
fects on post-weaning growth, feed intake and feed 
efficiency compared to other protein sources, even if 
diets did or did not contain growth-promoting antimi-
crobials (Torrallardona, 2010). Limited information 
has been published about alternatives to SDP includ-
ing: activated porcine plasma (APP), which is sub-
jected to proprietary processing conditions to reduce 
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ABSTRACT: Two experiments were done to compare 
growth performance of pigs weaned at 21 ± 2 d of age that 
were housed in unsanitary pens and fed non-medicated 
diets containing alternative proteins versus spray-dried 
porcine (SDPP; Exp. 1) or bovine (SDBP; Exp. 2) plas-
ma. Experiment 1 used 360 pigs fed 1 of 6 experimental 
diets from d 0 to 15, followed by a common diet fed to all 
pigs from d 15 to 28 post-weaning with 11 pens of 5 or 6 
pigs/pen allotted per treatment. Experimental diets were 
based on 8.04% soy protein concentrate (SPC) as the 
control protein or a similar diet with either 2.50 or 5.00% 
SDPP or 0.17, 0.33, or 1.00% activated porcine plasma 
(APP) replacing SPC on an equal Lys basis. Experiment 
2 used 300 pigs that were fed 1 of 6 experimental diets 
from d 0 to 14 post-weaning with 10 pens of 4 to 6 pigs/
pen allotted per diet. Experiment 2 diets were based on 
8.04% SPC as the control protein source or similar diets 
with the following specialty proteins replacing SPC on 
an equal Lys basis: 0.40% APP; 10.66% enzymatically 
hydrolyzed soy and yeast protein (EHSY); a combina-
tion (CB) of 6.36% EHSY, 0.40% APP, and 2.50% fish 
meal; 0.44% spray-dried whole egg from hyper-immu-
nized hens (IEGG); or 5.00% SDBP. Results of Exp. 

1 indicated pigs fed SDPP diets had greater (P < 0.05) 
ADG and ADFI at d 7 and 15 compared with pigs fed 
SPC or APP diets. Gain:feed at d 7 was higher (P < 0.05) 
for pigs fed diets with SDPP compared with other diets. 
Average BW at d 7 was greater (P < 0.05) for pigs fed 
diets with SDPP compared to other diets and pigs fed the 
5.00% SDPP diet had greater BW at d 15 compared to 
diets without SDPP. At d 28 BW was greater (P < 0.05) 
for pigs fed the 2.50% SDPP diet compared with pigs fed 
diets with SPC, 0.33% APP, or 1.00% APP. Performance 
of pigs fed the SPC diet did not differ from APP diets 
at any period of the study. In Exp. 2, pigs fed the SDBP 
diet had greater (P < 0.05) BW, ADG, and ADFI at d 7 
and 14 compared with pigs fed the other diets. Gain:feed 
did not differ significantly among diets. Average daily 
gain and ADFI of pigs did not differ among diets that 
did not contain SDBP. In conclusion, during the initial 2 
wk post-weaning, pigs housed in unsanitary pens and fed 
non-medicated diets with APP in Exp. 1, or APP, EHSY, 
CB, or IEGG in Exp. 2 had equivalent performance to 
pigs fed SPC; however, performance of pigs fed diets 
with the alternatives was not equivalent to diets contain-
ing SDPP in Exp. 1 or SDBP in Exp. 2.
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inherent anti-nutritional factors and enhance bioactivity 
of the proteins; spray-dried whole egg product (IEGG) 
derived from hens strategically vaccinated against vari-
ous strains of Escherichia coli, Lawsonia intracellularis, 
rotavirus, coronavirus, Clostridia sp., and Salmonella sp., 
to produce specific immunoglobulin Y (IgY)  antibodies 
against these pathogens; and soy and yeast protein sub-
jected to enzyme hydrolysis (EHSY) to reduce inherent 
anti-nutritional factors and improve digestibility.

The percentage improvement in growth response of 
weaned pigs fed diets with SDP compared to diets with-
out SDP is greater if pigs are housed in unsanitary versus 
sanitary conditions (Coffey and Cromwell, 1995; Zhao 
et al., 2007). Housing weaned pigs in unsanitary condi-
tions can be used in feeding studies to differentiate the 
potential growth-enhancing effects of various specialty 
proteins used in diets. Two experiments were designed 
with the objective to compare growth of pigs housed in 
unsanitary conditions and fed non-medicated diets with 
different levels of APP or SDPP in Exp. 1 and diets with 
APP, EHSY, IEGG, or a combination of APP, EHSY, and 
fish meal compared to SDBP in Exp. 2. The hypothesis 
for both experiments was that growth of weaned pigs 
housed in unsanitary conditions and fed non-medicated 
diets containing these specialty proteins is equivalent to 
that of pigs fed diets containing either SDPP or SDBP.

MATERIALS AND METHODS

Animal care and use protocols for both experiments 
were reviewed and approved by the Institutional Animal 
Care and Use Committee at the University of Illinois.

Animals and Housing

Reduced growth performance of pigs housed in an 
unsanitary environment compared to a sanitary environ-
ment has been reported (Zhao et al., 2007; Berrocoso et 
al., 2015; Montagne et al., 2015). For both experiments, 
pens were not cleaned and sanitized after the most re-
cent housing of pigs. Unsanitary pens were used as an 
attempt to increase post-weaning stress on pigs so that 
potential bioactivity of the studied specialty proteins 
on pig growth could be better differentiated when com-
pared to soy protein concentrate (SPC) as a negative 
control specialty protein and SDPP or SDBP as the re-
spective positive control specialty protein used in Exp. 
1 and 2. Also, during both experiments, antimicrobials 
in feed, medications and electrolytes in drinking water, 
and individual pig medications were not used to ex-
clude potential confounding effects of these factors on 
animal performance response to dietary treatments.

The 2 experiments were conducted using 21 ± 2 
d old pigs that were the offspring of Line 359 males 

mated to C-46 females (PIC, Hendersonville, TN). In 
each experiment, pigs were weaned in 2 groups at 
2-wk intervals and placed in 2 environmentally con-
trolled and ventilated nursery rooms; 1 with 32 pens 
and the other with 40 pens. Each pen in both rooms 
was 1.2 × 1.4 m with slatted floors, and each pen 
was equipped with a single sided feeder and a nipple 
drinker. Pigs in both experiments were identified by 
ear tags, and within each weaning group, pigs were 
allotted to pens by initial BW groups. Sex within pens 
was balanced within each replicate. Dietary treatments 
were randomly assigned to pens within weaning group 
and initial BW groups. Pigs were provided ad libitum 
access to feed and water throughout both experiments.

In Exp. 1, pigs were fed 1 of 6 experimental phase 1 
diets from d 0 to 15 post-weaning, followed by a com-
mon phase 2 diet fed to all pigs from d 15 to 28. The ini-
tial weaning group used 30 pens with 5 pens per treat-
ment and 6 pigs per pen. The second weaning group 
used 36 pens with 6 pens per treatment and 5 pigs per 
pen. There were 11 pens with 60 pigs per experimental 
diet for the 2 weaning groups (360 pigs total). Pigs were 
weighed individually and average pig weight and feed 
intake per pen were recorded on d 0, 7, 15, 21, and 28 
post-weaning and the experiment ended on d 28.

In Exp. 2, pigs were fed 1 of 6 experimental phase 
1 diets from d 0 to 14 post-weaning. The initial weaning 
group used 30 pens with 5 pens/treatment and 6 pigs/pen. 
The second weaning group used 30 pens with 5 pens of 4 
pigs/pen per treatment. There were 10 pens with 50 pigs 
per experimental diet for the 2 weaning groups (300 pigs 
total). Pigs were weighed individually and average pig 
weight and feed intake per pen were recorded on d 0, 7, 
and 14 and the experiment ended on d 14.

Experimental Diets

Experimental diets for Exp.1 were based on corn, a 
fixed amount of soybean meal and dried whey powder, 
and 8.04% SPC as a control protein source (Table 1). 
Two diets in which 2.50 or 5.00% SDPP replaced SPC 
on an equal Lys basis and 3 diets in which 0.17, 0.33, or 
1.00% APP replaced SPC on an equal Lys basis were also 
formulated. Inclusion of 0.17 or 0.33% APP represented 
a 1/15th replacement of 2.50 and 5.00% SDPP in the for-
mula, respectively, and 1.00% APP represented a 1/5th 
replacement of 5.00% SDPP in the formula. These levels 
of APP were evaluated based on information provided 
in the supplier brochure at the time of the study (May, 
2013), which suggested that APP should be used at 1/5th 
to 1/15th of the dietary inclusion level of SDPP based on 
results of unpublished feeding studies. All experimental 
phase 1 diets used in Exp. 1 were formulated to an equal 
Lys (1.60%) and ME (3,410 kcal/kg) content, were non-
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medicated, and fed during the initial 15 d post-weaning. 
All pigs were fed a common diet from d 15 to 28 post-
weaning and all diets were in a mash form.

Experimental diets for Exp. 2 were based on corn, a 
fixed amount of soybean meal and dried whey powder, 
and either SPC as a negative control protein source, or di-
ets in which 8.04% SPC was fully or partially replaced on 
an equal Lys basis by 0.4% APP; 10.66% EHSY; a com-
bination (CB) of 6.36% EHSY, 0.4% APP, and 2.50% fish 
meal; 0.44% IEGG, or 5.00% SDBP (Table 2). Porcine 

or bovine origin SDP are available for use in swine feed 
in some countries. Spray-dried bovine plasma was used 
as a positive control diet in Exp. 2, because to the authors’ 
knowledge no past studies have been published specifi-
cally comparing SDBP to APP or the other specialty pro-
teins used in this experiment. Dietary inclusion levels of 
0.4% APP and 0.44% IEGG were used based on supplier 
recommendations at the time of the study (March, 2015). 
All experimental diets used in Exp. 2 were formulated to 
an equal Lys (1.60%) and ME (3,410 kcal/kg) content, 

Table 1. Ingredient and calculated nutrient composition of experimental diets used in Exp. 1 (as-fed basis)

 
Item

Phase 1 experimental diets1  
Phase 2SPC 2.50% SDPP 5.00% SDPP 0.17% APP 0.33% APP 1.00% APP

Ingredient, %
Corn 42.42 43.82 45.21 42.40 42.42 42.40 51.25
Soybean meal, 47% 25.00 25.00 25.00 25.00 25.00 25.00 34.46
Dried whey 20.00 20.00 20.00 20.00 20.00 20.00 10.00
Soy protein concentrate 8.04 4.02 0.00 7.83 7.61 6.76 0.00
Spray-dried porcine plasma 0.00 2.50 5.00 0.00 0.00 0.00 0.00
Activated porcine plasma 0.00 0.00 0.00 0.17 0.33 1.00 0.00
Soybean oil 1.50 1.65 1.80 1.56 1.60 1.80 1.30
Limestone 0.51 0.61 0.72 0.52 0.52 0.55 0.76
Di-calcium phosphate 1.61 1.50 1.36 1.60 1.60 1.57 1.41
Salt 0.10 0.10 0.10 0.10 0.10 0.10 0.20
Premix2 0.30 0.30 0.30 0.30 0.30 0.30 0.30
L-lysine, HCl 0.28 0.27 0.27 0.28 0.28 0.28 0.18
DL-methionine 0.14 0.15 0.17 0.14 0.14 0.14 0.09
L-threonine 0.10 0.08 0.07 0.10 0.10 0.10 0.05

Calculated analysis
ME, Kcal/kg 3410 3410 3410 3410 3410 3410 3355
CP, % 23.4 22.8 22.3 23.3 23.3 23.1 22.0
CP, % (analyzed)3 22.7 23.7 21.5 24.2 22.1 24.1 24.0
DM, % (analyzed)3 89.9 89.4 89.5 88.7 89.4 89.3 89.4
Ash, % (analyzed)3 5.93 5.51 5.73 5.49 6.13 5.69 5.13
Fat, % 3.96 4.15 4.35 4.01 4.06 4.27 4.19
Ca, % 0.80 0.81 0.81 0.81 0.80 0.81 0.80
P, % 0.80 0.78 0.75 0.79 0.79 0.78 0.71
Av. phos, % 0.50 0.50 0.50 0.50 0.50 0.50 0.40
Na, % 0.34 0.39 0.45 0.34 0.34 0.36 0.32
Cl, % 0.55 0.58 0.60 0.56 0.57 0.61 0.49
Total AA
Lys, % 1.60 1.60 1.60 1.60 1.60 1.60 1.40
Met, % 0.48 0.48 0.48 0.48 0.48 0.48 0.42
Met + Cys, % 0.88 0.91 0.94 0.88 0.88 0.88 0.80
Trp, % 0.29 0.29 0.30 0.29 0.29 0.29 0.27
Thr, % 1.04 1.04 1.04 1.04 1.04 1.04 0.91
Ile, % 1.04 0.99 0.94 1.04 1.04 1.03 0.95

1Nutrient values of ingredients used for diet formulation were derived from NRC (2012) or from the supplier product information for nutrient composition. Phase 
1 diets were fed d 0 to 15 post-weaning. The phase 2 diet was fed to all pigs from d 15 to 28 post-weaning. SPC = soy protein concentrate (Soycomil P, ADM Alliance 
Nutrition, Quincy, IL); SDPP = spray-dried porcine plasma (AP920, APC Inc., Ankeny, IA); APP = activated porcine plasma (betaGRO, NutriQuest, Mason City, IA).

2The vitamin-trace mineral premix provided the following per kg of diet: Vitamin A as retinyl acetate, 11,136 IU; vitamin D3 as cholecalciferol, 2,208 
IU; vitamin E as DL-alpha tocopheryl acetate, 66 IU; vitamin K as menadione dimethylprimidinol bisulfite, 1.42 mg; thiamin as thiamine mononitrate, 
0.24 mg; riboflavin, 6.59 mg; pyridoxine as pyridoxine hydrochloride, 0.24 mg; vitamin B12, 0.03 mg; D-pantothenic acid as D-calcium pantothenate, 
23.5 mg; niacin, 44.1 mg; folic acid, 1.59 mg; biotin, 0.44 mg; Cu, 20 mg as copper sulfate and copper chloride; Fe, 126 mg as ferrous sulfate; I, 1.26 mg 
as ethylenediamine dihydriodide; Mn, 60.2 mg as manganese sulfate; Se, 0.3 mg as sodium selenite and selenium yeast; and Zn, 125.1 mg as zinc sulfate.

3Diet samples were analyzed by APC Inc., Boone, IA.
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were non-medicated, provided in mash form and fed for 
the initial 14 d after weaning.

The nutrient composition values for the ingredients 
used for formulation of the diets for both experiments 
were derived from NRC (2012) or from the supplier of the 
specialty proteins (Table 3). Supplier information about 

the composition of SDP in Table 3 does not distinguish 
between porcine or bovine origin plasma. Differences in 
amino acid composition of SDPP or SDBP have been 
reported that indicate higher Lys, Met, Thr, and Trp in 
bovine compared to porcine plasma (Torrallardona, 
2010). In the current experiments, 5% dietary SDPP was 

Table 2. Ingredient and calculated nutrient composition of experimental diets used in Exp. 2 (as-fed basis)

 
Item

Experimental diets1

SPC APP EHSY CB IEGG SDBP
Ingredient, %

Corn 45.80 48.48 46.21 45.19 45.73 48.48
Soybean meal, 47% CP 20.00 20.00 20.00 20.00 20.00 20.00
Dried whey 20.58 20.58 20.58 20.58 20.58 20.58
Soy protein concentrate 8.04 7.49 0.00 0.00 7.71 0.00
Activated porcine plasma 0.00 0.40 0.00 0.40 0.00 0.00
Hydrolyzed soy/yeast 0.00 0.00 10.66 6.36 0.00 0.00
Menhadden-select fishmeal 0.00 0.00 0.00 2.50 0.00 0.00
Spray-dried whole egg 0.00 0.00 0.00 0.00 0.44 0.00
Spray-dried bovine plasma 0.00 0.00 0.00 0.00 0.00 5.00
Soybean oil 1.77 1.51 1.96 1.58 1.74 2.11
Di-calcium phosphate 1.82 1.81 1.74 1.48 1.82 1.78
Limestone 0.75 0.76 0.79 0.68 0.75 0.83
Salt 0.10 0.10 0.10 0.10 0.10 0.10
Premix2 0.30 0.30 0.30 0.30 0.30 0.30
L-lysine-HCL 0.47 0.47 0.48 0.47 0.47 0.46
DL-methionine 0.16 0.16 0.16 0.14 0.16 0.19
L-threonine 0.18 0.18 0.18 0.19 0.18 0.15
L-tryptophan 0.03 0.02 0.01 0.02 0.03 0.02

Calculated analysis
ME, kcal/kg 3410 3410 3410 3410 3410 3410
CP, % 21.4 21.3 21.8 21.4 21.4 20.2
CP, % (analyzed)3 21.5 20.4 21.6 22.3 22.2 22.3
DM, % (analyzed)3 88.5 88.5 88.9 89.3 88.4 89.2
Ash, % (analyzed)3 6.36 6.35 6.62 6.56 6.07 6.92
Fat, % 3.99 3.76 4.34 4.16 4.10 4.36
Ca, % 0.90 0.90 0.90 0.90 0.90 0.90
P, % 0.80 0.80 0.80 0.80 0.80 0.80
Na, % 0.26 0.27 0.30 0.31 0.27 0.37
Cl, % 0.58 0.58 0.63 0.62 0.58 0.62
Total AA
Lys, % 1.60 1.60 1.60 1.60 1.60 1.60
Met, % 0.48 0.48 0.48 0.48 0.48 0.48
Met+Cys, % 0.84 0.84 0.84 0.79 0.84 0.91
Trp, % 0.29 0.29 0.29 0.29 0.29 0.29
Thr, % 1.04 1.04 1.04 1.04 1.04 1.04
Ile, % 0.94 0.94 0.93 0.91 0.94 0.84

1Nutrient values of ingredients used for diet formulation were derived from NRC (2012) or from the supplier product information for nutrient composi-
tion. SPC = soy protein concentrate (Soycomil P, ADM Alliance Nutrition, Quincy, IL); APP = activated porcine plasma (betaGRO, NutriQuest, Mason 
City, IA); EHSY = enzymatically hydrolyzed soy and yeast protein (Hamlet 800 Booster, Hamlet Protein Inc., Findlay, OH); CB = combination of fish 
meal, APP, and EHSY; IEGG = spray-dried whole egg from hyper-immunized hens (ProtiMax for Swine, Trouw Nutrition, Highland, IL); SDBP = spray-
dried bovine plasma (AP920, APC Inc., Ankeny, IA).

2The vitamin-trace mineral premix provided the following per kg of diet: Vitamin A as retinyl acetate, 11,136 IU; vitamin D3 as cholecalciferol, 2,208 
IU; vitamin E as DL-alpha tocopheryl acetate, 66 IU; vitamin K as menadione dimethylprimidinol bisulfite, 1.42 mg; thiamin as thiamine mononitrate, 
0.24 mg; riboflavin, 6.59 mg; pyridoxine as pyridoxine hydrochloride, 0.24 mg; vitamin B12, 0.03 mg; D-pantothenic acid as D-calcium pantothenate, 
23.5 mg; niacin, 44.1 mg; folic acid, 1.59 mg; biotin, 0.44 mg; Cu, 20 mg as copper sulfate and copper chloride; Fe, 126 mg as ferrous sulfate; I, 1.26 mg 
as ethylenediamine dihydriodide; Mn, 60.2 mg as manganese sulfate; Se, 0.3 mg as sodium selenite and selenium yeast; and Zn, 125.1 mg as zinc sulfate.

3Diets were analyzed by APC Inc., Boone, IA.
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used in Exp. 1 and 5% dietary SDBP was used in Exp. 
2. Variance in amino acid composition between different 
origins of SDP used at 5% of the diet are not likely to 
contribute substantial differences in amino acid composi-
tion of the complete diet any more so than the variation 
of amino acid profile among other ingredients reported 
by NRC (2012) for corn, soybean meal, whey or the oth-
er specialty ingredients provided by suppliers. All diets 
used in the experiments were prepared at the University 
of Illinois Feed Mill (Champaign, IL). Diets were ana-
lyzed at APC Inc. (Boone, IA) using AOAC methods of 
analysis for CP (AOAC, 2016; 990.03), DM (AOAC, 
2016; 930.15), and ash (AOAC, 2016; 942.05).

Statistical Analyses

Both experiments were analyzed as a randomized 
complete block design with weaning group being the 
block and the pen being the experimental unit. Data 
were analyzed using a mixed model (PROC MIXED, 
SAS Inst. Inc., Cary, NC) for repeated measures of 

treatment, day of experiment, and treatment × d inter-
action as fixed effects, block and replicate as random 
effects, and replicate within block as subtype for re-
peated measures (Littell et al., 1998). Least squares 
treatment means were calculated and are reported 
for each independent variable and differences among 
treatments were separated using the PDIFF option of 
SAS. Significance was set at P < 0.05. Trends or ten-
dencies are discussed at P ≥ 0.05 to P < 0.10.

RESULTS

Experiment 1
Only 1 pig fed the 0.17% APP diet was removed 

from the pen and euthanized on d 15 of the experiment. 
No other pigs died or were removed from the experiment. 
The effect of dietary treatment, day of study, and interac-
tion of treatment and day of study were significant (P < 
0.05) for average BW, ADG, ADFI, and G:F (Table 4).

During phase 1 while pigs were fed experimental 
diets, average BW at d 7 and 15 of pigs fed the 5.00% 
SDPP diet was higher (P < 0.05) compared with the 
SPC diet and all APP diets. Pigs fed the 2.50% SDPP 
diet had higher (P < 0.05) BW at d 7 compared with 
the SPC or 0.17% APP diet, and at d 15 pigs fed the 
2.50% SDPP diet had greater (P < 0.05) BW com-
pared with the SPC, 0.17% APP, or 0.33% APP diets. 
Pigs fed diets with 2.50 or 5.00% SDPP had higher (P 
< 0.05) ADG, ADFI, and G:F at d 7, and higher (P < 
0.05) ADG and ADFI at d 15 compared with the SPC 
or APP diets. At d 7, ADG was greater (P < 0.05) for 
pigs fed the 5.00% SDPP diet than the 2.50% SDPP 
diet and at d 15 G:F was greater (P < 0.05) for pigs fed 
the 5.00% SDPP diet than the 0.17% APP diet.

Performance variables of pigs fed any of the APP di-
ets or the SPC diet did not differ at any day of the experi-
ment, with the exception that pigs fed the 0.17% APP diet 
had lower G:F at d 7 than pigs fed 0.33 or 1.00% APP.

After all pigs were provided the common phase 2 
diet starting on d 15 of the study, pigs previously fed 
the 2.50% SDPP diet in phase 1 had greater (P < 0.05) 
BW at d 21 than the SPC or the APP diets. At d 28, aver-
age BW was greater (P < 0.05) for pigs previously fed 
the 2.50% SDPP diet than the SPC, 0.33 or 1.00% APP 
diets. The cumulative ADG of pigs at d 21 was higher 
(P < 0.05) for the previously fed 2.50% SDPP diet com-
pared with SPC or 0.33% APP diets. Also, ADFI of pigs 
at d 21 was higher (P < 0.05) for the 2.50% SDPP diet 
compared with SPC or APP diets. From d 0 to 28, ADFI 
was higher (P < 0.05) for pigs fed the 2.50% SDPP diet 
compared with SPC, 0.33 or 1.00% APP diets.

The average daily gain at d 7 post-weaning for each 
pen per dietary treatment is presented in Fig. 1 as an ob-

Table 3. Supplier reported composition of specialty 
protein products used in Exp. 1 and 2 (as-fed basis)1

Item SPC APP SDP EHSY IEGG
Dry matter, % 93.0 93.0 92.0 92.0 95.0
ME, kcal/kg 3931 2502 3906 3703 4142
Ash, % 6.50 23.6 10.0 6.50 4.86

Ca, % 0.35 0.10 0.15 0.30 0.17
P, % 0.80 1.10 1.30 0.80 0.74
Na, % 0.01 2.70 2.20 0.40 0.63
Cl, % 0.10 5.60 1.10 0.60 0.64
K, % 2.20 2.80 0.30 2.40 0.48

CP and AA
CP, % 63.0 60.7 78.0 55.0 48.4
Arg, % 4.94 3.50 4.70 3.74 NA2

Cys, % 0.98 1.90 2.80 0.84 1.18
His, % 1.82 1.90 2.80 1.38 NA
Ile, % 3.19 2.30 2.90 2.36 2.35
Leu, % 5.20 5.90 7.80 4.02 3.78
Lys, % 4.23 5.40 6.80 3.19 3.12
Met, % 0.91 0.40 0.70 0.72 1.55
Phe, % 3.45 3.40 4.60 2.75 2.52
Thr, % 2.73 3.40 4.80 2.09 2.19
Trp, % 0.78 1.00 1.40 0.72 0.61
Tyr, % NA 3.10 3.60 1.82 NA
Val, % 3.38 3.90 5.30 2.53 3.02

1Values reported are from supplier product information bulletins. These val-
ues were used for diet formulation of diets in Exp. 1 and 2. SPC = soy protein 
concentrate (Soycomil P, ADM Alliance Nutrition, Quincy, IL); APP = activated 
porcine plasma (betaGRO, NutriQuest, Mason City, IA); SDP = spray-dried ani-
mal plasma of either porcine or bovine origin (AP920, APC Inc., Ankeny, IA); 
EHSY = enzymatically hydrolyzed soy and yeast protein (Hamlet 800 Booster, 
Hamlet Protein Inc., Findlay, OH); IEGG = spray-dried whole egg from hyper-
immunized hens (ProtiMax for Swine, Trouw Nutrition, Highland, IL).

2NA = not available.
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servation of the impact of the experimental conditions 
of unsanitary pens and non-use of medications on pig 
growth. None of the pens fed SDPP diets had a negative 

ADG at d 7 and the minimum ADG for SDPP diets was 
58 g. Three of 11 pens provided SPC and 2 of 11 pens 
provided each of the APP diets had negative ADG results 
at d 7. However, for all non-SDPP diets, there were some 
pens that had ADG results within the minimum range of 
the SDPP diets. The conditions of unsanitary pens and 
non-use of medications apparently affected variation in 
pen ADG results; however, the results by dietary treat-
ment were not likely strictly influenced by pen environ-
ment because dietary treatments were randomly allotted 
to pens within weaning group and by BW group.

Experiment 2

No pigs died or were removed from Exp. 2 during 
the study. Effects of treatment were significant (P < 
0.0001) for BW, ADG, and ADFI (Table 5). The effect 
of day of study was significant (P < 0.005) for all vari-
ables and the interaction of treatment by day of study 
was significant (P < 0.0001) for BW.

Pigs fed SDBP had increased (P < 0.05) BW, ADG, 
and ADFI at d 7 and 14 compared with pigs fed all other 
diets. Average BW, ADG, and ADFI at d 7 and 14 did not 
differ among diets that did not contain SDBP. Some di-
etary treatments had G:F means at d 7 that were negative, 
therefore G:F results for d 7 are not reported. Gain:feed 
did not differ significantly among diets at d 14.

Figure 1. Average daily gain at d 7 post-weaning for each pen (n = 
11) by dietary treatment for Exp. 1. Experimental diets were: SPC = soy 
protein concentrate at 8.04% of diet (Soycomil P, ADM Alliance Nutrition, 
Quincy, IL); SDPP2.5 and SDPP5 = spray-dried porcine plasma at 2.50 or 
5.00% of diet (AP920, APC Inc., Ankeny, IA); APP.17, APP.33 and APP1 
= activated porcine plasma at 0.17, 0.33, or 1.00% of diet (betaGRO, 
NutriQuest, Mason City, IA).

Table 4. Results for Exp. 1 comparing performance of weaned pigs housed in unsanitary pens and fed non-
medicated diets with different levels of activated porcine plasma or spray-dried porcine plasma1

 
Item

 
Day

Dietary treatments  
SED

P-value
SPC 2.50% SDPP 5.00% SDPP 0.17% APP 0.33% APP 1.0% APP T D T × D

BW, kg 1 6.45 6.48 6.45 6.44 6.45 6.49 0.25 0.0024  < 0.0001 0.0476
7 6.66c 7.15ab 7.31a 6.58c 6.74bc 6.76bc

15 8.41c 9.01ab 9.27a 8.18c 8.25c 8.55bc

21 11.07b 11.63a 11.31ab 11.07b 10.87b 11.10b

28 14.95b 15.61a 15.35ab 15.12ab 14.96b 15.11b

ADG, g 7 29c 96b 123a 20c 42c 39c 13.6  < 0.0001  < 0.0001  < 0.0001
15 130b 169a 188a 116b 120b 138b

21 220b 245a 232ab 221ab 211b 221ab

28 303 326 318 310 304 308
ADFI, g 7 99b 169a 180a 95b 101b 101b 14.0  < 0.0001  < 0.0001  < 0.0001

15 197b 242a 254a 185b 185b 195b

21 329b 363a 346ab 329b 326b 330b

28 439b 480a 463ab 454ab 444b 444b

G:F 7 0.270bc 0.574a 0.682a 0.186c 0.354b 0.346b 0.056 0.0019  < 0.0001  < 0.0001
15 0.668ab 0.695ab 0.739a 0.629b 0.649ab 0.702ab

21 0.669 0.677 0.668 0.668 0.644 0.668
28 0.692 0.680 0.687 0.684 0.686 0.695

a–cWithin row, means with uncommon superscripts differ (P < 0.05).
1Values are least squares cumulative performance data means for 11 pens per dietary treatment (T) analyzed using a mixed model for repeated measures of treatment 

(T), day of experiment (D), and treatment × day of experiment (T × D) as fixed effects, block and replication as random effects, and replication within block as sub-type 
for repeated measures. Experimental diets were: SPC = soy protein concentrate at 8.04% of diet (Soycomil P, ADM Alliance Nutrition, Quincy, IL); SDPP = spray-
dried porcine plasma at 2.50 or 5.00% of diet (AP920, APC Inc., Ankeny, IA); APP = activated porcine plasma at 0.17, 0.33, or 1.00% of diet (betaGRO, NutriQuest, 
Mason City, IA). Experimental diets were non-medicated and fed the initial 15 d of the experiment, followed by a common phase 2 diet for all pigs fed d 15 to 28.
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As done for Exp. 1, the ADG at d 7 for each pen 
by dietary treatment for Exp. 2 is presented in Fig. 2. 
Pens provided the SDBP diet had a minimum and 
maximum ADG result of 39 and 144 g, respectively. 
However, all pens fed non-SDBP diets had at least 1 
negative ADG result. Maximum ADG results ranged 
from 69 to 122 g for non-SDBP treatments. As in Exp. 
1, the experimental conditions of unsanitary pens and 
non-medication likely affected variation in pen re-
sults in Exp. 2, but response to dietary treatments was 
probably not strictly related to chance of pen location 
because dietary treatments were randomly allotted to 
pens within weaning group and by BW group.

DISCUSSION

In Exp. 1, the improved performance of pigs fed 
diets with SDPP compared to SPC during the initial 2 
wk post-weaning are consistent with results of multiple 
experiments reviewed by others (Torrallardona, 2010; 
Pujols et al., 2016). Only ADG of pigs fed the diet with 
5.00% SDPP compared to 2.50% SDPP was increased 
at d 7 and thereafter no significant differences in any 
performance variables were noted for diets with 2.50 
or 5.00% SDPP. The observation that none of the pens 
provided SDPP diets had negative ADG at d 7 post-
weaning, while 18 to 27% of pens provided non-SDPP 
diets had negative ADG results suggest that pigs fed 
SDPP diets were more resilient to the non-medication 
use and unsanitary pen conditions during the initial 
week post-weaning. Spray-dried porcine plasma con-
tains a diverse mixture of proteins with biological activ-
ity including globulin, albumen, transferrin, glycopro-

teins, apolipoproteins, enzyme inhibitors, and proteins 
associated with blood clotting mechanisms (Kar et 
al., 2016). Improved growth of animals fed diets with 
SDPP has been attributed to actions of plasma globulins 
against luminal pathogens and toxins and reduced pro-

Figure 2. Average daily gain at d 7 post-weaning for each pen (n = 10) 
by dietary treatment for Exp. 2. Experimental diets contained the following 
specialty proteins as % of the diet: SPC = 8.04% soy protein concentrate 
(Soycomil P, ADM Alliance Nutrition, Quincy, IL); APP = 0.40% activated 
porcine plasma (betaGRO, NutriQuest, Mason City, IA); EHSY = 10.66% 
enzymatically hydrolyzed soy and yeast protein (Hamlet 800 Booster, 
Hamlet Protein Inc., Findlay, OH); CB = combination of 0.40% APP, 6.36% 
EHSY, and 2.50% fish meal; IEGG = 0.44% hyper-immunized spray-dried 
egg (ProtiMax for Swine, Trouw Nutrition, Highland, IL); SDBP = 5.00% 
spray-dried bovine plasma (AP920, APC Inc., Ankeny, IA).

Table 5. Results for Exp. 2 comparing performance of weaned pigs housed in unsanitary pens and fed non-
medicated diets with different specialty proteins versus spray-dried bovine plasma1

 
Item

 
Day

Dietary treatments  
SED

P-value
SPC APP EHSY CB IEGG SDBP T D T × D

BW, kg1 1 6.37 6.36 6.38 6.39 6.37 6.35 0.16  < 0.0001  < 0.0001  < 0.0001
7 6.62b 6.43b 6.59b 6.56b 6.55b 7.06a

14 8.13b 7.79b 8.04b 7.88b 8.02b 9.05a

ADG, g1 7 27b 11b 30b 24b 26b 101a 17.4  < 0.0001  < 0.0001 0.9928
14 119b 102b 118b 106b 118b 193a

ADFI, g1 7 101b 92b 95b 97b 103b 148a 14.7  < 0.0001  < 0.0001 0.8527
14 193b 178b 190b 178b 192b 245a

G:F1,2 14 0.572 0.537 0.618 0.596 0.603 0.785 0.582 0.3682 0.0041 0.4526

a,bWithin row, means with uncommon superscripts differ (P < 0.05). 
1Values are least squares cumulative performance data means for 10 pens per dietary treatment (T) analyzed using a mixed model for repeated measures 

of treatment (T), day of experiment (D), and treatment × day (T × D) as fixed effects, block and replication as random effects, and replication within block 
as sub-type for repeated measures. Experimental diets contained the following specialty proteins as % of the diet: SPC = 8.04% soy protein concentrate 
(Soycomil P, ADM Alliance Nutrition, Quincy, IL); APP = 0.40% activated porcine plasma (betaGRO, NutriQuest, Mason City, IA); EHSY = 10.66% 
enzymatically hydrolyzed soy and yeast protein (Hamlet 800 Booster, Hamlet Protein Inc., Findlay, OH); CB = combination of 0.40% APP, 6.36% EHSY, 
and 2.50% fish meal; IEGG = 0.44% hyper-immunized spray-dried egg (ProtiMax for Swine, Trouw Nutrition, Highland, IL); SDBP = 5.00% spray-dried 
bovine plasma (AP920, APC Inc., Ankeny, IA). Experimental diets were non-medicated and fed during the entire 14 d experiment.

2Dietary treatment means for G:F at d 7 are not reported because some treatments had negative means.



Crenshaw et al.340

Translate basic science to industry innovation

inflammatory cytokine disruption of intestinal, respira-
tory, and reproductive mucosal barrier function (Pérez-
Bosque et al., 2016). Other plasma proteins, such as 
growth factors and bioactive peptides, may also con-
tribute to actions of plasma that beneficially influence 
mucosal barrier surfaces (Pérez-Bosque et al., 2016).

In Exp. 1, after all pigs were fed a common diet 
absent of the specialty proteins starting at d 15, only 
pigs previously fed the 2.5% SDPP diet had signifi-
cantly higher average BW and ADFI at d 28 than pigs 
previously fed diets with SPC, 0.33 or 1.00% APP. By 
d 28 ADG did not differ significantly for pigs previ-
ously fed any of the specialty proteins. Other research 
has observed similar results for ADG of pigs fed di-
ets with SDPP compared to SPC as observed in Exp. 
1 (Torrallardona, 2010). Recently, Pujols et al. (2016) 
reported that ADG and BW were increased during the 
initial 2 wk post-weaning when 6% SDPP was included 
in the diet compared to SPC, however no differences for 
ADG or average BW among starter diets was observed 
at d 48, although mortality was reduced at d 48 and 145 
and carcass weight was increased for pigs previously 
fed SDPP in the starter diet. The increased ADG and BW 
of pigs fed diets with SDPP during the initial 2 wk after 
weaning may or may not be maintained to the end of the 
nursery phase depending on the severity of post-wean-
ing stress, ability of pigs to recover, and the incidence 
and degree of subsequent stress later in the nursery. The 
stress associated with weaning may have consequences 
on intestinal barrier function resulting in compromised 
performance in later life stages. Use of SDP in starter 
diets has been demonstrated to attenuate some of the 
effects of barrier dysfunctions associated with weaning 
stress (Peace et al., 2011; Boyer et al., 2015).

Performance variables in Exp. 1 did not differ sig-
nificantly for pigs fed SPC and APP diets. Based on 
supplier information, the APP product used in Exp. 1 
and 2 was produced using a proprietary process to re-
duce or eliminate anti-nutritional factors and activate 
components in porcine plasma thus requiring less mass 
of product to be used in formulations compared with 
commercial SDP. Published research with APP is lim-
ited. The provision of 0.2% APP in feed for mature gilts 
challenged with porcine reproductive and respiratory 
syndrome virus (PRRSV) reduced rectal temperature, 
PRRSV load (RNA copies/ml) and serum IL-1 and 
increased serum IL-18, suggesting that APP had im-
munomodulatory effects that benefit gilts with PRRSV 
(Song et al., 2015). Improvements in productivity have 
also been reported for PRRSV positive sows provided 
0.5% SDPP in gestation and lactation feed (Campbell 
et al., 2006). Another study reported that 0.1% APP 
in gestation and lactation diets reduced percentage of 
small pigs at birth and wean to estrus interval of sows, 

increased weaning weight of pigs, and increased post-
weaning growth of pigs to the end of the nursery period, 
while addition of 0.3% APP to nursery diets improved 
ADG of pigs only during the early post-weaning period 
(Musser et al., 2015). Similar productivity improve-
ments were reported for sows fed lactation diets con-
taining 0.5% SDP (Crenshaw et al., 2007).

Spray-dried bovine plasma was selected as a posi-
tive control protein source used in Exp. 2 because to 
the authors knowledge no publications have reported 
performance comparisons of pigs fed diets with SDBP 
versus APP. Bovine plasma may vary slightly in amino 
acid composition from porcine plasma, however each 
source contains similar profiles of globulin, albumen, 
and other proteins with biological activity and both 
sources of plasma have demonstrated increased per-
formance of pigs when compared to other non-plas-
ma protein sources (Torrallardona, 2010). Growth of 
pigs fed SDBP vs. SDPP was not different when each 
source was included at 6% of the diet, and pigs fed 
SDPP had higher ADFI, but lower G:F than pigs fed 
SDBP (Crenshaw et al., 2015). In a review of other 
studies where SDBP and SDPP were compared at the 
same dietary levels within the study (Torrallardona, 
2010), performance results favoring either SDPP or 
SDBP were variable across studies, but most reported 
higher feed intake for pigs fed SDPP.

In Exp. 2, pigs provided a diet with 5.00% SDBP 
had higher BW, ADG and ADFI at d 7 and 14 post-
weaning compared to diets containing either 8.04% 
SPC; 0.4% APP; 10.66% EHSY; a combination of 
0.4% APP, 6.36% EHSY, and 2.5% fish meal; or 0.44% 
IEGG. As observed in Exp. 1 with SDPP diets, pens in 
Exp. 2 provided the SDBP diet did not have any pens 
with a negative ADG at d 7, while all other specialty 
protein diets had 10 to 50% of the pens with negative 
ADG. However, across all non-SDBP diets, some pens 
fed the different specialty protein diets had a maximum 
ADG above the minimum ADG for SDBP, suggesting 
that local pen environment may have influenced growth 
response to diets, but that the other specialty proteins 
did not consistently enhance growth performance com-
pared to the SDBP diet under the experimental condi-
tions of unsanitary pens and non-use of medication.

As in Exp. 1, performance differences were not de-
tected between non-SDBP diets in Exp. 2. The level of 
0.4% APP used in the APP and CB diets were based on 
supplier recommendations at the time of the experiment. 
Both diets containing APP resulted in lower performance 
than the SDBP diet and no performance differences 
compared to SPC, EHSY, or IEGG. One publication has 
indicated improved growth of pigs provided 0.30% APP 
in nursery diets but only in the early post-weaning pe-
riod (Musser et al., 2015). The diet with a combination 
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of EHSY, APP, and fish meal was designed to provide 
a complex mixture of plant and animal proteins with 
0.40% APP to compare against 0.40% APP and 7.49% 
SPC. However, performance of pigs fed the CB diet did 
not differ from any of the non-SDBP diets and result-
ed in inferior performance compared to the SDBP diet. 
This observation is consistent with data indicating that 
PRRSV positive pigs fed a nursery diet regimen con-
taining combinations of SPC, egg/fish pepton, highly 
processed poultry protein, yeast culture, and other feed 
additives had lower ADG and BW and higher mortal-
ity at the end of the nursery period (d 49 post-weaning) 
compared with pigs fed a less complex nursery diet regi-
men containing SDBP (Crenshaw et al., 2017).

Pig performance results for the diets with EHSY 
alone or in combination with fish meal and APP were 
inferior to the SDBP diet and did not differ from the 
SPC diet. One study has reported that pigs fed either 
simple or complex diets containing EHSY had similar 
or slightly better ADG and G:F compared with pigs 
fed diets containing SDP (Tsai et al., 2013).

In Exp. 2, performance of pigs fed the IEGG product 
was inferior to SDBP and did not differ from the other 
protein sources. The IEGG product used in Exp. 2 was 
spray-dried whole egg product (IEGG) derived from 
hens strategically vaccinated against various strains of 
Escherichia coli, Lawsonia intracellularis, rotavirus, 
coronavirus, Clostridia sp., and Salmonella sp., to pro-
duce specific IgY antibodies against these pathogens. 
Reasons for lack of a growth response to feeding the 
IEGG product are unknown but may have been related 
to either absence or overabundance of specific pathogens 
in the environment for which the specific IgY antibod-
ies from the IEGG product could potentially impact. 
Pathogen-specific challenge studies have indicated simi-
lar improvements in performance for pigs fed hyper-
immunized egg yolk products compared with pigs fed 
SDPP when pigs were challenged with pathogens com-
mon to the specific IgY antibodies contained in the egg 
product (Owusu-Asiedu et al., 2002). However, like Exp. 
2 with SDBP, under non-specific pathogen challenge 
with unsanitary pens, pigs fed diets containing SDPP had 
improved growth performance compared with that of 
pigs fed a control diet, and a hyper-immunized egg yolk 
product did not increase performance over the control 
group (Torrallardona and Polo, 2016).

In conclusion, under the conditions of non-use of 
medication in feed or by other routes and unsanitary 
pens, diets with different levels of activated porcine 
plasma did not improve performance of pigs compared 
to diets with soy protein concentrate and neither soy pro-
tein concentrate or activated porcine plasma in diets pro-
vided equivalent performance to diets with spray-dried 
porcine plasma in Exp. 1. In Exp. 2, activated porcine 

plasma, enzymatically hydrolyzed soy and yeast protein, 
spray dried whole eggs from hyper-immunized hens, or 
a combination of fish meal, activated porcine plasma, 
and enzymatically hydrolyzed soy and yeast protein did 
not improve performance of pigs compared to diets with 
soy protein concentrate and none of the specialty pro-
teins used in Exp. 2 provided equivalent performance to 
a diet containing spray-dried bovine plasma. Therefore, 
we were not able to confirm the hypothesis that growth 
performance of weaned pigs housed in unsanitary condi-
tions and fed non-medicated diets containing the tested 
specialty proteins were equivalent to that of pigs fed diets 
containing either spray-dried porcine or bovine plasma.
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