
Introduction

Growth promoting antibiotics (AGP) 
for use in feed have significant 

benefits on pig performance and 
health. However, there is a growing 

global movement to ensure the judicious 
use of antibiotics by livestock, poultry and 

aquaculture producers due to health concerns 
about the development of antibiotic-resistant 

pathogens in humans. Current or pending regulations 
vary by country but the duration of time AGP can be used 

in feed will be limited and antibiotics also used for human 
medicine will be prohibited for use in feed. Swine producers 
need cost-effective and appropriate alternatives for reducing 
reliance on antibiotics without sacrificing animal health and well-
being. 

Guidelines for selecting AGP alternatives

There are multiple proposed alternatives to antibiotics for use 
in pig nutrition which include prebiotics, probiotics, enzymes, 
acidifiers, essential oils, bioactive peptides, fermented proteins, 
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and specialty proteins derived from 
plant sources, eggs, colostrum or 
animal plasma. Likely, there is no 
single alternative to completely 
replace antibiotics used in feed. A 
good understanding of the function 
or action of an AGP alternative is 
necessary for the nutritionist to design 
feed programs to optimize nursery 
pig performance and health. Many 
alternatives simply aid in digestive 
function either directly or indirectly, 
while other alternatives have actions 
like AGP that support the intestinal 
immune system response to 
pathogens that benefits animal health 
and/or digestive efficiency. Suppliers 
of AGP alternatives should be able to 
provide published scientific evidence 
about the functions or efficacy of 
the alternative and if it is shelf-
stable and effective under variable 
feed processing conditions. Also, an 
alternative should be compatible with 
other alternatives and ingredients 
used in a formulation. 

A review of approximately 2,000 
publications from 1990 to 2016 
about various antibiotic alternatives for 
nursery pigs reported the percentages 
of trials that showed a significant 
improvement on nursery pig 
performance (Table 1). The purpose 
of this review was to determine how 
different AGP alternatives influenced 
growth performance and mortality 
to better understand the most 
effective ways to evaluate dietary AGP 
alternatives.

The most effective alternatives were 
direct-fed microbials (probiotics), 
pharmaceutical levels of zinc or 
copper, and organic acids with only 
approximately 30 to 40% of trials 
reporting a significant (p<0.05) 
improvement in average daily gain 
(ADG) compared to AGP-free feed. 
However, the authors also observed 
that if antibiotics and/or specialty 
proteins (spray-dried plasma, soy 
isolate, etc.) were included in the 
feed there was a profound impact 

on the efficacy of the alternatives. For 
example, organic acids significantly 
improved ADG in 35.5% of trials, 
but only in 11.1% of trials if 
antibiotics were in the feed. Use of 
specialty proteins in feed improved 
effectiveness of the alternatives 
regardless of antibiotic use. 
Alternatives can benefit performance, 
but more research is needed to 
establish a specific age, body weight, 
alternative concentration in feed, 
and duration of feeding needed to 
optimize the response. Also, more 
research is needed to understand 
the impact of specialty proteins on 
the effectiveness of various AGP 
alternatives in pig feed. 

Spray-dried plasma

Spray-dried animal plasma (SDP) 
has been used in creep and starter 
pig feed for more than 25 years and 
has consistently proven to be highly 
effective for improving performance 
and health during the stressful post-
weaning period based on several 
reviews of published research. The 
post-weaning ADG response to SDP 
level in the feed is improved linearly, 
regardless of AGP in feed, and 4 

to 6% SDP is recommended for 
optimum response during the initial 
2 weeks after weaning. Similarly, 4 to 
6% SDP in creep feed offered from 
7 to 31 d of age for pigs weaned at 
24 d of age was recommended to 
improve body weight at 31 d of age. 

Pigs are subjected to multiple 
stressors around weaning that are 
known to induce pro-inflammatory 
cytokines that can cause intestinal 
inflammation, which reduces 
barrier function and absorption 
and increases “gut leakage” or 
epithelial permeability. At weaning, 
pigs lose about 100-250 g body 
weight the first day. Weight gain 
during the first week after weaning 
has been shown to affect days 
to market weight where pigs with 
zero ADG required 10 more days 
to market weight compared to pigs 
having > 227 g ADG. Using the 
appropriate SDP level (5%) and 
duration of feeding (14 days post-
weaning) during weaning stress 
was shown effective in reducing 
diarrhea, pro-inflammatory cytokine 
markers in intestinal tissue, and gut 
permeability. A minimum of 4 to 6% 
SDP is recommended in creep and 

Table 2: Incremental performance improvement of pigs fed diets with SDP vs alternative protein sources ± AGP during the 
initial 14 d after weaning.

Feed medication Trials, n ADG, g/d ADFI, g/d FCR (g/g)

With AGP 110 +36* +43* -0.02

AGP-free 33 +41* +32* -0.34*

Adapted from Torrallardona, 2010  *SDP vs. alternative protein source, p <0.05

Table 1: Percentage of trials reporting a significant benefit of AGP alternatives on 
pig performance.

AGP Alternative Trials, n ADG ADFI Gain:Feed Survival

Direct-fed microbials 311 39.9 12.9 25.7 4.8

Zinc/copper 613 38.7 24.0 19.5 1.8

Organic acids 151 31.8 12.6 17.9 6.6

Yeast 98 23.5 12.2 11.2 1.0

Botanicals 365 23.3 9.3 16.4 0.8

Oligosaccharides 92 18.5 8.7 20.7 2.2

Prebiotics 99 11.1 6.6 9.1 0.0

Starch/fibers 281 8.9 7.8 6.8 1.4

Adapted from Gabler and Schweer 2017
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pre-starter feed to help pigs transition 
the stress of weaning and perform 
well to market.

Spray-dried plasma vs AGP

Several studies report that pigs fed 
diets with SDP perform the same or 
better than pigs fed diets with AGP 
and typically there is a synergistic 
beneficial response in performance 
when nursery pigs are fed diets 
containing SDP and AGP. A review 
of 110 experiments compared 
performance of pigs fed diets with 
SDP versus alternative protein sources 
with or without AGP in the feed. 
Pigs fed SDP diets with AGP had 
significant incremental improvements 
in ADG and ADFI compared to 
pigs fed other proteins without any 
significant difference in feed efficiency 
(FCR). However, in 33 experiments 
using AGP-free diets, pigs fed SDP 
diets had significant improvements 
in incremental ADG, ADFI, and FCR 
compared to other protein sources 
(Table 2). Regardless of AGP inclusion 
in feed, pigs fed diets with SDP 
consistently had better ADG and ADFI 
compared to pigs fed diets with other 
protein sources, such as fish meal, 
soy products, milk products or other 
animal and plant protein sources. In 
the absence of AGP pigs fed SDP 
diets also had better FCR.

Colistin is one AGP that is currently 
or soon to be prohibited for use 
in swine feed in many countries 
because it is commonly used in 
human medicine as a last choice for 
treatment against antibiotic-resistant 
pathogens. Weaned pigs fed diets 
with either 7% SDP or 300 mg/kg 
colistin had similar improvement in 
ADG compared to pigs fed an AGP-
free diet. Under E. coli K88 challenge 
pigs fed diets with 6% SDP had 
improved ADG compared to an AGP-
free diet, while the ADG of pigs fed 
a diet with 250 mg/kg colistin + 500 
mg/kg amoxycycline did not differ 
from the AGP-free group. Similarly, E. 
coli K99 infected pigs fed diet with 
6% SDP had significant increased 
ADG compared to pigs fed an AGP-
free diet or one with 1.8% calcium 
formate, while pigs fed a diet with 
300 mg/kg colistin did not differ from 
pigs fed the other diets. In the two 
studies with E. coli infected pigs, SDP 
in the diet improved ADG more than 
colistin. Collectively these studies 
indicate that SDP is compatible with 

Table 3: Ingredient composition of experimental phase 1 and 2 diets with or 
without plasma.

Ingredient, % P1-Control P1-Plasma P2-Control P2-Plasma

Corn 36.34 45.55 46.07 53.27

Soybean meal 47% 18.00 22.35 25.00 28.05

Whey 12.50 20.00 --- ---

Whey permeate 11.25 --- 5.00 2.00

DDGS 5.00 --- 10.00 10.00

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

Hydrolyzed soy 6.00 --- 8.20 ---

Plasma --- 5.00 --- 1.25

Anim-Veg fat blend 3.00 3.45 2.00 1.45

ZnO 0.39 0.37 0.27 0.18

Other* 2.53 3.28 3.46 3.79

* Includes macro minerals, trace minerals, vitamins and synthetic amino acids.  
Adapted from Crenshaw et al., 2019

AGP and is an excellent alternative 
for use in AGP-free diets. 

Actions of spray-dried plasma

Commercial spray-dried plasma 
products typically contain 73-78% 
crude protein with highly digestible 
amino acids. However, SDP is 
a diverse mixture of functional 
proteins, including albumen, 
immunoglobulins, transferrin, 
bioactive peptides and other 
components that elicit beneficial 
effects on animal performance and 
health that cannot be explained by 
dietary formulations based on iso-
nutrient comparisons. Past research 
has suggested that immunoglobulins 
in SDP account for most of the 
bioactivity associated with SDP due 
to their known ability to bind with 
pathogens or toxins. However, other 
studies have noted multiple effects 
of SDP nutrition on mitigation of 
inflammatory actions at multiple 
mucosal surfaces of the intestinal, 
respiratory and reproductive 
systems. Collectively, SDP nutrition 
restores and maintains an efficient 
immune response systemically 
across the intestinal, respiratory and 
reproductive systems by maintaining 
mucosal integrity under stress 
conditions. Therefore, the more 
efficient immune system response 
associated with SDP nutrition 

reduces the need for nutrients to 
support the immune response 
thereby conserving nutrients for use 
for productive purposes such as body 
growth. 

Nursery pig feed programs 
using SDP

Several other specialty proteins 
have been proposed to elicit 
beneficial effects on weaned 
pig performance, including egg 
antibodies (EG), activated protein 
derived from porcine plasma (AP), 
and enzymatically hydrolyzed soy 
protein plus yeast (HS). A study was 
designed to evaluate if using these 
specialty proteins in AGP-free diets 
affected weaned pig performance 
in relation to a negative control diet 
using 8% soy protein concentrate 
(SP) or a positive control diet based 
on 5% SDP. One diet contained 
11.7% HS as a comparison to SP. 
The activated protein product was 
used at 0.4% of the diet while the EG 
product was included at 0.44% of the 
diet per supplier recommendations. 
Another diet included a combination 
of 2.5% fish meal, 6.4% HS and 
0.4% AP. All experimental diets 
were formulated to equal energy 
and digestible lysine and pigs were 
placed in dirty pens to enhance 
stress. There were 10 pens assigned 
per treatment with 4 to 6 pigs per 
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Table 4: Commercial nursery feed program using spray-dried plasma

Variable
Feed Program

p =
Plasma Control

Initial body weight, kg 5.03 5.01 0.82

Body weight, D 14 7.30 6.62 <0.01

Gain:feed, D 0-14 0.85 0.54 <0.01

Body weight, D 48 25.2 24.2 0.03

Gain:feed, D 0-48 0.60 0.57 <0.01

Adapted from from Crenshaw et al., 2019; 14 pens/feed program; 23-24 pigs per pen.

pen. Pigs fed SDP were significantly 
heavier at 35 d of age compared 
to all other treatment groups, while 
there were no differences between 
the negative control and the other 
specialty proteins. Under these trial 
conditions of dirty pens and AGP-
free diets, SDP was the only specialty 
protein that improved growth 
performance compared to SP. In fact, 
pigs fed the 5% SDP diet had gained 
approximately1 kg more body weight 
by 14 days after weaning compared 
to all other dietary treatments.

In some countries, a 3-phase 
nursery feed program is used with the 
first feed after weaning containing a 
complex mixture of highly digestible 
ingredients and formulated to a 
higher nutrient density. Often, this first 
feed is provided only for the first 10 
to 14 days after weaning, then pigs 
are transitioned to a second feed of 
less complexity and cost for another 
7 to 10 days, then provided a third 
feed without any specialty proteins for 
the remainder of time in the nursery 
(about 70 d of age). Such feed 
programs are designed to reduce 
total feed cost, however they may 
or may not provide the appropriate 
nutrition best suited for helping the 
pig transition weaning stress and may 
reduce value over cost margins due 
to lower body weight pigs exiting 
the nursery. A study was designed 
to compare two different 3-phase 
nursery feed programs, one without 
SDP (Control) and the other with 
5% SDP in phase 1 feed and 1.25% 
SDP in phase 2 feed (Plasma). 
Experimental phase 1 and 2 diets 
are shown in Table 3. All diets were 
AGP-free, but phase 1 and 2 diets 
contained ZnO. A common phase 
3 diet without specialty proteins or 
antimicrobials was fed to all pigs from 
d 21 to 48 of the study. There were 
14 pens per feed program with 23-
24 pigs per pen.

Results presented in Table 4 show 
that the plasma program produced 
significantly heavier pigs at day 14 
and 48 of the study with significantly 
better feed efficiency (Gain: Feed), 
while mortality did not differ between 
programs. Although pigs fed the 
plasma program had significantly 
higher feed cost per pig (+$0.71/pig), 
value per pig was significantly greater 
by $4.82/pig due to the 1 kg heavier 
body weight of pigs at the end of 
the nursery, resulting in $2.95 better 

margin or income over total cost/
pig. Feeding higher levels of SDP for 
a longer duration under commercial 
conditions using a 3-phase nursery 
feed program can be profitable for 
the producer.

Other studies demonstrate that 
SDP based nursery feed programs 
with or without AGP can be profitable 
for the producer, particularly under 
disease or stress conditions typical of 
commercial production. Weaned pigs 
that were serologically positive for 
PRRS virus were provided a nursery 
feed program with 5% SDP in phase 
1 feed offered 14 days, followed by 
2.5% SDP in phase 2 feed offered 
7 days compared to an alternative 
program using multiple other 
specialty proteins including egg/fish 
peptones, poultry protein digest, yeast 
culture and 10 other feed additives 
that were excluded from the SDP diet. 
These other feed additives included 
acidifiers, protease, sodium butyrate, 
plant extracts, prebiotics, probiotics, 
flavors and sweeteners. The phase 1 
control diet using multiple alternative 
specialty products was more 
expensive than the phase 1 plasma 
(5%) diet ($1.12/kg vs $1.10/kg). A 
common phase 3 diet was fed to all 
pigs from day 21 to 48 of the study. 
All phase 1 and 2 diets contained 
AGP and ZnO. Pigs fed the plasma 
program had significantly heavier final 
body weight (28.5 vs 27.7 kg) with 
significantly lower mortality (4.4 vs 
7.3%) and generated $1.08 more 
value per pig over cost. 

In AGP-free diets based on wheat, 
barley, extruded soybeans, soybean 
meal and sweet whey, weaned 
pigs fed 6% SDP in the starter feed 
offered only the initial 14 days after 
weaning with common diets fed to 
slaughter weight had significantly 

heavier hot carcass weight (87.7 
vs 85.0 kg) with lower wean to 
finish mortality (4.4% vs 10.5%) 
than control pigs fed a starter feed 
without SDP. Most of the mortality 
in the control pigs occurred day 14 
to 48 of the study while pigs were 
in the nursery and bacterial related 
pneumonia was the primary cause of 
mortality.

Collectively, commercial feed 
programs designed with appropriate 
levels of SDP (4-6%) fed during the 
initial 14 to 21 days post-weaning 
provide nutrition that helps pigs thrive 
under various commercial conditions 
and generates beneficial returns for 
producers.

Conclusions

Mitigating weaning stress has long-
term benefits. Spray-dried plasma is a 
cost-effective solution with or without 
growth-promoting antibiotics and is 
compatible with antibiotic alternatives. 

Spray-dried plasma actions are 
multiple and related to immune 
system modulation that maintains 
mucosal integrity and supports animal 
health and performance because 
diets with spray-dried plasma reduces 
the negative effects of stress and 
disease.

Use of 4 to 6% spray-dried 
plasma in creep and pre-starter feed 
provided for a minimum of 2 weeks 
after weaning is recommended for 
maintaining long-term performance 
and health. AF
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