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Abstract

The presence of antibiotic-resistant bacteria in the gastrointestinal tracts of poultry and livestock have continued to increase governmental and
consumer pressure on the food animal industry to halt the use of antimicrobials in animal feed. Research efforts in this regard have continued to focus
on identifying alternative biogenics and nutraceuticals. This article reviewed scientific literature on the potential of spray-dried animal plasma as a
biogenic alternative to antibiotic growth promoters in animal feed, particularly live poultry. Topics discussed herein include the documented beneficial
effects of spray-dried animal plasma as a growth-promoter in various animal species, and its consequent application(s) in Poultry Production and

Health.
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Introduction

Annually, about 48 million people are reported to get sick with
foodborne illness, and 128,000 are hospitalized [1]. The top five
microorganisms that have been implicated in causing foodborne
illnesses are Norovirus, Salmonella spp., Clostridium perfringens,
Campylobacter spp., and Staphylococcus aureus [2,3], and four
of these are bacterial species. Foodborne illnesses caused by
Salmonella spp., Clostridium perfringens, and Campylobacter spp.,
are closely linked to poultry [2,3], and drug-resistant forms of these
bacteria have been isolated from humans suffering from foodborne
illnesses. About two million people are infected with antibiotic-
resistant bacteria, with at least 23,000 people succumbing to their
infection [4].

The United States poultry industry is globally the largest
producer and second largest exporter of poultry meat, and a
major egg producer [5]. Poultry is one of the major meat types
consumed in America, and this has prompted farms to increase
production. There has been a shift from small poultry farms to
integrated intensive rearing systems in which poultry companies
are structured to produce millions of chickens each week. In
2014, the U.S. poultry industry produced 8.54 billion broilers,
99.8 billion eggs, and 238 million turkeys [6]. Such intensive
rearing systems increase the opportunity for diseases to spread
rapidly in poultry flocks. Strategies that have been typically
used by the poultry industry to control diseases include the
implementation of vaccination programs, and the administration

of in-feed sub-therapeutic antibiotics and antimicrobials.
Persistent use of subtherapeutic antimicrobials have been
implicated in the emergence of resistant-bacterial strains that
colonize the gastrointestinal tract of poultry and other food animals.
This have led to increasing pressure from consumers on the animal
and poultry industries, to halt the use of in-feed antimicrobials.
Consequently, federal agencies have created regulations that limit
their use in poultry and livestock feed, thereby fostering significant

research efforts to identify non-antibiotic alternatives.

To date a variety of nutraceuticals and biogenics such as
probiotics, prebiotics, synbiotics, organic acids, essential oils,
and antimicrobial peptides [7-16] have been investigated as non-
antibiotic growth- and health-promoting feed additives in animal
production. Nutraceuticals are medicinal food (or feed) ingredients
that are included in diets to improve human or animal health [17].
Biogenics are health-promoting biomolecules that are produced
from life processes [18]. However, research results indicate
variability in the effectiveness of these products. Spray-dried
animal plasma (SDAP) is a relatively new biogenic that have been
successfully used in recent years to combat enteric infections in
weanling piglets in the swine industry [19]. Documented beneficial
effects of dietary SDAP during the weaning phase of the piglet’s
life include enhanced intestinal development, improve health, and
growth performance [20]. In comparison, studies documenting the
feasibility of using SDP as an immunoenhancing feed additive in
poultry is minimal.
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The aim of this review is to highlight the research findings
on the use of SDP in promoting growth and immune function in
various animal species, and consequently explore its potential use
in poultry production.

Manufacture of SDAP and mode of action

SDAP is a protein-rich product obtained from the industrial
fractionation of blood from healthy animals [21,22] (Figure 1).

Blood is collected in the abattoir during the slaughter of swine
or cattle into containers containing an anticoagulant, and then
shipped by refrigerated transport to the processing facility. Here,
the blood is subjected to cellular fraction by centrifugation, after
which the separated plasma is collected and concentrated by
vacuum evaporation, filtration with inverse osmotic membranes,
or by ultrafiltration. The concentrated plasma is then spray-dried,
thus yielding the product known as “spray-dried animal plasma”.

ﬁ
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Figure 1:

During spray drying, plasma proteins are exposed to high
temperatures for a very short period (HTST). This HTST process
have an advantage over conventional drying in that the proteins
are not denatured with this procedure, thereby preserving
most of their biological activity [19,23]. The mode of action of
SDAP appears to be by reducing the attachment, adhesion, and
replication of pathogens, facilitating tissue repair, or reducing the
overall inflammatory response both systemically or locally [19,24].
Although information is scanty regarding the efficacy of SDAP as
a health-promoting feed additive in Poultry, considerable evidence
has been gathered from research studies conducted with other
food, laboratory, and pet animals, particularly swine.

Effect(s) of dietary SDAP in swine production

SDAP was first presented as a protein source for use in piglet’
diets in the late 1980s. Since then, there have been many studies
done to assess its benefits particularly during the weaning phase
of a piglets’ life [25]. The weaning phase is frequently investigated
in this regard because it has been established to be a stressful time
due to the piglet switching from liquid to solid diet, in addition
to a decrease in nursing phase. This stressful phase negatively
impacts the pig’s ability to resist infections, thereby allowing the
development of various health problems. A primary indicator of the
presence of an infection during the weaning phase is an increase
in the level of inflammatory cytokines, which can subsequently
compromise intestinal barrier function and permeability [26].
For instance, Gao et al. [27] observed that dietary inclusion of
unprocessed or autoclaved SDAP at 10% level decreased pro-
inflammatory and anti inflammatory cytokine levels, upregulated

antioxidant system in serum and intestine, and promoted intestinal
development in 21-d old piglets, thereby resulting in improved
growth performance. In another study, dietary SDAP was found to
reduce TNF-a in the colon, and also reduced IFN-y in the ileum and
colon of weaning piglets over a seven-day period [25]. TNF-a is a
necrosis factor that can induce tumor cell apoptosis and cachexia,
while IFN-y is a cytokine that in inducing and modulating an array
of immune responses, primarily inflammation [28,29]. These
finding demonstrate the benefits of SDP in swine during stressful
production phases.

Effect(s) of Dietary SDAP in ruminant production

Dairy cattle go through intermittent stressful periods during
their life cycle. Quigley & Wolfe [30] investigated the effects of
SDAP in calf milk replacer on health and growth of dairy calves.
Male Holstein calves (120) were randomly assigned to three dietary
treatments. Treatment 1 consisted of calves fed milk replacers
formulated to contain whey protein concentrate as the primary
protein source. Treatments 2 and 3 consisted of calves given milk
replacers formulated to contain 5% bovine or porcine spray dried
plasma, respectively. Results indicated that calves given SDAP-
supplemented diets had a lower rate of diarrhea, improved feed
efficiency, and reduced morbidity and mortality. In another study;,
Lee et al. [31] compared the effects of dietary SDAP and blood
meal (BM) on production parameters and blood profile of dairy
cows during the transition from gestation to early-lactation period.
They found that dietary SDAP supplementation reduced muscle
catabolism in experimental cows, probably by serving as a source
of highly digestible protein, thereby increasing the supply of amino
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acids to the tissues [31]. It was concluded that SDAP at 400g/d
increased milk and milk component yields without an increase in
feed intake.

Effect(s) of dietary SDAP on fish health

Aquaculture is a rising business as the global population
continues to grow. The increasing demand for fish has fostered
the development of intensive indoor fish rearing systems in which
large fish populations are reared in indoor tanks. To mitigate
the incidence of disease outbreak, it has become necessary for
researchers to find non-antibiotic strategies that can be applied
to maintain healthy fish populations. Aratjo et al. [32] evaluated
the effect of SDAP on the growth performance of Nile tilapia, and
its potential to improve fish health under cold-induced stress.
Results indicated that dietary SDAP supplementation improved
growth performance, intestinal health, hematological profile, and
stress resistance in Nile tilapia. Gibert et al. [33] also investigated
the potential of SDAP to improve immunity in gilthead sea bream
fingerlings. In this study, the fingerlings were split into 3 groups
and given isonitrogenous (CP=51.2%) and isolipidic (fat=12.4%)
grower diets in which high quality fish meal was replaced with 0,
3, or 6% porcine spray-dried plasma over a period of 60 d. Results
indicated that inclusion of porcine spray-dried plasma in gilthead
sea bream feed enhanced intestinal and serum innate immune
function, activity of antioxidative stress enzymes of the intestine,
and promoted growth performance.

Effect(s) of dietary SDAP on laboratory animals

A study was done by Pérez Bosque et al. [34] to investigate
whether dietary supplementation of SDAP and Ig concentrate (IC)
could modulate cytokine expression and inflammatory mediators
in Wistar-Lewis rats challenged with Staphylococcus aureus
enterotoxin B (SEB). The rats were randomly assigned to 3 dietary
treatments. The control treatment consisted of rats given standard
milk protein diet. Treatments 2 and 3 comprised of rats given
the control diet supplemented with SDAP (at 8% level) or IC (at
1.5% level). Results showed that both SDAP and IC were effective
in preventing the SEB-induced increase in pro-inflammatory
cytokines in the Peyers patch, mucosa, and serum. The protective
effects of plasma supplements on intestinal inflammation in this
study, involved modulation of intestinal cytokines, characterized
by an increased expression of anti-inflammatory cytokines [34]. In
a subsequent experiment, Pérez-Bosque and co-workers observed
that the anti-inflammatory effects of SDAP involve the regulation of
transcription factors and adhesion molecules that reduce intestinal
cell infiltration and the degree of the inflammatory response.

Effect(s) of dietary SDAP on pet animals

A few studies have documented the beneficial effects of dietary
SDAP in pets, specifically dogs and cats. Quigley et al. [35] conducted
three trials in which 22 beagles were fed diets into which different
percentages of SDAP have been added. In Trial 1, dry extruded dog
food kibbles were coated with 5% tallow, 2% commercial flavor, and
0 or 2% SDAP (as-fed basis). In Trial 2, commercially available dry

dog food, previously coated with fat and flavor were coated with 0
or 2% SDAP. In Trial 3, SDAP (0, 1, 2, or 3%) was blended with other
ingredients and extruded (as-fed basis). Results indicated that SDAP
improved digestion and decreased fecal output. In another study
[36], the gastrointestinal tract of adult dogs (9 beagles; 3 replicates
with each consisting of 3 beagles) and 12 mixed breed cats (4
replicates with each consisting of 3 beagles) fed diets containing
spray-dried porcine plasma (SDPP) or porcine immunoglobulins
concentrate (PIC) were evaluated for immunological functionality.
The control diet was a commercial diet coated with fat and digest,
and the two experimental diets were similar to the control diet, but
they included 10 of either SDPP or PIC/kg of diet. Results obtained
suggested that plasma immunoglobulins in SDPP or PIC partially
resisted digestion in the gastrointestinal tract of experimental dogs
and cats and maintained part of their immunological functionality.
Survival of the plasma immunoglobulins was supported by the
identification of bioactive fragment Fab (containing the antigen
combining site) in feces. Consequently, it was concluded that
plasma immunoglobulins retain functionality after exiting the gut
of dogs and cats.

Implications for poultry health and production

Significant research evidence indicates that dietary SDAP
are beneficial to food, laboratory, and pet animals by promoting
growth and resistance to diseases. This beneficial effect of SDAP
is pronounced during stressful periods (or phases) of the animal
life cycle, such as the weaning phase for pigs and calves, during
lactation period when there is very high demand on the animal
to produce milk for sale and nurse their babies, during disease
situations, and under conditions of intensive rearing. Consequently,
poultry scientists have begun studies to evaluate the possibility to
harness the beneficial effects of SDAP on growth performance and
disease resistance in birds.

Studies conducted by the Kansas State University to evaluate
the effects of SDAP on broiler growth revealed that SDAP improved
growth performance [37]. Jamroz et al. [38] also reported that
dietary supplementation of SDAP to birds’ diet gave comparable
efficacy to soybean meal in improving the body weight of chicks,
and enhancing the retention of essential minerals such as Na and K.
Furthermore, Bregendahl et al. [39] conducted a study to evaluate
the effect of environmental sanitary condition on the efficacy of
spray-dried plasma from porcine to promote growth performance
in broiler chickens. Carcass characteristics were also evaluated. In
Experiment 1, 480 chickens were raised for 42 days on fresh litter,
while Experiment 2 birds were raised on the soiled litter from
Experiment 1. Results showed that porcine spray-dried plasma
did not affect growth performance or carcass characteristics in
Experiment 1, but improved growth rate, feed conversion, breast
meat yield, and flock uniformity of broilers in Experiment 2
that had the more unsanitary conditions. Overall, broilers that
consumed diets containing porcine spray dried plasma had lower
mortality, faster rate of body weight gain, and higher uniformity
(P<0.05) compared to those fed control diets. The implication of
these findings is that SDAP have the potential to promote growth,
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and perhaps enhance disease resistance, particularly when birds
are raised in a relatively unsanitary condition.

The United States has one of the world’s largest poultry
industry, which encompasses meat and egg production. In the
intensive rearing systems typically used to rear commercial poultry,
birds experience biological /production stressors such as heat, cold,
stocking density, restraint, cooping, and shackling, and nutritional
stressors that include fasting, feed restriction, and dietary protein
deficiency [40,41]. It is therefore imperative for poultry scientists
to further explore the use of SDAP in poultry diets, particularly
to define its optimum dietary inclusion level for enhancing gut
health and disease resistance in various poultry species (turkeys,
ducks, quails, geese, pheasants) raised in different environmental
conditions, without compromising growth performance.

Conclusion

Significant research evidence presented in this review indicates
that dietary SDAP is beneficial to food, laboratory, and pet animals
by promoting growth and resistance to diseases. This beneficial
effect is more pronounced during stressful periods (or phases) of
the animal life cycle, such as during the weaning phase for pigs and
calves, during lactation period when there is very high demand
on the cow to produce milk for sale and nurse their babies, and
under conditions of intensive rearing and disease outbreaks. These
findings in addition to the minimal research results obtained from
studies with chickens, indicate that dietary inclusion of SDAP will
likely promote growth, gut health, and disease resistance in poultry
species, particularly when reared under unsanitary or intensive
rearing conditions that impart stressors.
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