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ABSTRACT

A corn-soy diet is the gold standard for feeding pigs, however, such a diet may not be
appropriate for weanling pigs. Weanling pigs are subjected to various stressors at weaning, and
their digestive system is immature or the secretion of digestive enzymes is not sufficient to
utilize corn-soybean meal (SBM) diets. For that reason, traditionally, weanling pigs have been
provided with complex diets containing many special ingredients such as dried whey, plasma
protein, fishmeal, soy protein concentrate, and others. Feeding such diets with highly palatable
and digestible feed ingredients is very effective in promoting the growth performance of
weanling pigs, however, using such diets can be rather costly. With the development of, e.g., fish
peptides, which can be not only a great source of nutrients and but also considered as a bioactive
or functional feed additive, and multienzyme complexes it might be possible to use corn-SBM
diets more successfully for weanling pigs.

A total of 48 pigs (24 females and 24 castrated males) weaned at 3 to 4 wk of age (initial
body weight, 7.77 + 0.78 kg) were used to investigate the possibility of replacing a complex diet
with a simple corn-soybean meal (SBM) diet by fish peptide and multienzyme complex
supplementation. Pigs were randomly assigned to 3 dietary treatments with 4 replicate pens per
treatment and 2 gilts and 2 castrated males per pen. A two-phase feeding program (2 wk each)
was used, and 2 typical complexes, positive control (POS) diets were formulated to contain
12.15 and 11.07 g standard ileal digestible Lys/kg for Phase 1 and 2, respectively. In addition to
corn and SBM, the complex diet for Phase 1 contained dried whey, fishmeal, plasma protein,

poultry fat, and Zn oxide, whereas the complex diet for Phase 2 contained dried whey and



fishmeal. Two simple, corn-SBM negative control (NEG) diets were formulated to be isolysinic
to the POS diets for Phase 1 and 2 and included 1.5% fish peptides. The NEG diets were
supplemented with multienzyme complexes. During the fourth week of the study, a blood sample
was collected from each pig, and samples were analyzed for serum metabolites. Pigs were
allowed ad libitum access to feed and water throughout the 4-wk study period, and the pig
weight and feed consumption data were collected weekly.

During the second week of the study (d 7 to 14), weight gain (WQG) of pigs fed the POS
diet was numerically lower (P = 0.144) than those fed the other 2 diets, which was reflected in
the efficiency of feed utilization for WG. Pigs fed the NEG and ALL diets had greater gain to
feed (G:F; P =0.034), gain to Lys (G:Lys) intake (P = 0.034), and gain to DE (G:DE) intake (P =
0.013) than those fed the POS diet. Furthermore, G:F (P = 0.037), G:Lys intake (P = 0.037), and
G:DE intake (P = 0.010) were greater in pigs fed the ALL diet than those fed the NEG diet. As in
d 7 to 14, pigs fed the NEG and ALL diet had numerally greater weight gain than those fed the
POS diets (P = 0.147) during the first 2 wk of the study, which was reflected in the efficiency of
WG. During Phase 1 (d 0 to 14), the efficiency of feed (P = 0.004), Lys (P = 0.004), or DE (P <
0.001) utilization was greater in pigs fed the NEG and ALL diets than those fed the POS diet. In
addition, pigs fed the ALL diet tended to have greater G:F (P = 0.095) and G:Lys intake (P =
0.095) and had greater G:DE intake (P = 0.009) than those fed the NEG diet. There seemed to be
no clear effect of dietary treatments on overall growth performance (d 0 to 28) of weanling pigs
or serum metabolite profile during the last week of the study.

During the first 2 wk of the study, fish peptides improved growth the performance of
weanling pigs, and additional supplementation with multienzyme complexes improved growth

performance further. The results indicated that it may be possible to replace a complex diet with



a simple corn-SBM diet by supplementing the weanling pig diet with fish peptides and

multienzyme complexes during Phase 1 (d 0 to 14).
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L. INTRODUCTION

The weaning period is not only the most critical time for a pig but also the most stressful
time event. During this time, a piglet is offered different diets, is separated from the sow, and
brought into a new environment with young pigs from other sows. These various changes are
considered as "weaning stressors." Some of those weaning stressors can lead to the phenomenon
known as a “growth check.” A growth check is the inability of a weanling pig to gain weight for
approximately a week or more after weaning. The diet change from liquid milk to feed that is
solid, such as corn-soybean meal (SBM)-based diets can be a nutritional stress. Soon after
weaning, their digestive system consisted of enzymes that are designed for the utilization of milk
carbohydrates and lipids. Because of this, their digestive enzymes are not able to break down a
simple corn-soy diet adequately. Thus, a simple corn-soy diet is not an adequate feed for
weanling pigs.

Complex diets containing ingredients that are highly palatable and digestible ingredients
that may allow for a gradual transition from a liquid diet, milk, to a solid feed. Those ingredients
include milk products, spray-dried plasma protein, fishmeal, soy protein concentrate, oat groats,
and others. With the addition of those ingredients, pigs can obtain necessary and sufficient
energy and nutrients for normal growth. Research has proven over the years that complex diets
are effective in enhancing growth performance compared with feeding "simple, corn-SBM
diets." However, including those highly palatable and digestible ingredients can be very

expensive. In addition, only a small amount of some of those ingredients can be required to



prepare those complex diets and the procurement and storage and(or) maintenance of those
ingredients can be rather challenging, economically and physically.

Another aspect of weanling pigs is their immunity. Pigs are weaned from the sow at a
time when their passive immunity is declining and active immunity is not fully developed.
Because of that, antibiotic feed additives have been used over the years. Research has shown that
those additives can substantially improve growth rate and feed efficiency. With the concerns on
using antibiotics because of the development of potential resistant bacteria, which can threaten
public health, the use of antibiotics has been banned in some countries, and regulations have
been imposed in some other countries. Research has shown that some alternative approaches to
antibiotics, such as essential oils, benzoic acid, and zinc oxide, can be effective.

The overall research goal of the research project is to develop environmentally friendly
optimum feeding strategies for successful and sustainable pig production. Our current research
effort continues to be the exploration of the possibility of replacing complex weanling pig diets
with simple corn-SBM diets. The current study was conducted to determine the possibility of
replacing typical complex starter diets with simple corn-SBM diets by supplementation with feed
additive or bioactive peptides, fish peptides, and multienzyme complex supplementation. Growth
performance and serum metabolites were assessed to determine the efficacy of fish peptides and

multienzyme complexes.
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II. LITERATURE REVIEW
Introduction and Project Justification

The most consumed meat in the world in 2018 is pork. It contributes to the nutritional
and economic wellbeing of people in numerous countries. In pig production, the most used feed
is a corn-soybean meal (SBM) diet. It is the “gold standard” for feeding pigs because of its
ability to satisfy both energy and amino acid requirements. However, a corn-SBM diet may not
be a suitable diet for weanling pigs. A corn-SBM diet may be unsuitable because of one obvious
reason. Weanling pigs’ digestive systems or their digestive enzymes are geared toward utilizing
milk proteins, carbohydrates, and lipids. The necessary enzymes are increasing but insufficient to
utilize corn-SBM diets. In addition to nutritional stress, weanling pigs are subjected to other
weaning stressors such as environmental stress and social stress, which can further reduce the
weanling pigs' ability to utilize corn-SBM diets. The inefficient utilization of energy and
nutrients in feedstuffs may contribute to environmental problems such as "odor" problems and
"eutrophication,” which can result from the excretion of unutilized nutrients in the feces. Many
odorous compounds originate from undigested dietary protein and other nitrogenous compounds.
In addition, the runoff of N and P can pollute neighboring lakes, which can lead to algae blooms
and depletion of Oz2, resulting in the death of fish.

A complex diet, which contains highly palatable and digestible special ingredients, can be
utilized by weanling pigs more efficiently, and it may curtail those adverse impacts of pig
production on the environment to some extent. However, complex diets can also have some

problems. Examples of some problems are the procurement and maintenance and(or) storage of a
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multitude of special ingredients. In addition, such diets can be rather expensive. If weanling pigs
can somehow utilize corn-SBM diets more efficiently, such problems can be alleviated to a
certain extent. With the continuous development of exogenous enzymes and enzyme
technologies and so-called "functional feed additives," it may be possible for weanling pigs to
effectively extract energy and nutrients from corn and SBM.

Traditionally, antibiotics have been included in the weanling pig diet because they have
not yet developed their immunity fully. Including suitable antibiotics helps weanling pigs with
the protection against harmful, pathogenic microorganisms, which can improve the growth
performance of young pigs. However, the continuous use of antibiotics in weanling pig diets can
lead to the development of antibiotic resistance, it can not only reduce the effectiveness of
antibiotics in animal feed but also can have, theoretically, adverse effects on human health. For
those reasons, the therapeutic use of antibiotics has been banned in many countries and many
countries are restricting the use of antibiotics in animal feeds. In recent years, there have been
intensive research efforts to find a viable alternative to antibiotics. Some functional bioactive
feed additives, such as fish peptides™ can contribute to such efforts.

Making some effort to replace complex diets with simple corn-SBM or semi simple corn-
SBM for weanling pigs can contribute greatly to our ultimate research goal of our research
program to contribute to the development of environmentally friendly, optimal feeding strategies
for successful sustainable pig production. It is possible that by supplementing weanling pig diets
with appropriate feed additives, such as functional bioactive peptides and multienzyme
complex/complexes, we might be able to extract fully energy and nutrients from corn and SBM,

which allow us to replace complex diets with more simplified weanling pig diets.
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Diet Complexity

Simple Diets

As pointed out before, a corn-SBM diet, or a simple diet, has been the "standard" in
feeding pigs. The weaning of pigs is the most important part of a pig’s life. In this period,
weanling pigs are exposed to many very stressful events. These stressors can be environmentally,
physiologically, and socially challenging (Campbell et al., 2013). Those challenges can lead to a
"growth check,” which can be characterized by the inability of a weanling pig to gain weight for
approximately a week or so after weaning (Berkeveld et al., 2007). One specific stressor that can
contribute to growth checks includes the weanling pig’s immature digestive system. Weanling
pigs cannot break down corn and SBM efficiently because of insufficient enzymes necessary to
utilize those feed ingredients, and feeding such diets may lead to a low feed intake and poor
nutrient absorption, and eventually a poor growth performance. To compensate for their inability
to utilize corn and SBM, it is necessary to include some highly digestible and palatable
ingredients in corn-SBM-based diets.
Complex Diets

Because of weanling pigs' inability to utilize corn-SBM diets efficiently, complex diets
are needed to ensure the smooth transition from the sow’s milk to solid diets (Mahan and Lepine
1991). A complex diet contains special ingredients such as dried whey, plasma protein, blood
cells, fish meal, soy protein concentrate, and others, which are, again, highly palatable and
digestible. Research has shown that newly weaned pigs generally require a complex diet to reach
their optimum growth performance (Jones and Pond, 1964). However, the addition of various
special ingredients and some additives can contribute to the increased cost of complex diets. For

example, whey powder has decreased in availability and lactose has increased its price (Maxwell
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et al., 1998; Gould, 2014). This may contribute to the nursery phase of production being the
greatest cost of the pig diets (Skinner et al., 2014), even though most of the feed for pig
production would be consumed by grower-finisher pigs. The cost of weanling pig diets and
others led to extensive research efforts to find alternative sources of energy and nutrients for
weanling pigs and also the way to utilize corn and SBM more efficiently. As pointed out before,

the development of enzyme technology may contribute greatly to such efforts.

Digestive Enzymes

Enzymes in General

Enzymes have multiple functional abilities such as catalyzing biochemical reactions
(Cuesta, et al., 2015) and degrading proteins, lipids, and carbohydrates (laniro et al., 2016).
Digestive enzymes are, obviously, essential for living organisms to survive, reproduce, and grow.
Research shows that the nutritional value of food is partially dependent on the digestive enzymes
in the animal’s gut (Graf et al., 2015). The use of commercial enzymes as a feed additive has
found widespread acceptance in animal feed. Those enzymes can provide a way to improve
nutrient utilization and growth performance. In addition, they can reduce feed cost, and also the
excretion of unutilized nutrients in feces. A steady increase in the use of enzymes is expected to
increase in the coming years continuously. The 3 main commercially available enzymes are
phytases, carbohydrases, and proteases. Phytases break down phytate, the principal storage form
of P in many plant tissues. Carbohydrases aids in breaking down fibrous components such as
xylans, B -glucans, and mannans. Proteases break down some complex proteins into peptides and
amino acids. The most commonly used enzymes are phytases and carbohydrases.

Phytases
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Phytate, also known as phytic acid, is found in grains and seeds, and it can account for 50
to 80 percent of the total amount of phosphate in the seed of plants (Selle et al., 2000; Kumar et
al., 2012). Phytic acid has a high capacity to form insoluble complexes with divalent metal ions
such as Ca, Cu, Fe, and Zn (Ekholm et al., 2002). Nonruminant animals, such as pigs, cannot
break down phytate because of insufficient phytases in their system (Brumm et al., 2001), and
inorganic P must be included in their diets. Unutilized P in the manure of those animals can
contribute to some environmental problems such as eutrophication. Research has shown that the
supplementation of the animal diet with exogenous phytase can increase the absorption of P,
thereby, decreasing P found in the manure (Zeng et al., 2014).

Phytase is chemically known as myo-inositol hexakisphosphate phosphohydrolase, and it
can reduce the chelation properties of phytate and hydrolyze phytate molecules (He et al., 2017).
Phytases can be classified as 3- and 6-phytase based on their effect on the source and the site of
the initial dephosphorylation. The 3-phytase is the microbial origin and 6-phytase is the plant
origin, and they can both hydrolyze P at the carbon 3 atom and carbon 6 atom, respectively
(Kornegay, 2001). Phytase stimulates the hydrolysis of phytate to a series of lower myo-inositol
phosphates esters and inorganic phosphate and dephosphorylate in a step-wise fashion (Vats and
Banerjee, 2004). The main sources of microbial phytases are bacterial and fungal origins
(Haefner et al., 2005).

As the dietary phytase inclusion rate increased [0, 500, 1,500, and 4,500 phytase unit
(FTU)/kg], P digestibility and weight gain in 21-d-old broiler chickens increased (Walk et al.,
2018), but unlike in previous studies (Walk et al., 2013, 2014), the inclusion rates had no effect
on feed conversion ratio. Simons et al. (1990) evaluated various dietary phytase concentrations

(250, 375, 500, 750, 1,000, 1,500, and 2,000 FTU/kg) and reported that the addition of 1,500
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FTU phytase/kg increased weight gain and improved feed conversion ratio in broiler chickens
from 0 to 24 d of age. He et al. (2017) investigated the effect of microbial phytase
supplementation (500, 750, and 1,000 FTU/kg) of low-P diets and concluded that the microbial
phytase can improve growth performance, apparent ileal digestibility of some amino acids,
apparent utilization of other nutrients in native ducks and reduce the excretion of P into the
environment. Truong et al. (2014) evaluated the effect of phytase (1,000 FTU/kg) in the maize-,
sorghum- and wheat-based diets, and concluded that phytase accelerated the disappearance of
phytate regardless of the cereal grains used for broiler chicken diets.

Young et al. (1993) supplemented the corn-SBM weanling pig diet with 0, 500, and 1,000
FTU phytase/kg and concluded that the addition of the phytase increased feed intake and weight
gain. Kornegay and Qian (1996) evaluated the effect of available P (0.7 and 1.6 g/kg) and
phytase supplementation (0, 350, 700, 1,050, and 1,400 FTU/kg). They also included the diet
containing the NRC recommended available P (3.2 g/kg) and supplemented the diet with 0 or
1,400 FTU phytase/kg. As supplemental phytase increased, average daily feed intake, average
daily gain, and gain to feed ratio increased linearly in pigs fed the lower available P. Feed intake
and weight gain increased further in weanling pigs fed the diet containing 3.2 g available P/kg
and supplemented with 1,400 FTU phytase. Similarly, growing pigs fed the diet supplemented
with 410 FTU microbial phytase/kg had greater weight gain and feed conversion ratio
(Jongbloed et al., 2000). However, some researchers reported no response to the use of
supplemental phytase. For instance, Omogbenigun et al. (2003) observed no differences in feed
intake, weight gain, or gain to feed efficiency ratio in early-weaned pigs fed the diet containing
500 FTU phytase/kg and the control diet.

Carbohydrases
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Carbohydrases are the most commonly used enzyme in the food industry. Carbohydrases
are used by the beverage industry, used to produce prebiotics, and included in animal feed as a
supplement. Some of the common carbohydrases include amylases, invertases, inulinases, -
galactosidases, B-glucosidases, and glucosyltransferases, and they are originated from fungi,
bacteria, and yeast. Non-starch polysaccharides (NSP) include all the plant polysaccharides,
obviously, other than starch. The NSP consisted of cellulose, hemicellulose, pentosans, 3-
glucans, and others (Bedford, 2000; Craig, et al. 2018). As summarized by Wang (2017), NSP
comprises many compounds with very different structures, several exogenous enzymes have
been developed to target this diverse group of carbohydrates. The NSP is largely associated with
cell walls, which are made up of different structural components, and specific carbohydrases are
required to break those down efficiently and release more energy. Xylanase and B-glucanase are
most commonly used and account for 80% of the global carbohydrase market.

Xylan makes up one of the major components of hemicellulose such as xyloglucan,
glucomannan, galactoglucomannan, and arabinogalactan (Shallom, et al., 2003). The
heteropolysaccharides consist of f-1,4-linked xylose residues, which can be degraded by
xylanase (Beg et al., 2001; Collins et al., 2004). Xylanase is any of a class of enzymes that
degrade the linear polysaccharide xylan into xylose, and consists of, e.g., endo-1,4-B-d-xylanases,
B-d-xylosidases, a-glucuronidase, acetylxylan esterase, a-l-arabinofuranosidases, p-coumaric
esterase, and ferulic acid esterase (Bhardwaj et al., 2019). Glucanases are enzymes that break
down glucan, a polysaccharide made up of several glucose subunits and components of the cell
walls of the higher plant family, particularly abundant in the endosperm cell walls of cereals
(Stone and Clarke, 1992). As summarized by Chaari and Chaabouni (2019), B-glucans are

polysaccharides of d-glucose monomers linked via B-glycosidic bonds and can be found in a
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variety of natural sources, such as yeast, mushrooms, bacteria, algae, barley, and oats. The -
glucanases are one of the main enzymes used in the industry during recent decades. These
enzymes hydrolyze B-glucans and are produced by a variety of bacteria, fungi, plants, and
animals.

The supplementation of xylanase is an important part of poultry diets because of its
capability to lessen the antinutritional impacts of NSP. The supplementation of wheat-based diets
with xylanase improved weight gain and feed conversion ratio and increased the apparent ileal
digestibility of crude protein, dry matter, gross energy, and most amino acids (Liu et al., 2017).
Similarly, Gonzalez-Ortiz et al. (2019) observed improved body weight gain and feed
conversion ratio in broiler chickens fed the wheat-based diet supplemented with xylanase. The
supplementation of the diets containing dried wheat distillers grains with soluble with xylanase
improved body weight gain and apparent metabolizable energy (Whiting et al., 2019). On the
other hand, supplementation of the corn-based diet with xylanase had no effect on feed intake
(Gehring et al., 2012). Mathlouthi et al. (2002) evaluated the effect of supplementing rye- or
corn-based diets with both xylanase and f-glucanase. Broiler chickens fed the rye-based diet
reduced feed intake, weight gain, and feed efficiency compared with those fed the corn-based
diet, but the addition of xylanase and B-glucanase to the rye-based diet alleviated growth
performance depression associated with feeding the rye-based diet.

Similarly, supplementation of pig diets with xylanase or f-glucanase or both can be
important because of the use of some cereal byproducts, which can increase the content of NSP,
to offset the feed cost. Pedersen et al. (2015) investigated the effect of xylanase on the
degradation of nondigestible carbohydrates and apparent ileal digestibility of dried wheat

distiller's grains with solubles and found that xylanase supplementation decreased the
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concentration of soluble arabinoxylan in ileal digesta and decreased the concentration of soluble
NSP in ileal digesta. Barrera et al. (2004) provided 5,500, 11,000, and 16,500 xylanase units/kg
of the wheat-based diet, and their results indicated the improvement in weight gain and feed
conversion ratio of growing pigs, especially with those supplemented with 11,000 xylanase
units/kg. On the other hand, other researchers (e.., Olukosi et al., 2007b; Woyengo et al., 2008)
reported that supplementing the grower-finisher pig diets with xylanase had no effect on growth
performance. Owusu-Asiedu et al. (2010) concluded that adding a blend of exogenous xylanase
and B-glucanase to wheat-barley-based diets can improve the performance in weanling pigs.
Supplementation of a barley-based pig diet with B-glucanase increased the ileal apparent
digestibility of starch and mixed-linked B-glucans (Graham et al., 1989). The digestibility of
crude protein and energy in weanling pigs increased when their barley-based diets were
supplemented with B-glucanase, but the enzyme supplementation had no effect on those fed the

wheat-, corn-, or rye-based diet (Li et al., 1996).

Bioactive Peptides and Fish Peptides
Bioactive peptides can be defined as small amino acid sequences derived from food or

feed proteins that possess diverse biological/physiological properties or activities (Udenigwe and
Aluko, 2012). To produce bioactive peptides, proteolysis is necessary and it may occur through
enzymatic digestion of the precursor protein, either in in vitro or in in vivo. In addition, food or
feed processing and enzymes from microorganisms or plants can trigger proteolysis and release
potential bioactive peptides (Lopez-Barrios et al., 2014). Ryan et al. (2011) indicated that meat
and fish bioactive peptides had antioxidative, antimicrobial, and antiproliferative activities.

Perhaps, fish-derived bioactive peptides contain a great potential for their use in the production

19



of drugs and functional food or feed (Sila and Bougatef, 2016). In the process of protein
hydrolysis, bioactive peptides released from fish protein can have various bioactive capabilities
such as the aforementioned properties plus antinypertensive, antithrombotic, and
immunomodulatory properties (Kim and Wijesekara, 2010).

The effect or effectiveness of some potential bioactive peptides on humans or animals has
been investigated in recent years. For instance, researchers have been interested in evaluating the
potential of bioactive peptides in their ability to reduce the risk of chronic diseases or boosting
natural immune protection to promote human health (e.g., Ma et al., 2006). Yang et al. (2009)
reported the increase in some cytokines in the serum of mice that were exposed to marine
oligopeptide preparation, and they concluded that the preparation has the capability of positively
modulating the immune system. After assessing the effect of casein glycomacropeptide on
growth performance, intestinal morphology, intestinal barrier permeability, and inflammatory
responses in pigs challenged with E. coli K88, Rong et al. (2015) concluded that casein
glycomacropeptide can reduce the inflammatory response caused by E. coli K88 challenge.
Young et al. (2012) evaluated the anti-inflammatory activity of soy-derived peptides on pigs
affected by colitis. Their results indicated that TNF-V concentrations were reduced in soy
peptide-treated pigs, which were similar to the concentration observed in negative control pigs or
pigs without colitis. An increase in TNF-a in serum can be an indirect indicator of inflammation.
Although the positive effects of bioactive peptides have been well demonstrated (e.g., Zhang et
al., 2019), it should be pointed out that the effects of bioactive peptides on animals have not been
consistent (e.g., Zhao et al., 2008).

Again, fish peptides may have a greater potential as a bioactive feed additive in, e.g., pig

diets. The fish industry is a pillar of their economy in many countries worldwide, and in recent
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years, the production of fish protein peptides or hydrolysates has increased worldwide (Zamora-
Sillero, 2018). The use of fish peptides or hydrolysates as a source of protein for young pigs is
really a new idea (e.g., Stoner et al., 1985), even though the literature on the use of such products
for pig nutrition has been rather limited. Some relatively recent data indicated that fish peptides
or hydrolysates can be effective in improving the growth performance of young pigs (Thuy et al.,
2016), or they can be an effective replacement for some commonly used protein sources for
young pigs (Tucker et al., 2011; Ngrgaard et al., 2012). Fish peptides or hydrolysates are
available worldwide as a supplement and also as a functional dietary ingredient, and various
biological activities have been demonstrated in animals and humans (Gevaert et al., 2016),
including antioxidative, antimicrobial, antihypertensive, and other activities (Rajabzadeh et al.,
2018; Zamora-Sillero, 2018). Thus, fish peptides or hydrolysates can be used as a possible viable

alternative to antibiotics.
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ABSTRACT

A total of 48 pigs (24 females and 24 castrated males) weaned at 3 to 4 wk of age (initial body
weight, 7.77 = 0.78 kg) were used to investigate the possibility of replacing a complex diet with
a simple corn-soybean meal (SBM) diet by fish peptide and multienzyme complex
supplementation. Pigs were randomly assigned to 3 dietary treatments with 4 replicate pens per
treatment and 2 gilts and 2 castrated males per pen. A two-phase feeding program (2 wk each)
was used, and 2 typical complexes, positive control (POS) diets were formulated to contain
12.15 and 11.07 g standard ileal digestible Lys/kg for Phase 1 and 2, respectively. In addition to
corn and SBM, the complex diet for Phase 1 contained dried whey, fishmeal, plasma protein,
poultry fat, and Zn oxide, whereas the complex diet for Phase 2 contained dried whey and
fishmeal. Two simple, corn-SBM negative control (NEG) diets were formulated to be isolysinic
to the POS diets for Phase 1 and 2 and included 1.5% fish peptides. The NEG diets were
supplemented with multienzyme complexes. During the fourth week of the study, a blood sample
was collected from each pig, and samples were analyzed for serum metabolites. Pigs were
allowed ad libitum access to feed and water throughout the 4-wk study period, and the pig
weight and feed consumption data were collected weekly. During the second week of the study
(d 7 to 14), weight gain (WG) of pigs fed the POS diet was numerically lower (P = 0.144) than
those fed the other 2 diets, which was reflected in the efficiency of feed utilization for WG. Pigs
fed the NEG and ALL diets had greater gain to feed (G:F; P =0.034), gain to Lys (G:Lys) intake
(P=0.034), and gain to DE (G:DE) intake (P = 0.013) than those fed the POS diet. Furthermore,
G:F (P=0.037), G:Lys intake (P = 0.037), and G:DE intake (P = 0.010) were greater in pigs fed
the ALL diet than those fed the NEG diet. As in d 7 to 14, pigs fed the NEG and ALL diet had

numerally greater weight gain than those fed the POS diets (P = 0.147) during the first 2 wk of
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the study, which was reflected in the efficiency of WG. During Phase 1 (d 0 to 14), the efficiency
of feed (P = 0.004), Lys (P = 0.004), or DE (P < 0.001) utilization was greater in pigs fed the
NEG and ALL diets than those fed the POS diet. In addition, pigs fed the ALL diet tended to
have greater G:F (P = 0.095) and G:Lys intake (P = 0.095) and had greater G:DE intake (P =
0.009) than those fed the NEG diet. There seemed to be no clear effect of dietary treatments on
overall growth performance (d 0 to 28) of weanling pigs or serum metabolite profile during the
last week of the study. During the first 2 wk of the study, fish peptides improved the growth
performance of weanling pigs, and additional supplementation with multienzyme complexes
improved growth performance further. The results indicated that it may be possible to replace a
complex diet with a simple corn-SBM diet by supplementing the weanling pig diet with fish
peptides and multienzyme complexes during Phase 1 (d 0 to 14).

Keywords: Weanling pigs, Fish peptides, Multienzyme complexes, Growth performance

1. Introduction

Young pigs are subjected to various stressors at weaning (Le Dividich and Seve, 2000;
van Beers-Schreurs et al., 1998), and providing a highly palatable and digestible diet is,
obviously, important in preventing or alleviating the so-called "growth check" soon after
weaning and also optimizing growth performance thereafter. Although a corn-soybean meal
(SBM) diet is the gold standard for feeding pigs, such a diet may not be appropriate for weanling
pigs because of many digestive, metabolic, and immunological challenges (Jensen et al., 1997;
Lindemann et al., 1986). For instance, their enzyme profile is designed to utilize "milk" protein,
carbohydrate, and fat, not corn and SBM (e.g., Lindemann et al., 1986; Le Dividich and Seve,

2000). For those reasons, weanling pigs have been fed so-called "complex diets" that contain
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many "special ingredients," such as dried whey, soy protein concentrate, plasma protein, fish
meal, blood meal, oat groats, and others, which are highly palatable and digestible, to improve
growth performance ( Himmelberg et al., 1985; Whang et al., 2000; Wolter et al., 2003; Mahan et
al., 2004; Tran et al., 2014).

Providing such diets with highly palatable and digestible ingredients to weanling pigs can
be, however, a costly proposition. There might be some viable alternative supplements, such as
fish peptides or hydrolysate that can be not only an excellent source of nutrients but also a
"bioactive" or "functional" feed additive/supplement (Gevaert et al., 2016; Zamora-Sillero,
2018). Such an additive/supplement may enhance not only the efficiency of energy and nutrient
utilization but also animal health, thus, improving the growth performance of pigs.

In addition, with the development and(or) availability of various enzymes, it might be
possible for us to use a corn-soy-based diet more efficiently or successfully for weanling pigs
(e.g., Olukosi et al., 2007; Zhang et al., 2014). Enzymes such as carbohydrases, proteases,
phytase, and lipase can be used to extract more energy and nutrients from a simple corn-soy-
based diet. With increased competition between humans and food-producing animals for quality
sources of energy and nutrients in recent years, it is imperative to utilize, e.g., corn and SBM
efficiently and also minimize the use of other quality sources of energy and nutrients for
successful and sustainable pig and other food animal production in the future.

The ultimate research goal for our growing pig research program is to make contributions
to the development of environmentally friendly, optimum feeding strategies for successful and
sustainable pig production. In this study, the possibility to replace a complex diet with a simple

corn-SBM diet for weanling pigs by supplementation with fish peptides and multienzyme
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complexes was investigated by assessing the effect of treatment on growth performance and

serum metabolites.

2. Materials and methods
2.1. Animals and facilities

The protocol for animal care was approved by the Institutional Animal Care and Use
Committee of Auburn University (Auburn, AL). A total of 48 pigs (24 females and 24 castrated
males) weaned at 3 to 4 wk of age (initial body weight, 7.77 £ 0.78 kg) were placed in pens (1.5
m?) in an environmentally controlled nursery with slotted floors based on their sex and body
weight. Pigs were randomly assigned to 3 dietary treatments with 4 replicate pens per treatment
and 2 gilts and 2 castrated males per pen. Pigs were allowed ad libitum access to feed and water
throughout the 4-wk study period, and the pig weight and feed consumption data were collected
weekly.
2.2. Dietary treatments

After weaning, pigs were fed a common pre-starter diet for 4 d before the beginning of
the study. A two-phase feeding program was used, and each phase consisted of 2 wk. Two
typical complex, positive control (POS) diets were formulated to contain 12.15 and 11.07 g
standard ileal digestible (SID) Lys/kg for pigs weighing 7 to 11 (Phase 1) and 11 to 25 kg (Phase
2), respectively (Tables 1 and 2; NRC, 2012). In addition to corn and SBM, the complex diet for
Phase 1 contained dried whey (Bakers Authority, Maspeth, NY), fishmeal (Omega Protein,
Reedville, VA), plasma protein (AP920, APC Inc., Ankey, IA), poultry fat, and Zn oxide (Nutra
Blend, LLC, Neosho, MO), whereas the complex diet for Phase 2 contained dried whey and

fishmeal. Two simple, corn-SBM negative control (NEG) diets were formulated to be isolysinic
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to the POS diets for Phase 1 and 2 and included 1.5% fish peptides (Peptiva; Vitech Bio-Chem
Corp., Orange, CA; Guo, 2020). The NEG diets were supplemented with multienzyme
complexes (Ronozyme Multigrain GT and Ronozyme Hiphos 2500 GT; DSM Nutritional
Products, Inc., Ames, IA; ALL). Fish peptides were included in the diets by replacing the part of
corn and SBM. Minerals and vitamins for all diets were provided in amounts calculated to meet
or exceed the NRC (2012) recommendations. Feed samples were collected from each batch of
feed mixed, and pooled sub-samples were analyzed for crude protein (AOAC, 2000).
2.3. Collection and analysis of blood samples

During the fourth week of the study, approximately 5 mL of blood was collected from
each pig via vena cava puncture using a sterile needle and evacuated tube. Blood samples were
allowed to clot and serum samples were separated by centrifugation at 1,500 x g for 15 min at
room temperature to obtain clean serum samples. An aliquot was stored at -20°C until the
analysis for metabolites. After thawing, samples were analyzed for serum metabolites including
urea N, total protein, albumin, globulin, (albumin to globulin ratio), glucose, triglycerides, and
cholesterol concentrations using an automated analyzer at Auburn University Clinical Pathology
Laboratory (Auburn, AL).
2.5. Statistical analysis

Data were analyzed using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC). The
pen was considered as the experimental unit. Covariates considered for the analysis were initial
body weight for the growth performance data and third-week body weight for the serum
metabolite data. Preplanned contrasts were: consisted of POS diet vs. NEG diet + ALL diet,
NEG diet vs. ALL diet. The results are considered statistically significant if P < 0.05 and trends

if P<0.10.
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3. Results

From d 0 to 7, pigs fed the POS diet tended to consume more digestible energy (DE) than
those fed the NEG and All diets (P = 0.067), which was reflected in a tendency for those pigs to
have slightly less gain to DE (G:DE) intake than pigs fed those diets (P = 0.104; Table 3). There
was no effect of dietary treatments on other response criteria. During the second week of the
study (d 7 to 14), weight gain (WG) of pigs fed the POS diet was numerically lower (P = 0.144)
than those fed the other 2 diets, which was reflected in the efficiency of WG (Table 3). Pigs fed
the NEG and ALL diets had greater gain to feed (G:F; P = 0.034), gain to Lys (G:Lys) intake (P
=0.034), and G:DE intake (P = 0.013) than those fed the POS diet. Furthermore, G:F (P =
0.037), G:Lys intake (P = 0.037), and G:DE intake (P = 0.010) were greater in pigs fed the ALL
diet than those fed the NEG diet.

From d 14 to 21, there was no clear effect of dietary treatments on the intake of feed, Lys,
or DE, or the efficiency of utilization of feed, Lys, or DE intake. Similarly, although there
seemed to be numerical differences in some response criteria, dietary treatments had no clear
effect on the intake of feed, energy, and Lys or the rate and efficiency of weight gain in pigs from
d 14 to 21 (Table 4). Similarly, during the last week of the study (d 21 to 28), the POS, NEG, or
ALL diets had no clear effect on growth performance of pigs (Table 4).

From d 0 to 14 d, pigs fed the NEG and ALL diet had numerally greater weight gain than
those fed the POS diets (P = 0.147), and it was reflected in the efficiency of feed utilization for
WG (Table 5). During the first 2 wk of the study (d 0 to 14), the efficiency of feed (P = 0.004),
Lys (P =10.004), or DE (P <0.001) utilization was greater in pigs fed the NEG and ALL diets

than those fed the POS diet. Moreover, pigs fed the ALL diet tended to have greater G:F (P =
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0.095) and G:Lys intake (P = 0.095) and had greater G:DE intake (P = 0.009) than those fed the
NEG diet. There was no effect of dietary treatments on the intake of feed, Lys, or DE intake.
During the entire study (d 0 to 28), pigs fed the POST diet tended to have slightly lower G:DE
intake than those fed the NEG and ALL diets (P = 0.06), but dietary treatments had no effect on
other response criteria.

The effect of dietary fish peptide and multienzyme supplementation on metabolites in the
serum of weanling pigs during the fourth week of the study is presented in Tables 6. Pigs fed the
NEG and ALL diets seemed to be greater total protein than those fed the POS diet (P = 0.002).
Globulin concentration was greater in pigs fed the NEG and ALL diets than those fed the POS
diets (P =0.007). Albumin to globulin ratio (P = 0.063) tended to be greater in those fed the POS
diet than those fed the NEG and ALL diets. There was no clear effect of treatments on serum

albumin, blood urea nitrogen, glucose, cholesterol, or triglyceride concentrations.

4. Discussion

A corn-soy diet is the standard for feeding pigs, however, such a diet may not be
appropriate for weanling pigs. Weanling pigs are subjected to various stressors at weaning
(Campbell et al., 2013), and their digestive system is immature or the secretion of digestive
enzymes is not sufficient (Lindemann et al., 1986; Jensen et al., 1997; Le Dividich and Seve,
2000) to utilize corn-SBM diets. For that reason, traditionally, weanling pigs have been provided
with complex diets containing many special ingredients such as dried whey, plasma protein, fish
meal, soy protein concentrate, and others. Feeding such diets with highly palatable and digestible
feed ingredients is very effective in promoting the growth performance of weanling pigs

(Himmelberg et al., 1985; Mahan et al., 2004; Cromwell et al., 2008; Tran et al., 2014), but using
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such diets can be rather costly. With the development of, e.g., fish peptides, which can be not
only a great source of nutrients and also considered as a bioactive or functional feed additive
(Zamora-Sillero, 2018), and multienzyme complexes (e.g., Olukosi et al., 2007; Zhang et al.,
2014), it might be possible to use corn-SBM diets more successfully for weanling pigs.

In the present study, from d 7 to 14, pigs fed the NEG and ALL diets grew numerically
faster than those fed the POS diet or the complex diet. Such a numerical trend was reflected in
the efficiency of feed, Lys, and DE utilization. The G:F, G:Lys intake, and G:DE intake from d 7
to 14 were greater in weanling pigs fed the NEG and ALL diets than those fed the POS diet,
indicating that fish peptides may have had some positive effects on the rate and efficiency of
weight gain. In addition, G:F, G:Lys intake, and G:DE intake were greater in pigs fed the ALL
diets than those fed the NEG diet. The results may indicate that the multienzyme complexes
containing phytase and carbohydrases may have had some beneficial effects on the utilization of
feed, Lys, and energy.

The responses observed during d 7 to 14 were, obviously, reflected in the rate of
efficiency of weight gain during the first 2 wk of the study. Pigs fed the NEG and ALL diets
seemed to grow faster than those fed the POS diet. The efficiency of feed, Lys, or DE utilization
was greater in pigs fed the NEG and ALL diets than those fed the POS diet. Furthermore, Pigs
fed the ALL diet tended to utilize feed, Lys, or energy more efficiently than those fed the POS
diet. The results indicated again, fish peptides had some beneficial effects on the growth
performance of weanling pigs and multienzyme complexes had an additional positive effect on
weanling pig performance. Those differences were, however, not reflected in the overall growth

performance of weanling pigs.
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Many previous studies have shown that feeding piglets a simple diet can result in reduced
growth performance of weanling pigs (e.g., Wang et al., 2018), and feeding a complex diet
improved weanling pig performance (e.g., Whang et al., 2000; Wolter et al., 2003; Cervantes-
Pham and Stein, 2010). Such a growth depression in pigs offered a simple corn-SBM diet was
not apparent in the current study. However, the NEG diet contained fish peptides, and the ALL
diet contained both fish peptides and multienzyme complexes.

Although the literature on the use of fish peptides hydrolysates as a source of protein or
amino acids for weanling pigs has been rather scarce, the use of such products is not a new idea
(e.g., Stoner et al., 1985). In recent years, researchers reported that growth performance of young
pigs can be effectively improved by dietary supplementation of fish peptides or hydrolysates
(Thuy et al., 2016) or those products can effectively replace some commonly used protein
supplements for young pigs (Tucker et al., 2011; Neorgaard et al., 2012; Sun et al., 2016). Fish
peptides or hydrolysates are available worldwide as a supplement for animals, as well as for
humans, depending on the degree of refinement, and also as a functional dietary ingredient.
Various biological activities have been demonstrated in animals and also humans (Gevaert et al.,
2016), including antioxidative, antimicrobial, antihypertensive, and other activities (Rajabzadeh
et al., 2018; Zamora-Sillero, 2018). Perhaps, those biological activities collectively had some
beneficial effects on the growth performance of weanling pigs in the present study.

In the present study, again, supplementation of the simple diets containing fish peptides
with multienzyme complexes had some beneficial effect on the utilization of feed, Lys, and DE,
which is contrary to several reports on the lack of response to multienzyme complex
supplementation (Kiarie et al., 2007; Omogbenigun et al., 2003). The lack of could be attributed

to the age of pigs (Harper et al., 1997). In addition, as far as carbohydrases are concerned, the
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effectiveness may have something to do with the variation on the fiber content among various
feed ingredients (Emiola, 2009; Omogbenigun et al., 2004). For instance, Jones et al. (2010)
found that carbohydrases seemed to be less effective when included in diets based on corn and
SBM. They reported that galactomannanase, -glucanase, or xylanase supplementation did not
improve the animal performance when those enzymes were incorporate into corn—-SBM based
diets containing 30% corn distillers dried grains with solubles. Perhaps, the substrate
composition and concentration are likely to play a role in the efficacy of carbohydrase enzymes
(Bedford, 2000), and corn is highly digestible and low in fiber, carbohydrases may not
consistently improve growth performance of pigs (Partridge, 2000). In the present study,
however, multienzyme complexes consisting of phytases and carbohydrases in the weanling pig
diet seemed to be effective in improving the efficiency of feed, Lys, and energy utilization.
Serum metabolite data may provide some information on the animal's metabolic
activities. Lowrey et al. (1962) indicated that the total protein concentration can be used as an
indicator of efficiency of utilization of dietary protein. In the current study, pigs fed the NEG and
ALL diet had greater serum total protein during the last week of the study. Mule et al. (2016)
reported that positive correlations were observed between serum albumin and growth
performance in young pigs, but there was no effect of dietary treatments on serum albumin.
Serum globulin, which is generally determined by the difference between total protein and
albumin, was greater in pigs fed the NEG and ALL diet than those fed the POS diet, which was
caused by its greater concentration in pigs fed the ALL diet. Considering the pooled SEM, the
difference between the NEG & ALL diet should be statistically different, but it was not. The
increase in the globulin fraction usually results from an increase in immunoglobulins. Similarly,

albumin to globulin ratio should have been statistically lower in pigs fed the ALL diet than those

44



fed the NEG diet based on the pooled SEM, but it was not different. Serum urea N is another
important indicator of protein and amino acid adequacy and efficiency of amino acid utilization
(e.g., Eggum, 1970; Coma et al., 1995), but dietary treatments had no effect on serum urea N. In

general, dietary treatments seemed to have no clear effect on the serum metabolite profile.

5. Conclusion

During the first 2 wk of the study, pigs fed the NEG and ALL diet had numerally greater
weight gain than those fed the POS diets, which was reflected in the efficiency of feed utilization
for WG. The efficiency of feed, Lys, and DE utilization was greater in pigs fed the NEG and
ALL diets than those fed the POS diet. In addition, pigs fed the ALL diet tended to have greater
G:F and G:Lys intake and had greater G:DE intake than those fed the NEG diet. The results may
indicate that it may be possible to replace a complex diet with a simple corn-SBM diet by
supplementing the weanling pig diet with fish peptides and enzyme complexes during Phase 1 (d

0 to 14).
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Table 1

Composition of Phase 1 weanling pig diets (as-fed basis; d 0 to 14) 1234,

Item POS NEG ALL
Ingredient (g/kg)
Corn 465.6 542.3 536.0
Soybean meal (48% CP) 269.7 410.2 410.7
Dried whey 150 - -
Fishmeal 40.0 - -
Plasma protein 20.0 - -
Fish peptides - 15.0 15.0
Poultry fat 30.0 - -
Dicalcium phosphate 7.50 13.4 135
Limestone 6.90 8.90 8.80
Salt 3.50 3.50 3.50
ZnO 4.20 4.20 4.20
Vitamin-mineral premix’ 2.50 2.50 2.50
Multienzyme complexes - - 0.90
Calculated composition
DE (Mcal/kg) 3.69 3.41 3.38
CP (g/kg) 226.2 247.7 247.4
Ca (g/kg) 8.0 8.0 8.0
P (g/kg) 7.0 7.0 7.0
Ca:P 1.14 1.14 1.14
SID Lys (g/kg) 12.15 12.15 12.15
SID Lys:DE (g/Mcal) 3.29 3.56 3.59
Analyzed composition (g/kg)
CP 197.4 209.5 228.1

1 POS = positive complex diet, NEG = negative simple corn-soybean meal diet with 1.5% fish
peptides (Peptiva; Vitech Bio-Chem Corp., Orange, CA), and ALL = diet supplemented with
1.5% fish peptides and multienzyme complexes [Ronozyme Hiphos (GT) 2500 and Ronozyme
Multigrain (GT)]; DSM Nutritional Products, Inc., Ames, IA].

2 Fed starter diets from 7.77 + 0.78 to 22.20 + 1.55 kg.

® Dried whey = Bakers Authority, Maspeth, NY; fishmeal = Omega Protein, Reedville, VA;
plasma protein (AP920) = APC Inc, Ankey, IA; ZnO = Nutra Blend, Neosho, MO.

*CP = crude protein, DE = digestible energy, and SID = standardized ileal digestible.

> Provided the following (unit/kg diet; Nutra Blend): Fe (ferrous sulfate), 150 mg; Zn (zinc
oxide), 150 mg; Mn (manganous oxide), 37.5 mg; Cu (copper sulfate), 150 ppm; I
(ethylenediamine dihydroiodide), 5 ppm; Se (sodium selenite), 0.3 ppm; vitamin A, 6,614 1U;
vitamin D, 1,102 IU; vitamin E, 26 IU; vitamin B,, 0.03 mg; menadione (menadione Na
bisulfite complex), 1 mg; riboflavin, 6 mg; D-pantothenic acid (D-Ca pantothenate), 45 mg;
niacin, 28 mg; and choline (choline chloride), 110 mg.
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Table 2

Composition of Phase 2 weanling pig diets (as-fed basis; d 14 to 28) *>*,

Item POS NEG ALL
Ingredient (g/kg)
Corn 567.5 587.2 580.8
Soybean meal (48% CP) 334.4 366.1 366.5
Dried whey 50.0 - -
Fishmeal 20.0 - -
Plasma protein - - -
Fish peptides - 15.0 15.0
Poultry fat - - -
Dicalcium phosphate 11.8 14.4 14.5
Limestone 7.50 8.50 8.50
Salt 3.50 3.50 3.50
Zn0O 2.80 2.80 2.80
Vitamin-mineral premix’ 2.50 2.50 2.50
Multienzyme complexes - - 0.90
Calculated composition
DE (Mcal/kg) 3.42 3.40 3.38
CP (g/kg) 224.8 230.3 230.0
Ca (g/kg) 8.0 8.0 8.0
P (g/kg) 7.0 7.0 7.0
Ca:P 1.14 1.14 1.14
SID Lys (g/kg) 11.07 11.07 11.07
SID Lys:DE (g/Mcal) 3.24 3.26 3.28
Analyzed composition (g/kg)
CP 219.9 219.1 217.0

1 POS = positive complex diet, NEG = negative simple corn-soybean meal diet with 1.5% fish
peptides (Peptiva; Vitech Bio-Chem Corp., Orange, CA), and ALL = diet supplemented with
1.5% fish peptides and multienzyme complexes [Ronozyme Hiphos (GT) 2500 and Ronozyme
Multigrain (GT)]; DSM Nutritional Products, Inc., Ames, IA].

2 Fed starter diets from 7.77 + 0.78 to 22.20 + 1.55 kg.

® Dried whey = Bakers Authority, Maspeth, NY; fishmeal = Omega Protein, Reedville, VA;
plasma protein (AP920) = APC Inc, Ankey, IA; ZnO = Nutra Blend, Neosho, MO.

*CP = crude protein, DE = digestible energy, and SID = standardized ileal digestible.

> Provided the following (unit/kg diet; Nutra Blend): Fe (ferrous sulfate), 150 mg; Zn (zinc
oxide), 150 mg; Mn (manganous oxide), 37.5 mg; Cu (copper sulfate), 150 ppm; I
(ethylenediamine dihydroiodide), 5 ppm; Se (sodium selenite), 0.3 ppm; vitamin A, 6,614 1U;
vitamin Ds, 1,102 IU; vitamin E, 26 IU; vitamin B,, 0.03 mg; menadione (menadione Na
bisulfite complex), 1 mg; riboflavin, 6 mg; D-pantothenic acid (D-Ca pantothenate), 45 mg;
niacin, 28 mg; and choline (choline chloride), 110 mg.
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Table 3
Effect of fish peptides and enzyme supplementation on growth performance of weanling pigs
(first and second week) >3

ltem ADFI  Lysl  DEI WG  GF  GiLysl G:DEI
(9/d) (9/d)  (Mcalid) (g/d) (gkkg) (9/g)  (g/Mcal)

dOoto7
POS 540 6.56 1.99 182 339 27.9 92
NEG 523 6.35 1.78 159 303 25.0 89
ALL 487 591 1.65 170 354 29.1 104
SEM 15 0.18 0.06 9 18 1.5 6
P-value
POSvs. NEG + ALL 0.214 0.214 0.067 0946 0.251 0.251 0.104
NEG vs. ALL 0.667 0.667 0.145 0.229 0.272 0272 0.714
d7to14
POS 863 10.49 3.18 202 232 19.1 63
NEG 820 9.96 2.80 245 301 24.8 88
ALL 813 9.88 2.76 267 328 27.0 97
SEM 24 0.29 0.10 13 14 1.2 5
P-value
POSvs. NEG + ALL 0.645 0.645 0.295 0.144 0.034 0.034 0.013
NEG vs. ALL 0.548 0.548 0.148 0.202 0.037 0.037 0.010

1 POS = positive complex diet, NEG = negative simple corn-soybean meal diet with 1.5% fish
peptides, and ALL= diet supplemented with 1.5% fish peptides and multienzyme complexes.

° Fed starter diets from 7.77 + 0.78 to 22.20 + 1.55 kg.

% ADFI = average daily feed intake, Lysl = standardized ileal digestible Lys intake, DEI
digestible energy intake, WG = weight gain, G:F = gain to feed, G:Lysl = gain to Lysl, G:DEI
gain to DEI, and SEM = pooled standard error of the mean.

53



Table 4

Effect of fish peptides on growth performance of weanling pigs (third and fourth week) “%*

Item ADFI Lysl DEI WG G:F G:Lysl G:DEI
(9/d)  (g/d)  (Mcal/d) (g/d) (g9/kg) (g/d)  (g/Mcal)
d1l4to21
POS 1,207 1336 4.13 256 210 19.0 61
NEG 1,175 13.01 4.00 209 178 16.1 52
ALL 1,173 1299 3.97 180 155 14.0 46
SEM 20 0.22 0.07 18 15 1.3 4
P-value
POS vs. NEG + ALL 0.688 0.688 0.524 0.246 0.288 0.288  0.307
NEG vs. ALL 0.526 0.526 0.451 0.355 0.443 0.443 0.459
d21to 28
POS 1,302 1442 4.46 321 246 22.2 72
NEG 1,278 14.14 435 274 213 19.2 63
ALL 1,281 14.18 4.33 339 264 23.9 78
SEM 29 0.32 0.10 20 13 1.2 4
P-value
POSvs. NEG + ALL 0.901 0.902 0.783 0.406 0.285 0.285 0.258
NEG vs. ALL 0.780 0.780 0.719 0410 0.380 0.380 0.400

1 POS = positive complex diet, NEG = negative simple corn-soybean meal diet with 1.5% fish
peptides, and ALL= diet supplemented with 1.5% fish peptides and multienzyme complexes.

® Fed Phase 1 and 2 diets from 7.77 + 0.78 to 22.20 + 1.55 kg.

% ADFI = average daily feed intake, Lys| = standardized ileal digestible Lys intake, DEI =
digestible energy intake, WG = weight gain, G:F = gain to feed, G:Lysl = gain to Lysl, G:DEI =
gain to DEI, and SEM = pooled standard error of the mean
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Table 5

Effect of fish peptides on growth performance of weanling pigs (first 2 wk and overall) *%*

Item ADFI Lysl DEI WG G:F G:Lysl G:DEI
(9/d)  (9/d) (Mcal/d) (g/d) (g/kg) (g/d)  (g9/Mcal)
d0to 14
POS 702 852 259 192 275 22.6 74
NEG 671 8.16 2.29 202 301 24.8 88
ALL 650 7.90  2.20 218 337 27.7 99
SEM 17 0.21  0.07 7 10 0.8 4
P-value
POSvs. NEG + ALL 0.406 0.406 0.142 0.147 0.004 0.004 <0.001
NEG vs. ALL 0.550 0.550 0.113 0.528 0.095 0.095 0.009
d0to 28
POS 978 11.21 344 240 245 21.4 70
NEG 949 10.87 3.23 222 233 20.4 69
ALL 938 10.74 3.18 240 254 22.2 75
SEM 17 0.20  0.07 7 5 0.4 2
P-value
POSvs. NEG + ALL 0.580 0.569 0.311 0.651 0.157 0.151  0.060
NEG vs. ALL 0.575 0.572 0.256 0.368 0.304 0.307 0.702

1 POS = positive complex diet, NEG = negative simple corn-soybean meal diet with 1.5% fish
peptides, and ALL= diet supplemented with 1.5% fish peptides and multienzyme complexes.

® Fed Phase 1 and 2 diets from 7.77 + 0.78 to 22.20 + 1.55 kg.

3 ADFI = average daily feed intake, Lys| = standardized ileal digestible Lys intake, DEI =
digestible energy intake, WG = weight gain, G:F = gain to feed, G:Lysl = gain to Lysl, G:DEI =
gain to DEI, and SEM = pooled standard error of the mean.
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Table 6

Effect of fish peptides and enzyme supplementation on serum metabolites in weanling pigs (wk 4)

1,23

Item TP Alb Glob Alb:Glob BUN Gluc Chol TG
(g/dL) (g/dL) (g/dL) (mg/dL) (Mg/dL) (g/Mcal) (mg/dL)

POS 4.31 3.65 0.68 6.04 14.46 119 66.6 49.1
NEG 4.48 3.90 0.58 7.68 14.60 112 66.1 43.8
ALL 4.80 3.73 1.08 3.84 15.41 114 60.9 49.4
SEM 0.07 0.06 0.08 0.77 0.32 2 1.7 2.0
P-value

POSvs. NEG + ALL  0.002 0.705 0.007 0.063 0.228 0.709 0.168 0.514

NEG vs. ALL 0.166 0.114 0.511 0.347 0.865 0.241 0.919 0.320

' POS = positive complex diet, NEG = negative simple corn-soybean meal diet with 1.5% fish peptides, and ALL= diet
suzpplemented with 1.5% fish peptides and multienzyme complexes.

Fed Phase 1 and 2 diets from 7.77 £ 0.78 to 22.20 + 1.55 kg.

% TP = total protein, Alb = albumin, Glob = globulin, Alb:Glob = Alb to Glob ratio, BUN = blood urea N, Chol = cholesterol, and
TG = triglyceride. Blood samples were collected during the fourth week of the study.
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IV. SUMMARY AND CONCLUSION

Young pigs are subjected to various stressors at weaning, and providing a highly
palatable and digestible diet is, obviously, important in preventing or alleviating the so-called
"growth check" soon after weaning and also optimizing growth performance thereafter. Although
a corn-soybean meal (SBM) diet is the standard for feeding pigs, such a diet may not be
appropriate for weanling pigs because of many digestive, metabolic, and immunological
challenges. For instance, their enzyme profile is designed to utilize "milk" protein, carbohydrate,
and fat, not corn and SBM. For those reasons, weanling pigs have been fed so-called "complex
diets" that contain many "special ingredients," such as dried whey, soy protein concentrate,
plasma protein, fish meal, blood meal, oat groats, and others, which are highly palatable and
digestible, to improve growth performance.

Providing such diets with highly palatable and digestible ingredients to weanling pigs can
be, however, a costly proposition. There might be some viable alternative supplements, such as
fish peptides or hydrolysate that can be not only an excellent source of nutrients but also a
"bioactive" or "functional" feed additive/supplement. Such an additive/supplement may enhance
not only the efficiency of energy and nutrient utilization but also animal health, thus, improving
the growth performance of pigs. In addition, with the development and(or) availability of
various enzymes, it might be possible for us to use a corn-soy-based diet more efficiently or
successfully for weanling pigs. Enzymes such as carbohydrases, proteases, phytase, and lipase
can be used to extract more energy and nutrients from a simple corn-soy-based diet. With

increased competition between humans and food-producing animals for quality sources of energy
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and nutrients in recent years, it is imperative to utilize, e.g., corn and SBM efficiently and also
minimize the use of other quality sources of energy and nutrients for successful and sustainable
pig and other food animal production in the future.

The ultimate research goal for our growing pig research program is to make contributions
to the development of environmentally friendly, optimum feeding strategies for successful and
sustainable pig production. In this study, the possibility to replace a complex diet with a simple
corn-SBM diet for weanling pigs by supplementation with fish peptides and multienzyme
complexes was investigated by assessing the effect of treatment on growth performance and
serum metabolites.

A total of 48 pigs (24 females and 24 castrated males) weaned at 3 to 4 wk of age (initial
body weight, 7.77 + 0.78 kg) were used to investigate the possibility of replacing a complex diet
with a simple corn-soybean meal (SBM) diet by fish peptide and multienzyme complex
supplementation. Pigs were randomly assigned to 3 dietary treatments with 4 replicate pens per
treatment and 2 gilts and 2 castrated males per pen. A two-phase feeding program (2 wk each)
was used, and 2 typical complexes, positive control (POS) diets were formulated to contain
12.15 and 11.07 g standard ileal digestible Lys/kg for Phase 1 and 2, respectively. In addition to
corn and SBM, the complex diet for Phase 1 contained dried whey, fishmeal, plasma protein,
poultry fat, and Zn oxide, whereas the complex diet for Phase 2 contained dried whey and
fishmeal. Two simple, corn-SBM negative control (NEG) diets were formulated to be isolysinic
to the POS diets for Phase 1 and 2 and included 1.5% fish peptides. The NEG diets were
supplemented with multienzyme complexes. During the fourth week of the study, a blood sample

was collected from each pig, and samples were analyzed for serum metabolites. Pigs were
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allowed ad libitum access to feed and water throughout the 4-wk study period, and the pig
weight and feed consumption data were collected weekly.

During the second week of the study (d 7 to 14), weight gain (WQG) of pigs fed the POS
diet was numerically lower than those fed the other 2 diets, which was reflected in the efficiency
of feed utilization for WG. Pigs fed the NEG and ALL diets had greater gain to feed (G:F), gain
to Lys (G:Lys) intake, and gain to DE (G:DE) intake than those fed the POS diet. Furthermore,
G:F, G:Lys intake, and G:DE intake were greater in pigs fed the ALL diet than those fed the NEG
diet. As in d 7 to 14, pigs fed the NEG and ALL diet had numerally greater weight gain than
those fed the POS diets during the first 2 wk of the study, which was reflected in the efficiency of
WG. During Phase 1 (d 0 to 14), the efficiency of feed, Lys, or DE utilization was greater in pigs
fed the NEG and ALL diets than those fed the POS diet. In addition, pigs fed the ALL diet tended
to have greater G:F and G:Lys intake and had greater G:DE intake than those fed the NEG diet.
There seemed to be no clear effect of dietary treatments on overall growth performance (d 0 to
28) of weanling pigs or serum metabolite profile during the last week of the study.

During the first 2 wk of the study, fish peptides improved the growth performance of
weanling pigs, and additional supplementation with multienzyme complexes improved growth
performance further. The results indicated that it may be possible to replace a complex diet with
a simple corn-SBM diet by supplementing the weanling pig diet with fish peptides and

multienzyme complexes during Phase 1 (d 0 to 14).
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VI. APPENDICES

Appendix A: Principle of the Total protein Analysis (Roche Diagnostics, Indianapolis, IN)
Under alkaline conditions, divalent copper in the biuret reagent reacts with protein
peptide bonds to form the characteristic purple-colored biuret complex:

Alkaline solution
Protein + Cu?* » Cu-protein complex

The color intensity is directly proportional to the protein concentration, which can be measured

photometrically.
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Appendix B: Principle of the Albumin Analysis (Roche Diagnostics, Indianapolis, IN)

It is a colorimetric assay with endpoint method. At a pH of 4.1, albumin displays a
sufficiently cationic character to be able to bind with bromocresol green (BCG), an anionic
dyestuff to form a blue-green complex:

pH 4.1
Albumin + BCG » Albumin BCG complex

The color intensity of the blue-green color is directly proportional to the albumin concentration

and can be measured photometrically.
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Appendix C: Principle of the Urea N Analysis (Roche Diagnostics, Indianapolis, IN)
Urea is hydrolyzed by urease to form CO, and ammonia:

Urease
Urea + H,0O —» 2 NH;" +CO;

The ammonia formed then reacts with a-ketoglutarate and NADH in the presence of GLDH to
yield glutamate and NAD™:

GLDH
o-ketoglutarate + NH;" + NADH —» L-glutamate + NAD" + H,0O

The decrease in absorbance due to consumption of NADH is measured kinetically.
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Appendix D: Principle of Glucose Analysis (Diagnostic Chemicals Ltd)
Glucose is phosphorylated to hexokinase in the presence of adenosine triphosphate (ATP)
and magnesium to form glucose-6-phosphate (G-6-P) and adenosine diphosphate (ADP):

Hexokinase, Mg*"
Glucose + ATP » Glucose-6-phosphate + ADP

G-6-P is then oxidized by glucose-6-phosphate dehydrogenase (G-6-PDH) in the presence of
nicotinamide adenine dinucleotide (NAD") producing 6-phosphogluconate and NADH:

G-6-PDH
Glucose-6-phosphate + NAD" » 6-phosphogluconate + NADH + H"

The formation of NADH causes an increase in absorbance at 340 nm which is directly

proportional to the concentration of glucose in the sample.
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Appendix E: Principle of Cholesterol Analysis (Roche Diagnostics, Indianapolis, IN)

Cholesterol is determined enzymatically using cholesterol esterase and cholesterol
oxidase as follows. Cholesterol esters are cleaved by the action of cholesterol esterase to yield
free cholesterol and fatty acids:

Cholesterolesterase
Cholesterol esters + H,0, » Cholesterol + RCOOH

Cholesterol is converted by oxygen with the aid of cholesterol oxidase to cholest-4-en-3-one and
hydrogen peroxide:

Cholesterol oxidase
Cholesterol + O, » Cholest-4-en-3-one + H,0»

The hydrogen peroxide created forms a red dyestuff by reacting with 4-aminophenazone and
phenol under the catalytic action of peroxidase:
Peroxidase

2H,0, + 4-aminophenazone + phenol —>  4-(p-benzoquinone-monoimino)-
phenazone + 4H,0

The color intensity is directly proportional to the concentration of cholesterol and can be

determined photometrically.
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Appendix F: Principle of the Triglyceride Analysis (Diagnostic chemicals Ltd., Oxford. CT)
Serum triglycerides are hydrolyzed to glycerol and free fatty acids by lipase:

Lipase
Triglycerides + H,0 » Glycerol + fatty acids

In the presence of ATP and glycerol kinase (GK), the glycerol is phosphorylated to glycerol-1-
phosphate:

GK, Mg**
Glycerol + ATP » Glycerol-1-phosphate + ADP

Glycerol-1-phosphate is then oxidized by glycerol phosphate oxidase (GPO) to yield hydrogen
peroxide (H,0,):

GPO
Glycerol-1-phosphate + O, » H,0, + dihydroxyacetone phosphate

The hydrogen peroxide causes oxidative coupling of p-chlorophenol and 4-aminoantipyrine,
producing a red colored quinoneimine dye complex:

Peroxidase
H,0, + p-cholorophenol + 4-aminoantipyrine » quinoneimine dye + H,0;

The increase in absorbance at 520 nm due to the formation of the quinoneimine dye is directly

proportional to the concentration of triglycerides in the sample.
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