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Intended Outcomes
The participants will understand
• The basic principles of animal nutrition.
• How animal nutrition interrelates with nutrient excretion.
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P R O J E C T S TAT E M E N T
This educational program,
Livestock and Poultry
Environmental Stewardship,
consists of lessons arranged
into the following six modules:
• Introduction
• Animal Dietary Strategies
• Manure Storage and
Treatment
• Land Application and
Nutrient Management
• Outdoor Air Quality
• Related Issues
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Activities
The participants will
• Evaluate what feed formulation strategies can be applied to a farm for
reducing nutrient excretion.
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Reducing Pig Waste and Odor Through Nutritional Means

Introduction
Animal production involves the feeding and care of animals to obtain
usable end products, such as meat or milk. Since the efficiency with which
animals use nutrients is less than 100%, a portion of the nutrients supplied to
the animal is excreted as feces. The end/byproducts of metabolism are
excreted in urine. Traditionally, these excreta were used as fertilizers for
crops and thus were an integral part of the nutrient cycle.
Over the last decade, animal production has expanded significantly. In
this expansion, production facilities were clustered in areas with an
infrastructure of interest to the animal producers and with proximity to
markets, slaughter plants, etc. Because local feed production was inadequate
to sustain the expanding animal agriculture, feed ingredients were shipped in
from major crop-producing regions, initiating the import of minerals
including nitrogen (N) and phosphorus (P) into animal-producing regions.
However, because animal waste is bulky relative to its nutrient content,
shipping it to the feed-producing regions for use as a fertilizer was
economically not viable. Alternative methods to deal with this waste were
thus sought and found in lagoon storage1 and/or in higher than
environmentally desired application rates on cropland. Both of these methods
resulted in a net accumulation of minerals in the production areas.
Ideally, animal waste is used as a fertilizer on cropland in such a way that
nutrients are not accumulated or depleted. Jongbloed and Lenis (1993)
calculated the number of pigs that could be held per acre of cropland (mixed
crops, predominantly vegetables) to obtain a proper balance in the nutrient
cycle. Their calculations show that this is highly dependent on the mineral
evaluated. For P, a proper nutrient balance was obtained when the manure
from 27 pigs was applied per acre. For copper and zinc, however, the number
of pigs from which the manure could be applied per acre was three and four,
respectively.
The data from Jongbloed and Lenis illustrate that it is not feasible to
reintegrate swine production back into crop production without modifying
current swine production methods. This lesson outlines some of the
underlying principles for modifying pig diets with the objective of reducing
nutrient excretion and ammonia and odor emission.

Ideally, animal
waste is used as
a fertilizer on
cropland in such
a way that
nutrients are
not accumulated
or depleted.

Nutrient Use
When pigs eat feed, several processes need to happen before the animal
benefits from the nutrients contained in the feed (Figure 10-1). Before
nutrient waste can be reduced, the steps involved in getting the nutrients from
the feed bin into the animal and converted into lean meat must be understood.
An understanding of the steps where losses occur is even more crucial.
The first waste problem occurs when the feed is consumed. Pigs are
sloppy eaters; feed sticks to their noses and chin, and they like to root through
the feed. As a result, feed is pushed out of the feeder or is carried around,
ultimately ending up in the manure storage area (pit). Feed waste is typically
considered to account for 2% to, in extreme cases, 20% of the feed provided
to the animals, and it is an expensive loss of nutrients.
Upon consuming the feed, the pig briefly chews it. During chewing, the
pig secretes saliva containing enzymes and minerals. This process is rather
1

Feed waste is
typically considered
to account for 2%
to, in extreme
cases, 20% of the
feed provided to
the animals, and it
is an expensive
loss of nutrients.

Note that lagoons are only storage devices for nutrients such as phosphorus, zinc, and copper.
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Feed provided

Waste
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Feed consumed
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Intestinal secretions
(enzymes, cells)

Undigested feed
and secretions

Nutrients absorbed
Maintenance
Nutrients available
for growth
Mismatch
Nutrients used
for growth

Inefficiencies
Growth

Figure 10-1. Nutrient use (see text for details). Right arrows depict waste
production. The size of the arrows is approximately indicative of the
N flow through each branch under typical conditions.

obvious when it occurs in the mouth, but a similar process occurs throughout
the entire digestive tract; enzymes/proteins are secreted together with water
and minerals that aid in the digestion and transport of the feed. These
secretions occur continuously at a low (basal) rate, but upon eating, secretions
increase dramatically, with the increase depending on the feed actually
consumed. Typically, for every pound of protein that a pig consumes, it
secretes about 1/3 of a pound of protein in the form of enzymes and other
proteins into the digestive tract.
Secreted enzymes break down the feed, and then amino acids (the
building blocks for protein), carbohydrates (sugars for energy), and fats (for
energy and essential fatty acids) are taken up (absorbed). The process of
taking up the nutrients makes the nutrients available to the animal, and the
fraction of the nutrients that are taken up is called the digestible fraction. The
digestibility of a typical corn-soybean meal (C-SBM) feed is 93%.
In addition to not being able to digest all of the nutrients that are
consumed, the animal also loses a portion of the enzymes and nutrients that
are secreted into the digestive tract. The material lost is called the endogenous
loss and is equivalent to approximately 8% of the dietary protein consumed.
The endogenous losses and the undigested feed fraction end up being
excreted in the feces. Prior to excretion, though, they are subjected to
bacterial fermentation in the large intestine. This fermentation process leads
to the conversion of some of the carbohydrates (fiber) to volatile fatty acids,
such as acetic, propionic, and butyric acid. These compounds can be taken up
from the large intestine and used as an energy source by the animal. However,
if these compounds are excreted with the feces, they can contribute to odor.
Butyric acid, as an example, is particularly unpleasant.
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Proteins are fermented in the large intestines as well, producing a host of
odorous compounds, including para-cresol, hydrogen sulfide, putrescine,
cadaverine, and skatole. In effect, most of the compounds responsible for
malodor that swine emit can be traced to protein fermentation, either in the
large intestines or in the excreta.
When animals produce enzymes and other secretions for the digestive
process, inefficiencies in their production occur (like sawdust when cutting
pieces of wood from a tree trunk). These inefficiencies lead to amino acids
being broken down to ammonia, which ultimately ends up being excreted
(typically as urea with the urine). Typically, 10% of the dietary N is excreted
because of these inefficiencies.
So far, we have lost 25% of the dietary protein: 7% was not digested, 8%
was lost in the form of endogenous (intestinal) losses, and another 10% was
lost due to inefficiencies associated with the digestive effort. The remaining
75% of the protein is considered bio-available (available for biological
functions). However, these figures are for typical diets; diets relying strongly
on poorly digestible or difficult to digest feedstuffs will have a lower bioavailability.
Pigs need amino acids both for maintenance and for growth. Amino acids
for maintenance typically end up being broken down (burned for energy)
after serving their function, leading to the production of waste N. Fortunately,
only a small portion of the amino acids ingested are required for maintenance
in growing pigs (in nonproducing animals, maintenance and endogenous
losses forms the sole requirement for amino acids). The amino acid
requirement for maintenance is also very specific for the different amino
acids (Table 10-1). Animals have a low maintenance need for lysine, while
the maintenance need for threonine is much larger. The amino acid
requirement for maintenance is a function of the animal’s weight; a baby pig
requires very little, while a market-weight hog requires approximately 25
times as much. The composition of the amino acid mix required, though, is
virtually constant; both the baby pig and the market-weight hog require more
threonine than lysine for maintenance.

Table 10-1. True ileal amino acid profiles for maintenance and for growth,
expressed relative to lysine (based on 1998 NRC, in which lysine is used as
the reference amino acid).
Amino Acid

Maintenance

Growth

Lysine

100

100

Threonine

151

60

Tryptophan

26

18

Methionine

28

27

Sulfur amino acids

123

55

Valine

67

68

Leucine

70

102

Isoleucine

75

54

Histidine

32

32

Phenylalanine

50

60

Phenylalanine + Tyrosine

121

93

Arginine

-200

48

So far, we have
lost 25% of the
dietary protein: 7%
was not digested,
8% was lost in the
form of endogenous
(intestinal) losses,
and another 10%
was lost due to
inefficiencies
associated with the
digestive effort. The
remaining 75% of
the protein is
considered bioavailable….
However, these
figures are for
typical diets; diets
relying strongly on
poorly digestible or
difficult to digest
feedstuffs will have
a lower bioavailability.
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When evaluating a
diet’s nutritional
value, it is
important to
consider the
availability of the
amino acids and
how the profile of
available amino
acids matches the
animal’s amino acid
requirements. The
latter can be
determined based
on the
maintenance
requirement (thus
the animal’s
weight) and lean
gain.

Usually, for every
pound of protein
that the pig grows,
approximately
1/3 of a pound
of protein is broken
down, resulting in
1/20 of a pound
of N being excreted
as waste… .
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Growth is the increase in mass and size of muscle and organs (such as the
liver and heart). The proteins that compose muscles and organs have a
specific composition. For example, lysine makes up 7% of the protein. As a
result, amino acids required for growth have a specific profile as well (Table
10-1), which is considerably different from the maintenance requirement.
By combining the amino acid profile required for growth with that
required for maintenance, the animal’s amino acid requirement can be
calculated (taking into account the above indicated losses). For young, fastgrowing animals, the amino acid requirement will be close to the “growth”
profile. For older, slower-growing animals, the amino acid requirement will
be close to the “maintenance” requirement. For example, for a 5-pound pig,
2.6% of the lysine requirement and 6.1% of the threonine requirement is for
maintenance, while for a 250-pound pig, 8.8% of the lysine requirement and
19.4% of the threonine requirement is for maintenance.
A nutritionist’s objective is to make diets that meet this combined profile
by combining ingredients such as corn, soybean meal, meat and bone meal,
and synthetic amino acids, taking into consideration losses occurring in the
digestive process. If an animal does not receive enough of one amino acid,
the animal’s growth will be compromised. The maintenance needs are
obligatory (the animal cannot function properly without), and thus amino
acids are first used for maintenance with the remainder available for growth.
As indicated, the ratio of amino acids required for growth is fixed. If a
deficiency occurs in one amino acid, the accretion (growth) of all other amino
acids will be compromised as well (the strength of a chain is determined by
its weakest link).
When evaluating a diet’s nutritional value, it is important to consider the
availability of the amino acids and how the profile of available amino acids
matches the animal’s amino acid requirments. The latter can be determined
based on the maintenance requirement (thus the animal’s weight) and lean gain.
Growing muscle is not very efficient. Animals continuously build new
proteins but also break down old proteins. Theoretically, when breaking down
protein, amino acids are released, and thus no loss of amino acids would be
expected from this process (only a waste of energy). However, inefficiencies
occur in the process of breaking down protein (like sawdust when cutting
wood), and the result of these inefficiencies is that amino acids are converted
to energy and N excretion. Usually, for every pound of protein that the pig
grows, approximately 1/3 of a pound of protein is broken down, resulting in
1/20 of a pound of N being excreted as waste (mainly in the urine). A typical
125-pound pig growing 2.2 pounds per day grows about 0.3 pound of protein
per day (most growth is actually water) and thus excretes about 0.015 pound
of N per day linked to this protein growth.
Amino acids that are absorbed but not used for growth ultimately end up
being degraded. In this degradation, usable energy is formed as well as
ammonia. This ammonia is typically excreted in the urine as urea. Urea is
very unstable and upon mixing with feces is broken down to ammonia, which
volatilizes, leading to ammonia emission from animal production facilities.
For minerals, the story of digestion and utilization is very similar, but
each of the minerals has its own peculiarities. Losses occur during the
digestive process because not all of the minerals in the feed can be digested
and also because endogenous losses of minerals occur. In addition, the uptake
(absorption) of some of the minerals is regulated to prevent toxicity problems.
For example, animals will only take up the amount of calcium that is required
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for proper functioning. For minerals such as copper and zinc, uptake is not as
tightly regulated, but when excesses are consumed, they are secreted back
into the intestines: for zinc via pancreatic secretions and for copper via bile.
The “apparent” digestibility of these minerals is thus affected by the quality
of the feed but also by the quantity of the mineral contained in the feed. Zinc
and copper can also accumulate in tissues such as the liver, which can serve
as a temporary storage.
As for amino acids, minerals are used for maintenance and for growth,
with specific mineral requirement profiles required for each. For example, the
maintenance requirement for iron is very low (because it is recycled very
effectively), but the requirement for growth is rather high. Magnesium,
however, is relatively important for maintenance and less important for growth.
Points of attack to improve nutrient utilization can be deduced easily
from the above description of nutrient utilization. In the following sections,
each aspect of nutrient utilization is examined to see what improvements can
be made, while Appendix A and the Excel spreadsheet provided on the CDROM and at <http://mark.asci.ncsu.edu/nutrition/nitrophos.htm> provide a
quick assessment tool for evaluating conformity of an operation with the
outlined suggestions. Appendix B provides an assessment tool that evalutes
your knowledge of and compliance with pertinent local legislation.

Feed Waste
Poor feeder design and presentation of feed can lead to the wasting of
animal feed. Gonyou and Lou (1998) reported that feed wastage was typically
5% to 6% but much larger ranges have been reported for field conditions
(2% to 20%). Although little research has been performed to evaluate the
effect of feed wastage on environmental pollution, it cannot be ignored.
Feed waste is strongly influenced by the presentation of the feed.
Mash feed tends to cling to the animal’s chin and nose, ultimately leading to
waste. Gonyou and Lou (1998) determined that each time the pig leaves a
feeder it takes 1.5 grams of feed with it. Given that the pig typically accesses
the feeder 60 times per day, this theoretically could amount to wasting 90
grams (0.2 lb) of feed. Pigs also tend to root through the feed, which in
poorly designed feeders leads to the waste of 3.4% of the feed (Gonyou and
Lou 1998). Pelleting feeds reduces both forms of feed waste. Based on data
from Vanschoubroeck et al. (1971), it may be estimated that pelleting reduced
feed waste by approximately 5%.
Traditional recommendations are that feeders should be designed such
that it is more difficult to push feed out of the feeder, and even more
importantly, the feeder should be managed such that only a small amount of
feed is present in the feeder. This does require that feeders are easy and
accurate to adjust. A general guideline is that feeders should be managed
such that only 50% of the bottom of the feeder is covered, not only
preventing feed waste but also reducing the spoilage of feed.
Taylor (1990), upon studying the eating behavior of pigs, came to a
different conclusion about feeder design. He observed that pigs like to eat
with their head straight. This is not possible in conventional feeders except if
the pig backs up. This backing up of the animal leads to feed falling from the
animal’s mouth to end up in the pit. A better design, according to Taylor,
would be to provide enough space above the feeder such that the pig can eat
with its head straight above the feeder such that feed waste falls back into

Feed waste is
strongly influenced
by the presentation
of the feed.
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To minimize
feed waste,
• Install feeders/
feed systems
that are designed
to minimize
feed waste.
• Adjust and
clean feeders
frequently.
• Use pelleted
feeds.

For each 1%
improvement in
digestibility, N waste
produced per kg of
meat produced
decreases by 1.4%.
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the feeder. The actual feed level in the feeder appeared to be of little
importance in determining feed waste.
Since wasted feed generally falls into the manure storage areas, its
contribution to waste can be estimated by making some assumptions. For
example, if feed wastage is 5% on average during the grow-finish phase (which
is a low estimate), and the animal utilizes approximately 30% of the N fed, then
feed wastage contributes 7.5% of the N in manure. For minerals such as copper,
zinc, and P, the contribution of feed waste to manure is similar.
For carbohydrates, however, the picture is much different. The animal
digests approximately 85% of the carbohydrates in a typical diet, and feed
wastage at 5% would then contribute 35% of the carbohydrates in the
manure. Although carbohydrates are not considered pollutants, they are a
substrate for fermentation, which leads to the production of malodorous
compound, such as volatile fatty acids.
To minimize feed waste,
• Install feeders/feed systems that are designed to minimize
feed waste.
• Adjust and clean feeders frequently.
• Use pelleted feeds.

Improving the Nutrient Yield from a Feed
Feces are partially produced because feed is not 100% digestible. For
example, amino acids in typical feedstuffs have a digestibility ranging
between 60% and 90%, while P digestibility ranges from 20% to 70% (Table
10-2a). For minerals such as copper and zinc, digestibility typically ranges
from 5% to 45% (Table 10-2b). It is thus important to take the digestibility of
nutrients in consideration when formulating diets, and the 1998 NRC
recommends using true ileal digestibility figures for amino acids and
availability for P.
When selecting feed ingredients, it is thus crucial to select ingredients
that have high digestibility. Formulating diets with least-cost formulating
software that uses digestible nutrients in formulation will help in selecting
those ingredients that have a high digestibility within the range of what is
economically attractive.
New sources of highly digestible feedstuffs are being developed by crop
breeders, either using classical breeding techniques or through genetic
modification of crops. Examples of such products are low-phytate corn and
low-stachyose soy. Low-phytate corn has been shown to substantially reduce
P excretion when diets are formulated on an available P basis (Table 10-3).
One method of reducing the waste produced is to improve the digestibility
of feeds, for example, through technological treatments of the feeds or through
the addition of enzymes to the feed. For each 1% improvement in digestibility,
N waste produced per kg of meat produced decreases by 1.4%.
Examples of technological treatments include particle size reduction
(grinding, roller milling), pelleting, and expanding. Wondra et al. (1995)
demonstrated that a uniform particle size of approximately 400 microns leads
to a better nutrient digestibility than coarsely ground material (although
ulcers may increase with fine particle size). For practical purposes, Kansas
State University recommends a particle size of 700 microns (Kansas Swine
Nutrition Guide 1999).
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Table 10-2a. Digestibility for swine and typical content of protein and P in
commonly used feed ingredients.
Protein

Phosphorus

Digestibility

Content

Digestibility

Content

Feed Ingredient

%

%

%

%

Corn

85

8.5

14

0.28

Soybean meal 48

87

49.0

23

0.69

Soybean meal 44

84

45.6

31

0.65

Wheat

89

13.3

50

0.37

Wheat bran

75

15.7

29

1.20

Barley

85

10.6

30

0.36

Sorghum

83

9.2

20

0.29

Meat & bone meal

84

49.1

95

4.98

Poultry byproducts

77

57.7

95

2.41

Fish meal

88

62.9

95

2.20

Dicalcium phosph.

—

—

100

18.50

Adapted from NRC 1998 and the Rhone-Poulenc Nutrition Guide 1993.

Table 10-2b. Digestion and retention of N, P, Cu, and Zn by different
classes of pigs.
Mineral

Nursery

Finishing

Gestating

Lactating

75-88
40-50

75-88
30-50

88
20-30

—
20-40

20-70
20-60

20-50
20-45

30-45
20-45

10-35
20

20-45

10-20

—

—

18-25

10-20

—

—

Nitrogen
Digested, %
Retained, %
Phosphorus

Digested, %
Retained, %

When selecting
feed ingredients,
it is…crucial to
select ingredients
that have high
digestibility.
Formulating diets
with least-cost
formulating
software that uses
digestible nutrients
in formulation will
help in selecting
those ingredients
that have a high
digestibility within
the range of what
is economically
attractive.

Zinc
Digested, %
Copper
Digested, %

Based on C-SBM diets.
Source: Kornegay and Harper 1997.

Table 10-3. Phosphorus in normal and low-phytate corn.
P, %

Normal Corn

Low-phytate Corn

Total

0.25

0.28

Phytate

0.20

0.10

Bio-available

0.05

0.21

Source: Pierce et al. 1998. The bio-available P was estimated.
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Based on the fact
that most odors are
the fermentation
products of
remnants of the
digestive process,
we can expect that
improving
digestibility
reduces odor
emission.
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Vanschoubroek et al. (1971) calculated the effect of pelleting on
performance based on a literature review; not only did animals prefer pelleted
feed over mash feed, but feed efficiency was improved by 8.5% (for a large
portion due to a reduction in feed waste), and protein digestibility improved
by 3.7%. Expanders and extruders are used mainly to provide flexibility in
ingredient selection and to improve pellet quality rather than to improve
nutrient digestion. Due to the high temperature in these machines, their effect
on digestibility depends strongly on the composition of the feed (and
digestibility can actually decrease in some cases).
Feed enzymes that are commonly used to improve nutrient
digestibility are phytase, xylanase, and beta-glucanase. Xylanases and betaglucanases are enzymes that are used to degrade nonstarch polysaccharides (a
soluble dietary fiber fraction) present in cereals such as wheat and barley. The
pig does not secrete these enzymes and, therefore, does not have the
capability to digest and use nonstarch polysaccharides, resulting in a loss of
usable energy from the diet. Because these nonstarch polysaccharides can
trap other nutrients, such as protein and minerals, they also increase mineral
excretion. The addition of xylanase and/or beta-glucanase to cerealcontaining diets can improve digestibility and feed efficiency. Graham and
Inborr (1993) reported a 9% improvement in the ileal digestibility of protein
in a wheat/rye diet due to enzyme addition.
Proteases, as the name implies, are used to degrade proteins. The use of
proteases in animal feeds is not yet widespread. Caine et al. (1997) tested the
effects of proteases on the ileal digestibility of soybean meal, and their results
were disappointing. Beal et al. (1998) used proteases on raw soybeans and
observed a significant improvement in daily gain (+14.8%). Feed efficiency,
however, was only numerically improved (+ 4.3%). Dierick and Decuypere
(1994), when using proteases in combination with amylases and betaglucanases, saw a substantial improvement in feed efficiency (and larger than
what was observed with each enzyme individually).
With the advancements in enzyme-producing technology as well as a
better understanding of the role of enzymes in animal nutrition, proteases, as
well as other enzymes (e.g., pentosanases, cellulases, and hemicellulases as
tested by Dierick 1989) are likely to find a place in swine nutrition. In
particular, the potential role of enzyme supplementation on odor emission
has not been evaluated.
Phosphorus in commonly used feed ingredients such as corn, wheat, and
soybean meal is predominantly present in the form of phytate. Phytate is a
molecule containing P, but pigs are unable to use this P because they cannot break
down the phytate molecule. In corn, 90% of the P is present as phytate, while in
soybean meal, 75% of the P is present as phytate. Since this phytate complex is
digested poorly in swine, most of the P contained in the feedstuffs will end up in
the manure. To meet the animal’s P requirement, inorganic P such as dicalcium
phosphate is traditionally added to the diet because this P is highly available.
Phytase has initiated a new era in the battle to reduce nutrient excretion. It
breaks down most of the phytate complex, releasing the P in it as well as other
nutrients (such as zinc and amino acids) bound by it. Mroz et al. (1994) showed
that phytase improves P digestibility in a typical swine diet from 30% to 50%.
Under practical conditions, van der Peet-Schwering (1993) demonstrated that
the use of phytase resulted in a reduction in P excretion by 32% in nursery pigs.
The impact of improving the digestibility of feeds on odor emission has
not been extensively studied. Based on the fact that most odors are the
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fermentation products of remnants of the digestive process, we can expect
that improving digestibility reduces odor emission.
To improve the nutrient yield of feeds,
• Formulate feeds based on digestible nutrients rather than totals.
• Select feed ingredients that have high digestibility.
• Grind coarse feed ingredients to a uniformly fine particle size.
• Treat feeds thermally (e.g., through pelleting).
• Add phytase and fiber-degrading enzymes to the feed.

Interaction of Feed with the Animal
Pigs have to make an effort to obtain the nutrients from their feed. While
effort consists of the production of digestive enzymes and losses of cells of
the intestinal tract (similar to losses of skin observable when scratching dry
skin), it is also linked to the efficiency with which the pig can produce those
enzymes and proteins. Together, these losses account for approximately 18%
of the dietary N intake and 26% of the waste N produced.
To reduce these losses, feedstuffs should be selected that are easily
digested. Currently, no large databases exist to identify those feedstuffs that
are easily digestible, although several research groups are working on such
databases. Research thus far has shown that fiber (acid and neutral detergent
fiber or ADF and NDF) are of major importance in determining the ease of
digestibility of feedstuffs, with high fiber content making digestion more
difficult (van Kempen et al. 1997, Zijlstra et al. 1999). An example of a
crop under development that builds on this principle is low-stachyose
soybean (meal).
Anti-nutritional factors, such as trypsin inhibitors, reduce the efficacy of
digestive enzymes, forcing the animal to produce more enzymes and thus
increasing waste. Therefore, feedstuffs should be selected that are low in antinutritional factors such as trypsin inhibitors (most anti-nutritional factors are
routinely analyzed by commercial laboratories).
The impact of reducing endogenous losses on odor emission has not been
extensively studied. Based on the fact that most odors are the fermentation
products of remnants of the digestive process, we can expect that reducing
endogenous losses reduces odor emission.
Select feed ingredients that are low in
• Fiber (neutral and acid detergent fiber).
• Anti-nutritional factors.

Precision Nutrition
As indicated above, pigs require nutrients in precise ratios for maximum
growth and for maximum efficiency of growth. A good analogy to this is
putting a square peg in a round hole. Unless the square peg is smaller than
the hole, it does not fit. If the peg is too large, it is necessary to cut away
precious wood (nutrients) to make it fit, while a peg that is too small is
wasteful because it does not provide optimal fit (maximum growth). Thus,
for optimum efficiency of nutrient use, it is important to feed pigs the
right quantity of nutrients in an ideal ratio.
Pigs are often overfed as a measure of security or simply because that
diet is the cheapest to manufacture. Feed formulation packages typically
determine which diets meet the nutritional requirement of the animals at a

Select feed
ingredients that
are low in
• Fiber (neutral
and acid
detergent
fiber).
• Anti-nutritional
factors.
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minimum dietary cost. Such diets, however, are not necessarily optimized
from an economic point of view (as they ignore the law of diminishing
returns and only take diet cost in consideration), and they are definitely not
optimized from an environmental point of view. Especially in cases where
disposal of nutrients is costly, having a slightly less rich diet leading to
suboptimal performance but with greatly reduced nutrient excretion may
actually be economically attractive.
The result of current least-cost diet formulation software is, according to
Lenis and Schutte (1990), that the protein content of a typical swine ration
could be reduced three percentage points (e.g., from 16% to 13%; achieved
by replacing, e.g., soybean meal with synthetic amino acids and corn) without
negative effects on animal performance. Such a reduction could exert a large
impact on N excretion in manure. Schutte et al. (1993) determined that for
each percentage point that N is reduced in the feed, N excretion is reduced by
10%. Monge et al. (1998) confirmed this observation, claiming an 11%
reduction in N excretion for each percentage point reduction in protein in the
feed. When reducing N excretion through precision nutrition, ammonia
emission is reduced in similar proportions.
One reason for higher protein levels in feed than required is that swine
feeds typically only contain two major amino acid sources (corn and soybean
meal). Because the objective of feed formulation is to match the content of at
least five amino acids in those feed ingredients with the animal’s requirement,
only using two feed ingredients does not provide much flexibility,
automatically leading to large excesses for some of the amino acids (Figure
10-2). By using more ingredients (that are cost competitive), the protein
content of the diet can typically be reduced without sacrificing performance.
A simple example is to replace some of the soybean meal in a C-SBM diet
with synthetic lysine, which contains 78% digestible lysine. For the test diets
examined (Figure 10-3 and Table 10-4), this would reduce the protein in the
diet by approximately 1.5 percentage points. Making tryptophan, threonine,
and methionine available at competitive prices could reduce the protein
content of the diet even further. Synthetic ingredients provide an obvious
example of the benefit of multiple ingredients, but ingredients such as meat
and bone meal, wheat, or barley provide similar benefits.
Hobbs et al. (1996) extended the potential benefits of the precision
nutrition concept by evaluating the effect of low-protein diets on the
concentration of odorous compounds in manure. Their work clearly
demonstrates that minimizing a diet’s protein content not only substantially
reduces N excretion in the manure but also reduces odor compounds in the
manure. When comparing a commercial diet (18.9% protein) with a least-cost
formulated low-protein diet (14.0% protein) in finisher pigs, p-cresol (the
main odor-causing agent in swine manure, Schaefer 1977) decreased 43%;
other odorous compounds measured decreased anywhere from 40% to 86%,
depending on the compound.
To reduce overfeeding, it is important to understand the animal’s
nutritional requirements, the nutritional yield of feedstuffs, and the methods
used to make the animal feeds. The nutritional requirements of animals are
typically defined under laboratory-type conditions; animals are generally
well cared for, and environmental conditions are maintained as close to
optimum as possible. These requirements, though, do not necessarily translate
to field conditions. As indicated before, the nutritional requirements of pigs
can be calculated if the weight and the animal’s actual protein growth are
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1.4
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0.2
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Arginine

Lysine

Requirement

No synthetics

Lysine added

Lys, Met, Thr, Try added

SAA

Threonine

…minimizing a
Amino acid added

Figure 10-2. Dietary amino acid requirement for a 110-pound pig as per the
NRC (1998) as matched with a corn soy diet without or with supplemental
synthetic amino acids (lysine or lysine, methionine, threonine, and
tryptophan). Hatched bars indicate that the amino acid was partially supplied
in synthetic form. SAA are sulfur amino acids (methionine + cysteine).

diet’s protein
content not only
substantially
reduces N
excretion in the
manure but also
reduces odor
compounds in the
manure.

Figure 10-3. Cost or value of reducing crude protein (CP) in a C-SBM diet.
Relevant ingredient prices used were as follows: corn, $90/ton; dehulled
soybean meal, $180/ton; lysine-HCl, $1.09/lb; DL-methionine, $1.22/lb,
threonine, $2.63/lb; and tryptophan, $15.80/lb.
Source: van Heugten and van Kempen 1998.
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Table 10-4. Effect of adding crystalline amino acids to a C-SBM diet
on the land application area required for a 1,000-head capacity
pig-finishing facility.1

Diet Options

Manure N
Excretion,
lbs N/yr

Available N
After Losses,
lbs N/yr

Land Requirement
for Managing N,
acres

Systems that conserve nutrients (manure storage and incorporation during application)5
C-SBM2
C-SBM + lysine3
C-SBM + lysine,
tryptophan,
threonine,
and methionine4

26,300
22,900
16,600

21,300
18,500
13,400

130
113
82

Nutrient disposal system (anaerobic lagoon and pivot irrigation)6
2

C-SBM
C-SBM + lysine3
C-SBM + lysine,
tryptophan,
threonine,
and methionine4

26,300
22,900
16,600

4,000
3,400
2,500

25
22
16

1

Nutrient use in crop production assumed a corn (170 bushels/acre) and soybean rotation (50 bu/acre).
Dietary CP level was 17.9%, 16.5%, 15.1%, and 13.0% for 45-80 lb, 80-130 lb, 130-190 lb, and 190-250 lb pigs,
respectively.
3
Dietary CP level was 16.4%, 14.9%, 13.6%, and 12.1% for 45-80 lb, 80-130 lb, 130-190 lb, and 190-250 lb pigs,
respectively.
4
Dietary CP level was 14.0%, 12.6%, 11.1%, and 9.6% for 45-80 lb, 80-130 lb, 130-190 lb, and 190-250 lb pigs,
respectively.
5
80% of the N and 100% of the P are conserved.
6
20% of the N and 35% of the P are conserved in the wastewater to be pumped.
Source: Reese and Koelsch 1999.
2

…the nutritional
requirements of
pigs can be
calculated if the
weight and the
animal’s actual
protein growth are
known… .
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known (NRC 1998). Producers should attempt to obtain estimates of lean
gain at their farm to better define the nutritional requirements of their
animals.
Ideally, a computer model is used that can determine the ideal feeding
program under a farm’s varying conditions. For example, during hot weather,
pigs tend to eat less while requiring extra energy for heat dissipation (heat
loss). Thus, during hot weather, pigs should be fed a high-nutrient density
diet with a lower protein-to-energy ratio than what is fed under standard
conditions. Disease and stress have similar effects on the animal, calling for
reduced protein-to-energy ratios.
As explained above, an animal’s nutrient requirement changes with age
(Table 10-5), sex, and growth potential. If the objective is to avoid wasting
precious nutrients, then it becomes important to feed diets that are formulated
to match the animal’s nutrient requirement. Examples of this are split-sex
feeding and phase feeding. For split-sex feeding, differences in nutrient
requirements among gilts, barrows, and possibly boars are taken into
consideration. Barrows typically have a higher feed intake capacity without a
larger potential for lean gain, and thus diets should be fed with somewhat less
protein.
Phase feeding refers to feeding programs that match the animal’s nutrient
requirement as this changes with the animal’s age/size, as outlined in the
Nutrient Use section. To minimize nutrient waste, the animal’s diet should
thus be changed continuously to match its requirements. Practically, going
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from a one-phase feeding program between 50 pounds and 250 pounds to a
two-phase feeding program should reduce N excretion by 13%, while going
to a three-phase feeding program should reduce N excretion by 17.5%.
From a practical perspective, it is not feasible to change the feed often,
e.g., weekly, unless feeding equipment is available that is designed for this
purpose. Table 10-6 indicates the feed costs savings that may be achieved by
feeding in multiple phases (environmental benefits were not calculated for
this table), and based on this information, livestock producers should select
the number of phases that fit their operation.
To feed pigs precisely, not only must the nutritional requirements of the
pig and the nutrient yield of the feed be fully understood but also the
capabilities of feed manufacturers to make these precision feeds. In general,
feed manufacturers limit quality control to the measuring of N (crude
protein), if that. Nitrogen, however, correlates poorly with the available amino
acid content of feedstuffs (van Kempen and Simmins 1997), and feed
manufacturers are, therefore, inclined to produce feed with a higher degree of
variation than desirable for precision nutrition. Van Kempen and Simmins
calculated that reducing the variation by using more appropriate quality
control measures would result in a 13% to 27% reduction in N excretion. A
prime example of such a quality control measure is to assess the nutritional

From a practical
perspective, it is
not feasible to
change the feed
often, e.g., weekly,
unless feeding
equipment is
available that is
designed for this
purpose.

Table 10-5. Ideal true digestible amino acid patterns for pigs in three
different weight classes.
Ideal Pattern, % of Lysine
10-45 lbs
45-110 lbs

Amino Acid
Lysine

110-240 lbs

100

100

100

Threonine

65

67

70

Tryptophan

17

18

19

Methionine + Cystine

60

62

65

Isoleucine

60

60

60

Valine

68

68

68

100

100

100

Phenylalanine + Tyrosine

95

95

95

Arginine

42

36

30

Histidine

32

32

32

Leucine

Source: Baker 1996.

Table 10-6. Savings in feed costs with phase feeding for grow-finish pigs.
Number of Phases

Diet Cost/Pig

Savings over
Two-Phase Program

Increase in Savings
per Additional Diet

2

$42.44

—

—

3

$41.41

$1.14

$1.14

4

$41.01

$1.54

$0.40

5

$40.67

$1.88

$0.34

6

$40.43

$2.12

$0.24

9

$40.10

$2.45

$0.11

12

$39.90

$2.65

$0.06

Source: Koehler 1998.
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A prime example
of such a quality
control measure is
to assess the
nutritional value of
each batch of a
feedstuff, using,
e.g., infrared
spectroscopy, and
to formulate feeds
based on this
nutritional value.

value of each batch of a feedstuff, using, e.g., infrared spectroscopy, and to
formulate feeds based on this nutritional value.
Another potentially serious problem is the inability of some feedmills to
properly weigh out ingredients. This problem is mainly precipitated by the
use of the wrong scales (scales that are not precise enough for accurately
weighing the call being made on them). Under practical conditions, this
problem leads to an increase in weighing variation and typically overdosing
of ingredients (van Kempen et al. 1999).
Phosphorus is typically overfed as well. Spears (Table 10-7) analyzed
commercial feed samples and found that, on average, P was overfed 40% to
50% (depending on the production phase). Because it is likely that the land
application rates of waste will be based on P in the near future, livestock
producers may want to closely monitor the P intake of their pigs.
Phosphorus can be fed to maximize bone strength or to maximize
performance. The maxima for each of these parameters is approximately 0.1%
dietary P different, with maximum bone strength requiring more P. Especially
for pigs targeted for slaughter, it may not be necessary to optimize the dietary P
content for bone strength, which would lead to a large reduction in P excretion
(Tables 10-7 and -8). Care, however, should be taken to avoid jeopardizing the
welfare of the animals.
Jongbloed and Lenis’s (1993) data suggest that the elements with
potentially the largest threat for the environment are copper and zinc. Little

Table 10-7. Requirement (Req.) for and concentrations of selected minerals in
sow and grower-finisher feeds.
Mineral

Req.

Sow Diets
Range

Median1

Req.

Calcium, %
Phosphorus, %
Copper, ppm
Zinc, ppm

0.75
0.60
5
50

0.62-2.01
0.45-1.17
12-222
79-497

1.21
0.84
22
167

0.50
0.40
3
50

Finisher Diets
Range
Median1

0.57-1.38
0.45-0.78
9–281
103-205

0.96
0.62
20
149

1

The median value indicates that 50% of the samples were below and 50% of the samples were above this value.
Source: Spears 1996.

Table 10-8. Effect of reducing dietary P level by 0.1% on the land application
area required for a 1,000-head capacity pig-finishing facility.1
Diet Options

Manure P Excretion,
lbs P2O5/yr

Available P After
Losses, lbs P2O5/yr

Land Required to
Manage P, acres

Systems that conserve nutrients (manure storage and incorporation during application)
Normal C-SBM2
Reduced dietary P3

13,000
8,900

13,000
8,900

257
177

Nutrient disposal system (anaerobic lagoon and pivot irrigation)
Normal C-SBM2
Reduced dietary P3
1

13,000
8,900

4,600
3,100

90
62

Nutrient use in crop production assumed a corn (170 bushels/acre) and soybean rotation (50 bu/acre).
Dietary P level in the diets was 0.60%, 0.55%, 0.50%, and 0.45% for 45-80 lb, 80-130 lb, 130-190 lb, and 190-250 lb
pigs, respectively.
3
Dietary P level in diets was 0.50%, 0.45%, 0.40%, and 0.35% for 45-80 lb, 80-130 lb, 130-190 lb, and 190-250 lb pigs,
respectively. Dietary P level reduced by removing 11 lbs of dicalcium phosphate per ton of complete feed and
substituting normal corn for low-phytate corn or adding phytase to normal corn-based diets.
Source: Reese and Koelsch 1999.
2
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research, however, has addressed this issue. Because copper and zinc are to a
large extent used for pharmacological reasons, it seems that a simple (partial)
solution to the copper and zinc problem is to reduce these minerals to the
nutrient requirement level in the diet (Table 10-7).
To better match the feed’s nutrient yield to the animal’s nutrient need,
• Formulate feed on an available-nutrient basis.
• Include a disposal cost for nutrients in the formulation to find
economical optima for their inclusion, rather than nutritional
optima only.
• Implement phase feeding and split-sex feeding.
• Apply stringent quality control when preparing feed.
–Determine the nutritional value of each batch of an ingredient.
–Properly weigh and mix ingredients.

Nutritional Interventions Targeting Ammonia
Ammonia emission is an environmental problem due to its nitrifying and
soil-acidifying properties and its potential to affect human and animal health.
Ammonia emission can be reduced by precision nutrition (see above and also
Table 10-9). Studies by Van der Peet-Schwering et al. (1997) and Aarnink et al.
(1993) showed that reducing protein by one percentage point reduced
ammonia emission by approximately 10%.
Ammonia emission can also be reduced by decreasing the pH of urine
and/or manure. Because a large portion of ammonia emission is derived from
urine deposited on manure-coated slats rather than from the manure in the
pits, changing the pH of urine is most effective (Aarnink et al. 1998). Mroz et
al. (1996) demonstrated that by replacing CaCO3 (limestone) in the diet with
CaSO4 (gypsum), CaCl2 (calcium chloride), or calcium benzoate (not yet an
approved feed ingredient), ammonia emission could be reduced by 30%,
33%, and 54%, respectively. The drop in urinary pH was approximately
1.3 pH units for CaSO4 and CaCl2, while the drop was 2.2 pH units for
calcium benzoate. Den Brok et al. (1997) showed that using benzoic acid for
this purpose actually improved feed conversion (from 2.92 to 2.83) while
decreasing ammonia emission by 40%. Van Kempen (in press) used adipic
acid and phosphoric acid (which can substitute for other P sources in the diet)
to reduce urine pH and thus ammonia emission. Both compounds effectively
reduced urine pH and significantly reduced ammonia emissions.

To better match
the feed’s nutrient
yield to the animal’s
nutrient need,
• Formulate feed
on an availablenutrient basis.
• Include a
disposal cost for
nutrients in the
formulation to
find economical
optima for their
inclusion, rather
than nutritional
optima only.
• Implement
phase feeding
and split-sex
feeding.
• Apply stringent
quality control
when preparing
feed.

Table 10-9. Effect of low-protein diets on N excretion and ammonia emission
during the grow-finish period, lbs.
Grower and Finisher Protein Level, %1
17.8% and 15.4%

16.2% and 13.5%

Intake

2.43

2.17

Retention

0.79

0.79

Excretion
Total
In manure
In air

1.64
1.20
0.44

1.38
1.00
0.38

1

The grower and finisher periods covered the weight ranges from 68-39 lbs and from 139-223 lbs, respectively.
Source: Latimier et al. 1993.
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To reduce
ammonia emission,
• Follow
precisionnutrition
guidelines.
• Add urineacidifying
compounds to
the feed, such as
phosphoric acid
or adipic acid
(very effective),
or monocalcium
phosphate or
calcium sulfate
(may increase
sulfur odors,
both moderately
effective).

To reduce dust
and odor
• Avoid dietary
excesses of
protein; feed
ingredients high
in degradable
fiber and
sulfur-containing
mineral sources.
• Add fat to the
diet, and prevent
free-fall of feed.
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Verdoes and Camp (1998) studied the effect of acidifying urine on odor
emission. The data reported were not conclusive because the experimental
design was not complete. (A proper control was not used. Instead, data were
compared to data from another research center.) The data, however, did suggest
(according to the authors) that acidifying urine resulted in a 64% reduction in
odor emission. These data are encouraging and warrant further study.
To reduce ammonia emission,
• Follow precision-nutrition guidelines.
• Add urine-acidifying compounds to the feed, such as phosphoric acid
or adipic acid (very effective), or monocalcium phosphate or calcium
sulfate (may increase sulfur odors, both moderately effective).

Nutritional Interventions Specifically
Targeting Odor and Dust
Odors are produced when organic material is fermented. Carbohydrates
yield volatile fatty acids such as butyric acid. Proteins yield volatile fatty
acids, phenolics such as para-cresol and skatole, mercaptans such as
hydrogen sulfide and ethyl-mercaptan, and amines such as putrescine and
cadaverine. A solution to decreasing odor is thus to decrease the availability
of fermentable material, particularly protein. As outlined earlier, highly
digestible ingredients and low-protein diets are key solutions for reducing
odor (Mackie et al. 1998).
The dietary sulfur content is another factor affecting odor. Sulfur can be
used to form mercaptans, compounds that are very malodorous and have a
very low odor threshold (thus a very low concentration is detectable by the
human nose). Sulfur is contained in amino acids such as cysteine, methionine,
and taurine, and excesses of these amino acids should be avoided. Many
minerals are provided as sulfur salts; such salts are typically inexpensive and
of acceptable availability. The sulfur, however, does contribute to odor, and
alternative sources of those minerals should be considered where odor is of
concern (Shurson et al. 1999).
Dust is derived from animal skin, feed, and manure. Skin health is
strongly affected by nutrition, although typically no nutritional problems are
present that would increase such skin problems. Dietary fat content and
composition can be expected to affect skin dust as well, although practical
recommendations to prevent such problems are lacking.
Feed dust can be reduced through pelleting and through the addition of fat
to the diet. In addition, feed should be handled such that dust is minimized. For
example, feed should not be allowed to drop over a large distance in the feeder.
Also, presenting feed in wet form or in a wet-dry feeder reduces dust.
Fecal material, once it dries, can lead to dust as well. Fecal material
can be made wetter and stickier simply by adding nonstarch polysaccharides
to the diet, such as xylans and beta-glucans (commonly found in cereal
grains such as wheat and barley). Such a strategy, simply to reduce dust,
however, is not recommended because it will decrease protein digestion
and likely increase odor.
To reduce dust and odor,
• Avoid dietary excesses of protein, feed ingredients high in degradable
fiber, and sulfur-containing mineral sources.
• Add fat to the diet and prevent free-fall of feed.
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Water, the Overlooked Nutrient
If manure is to be transported for land application as a fertilizer or is to
be processed, it is important to reduce the manure’s water content to
minimize transport or processing costs. Several common-sense management
practices should be followed to minimize water use. For example, water leaks
should be fixed immediately. As for cleaning, barns should be soaked with a
foaming agent and subsequently cleaned with a high-pressure washer.
Drinking water can be supplied to pigs via many different routes.
Conventional water nipples do not efficiently deliver water to the pigs (it is
interesting to observe how much water coming out of a nipple never gets into
the pig). Installing cups under the drinkers, although problematic to keep
clean, will reduce water usage. Some of the newer water nipples have been
designed specifically to reduce water usage, and reductions in water
consumption are notable (Brumm et al. 2000).
An even better step is to use feed systems in which water is incorporated.
Wet-dry feeders limit the waste of water, while typically improving gain and
animal health. Liquid-feeding systems allow for the accurate control of the
feed-to-water ratio, providing a well-controlled means for minimizing water
waste. For example, Den Brok and van Cuyck (1993) demonstrated that
changing the water supply from a drink cup to a feeder with an integrated
drink nipple resulted in a 33% decrease in manure production (from 400
gallons to 250 gallons per animal place per year).
It should be noted that concentrated manure may be more difficult to
pump, and when changing the watering and feeding system, care should be
taken that the manure handling system is changed accordingly.
Reduce water usage by
• Fixing water leaks immediately.
• Using efficient water nipples or cups under drinkers.
• Using wet-dry or liquid feeders.
• Using foaming agents and high-pressure washers for
cleaning.

Economics of Reducing Nitrogen and
Phosphorus Excretion
Figures for the excretion of N and P vary widely in literature. This is
partially caused by estimates that are based on figures of little relevance to
modern American swine production. To get reliable figures, swine nutritionists
from major swine-producing companies were approached. The results from this
inquiry are provided in Table 10-10.
For N, data were derived from a survey performed among five of the major
swine integrators. Data on feed consumption and composition as well as meat
produced and mortality were collected. Because mortality is typically processed
into animal feed and other products, N removed through this route was not
considered as waste.
For P, data were derived from two different sources. For the farrow-to-wean
phase, data were obtained from a major integrator. This integrator also supplied
data for the wean-to-finish phase, but these data were considered atypical.
Instead, data were obtained from a nutritionist who formulates feeds for several
major swine producers and thus was qualified to provide data.
The data are presented in two formats: per pig place per year and per pig

Reduce water
usage by
• Fixing water
leaks
immediately.
• Using efficient
water nipples
or cups under
drinkers.
• Using wet-dry
or liquid
feeders.
• Using
foaming
agents and
high-pressure
washers for
cleaning.
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Table 10-10. Estimated N and P excretion in per pig place and per pig finished.
Nitrogen

Phosphorus

Units

Results per pig place
Farrow to wean
Wean to finish

35.1
24.5

11.7
5.1

lbs/yr
lbs/yr

Results per pig finished
Farrow to wean
Wean to finish

2.0
12.8

0.6
2.7

lbs/pig
lbs/pig

Farrow to finish

14.8

3.3

lbs/pig

Excretion figures may vary substantially from farm to farm. For example, one farm had a calculated P excretion
during the wean-to-finish phase of 2.9 lbs/pigplace/year (instead of 5.1). This value is substantially lower than the
value reported in the table above and was considered atypical, but it does illustrate that generalizing the above
figures can be problematic.
Note 1: The above data were obtained from major swine integrators and represent a substantial portion of the
U.S. industry. However, they may not necessarily be representative of the U.S. swine industry as a whole (e.g., small
home-mixing farms will likely have higher excretion figures).
Note 2: These data are based on formulated values for feed composition, rather than actual values. It is
expected that feeds typically contain more P than what the formulation called for, but the magnitude of this
difference is not known.

…P excretion may
be reduced by 1.3
lbs per pig finished
(or 40%) for an
investment of $0.36
to $0.72 in extra
feed cost per pig
finished (for a
farrow-to-finish
operation).
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finished. For the farrow-to-wean phase, results are considered on a per sow
basis. Results per pig finished relates to finisher pigs marketed (thus not
weanling pigs or sows slaughtered).
The nursery and grower-finisher phase were combined, because the data
obtained were in this format. It is estimated that 11% of P and 8% of N
excretion occurs during the nursery phase; the remainder is excreted during the
grower-finisher phase.
The impact that the outlined strategies to reduce nutrient excretion have on
waste production depends heavily on the extent to which they are adapted by
the livestock producers, which itself depends on the disposal costs of waste, and
thus, the incentive for livestock producers to reduce waste. Even with low
disposal costs, P excretion can probably be reduced by 30% to 50% through
nutritional means. A major part of this reduction can be achieved through the
use of phytase. Adding phytase to a diet at 500 units/kg costs approximately
$2.20 per ton of feed for a mash diet (for pelleted diets, the cost is higher
because a post-pelleting application system is required). However, phytase
replaces inorganic P as well as a small portion of the protein. The increase in
feed cost required to reduce P excretion in the range proposed is expected to be
less than 1%. In practical terms, P excretion may be reduced by 1.3 lbs per pig
finished (or 40%) for an investment of $0.36 to $0.72 in extra feed cost per pig
finished (for a farrow-to-finish operation).
For N, a reduction on the order of 15% to 30% is believed achievable
(given low disposal costs). This reduction is possible in part through
minimizing excesses in diet and through better quality controls at the feed mill.
These measures are not expected to affect production costs since savings in
feed costs will offset increased administrative and feed-handling costs.
A major portion of the reduction in N excretion may be achieved by
reducing the dietary protein content while maintaining the feed’s nutritional
value. This can be achieved by using a broader variety of feedstuffs, including
synthetic amino acids. Because these feedstuffs and amino acids are typically
more expensive than corn and soybean, it can be expected that this will increase
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the cost of the feed. This increase in feed costs, however, is expected to be less
than 5% for the reduction in N excretion indicated above (a larger decrease in N
excretion is achievable but only at a very high cost). In practical terms, N
excretion may be reduced by 3 lbs per pig finished (or 20%) for an investment
of $1.80 to $3.60 in extra feed cost per pig finished (for a farrow-to-finish
operation). An interesting fringe benefit of reducing dietary protein is that it
will reduce odor and ammonia emission with approximately 10% per
percentage point reduction in dietary protein.

…N excretion may
be reduced by 3 lbs
per pig finished
(or 20%) for an
investment of $1.80
to $3.60 in extra
feed cost per pig
finished (for a
farrow-to-finish
operation).

23

MODULE B

Animal Dietary Strategies

APPENDIX A
Environmental Stewardship Assessment: Swine Rations
For each issue listed in the left column, read across to the right and circle the statement that best describes
conditions on your farm.

Issue

Excellent

Good

Not Ideal

Requires Corrective
Action

Environmental
Benefits

Improving nutrient yield from a feed
Are vegetable sources Only low-fiber
selected based on
sources are used.
fiber content?

Where possible, low- No consideration is
fiber feed sources
given to the fiber
are used.
content.

Only high-fiber
sources are used.

N, O, A

Are ingredients
screened for antinutritional factors
(ANF)?

Where possible,
feedstuffs low in
ANF are used.

No consideration is
given to ANF
content.

Only feedstuffs high
in ANF are used.

N, O, A

Are heat-treated
Only properly
materials selected for processed sources
proper heat
are used.
processing?

Where possible,
properly processed
sources are used.

No consideration is
given to processing.

Only over-processed
sources are used.

N, O, A

Are complete feeds
pelleted?

Yes

Almost all

Sometimes

No

N, O, A, P

Are enzymes with a
proven track record
used to improve the
digestibility of your
feed?

Yes, and nutritional
values are adjusted.

Yes, but nutritional
values are not
adjusted.

No

N, O, A

Is phytase or lowphytate corn and
soybean meal used?

Yes

No

P

Only feedstuffs low
in ANF are used.

Feed and water wastage
How often is the
feeder adjustment
checked?

At least weekly

Monthly

Is your feeder
Yes
designed to minimize
feed wastage?
Does your animal
watering system
minimize water
wastage?
A: Ammonia

Yes, efficient water
nipples or a liquid
feeding system is
used.

N: Nitrogen

O: Odor

Yes, cups are
installed under the
waterers or a wetdry feeder is used.

Once for each group Never
of finish pigs or
every 3 months

N, O, A, P

No or don’t know

N, O, A, P

No, standard
nipples are used.

A

P: Phosphorus

To assess the environmental impact of swine rations, see the Excel spreadsheet provided on the CD-ROM or at this website
<http://mark.asci.ncsu.edu/nutrition/nitrophos.htm> for additional information.
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APPENDIX A
Environmental Stewardship Assessment: Swine Rations (continued)
Requires Corrective
Action

Environmental
Benefits

No, and low-protein No, but low-protein
formulas are
formulas are
accepted.
rejected.

Yes

N, O, A

First four limiting
amino acids are
utilized (lysine,
threonine,
tryptophan, and
methionine).

First limiting amino
acid is utilized
(lysine).

No synthetic amino
acids are utilized.

N, O, A

Into how many
phases is the growfinish ration split?

6 or more

4 to 5

2 to 3

1

N, O, A, P

How many proteincontaining feedstuff
do you typically use
per diet?

6 or more

4 to 5

3

2 (e.g., corn and
soybean meal)

N, O, A

Are pigs fed
separated by sex?

Yes

Issue

Excellent

Good

Do your feed
formulas have a
minimum protein
content?

No, and formulas
are designed to be
low in protein.

Are synthetic amino
acids utilized?

Not Ideal

Precision nutrition

No

Are quality control
Yes, scales are
procedures used in
regularly checked
feed manufacturing? and calibrated,
AND
feedstuffs are
regularly checked
for amino acids and
available P.
A: Ammonia

N: Nitrogen

O: Odor

Yes, scales are
regularly checked
and calibrated,
AND
feedstuffs are
regularly checked
for crude protein.

Scales are checked
infrequently.

N, O, A, P
No

N, O, A, P

P: Phosphorus
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APPENDIX B
Regulatory Compliance Assessment: Swine Nutrition
The goal of this assessment is to help swine producers identify regulations that apply to their operation. For each
issue listed (left column) of the worksheets, identify if this issue is regulated by federal, state, or local authorities
(middle column), and determine if your operation is in compliance with these rules (right column).

Is this issue addressed by regulations?
If “Yes,” summarize those regulations.

Regulatory Issue
Which agencies are
involved in administrating
regulations related to
reducing nutrient excretion
based on animal ration
manipulation?

___ U.S. EPA ___ State

Is phytase required in the
swine diet?

___ Yes

What additional measures
are required that affect
swine diet?

Additional measures:

26

___ No

___ Local

Is my operation
in compliance?

List Name, Address, Phone No. of nearest field office.

___ Yes ___ No
___ Not applicable
___ Don’t Know
___ Yes ___ No
___ Not applicable
___ Don’t Know
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Glossary
Anti-nutritional factors. Factors, such as trypsin inhibitors, that reduce the efficiency of digestive enzymes, forcing
an animal to produce more enzymes and thus increasing waste.
Bio-available. Available for biological functions.
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Digestible fraction. Fraction of the nutrients that an animal’s body takes up; the digestibility of a typical feed is
93%.
Endogenous loss. Portion of enzymes and nutrients that an animal loses through secretion into the digestive tract,
equivalent to approximately 8% of the dietary protein consumed.
Least-cost formulating software. Software that can develop ideal feed formulas by selecting those feed ingredients
that are highly digestible but most economically attractive to use.
Nutrient yield. Difference between the percentage of an ingredient in a feed and the percentage of the ingredient that
the animal digests and retains.
Phase feeding. Feeding program that matches the animal’s nutrient requirement to its age and size.
Precision nutrition. Efficiently promoting an animal’s maximum growth by feeding it the right quantity of nutrients
in an ideal ratio.
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