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mericans love to eat. And for farmers, processors and

food retailers, meeting consumer demands and expectations is an

increasingly tall order.

Total U.S. food consumption is up 16 percent since 1970. Food

availability grew from an average of 1,675 pounds per person in 1970

to 1,950 pounds in 2005, according to the U.S. Department of

Agriculture. Total meat consumption reached a record high, grain

and fruit and vegetable consumption almost doubled and cheese

consumption tripled during the same time period. 

In addition, U.S. food expenditures are rising an average of 3 to 4

percent a year and the current estimated U.S. population of 301 mil-

lion could top 350 million people by 2020, according to U.S. Census

projections.

Adding to the challenge of keeping pace with U.S. food consump-

tion, Americans today expect a great deal more of producers than

they did 30 or 40 years ago — more nutritious food, wider variety,

greater convenience and a safe food supply system that protects ani-

mals and the environment and minimizes human health hazards.

“Society has increasing expectations of agriculture to protect the

environment and provide a safe food supply,” said Tim Harrigan,

MAES biosystems and agricultural engineering researcher. “There

are enormous economic challenges and pressures on farmers to get

things done efficiently, and the factors they contend with are not

always pulling in the same direction.”

A continuing decline in the number of farms has resulted in the

consolidation of farming operations to sustain production levels.

Although larger operations can provide greater cost efficiencies, they

also present significant challenges related to managing outputs —

such as manure and livestock bedding — in a safe, environmentally

friendly way. 

“The issue is, if these outputs are handled well, they have real

benefits; if they aren’t, they’re pollutants,” said Harrigan, who spe-

cializes in mitigating adverse farm system impacts on the environ-

ment and creating sustainable agricultural ecosystems. “We’re work-

ing with farmers to develop options that keep tighter control over

animal byproducts on farms, from expanding the land base and put-

ting manure on pasture land to working with sugar beet growers to

reintroduce manure as part of their operation.”

A key factor in keeping farms environmentally and economically

sustainable is matching feed nutrients with the nutrient needs of the

livestock, Harrigan said.

“What nutritionists do on the front end has a great impact,” he

said. “Correcting nutrient imbalances up front increases the level of

success we can have in managing outputs.”

the ins and outs
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MAES scientist Tim Harrigan specializes in
mitigating adverse farm system impacts
on the environment and creating
sustainable agricultural ecosystems.

“If these outputs are handled well, they have

real benefits; if they aren’t, they’re pollutants.”
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� Feed Management: Setting the Nutrient 
Balance Bar
“Until environmental concerns came to the forefront in the

1970s, animal scientists, producers and feed companies tradi-

tionally focused on optimizing livestock production,” said Lee

Jacobs, MAES soil scientist. “Now the focus is on more precisely

defining an animal’s nutrition requirements and making

nutrients more available to the animals so that the quantity of

nutrients that end up in the manure is minimized.” 

Jacobs, who specializes in the use of waste materials on agri-

cultural soils for crop production, noted that in the past, many

livestock producers overfed certain nutrients to make sure they

maximized production.

“Producers tended to oversupply nutrients as an insurance

policy,” he said. “Because all nutrient requirements had not been

carefully defined, diet formulations — particularly with phos-

phorus — often included an extra 15 to 20 percent beyond

requirement. This practice has decreased over the past 10 years,

but there is still a need to better manage manure nutrients for

crop production.”

Another challenge for crop producers is that the nutrients in

manure are not always is the right proportion to meet crop needs. 

“Manure application may need to be limited if soil phospho-

rus levels are high,” said Harrigan. “With commercial fertilizers,

farmers can specify nutrient levels and apply exactly what crops

need. You can’t do that with manure — it’s usually higher in

phosphorus and lower in nitrogen than many crops require, so

when it’s applied to a field, a second application of commercial

fertilizer may be needed to meet plant nutrient requirements.”

“Managing feed rations to provide an adequate, but not exces-

sive, amount of phosphorus will help with managing manure

nutrients when manure is applied to crop land,” Jacobs added.

MAES researchers are working on a variety of fronts to address

key nutrient management issues. 

� Moooving Dairy Cow Nutrition Forward 
Many dairy farmers have made tremendous progress in recent

years to improve their management of phosphorus. 

“These farmers recognize the potential to reduce both ration

costs and phosphorus excretion in their herds and to decrease

the risk of excess manure phosphorus polluting the environ-

ment,” said David Beede, MAES animal scientist and dairy cow

nutrition expert.

Feed management strategies to ensure meeting dairy cows’

of managing
livestock nutrients
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specializes in the use of waste materials
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the quantity of nutrients that end up in the

manure is minimized.”
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nutritional requirement for phosphorus and the environmental sus-

tainability of dairy operations are the focus of Beede’s research.

“Excess phosphorus in feed rations means excess phosphorus in

manure, which means more land needed to spread excess manure,

more processing to remove excess manure and additional costs

associated with handling and exporting excess manure from the

farm,” he said. “For dairy cows, matching the phosphorus content in

feed rations to milk production levels is critical.”

Beede conducted seven experiments with non-lactating and lac-

tating cows at various stages of the lactation cycle to determine the

effects of varying dietary phosphorus concentration on phosphorus

balance and excretion.

“Study results showed that, in most cases, supplementation is not

needed to meet the animals’ phosphorus requirements,” Beede said.

“We also determined that discontinuing phosphorus supplementa-

tion can reduce the land base needed for manure application by 25

to 50 percent.”

The phosphorus intake minus phosphorus milk model concept

developed in this project is now widely accepted in Michigan and

nationally, and is used to estimate the amount of phosphorus in

manure for planning fertilizer strategies and develop comprehensive

nutrient management plans.

“This model contributes to an improvement in the health of ani-

mals and the efficiency of milk production, benefiting farmers and

consumers,” Beede said.

� Farrowing the Ideal Swine Diet
Achieving greater nutrient availability in swine diets while main-

taining cost effectiveness and minimizing adverse environmental

impacts is a priority for MAES animal scientists Gretchen Hill and

Nathalie Trottier. Hill, a mineral nutrition expert, and Trottier, a pro-

tein nutrition specialist, are conducting research to better under-

stand dietary manipulations that can reduce phosphorus and nitro-

gen losses and maintain production efficiencies.

“Phosphorus is an essential nutrient for pigs,” Hill said.

“However, any phosphorus consumed and not retained by the pig is

excreted in manure, where it may contribute to environmental

pollution. The goal of our research is to provide more precise, accu-

rate data that can assist producers in designing effective nutrient

management plans.”

Once swine get past the starter stage, they are typically fed a corn-

soybean meal diet. In this diet, most of the phosphorus is held in

phytate rings  — the principal storage form of phosphorus in many

plant tissues — which can’t be broken by pigs during digestion to

release the phosphorus.

“Pigs, unlike cows and sheep, don’t produce the enzyme needed

to break this ring, so that phosphorus isn’t available to them,” Hill

said. “Until recently, the solution to this situation was to add miner-

al supplements to the feed mix to meet phosphorus and calcium

requirements. Although this approach meets the animals’ needs for

these important elements, a lot of phosphorus ends up in their

excrement. So we had to learn how to more carefully match their

requirement with the phosphorus in the feed.”

Experiments conducted over the past several years have shown

that reducing phosphorus in pig diets and adding phytase, an

enzyme that breaks down the indigestible phytate portion in grains,

is an effective way to increase phosphorus availability and signifi-

cantly lower phosphorus excretion in swine.

“Data from our research indicate the inclusion of phytase in

swine diets increases the availability of phytate phosphorus in a

corn-soy diet from approximately 15 percent to 45 percent,” Hill

said. “As a consequence, the amount of supplemental phosphorus

can be decreased by 50 percent, manure phosphorus excretion can

be cut by 40 to 60 percent, and less land is required for manure

application — all while meeting the appropriate dietary phos-

phorus requirement of the pig.”

Feed management strategies to meet
dairy cows’ nutritional requirements for
phosphorus and ensure the environmental
sustainability of dairy operations are the
focus of MAES animal scientist David
Beede’s research.

“For dairy cows, matching the phosphorus

content in feed rations to milk production

levels is critical.”
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Hill, MAES animal scientist Michael Orth and other MSU

researchers also are studying the use of distillers dried grains with

solubles (DDGS), a byproduct of the corn ethanol industry used as

livestock feed. 

The phosphorus available to swine in DDGS is significantly

higher than in corn or soybean meal and is even more available,

according to Hill, when DDGS-containing diets are supplemented

with phytase.

“By freeing up the organic phosphorus available in feed grains

and feeding DDGS, there is a lot more available phosphorus,” Hill

said. “As a result, we don’t have to add phosphorus from any other

source for pigs that are close to market. This approach both provides

an economic advantage and greatly reduces the amount of phospho-

rus excreted by the animals. We’ve also used this feed regime with

lactating sows. It’s amazingly effective. Our work has been adopted

by the large producers both here and in Illinois, as well as other

Midwest swine operations.”

Nitrogen is another major nutrient that needs to be managed

in pigs.

Adjusting protein content in the diet is the most efficient way to

reduce nitrogen excretion, Trottier explained. Adding essential

amino acids to feed rations reduces the amount of protein needed,

significantly lowering nitrogen as a byproduct. 

“With pigs, we can cut nitrogen excretion and ammonia emis-

sions in half with a 3 to 4 percent reduction of protein in the diet

without affecting performance,” she said. “But by cutting down the

amount of protein, you decrease the presence of one or two amino

acids that are very, very important, so you need to add them back.”

One of the essential amino acids in swine diets is lysine. By exper-

imenting with various protein percentages and adding synthetic

amino acids — which are readily available commercially — Trottier

studies the effect these protein/lysine ratios have on animal per-

formance and nitrogen output.

“For example, I could take a diet with 16 percent protein, take it

down to 10 percent, add lysine and get the same growth, but there

would be a lot less nitrogen given off as a byproduct,” she said. “The

question becomes: what levels of performance are acceptable to

producers and how much are they willing to pay for their feed?”

Moving beyond lysine will result in even further reductions in

nitrogen excretion, Trottier added.

“There are other essential amino acids we can supplement that

will decrease protein much more — at least by two-thirds,” she said. 

Trottier is also studying ways to achieve additional efficiencies in

swine and horse diets to ensure environmentally sustainable pro-

duction practices.

“To take this work further, we need to determine how cells

respond to decreased protein in diets as well as how they transport

amino acids,” she said. “The goal is to optimize amino acid transport

by finding a way to tell the transporters, ‘Hey, open up more doors

because there are some important amino acids in the blood.’ The

more doors that are open, the more amino acids that can be taken in.”

It’s all about prevention versus reaction, Trottier summed up.

“The bottom line is that taking care of nutrient issues up front

minimizes concerns with managing outputs,” she said.

Hill agreed.

“Defining nutrient needs and finding ways to make feed nutrients

more available to livestock makes more difference than any other

way,” Hill said. “The percent of change that can be made is much

higher with nutrient balancing than with any other approach.”

� Winning the Nutrient Balancing Horse Race 
Over the past 5 years, horse owners have become more aware of

environmental concerns, especially as they’ve observed the chal-

lenges that other sectors of the livestock industry have experienced.

“The horse industry is actively looking for ways to manage its

operations in a responsible, environmentally friendly way,” said

MAES animal scientist Gretchen Hill (right),
a mineral nutrition expert, is conducting
research to better understand dietary
manipulations that can reduce phosphorus
and nitrogen losses and maintain
production efficiencies in swine. Animal
science sophomore Phil Irwin (left) works
with Hill in the swine barn.

“Data from our research indicate the inclusion of

phytase in swine diets increases the availability

of phytate phosphorus in a corn-soy diet from

approximately 15 percent to 45 percent.”



26 | FUTURES

Brian Nielsen, MAES animal science researcher and equine expert.

“Even the feed companies acknowledge that there are reasons to be

concerned. As a result, we’re seeing a renewed interest in phospho-

rus research.

“It’s been a long time since anybody’s cared an ounce about

phosphorus in the horse feed industry,” Nielsen continued. “This is

largely because there’s a wide range where phosphorus is safe in feed

rations. Feed companies weren’t concerned because their products

were meeting the minimum phosphorus requirement, so there

wasn’t a perceived need for research.”

One of the things Nielsen wants to determine is the availability of

phosphorus in all horse feedstuffs. 

“If we could determine what the true phosphorus availability is

with every feedstuff, we could balance a ration, look at the ingredi-

ents and know, for example, that if you’re feeding ingredient X, the

phosphorus is 40 percent available and if you’re feeding ingredient Y,

it’s 30 percent available.”

Nielsen also teamed up with colleague Trottier to study nitrogen

availability in a number of forages and grains.

“Unutilized nitrogen, once excreted, not only contributes nitro-

gen to the soil, but volatilizes as ammonia, causing a decrease in air

quality,” Trottier said. “When you open the doors to a horse barn on

a winter morning and the odor is overwhelming and your eyes start

watering and burning, blame it on dietary protein overload.”

“We’re assessing different sources of hay and then adding oats to

determine the contribution of nitrogen from the oats,” Nielsen

explained. “The theory is if you know the nitrogen availability of the

hay, you should be able to determine how much nitrogen the grain is

providing.” 

Six Arabian geldings were fed experimental diets of high quality

grass hay, alfalfa hay and lower quality grass hay containing different

percentages of crude protein. Fecal and urine specimens were then

collected and analyzed to determine nitrogen concentrations.

“We’re trying to gather as much data as possible on nitrogen

excretion in horses in relation to their protein nutrition so we have

some idea of the contribution of nitrogen by the equine species,”

Trottier said. “Many horse owners feed their horses alfalfa, which is

loaded with proteins. Most horses just don’t need that much protein.

“We are excited about our findings because the data show that the

horses being fed high quality grass hay are staying in as good a con-

dition as horses being fed alfalfa hay and they don’t excrete as much

nitrogen,” Trottier said.

Refining the nutritional needs of horses is very important, but it’s

not the whole nutrient management picture, Nielsen added.

“For example, animal bedding is a huge issue for the horse indus-

try,” he said. “Other livestock species use a little bit of bedding, but

not to the degree that the horse industry does. In addition to the

amount of bedding used, the urine and feces that end up in the bed-

ding must also be managed.”

Nielsen is studying several bedding types used for horses — straw,

chopped straw, wood shavings, wood pellets, peat moss, corn cobs

— to evaluate the phosphorus and nitrogen content of each and to

determine the environmental contribution that various amounts of

each bedding type make.

“Although one type of bedding might be very high in phosphorus

or nitrogen, if you remove one pound of that bedding and put it on

the environment and compare its contribution to one pound of a dif-

ferent type of bedding that has a lower level of these nutrients, it

might seem on the surface that the one with the higher concentra-

tions would be a no-no,” Nielsen said. “But if you use only 10 pounds

of that per day and you use 50 pounds of the other per day, the one

with the higher phosphorus or nitrogen — in a way — could be more

environmentally friendly.” 

The other aspect of the bedding issue is cost, Nielsen pointed out. 

“Let’s say you have bedding that’s high in phosphorus, but very

inexpensive,” he said. “You might have some capital left over and it

“The bottom line is that taking care of nutrient

issues up front minimizes concerns with

managing outputs.”

MAES animal scientist Nathalie Trottier, a
protein nutrition specialist, studies how to
make more nutrients available to animals
so that fewer end up in the environment.
Trottier is studying horse and swine
nutrition.
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might be cheaper to use that type of bedding and find a different

way to manage the bedding in an environmentally friendly way. A

lot of factors go into interpreting what bedding contributes to the

whole picture.”

Nielsen hopes the results of this project provide some practical,

economically sound guidelines to help reduce the environmental

load generated from horse bedding. 

“What would be even better is if we could reduce bedding use by

convincing horse owners to kick their horses out to pasture,” Nielsen

said. “When you do that, you don’t have the bedding contribution

and it’s a healthier lifestyle for the horse.”

But Nielsen quickly conceded that that approach isn’t workable

for everyone. 

“For horse people, their end product isn’t rate of gain — it’s who’s

the fastest to the finish line, who does better in the show ring,” he

said. “People often say a happy horse is a dirty horse, but it’s hard to

win a horse show that way.”

“Providing data to the horse industry to assist horse owners to

make informed choices is the goal of our research,” Trottier said. “It’s

not our job to tell producers not to feed their horses alfalfa hay. Our

job is to provide data so that people know what environmental con-

sequences their feeding decisions have.”

Nielsen agreed.

“In nutrient management, education and awareness are critical,”

he said. “If we can figure out ways to look at all the contributions of

what is fed to horses, we’ll be better able to balance diets.

Establishing more precise numbers that allow people to start devel-

oping more accurate comprehensive nutrient management plans

would be a great step.”

� Nutrient Management: The Great Equalizer
Although significant advances in nutrient management have

been made, producers increasingly will be required to minimize

environmental risks if they want to ensure a strong competitive posi-

tion in the future.

“Incorporating environmental costs into the animal agriculture

equation is a given,” Nielsen said. “If you can’t meet environmental

standards, see ya. That solves the problem right there — you either

comply or say good-by.”

“We are shifting away from trying to reach maximum yields to

economically viable yields,” Jacobs said. “Some of the nutrient

recommendations are beginning to be modified because achiev-

ing 90 to 95 percent of the yield potential of a field can be econom-

ically optimal, but in trying to reach 100 percent, the cost/benefit

isn’t very good.”

Increasingly high fertilizer prices (or nutrient costs) and the price

producers get for their products are all factors that compel farmers

to look at how they can make their system economically optimal rel-

ative to cost and productivity, Jacobs explained.

“If you’re factoring in these considerations, you’re not going to be

trying to increase yields to the point where 70 or 80 percent of the

additional inputs needed for maximum yield are going to be leaking

into the environment,” he said.

Harrigan is encouraged by the changes he sees. 

“We’re seeing a greater awareness and concern among producers

and an interest in alternatives,” he said. “We don’t have all the

answers yet, but producers certainly are hearing that society expects

them to protect the environment and they’re seeking alternatives. It’s

not possible to have zero impact, but we certainly can do a lot better.

“Farmers face significant economic, labor and time constraints,”

Harrigan continued. “We’re asking a lot and we don’t always have

perfect solutions for them. And in the process of running their busi-

ness, they need to make a living. There’s a challenge here for all of us

— for farmers to be willing to look at new alternatives and for us to

help generate opportunities for them to succeed.”

::: Val Osowski

“In nutrient management, education and

awareness are critical. If we can figure out

ways to look at all the contributions of what

is fed to horses, we’ll be better able to

balance diets.”

MAES equine researcher Brian Nielsen
wants to determine the availability of
phosphorus in all horse feedstuffs.




