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The Soy/Swine Nutrition Research Program is an ongoing program of collaborative research into
how soybeans can be better utilized in swine diets. This report compiles research results from
seventeen investigators at over adozen inditutions and is organized by research objective area.
The cooperation of each investigator submitting their report for this document was appreciated.

Soy/Swine work is funded by the Illinois Soybean Program Operating Board, and is managed
through the Nationa Soybean Research Laboratory at the University of lllinois.



Executive Summary
Soy/Swine Nutrition Research
Spring 2000

The Nutrient Composition and Digestion team worked to:

0 messure the varidion in the nutrient content of soybean meal processed within asingle
processing plant during the course of asingle harvest season; and

0 to determine the gpparent and true amino acid digestibilitiesin these samples.
lledl digestibility studies compared a common source of soybean medl, alocally procured
meal, Soy protein concentrate, and a casain, low protein diet.
These trids suggest amino acid digestibilities vary by regions and/or processor. The reasons
for these variations may be due to genotypes, processing conditions, or their interaction.
Trueiled digedtibilities of amino acidsin soybean med and soy protein concentrate are not
100%, providing future opportunities to increase digestibilities and/or decrease endogenous
amino acid lossesin pigs fed soy products.

The work by the Carbohydrate Utilization team conssted of:

0 Comparing quality characteristics of soybeans from Brazil, China, and the United States,

0 ldentifying compaositiona characterigtics of U.S. beans and meal from processing plants,

0 Reviewing the effects environment and management have on soybean seed compostion,

0 Examining how soybean products affect nitrogen and phosphorus excretion and volatile
organic compound concentrations.

Internationa bean samples showed sgnificant, but smal, differencesin severd components

within a country. U.S. samples had the most consstent amino acid contents.

Differences were seen among countriesin severd components. Soybeans from the U.S. had

the highest concentrations of total essentia, nonessentia, and tota amino acids.

Fdl, winter, and spring soybean and meal samplesfrom U.S. processing plants were

andyzed for compositional characterigtics.

0 Therewere sgnificant variations between processing plantsin most med characterigics
andyzed, including gas production and fermentation.

0 Across seasons, beans differed in severa characterigtics, but only lysine concentrations
differed in the med. Season had less effect on gas production and fermentation than did
processing plant.

Processing introduces compositiona variability in characterigtics that impinge on the quaity

and nutritive vaue of soybean med. The desolventizing-toasting stage, in particular the

toasting temperatures and duration of heet trestment, have the grestest effect on med qudlity.

The extendve literature review summearizes the genera responses of soybean nutritiond

components to environmental conditions and management factors such as temperature,

photoperiod, soil fertility, pH, planting date and pattern, etc.

Recommended areas for future research include:

0 Genotype development to achieve consstent target levels of protein and ail,

0 Genotype development with improved feed or end-use vaue,

o Improvement of the capability to predict levels of seed components across environments.

Soybean med contributes less to dry matter and nitrogen excretion than doesthe cornin a

typical corn-soybean med diet. Asthe refinement of the soybean in the diet incresses, dry

matter and excretion are reduced.



The Bioactive Compounds team examined soybean medl isoflavone effects on reproductive and
growth characterigtics. Ovulation propengty, embryo surviva, and lactogenesis were done with
in vitro work. 1soflavone effects on estrous and growth and muscle development were done using
p| gsand rats.
Daidzein and genistein were shown to decrease gpoptosis, with daidzein ten times more
potent than genistein. Both were more potent than the animd’ s natural estrogen, estradiol.
These compounds can potentialy increase follicle surviva, leading to improved litter Size.
Embryos from the 2-cell to hatching stage were collected from gilts and cultured with or
without increasing doses of daidzein. There was no sgnificant difference in the formation of
blastocysts for al but one treetment dose of daidzein, compared to the controls.
Genigein present & levels consstent with those typicaly found in swine diets had no
negdtive effect on indicators of lactogeness.
| soflavones fed to littermate were shown to increase body weight, percentage carcass muscle,
and weight of red-fibered muscles but not affect daily feed intake and gain:feed ratio.
| soflavones fed to pregnanat rats were shown to be bioavailable to the pregnant rats, and
detectable in fetd tissues. Femade offgpring were more efficient in feed utilization and hed
improved growth rate. In males, the hind limb muscle content increased.

The Meat Quality team compared growth, carcass traits, and pork quaity and sensory datain
pork from pigs feed different protein sources.
Soybean mea was compared to amino acids, dry extruded soybeans, canola medl, peanut
med, sunflower medl, cottonseed med, peas, mea/bone med or poultry by-product med.
Pigs fed the amino acid diet had decreased growth performance and carcass muscling, and in
increased carcass fat content. A similar, but not as severe response was seen in pigs fed the
animd source protein.
The other plant source proteins were not better than soybean med, but some were smilar,
namdy the dry extruded soybeans diet. However, these pigs had pork quality sensory data
indicative of the higher leve of fat in these diets.

The Economics Analysis team devel oped amodel of U.S. soybean supply and demand in the
world market to determine the economic importance of potentid changes in soybean med use
relative to its position in domestic and global markets. The model was used to evauate five
dternative scenarios of changes in the soybean complex in relation to production and marketing,
partl cularly with respect to the pork industry.
A technical change that either increases the demand for soybean med by 1 ppercent, or
dternatively, decreases the yield of medl by 1 percent would induce an increase in producer
surplus of $198 million dollars. Almost as effective in increasing soybean producer surplus
would be atechnical change that increases the demand for soybeans by 1 percent, resulting in
an increase in soybean producer surplus of $182 million.
Research results from soy/swine research areas will indicate where it may be desirable to
pursue fundamental changes in the use of soybean med in swine diets. The economic modedl
will be an important tool for evauating such recommendations and will provide vauable
information to industry and research decision makers on potential benefits of making such
changes.



Executive Summary
Soy/Swine Nutrition Program Year 1

Nutrient Composition and Utilization

There were two phases of work in this area during 1998-1999. Results from Phase | are
reported here; Phase 1l results will be reported in the next year as projects end.

The objectives of Phase | work were to

0 measure the variation in the nutrient content of soybean med processed within asingle
processing plant during the course of a angle harvest season; and

0 to determine the gpparent and true amino acid digestibilitiesin these samples.

Researchers from five regiondly distinct inditutions used the same study design for iled

digedtibility studies of soybean med based diets that used:

0 acommon source of soybean medl,

o0 alocdly procured soybean med from one harvest collected at four different times (days
0, 15, 30 and 45),

0 S0y protein concentrate, and

0 casan, low protein diet to estimate endogenous |osses of amino acids.

Results were mixed for the comparisons of apparent and true iled digedtibilities of the amino
acids for the soy protein concentrate and the medl based diets. While the Kansas study found
the concentrate digegtibilities were lower, the Ohio study found the apparent digestibilities
were higher, but no difference in true digedtibilities. North Carolinaand Illinois noted lower
gpparent digestibility of methionine, probably related to how the concentrate is processed.

Digedtibility of amino acids among diets from Kansas were Ssmilar, except for tryptophan,
which was lower for the day 30 sample than for samples from other dates. In Illinois, Ohio,
and North Carolina, there were no significant differences between samples over time.
Overdl, gpparent and true digestibilities varied little from one collection period to another.

Results were also mixed for the comparisons of gpparent and trueiledl digestibilities of the
amino acids for the common source and locally procured diets. Kansas found the control
med had higher digetibilities of some amino acids, but Ohio found the control med had
lower digedtibilities. Illinois and North Carolina found no sgnificant differences

These trids suggest there is variation in amino acid digedtibilities by regions and/or by
processor. The reasons for these variations may be due to genotypes, processing conditions
or an interaction between these factors.

Trueiled digedtibilities of amino acidsin soybean med and soy protein concentrate are not
100%, providing future opportunities to increase digestibilities and/or decrease endogenous
amino acid lossesin pigs fed soy products.



Executive Summary
Soy/Swine Nutrition Program Year 1

Carbohydrate Utilization

Projects undertaken for this objective consisted of:

o Comparisons of qudity characteristics of soybeans collected from Brazil, Ching, and the
United States,

0 Compositiond characterigtics of U.S. soybeans and med from processing plants,
including in vitro fermentation studies; and

0 Review of the environmenta and management impact on soybean seed composition.

0 Examination of how soybean products affect nitrogen and phosphorus excretion and
volatile organic compound concentrations.

I nternational soybean comparisons

- Samplesfrom 5 Brazilian states, 6 Chinese provinces, and 15 U.S. states were collected and
andyzed for dry matter, organic matter, crude protein, acid hydrolyzed fat, neutra detergent
fiber, protein solubility, and amino acid compostion. The U.S. samples were grouped
according to the maturity zone in which they were produced

There were Sgnificant differences in dry matter, organic matter and ash concentrations
within acountry, but the differences were generaly smal. Amino acid content was more
consgtent between U.S. samples than between Chinese or Brazilian samples.

In contrast differences were seen among countries in dry matter (U.S. the highest), organic
meatter (Brazil higher), ash (Brazil lower), crude protein (Chinaand U.S. amilar, and higher
than Brazil), and protein solubility (U.S. highest). Soybeans from the U.S. had the highest
concentrations of total essential, nonessential, and total amino acids.

U.S. processing plant comparisons
- Fdl, winter, and spring soybean and meal samples were obtained from 10 U.S. processing
plants and andyzed for compaositiona characterigtics.

Comparing processing plants, there were sgnificant variations in most medl characteristics
andyzed, except dry matter, urease activity, lysine and total nonstructural carbohydrates.
There were dso variations were seen in gas production and fermentation.

Across seasons, beans differed only for organic metter, lysine, acid hydrolyzed fat, protein
solubility, neutrd detergent fiber, and protein dipersihility. Med differed only in lysine
concentrations. Gas production and fermentation were less affected by season than by
processing plant.

Processing introduces compodtiond varigbility in characteristics that impinge on the
nutritive value and qudity of soybean med. The desolventizing-toagting stage, in particular
the toasting temperatures and duration of hest trestment, have the grestest effect on mesdl
qudlity.



Literaturereview
The extensve review summarizes the genera responses of soybean nutritiona components
to environmental conditions and management factors such as temperature, photoperiod, soil
fertility, pH, planting date and pattern, etc.

Recommended areas for future research include:

0 Genotype development that achieve target levels of protein and oil across environments
and years,

0 Genotype development with improved feed or end-use vaue

0 Improvement of the capability to predict levels of seed components across environments.

Nitrogen and phosphorus excretion

- Inone study, four diets were compared for levels of nitrogen and phosphorus excretion. A
control diet intended to minimize excretion was compared with diets where corn, soybean
meal, or both corn and soybean meal were introduced.

Soybean medl contributed less to dry matter and nitrogen excretion than did the cornin a
typica corn-soybean meal diet. Of course, pigs fed the soybean med diet excreted more dry
mater, nitrogen, and phosporus than pigs fed the diet designed to minimize excretion, but this
was less than those pigs fed the corn diet.

In the second study, comparisons in excretion were made between pigs fed diets with
different soy products, soybean medl, soybean hulls added to the medl, soy protein
concentrate, and soy protein isolate.

Asthe refinement of the soybean increased, dry matter and excretion were reduced. Total
organic compoundsin the durry were similar between diets, but dry matter excretion was
highest for pigs fed the diet with hulls added. Totd nitrogen excretion was highest for pigs
fed the hull diet, smilar for diets using soy protein concentrate or soybean med, and lowest
for the protein concentrate diet.

Vi
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Soy/Swine Nutrition Program Year 1

Bioactive Compounds

Bioactive compounds in soybean med were examined for effects on reproductive and growth
characterigtics. Ovulation propensity, embryo surviva, and lactogenesis were done with in
vitro work. Isoflavone effects on estrous and growth and muscle development were done
using pigs and rets.

Cultured porcine granulosa cells were treated with varying concentrations of genistein,
daidazein, diethylstilbesirol, or estradiol to measure the effects on cell gpopotosis (the natural
programmed cell deeth.

Daidzein and genistein were shown to decrease gpoptosis, with daidzein ten times more
potent than genistein. Both were more potent than the animd’ s natural estrogen, estradiol.
These compounds can potentidly increase fallicle survivd, leading to improved litter Sze.

Synchronized breeding age gilts were fed diets prepared that lacked isoflavones, saponins,
and phytosterols, or had standard soybean meal with these compounds present. Blood
samples were taken for basdline measures and then at 15-minute intervals over 24 hours.
Data have been collected to date, but andysisis still ongoing.

Embryos from the 2-cell to hatching stage were collected from gilts and cultured with or
without increasing doses of daidzein. There was no sgnificant difference in the formation of
blastocysts for dl but one treatment dose of daidzein, compared to the controls. At 3 uM of
daidzein, there was at trend for improved blastocyst development.

A bioassay to determine the tissue-leve effects of isoflavones on mammary cdl deve opment
and lactation was emphasized. Problems encountered in developing a tissue culture system to
measure mammary tissue growth meant work move to characterizing the effects of genistein
as apotentia tyrosne kinase inhibitor on lactogenss. Genistein present at levels consstent
with those typically found in swine diets had no negative effect on indicators of lactogeness.

Littermate gilts were fed diets with varying levels of isoflavones to measure ther effects on
carcass muscle content and body growth rate. While isoflavones increased daily body weight,
daily feed intake and gain:feed were not affected. | soflavones increased the percentage
carcass muscle and estimated muscle gain/day, but did not affect percentage carcassfat.

| soflavones increased the weight of predominantly red-fibered muscles.

Pregnanat rats were used as amodd to determine the effects dietary isoflavones have on
growth and muscle development in offspring. The isoflavones were shown to bioavailable to
the pregnant rats, and were detectable in fetal tissues. The effect of the isoflavones fed to the
pregnant rat were mixed. Female offspring were more efficient in feed utilization and had
improved growth rate. In males, the hind limb muscle content increased. For the mother ret,
body weight decreased with increasing isoflavone content up to the fourth day of lactation.

vii
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Meat Quality

Three studies were done that compared mgjor protein sources to soybean medl, and
examined the effects of adjugting lysine levels on meet qudity. Growth, carcasstraits,
and pork quality and sensory data were measured.

The protein source trids had pigs fed to daughter weight with diets that replaced a
standard corn-soybean med with diets usng another protein source: crystaline amino
acids, dry extruded soybeans, canolamedl, peanut meal, sunflower meal, cottonseed
meal, peas, meat and bone medl or poultry by-product med.

Pigs fed the amino acid diet had decreased growth performance and carcass muscling,
and in increased carcass fat content. A smilar, but not as severe response was seenin
pigs fed the anima source protein.

The other plant source proteins were not better than soybean med, but some were smilar,
namely the dry extruded soybeans diet. However, these pigs had pork quality sensory
dataindicative of the higher levd of fat in these diets.

Thelysnefeeding tridsfed diets deficient in lysine to late finishing Sage pigsto
determine the effects on carcass fat levels and egting quality of the pork. Trids varied
how long the lysine deficient diet was used.

In generd, the results were mixed when the varying times of feeding the lysine deficient
diet are compared. In one study though, pigs fed a diet with lower lysine levels (4.8 g/kg)
for five weeks increased intramuscular fat, but there was adower growth rate during this

period.

The lysine deficient diets were further studied under thermo-neutral and hot conditions.
Diets with 4.6 g/kg (deficient) or 6.4 g/kg (normal) lysine werefed 5 or 7 weeks under
one of the two environments. Again, the lysine deficient diet improved intramuscular fat
content, under ether condition.

Dietary lysine content did not affect feed intake or average daily gain, but the lysine-

deficient diet pigs had a poorer gain:feed ratio. High environmenta temperature
decreased feed intake and average daily gain, but improved the gain:feed ratio.

viii
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Soy/Swine Nutrition Program Year 1

Economic Analysis

A modd of U.S. soybean supply and demand in the world market was devel oped to
determine the economic importance of potentia changes in soybean med use relative to its
position in domestic and globa markets.

The mode was used to evauate five dternative scenarios of changes in the soybean complex
in relation to production and marketing, particularly with respect to the pork industry. These
included:

A technologica change that increases soybean meal demand by 1%,

A technological change that increases export demand for soybean med by 1%

A technologica change that increases supply of soybeans by 1%

A decrease in the soybean crushing margin of 1%

A 1% Decreasein the Yield of Med Dueto No More Gum Added

O OO0 0O

Anintringc characterigtic of the soybean market is production of joint products from the
soybean, i.e., processing of mea and oil. An understanding of the economics of joint
products and incorporation of these effects into the model are essential and are incorporated
inthe modd.

The most enhancing scenario for soybean producers was atechnical change that increases the
supply of soybeans by 1 percent, which would increase soybean producer surplus by $408
million. A technicd change that either increases the demand for soybean meal by 1 percent,
or dternatively, decreases the yield of med by 1 percent would induce an increase in
producer surplus of $198 million dallars. Almost as effective in increasing soybean producer
surplus would be atechnica change that increases the demand for soybeans by 1 percent,
resulting in an increase in Soybean producer surplus of $182 million.

The estimated producer welfare effects depend critically on the estimated demand and supply
elagticities that were generated by the econometric estimation. Some care must be taken
drawing conclusions concerning the magnitudes, and the ordering of the estimated benefits to
soybean producers, given this dependence on the demand and supply eadticities.

Further invedtigation and some sensitivity andyss of these results will afford some more
precise statements concerning the robustness and precision of estimated benefits.
Nonethdess, the overwheming evidence to date suggests that there are indeed some
scenarios that have been identified as important, that would result in Szeable economic
benefitsto U.S. soybean producers. Future scenarios may be derived from Soy/Swine results
from other research areas.



