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Organic selenium for swine and
implications for improving human health

Don Mahan, Professor, Animal Sciences
Ohio State University, Columbus, OH 43210

Summary
Organic selenium (Se) is indigenous in the grains fed to swine, but in many areas of the United
States the grains and forages contain low Se levels requiring Se supplementation to swine diets.
Although FDA has approved incorporating sodium selenite or selenate to livestock feeds, the Se/
vitamin E deficiency i stl reported in the Midwest, Organic Se is an alternative source of Se and is
available in several forms, but Se-enriched yeast s the form where most of the research has been
conducted.

Organic Se has shown several advantages when fed to swine. Organic Se whensupplemented at
0.30 ppm Se results in: 1) a higher placental transfer of Se to the developing fetus, 2) a higher mam.
mary transfer of Se to colostrum and milk, 3) increased pork muscle Se content, and 4) higher pork
quality [lower drip loss, and reduced paleness of pork muscle] compated to inorganic Se.

Immunological responses of animals seem to be increased with dietary levels of inorganic Se
and vitamin E that are provided above the animals requirement. Immunological studies of swine
fed organic Se are lacking,

Contrary to early reports, S has been shown to reduce the rate of cancer in humans, probably
acting as & preventative rather than as a cure. Other health benefits result from supplemental Se, but
the required daily intake is not well defined. The added value of the higher Se content in pork when
swine have been fed organic Se has potential promise for the pork industry

Introduction
Inorganic selenium (Se) currently is approved in
the United States and can be added to livestock
diets as sodium selenite or sodium selenate but
not to exceed a supplemental evel of 0.30 ppm
Se (FDA, 1974, 1987). Feld conditions of mul-
berry heart disease and sudden deaths of pigs
are frequently reported signs on many swine
farms that have been associated with the Se and
vitamin E deficiency. These deficiency signs
have continued even though inorganic S¢ has
been approved by the FDA. This suggests that
the dietary level of either Se or vitamin E may be
inadequate o their utilization may be poor. The
supplementation of swine diets with higher than
approved levels of either nutrient has not
completely prevented the problem, suggesting
other actors may be involved in causing the
problem.

There has been increasing interest in other
forms of Se compounds, namely organic Se, in
an attempt to prevent the continued onset of the
deficiency. Supplemental organic forms of Se,

other than grain sources, are not currently
approved in the Undted States, but the approval
is pending on at least some products. Organic Se
i5 in wide use in many countries including
Canada. The questions that arise from feeding
organic de are: 1) How does the body use or-
ganic Se compared with the inorganic form, 2) Is
the organic product more effective with swine
and if so how does it work, and 3) Will the
added cost justify is use with pigs and could it
possibly improve human health?

Organic Se sources
Organic Se can exist in several forms, with

the bioavailability and function being somewhat
different from inorganic Se. The Se found in
cereal grains i largely as the amino acid
selenomethionine. Methionine and
selenomethionine are both synthesized by plants
and yeast but cannot be synthesized by animals.
The methionine molecule contains the element
sulfur, and Se absorbed from the soil replaces
the sulfur atom of methionine, whereupon it



forms selenomethionine. Plants do not require
Se for their growth, and therefore the amount of
Se in the grain is in proportion to the soils
“available” Se and soi conditions that permit its
absorption. The higher the amount of Se ab-
sorbed, the greater the selenomethionine to
methionine ratio in the grain s. It has been
estimated that approximately 50 percent of the
Se in the grain and yeast protein is as
selenomethionine (Olson etal 1970; Kelly and
Power, 1999), with the remainder in various
amino acid analogs, Methionine is considered an
essential amino acid for the pig and thus is a
dietary requirement. Methionine and
selenomethionine both appear to have an equel
substitution rate in the tissues of animals and
the ratio of both forms are found in the tissue
proteins in the direct proportion to that fed.

Soil conditions and the soil's Se content limit
the uptake of Se by plants. Almost al of the
grains and forages grown in certain areas of the
United States and Canada have an inadequate
level of Se for animals. Figure 1 shows the
regions of the United States and Canada where
the grains and forages contain low Se concentra:
tions. When the grains grown from various
states were fed to swine and the loin Se concen. .
trations compared, it was demonstrated that the
organic Se became incorporated into the loin
muscle in proportion to that found in the grains
(Figure 2). tis therefore of interest to note that
those areas where Se is adequate in grains, the
deficiency in swine or other livestock is less
prevalent, Because most of the Midwest does
not provide an adequate quantity of Se, these
locally-grown grains subsequently produce the
deficiency in animals

¥' Figure 1. Selenium concentration in grain and forage in the United Sates and Canada.
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To correct the Se deficiency problem, various
countries (e.g, Finland, New Zealand) have
chosen to add Se to crop fertilizers in an attempt
to incorporate Se nto the grains and forages.
The Se incorporated in these grains would be in
the organic form i.e. selenomethionine and
amino acid analogs), wherupon it would be-
come incorporated into the animals’ body
tissues. Applications from 4to 10 grams Se per
acre have been used (> 10 years), and there has
been no reported soil buildup or animal toxic
tes that have resulted from this practice. Most
countries, however, have preferred to add Se to
the animals diet Incorporation of inorganic Se is
now routine in most livestock diets in much of
the United States. The continued deficiency that
is occurring in many Livestock herds supports
the continued evaluation of alternative methods
of supplying Seto their diets.

Recently, the treatment of seeds with S¢ has
been shown to increase the Se content of various
grains, Our studies have demonstrated that
when a Se-treated com was raised in Ohio
during the 2000 growing season, the results
demonstrated a 200-percent increase in the Se
content (Table 1) Although the Se level in the
com was below that required by the pig, it does
demonstrate that S can be incorporated into
grains and plants without fertilization of the

entire field. However, there appeared tobe a
lower germination rate, stand count, and yield
ofthe Se-treated com seed. The effects of in-
creasing the Se content of other grains by this Se
treatment procedure have shown similar re-
sponses.

Pure DL selenomethionine has also been
synthesized using biotechnological techniques,
but the products currently expensive. The
responses of animals fed this product are similar
to those fed high Se containing grains.

The incorporation of Se into the protein of
the yeast cell hs also been shown to increase
the Se content to over 1000 ppm Se. This has the
advantage that small quantities of the concen-
trated product can be added to the diet to meet
the animals’ Se requirement, The type of Se
produced in the Se-enriched yeast product is
largely selenomethionine (Kelly and Power,
1995) with the profil of Se compounds in the
product being similar to that present in grains.
This product has been approved in Canada and
much of the world, but its approval in the
United States is pending.

Another form of organic Se is the amino acid
chelate, where Se is chemically bound to the
amino acid glycine or lysine. There has not been
any swine research conducted known to this
author with this product

V' Figure 2. Relationship of dietary selenium to loin selenium content,
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forms selenomethionine. Plants do not require
Se for their growth, and therefore the amount of
Se in the grain is in proportion to the soils
“available” Se and soil conditions that permit its
absorption. The higher the amount of Se ab-
sorbed, the greater the selenomethionine to
methionine ratio in the grain is. It has been
estimated that approximately 50 percent of the
Se in the grain and yeast protein is as
selenomethionine (Olson et al., 1970; Kelly and
Power, 1995), with the remainder in various
amino acid analogs. Methionine is considered an
essential amino acid for the pig and thus is a
dietary requirement. Methionine and
selenomethionine both appear to have an equal
substitution rate in the tissues of animals and
the ratio of both forms are found in the tissue
proteins in the direct proportion to that fed.

Soil conditions and the soil’s Se content limit
the uptake of Se by plants. Almost all of the
grains and forages grown in certain areas of the
United States and Canada have an inadequate
level of Se for animals. Figure 1 shows the
regions of the United States and Canada where
the grains and forages contain low Se concentra-
tions. When the grains grown from various
states were fed to swine and the loin Se concen- .
trations compared, it was demonstrated that the
organic Se became incorporated into the loin
muscle in proportion to that found in the grains
(Figure 2). It is therefore of interest to note that
those areas where Se is adequate in grains, the
deficiency in swine or other livestock is less
prevalent. Because most of the Midwest does
not provide an adequate quantity of Se, these
locally-grown grains subsequently produce the
deficiency in animals.

WV Figure 1. Selenium concentration in grains and forages in the United States and Canada.

LOW - APPROXIMATELY 80% OF ALL FORAGE AND GRAIN CONTAIN <0.10 PPM SELENIUM
VARIABLE - APPROXIMATELY 50% CONTAIN 50.10 PPM SELENIUM (INCLUDES ALASKA)
ADEQUATE - 80% OF ALL FORAGES AND GRAIN CONTAIN »>0.10 PPM SELENIUM
(INCLUDES HAWAH)

To correct the Se deficiency problem, various
countries (e.g., Finland, New Zealand) have
chosen to add Se to crop fertilizers in an attempt
to incorporate Se into the grains and forages.
The Se incorporated in these grains would be in
the organic form (i.e., selenomethionine and
amino acid analogs), wherupon it would be-
come incorporated into the animals’ body
tissues. Applications from 4 to 10 grams Se per
acre have been used (> 10 years), and there has
been no reported soil buildup or animal toxici-
ties that have resulted from this practice. Most
countries, however, have preferred to add Se to
the animals diet. Incorporation of inorganic Se is
now routine in most livestock diets in much of
the United States. The continued deficiency that
is occurring in many livestock herds supports
the continued evaluation of alternative methods
of supplying Se to their diets.

Recently, the treatment of seeds with Se has
been shown to increase the Se content of various
grains. Our studies have demonstrated that
when a Se-treated corn was raised in Chio
during the 2000 growing season, the results
demonstrated a 200-percent increase in the Se
content (Table 1). Although the Se level in the
corn was below that required by the pig, it does
demonstrate that Se can be incorporated into
grains and plants without fertilization of the

entire field. However, there appeared to be a
lower germination rate, stand count, and yield
of the Se-treated corn seed. The effects of in-
creasing the Se content of other grains by this Se
treatment procedure have shown similar re-
sponses.

Pure DL selenomethionine has also been
synthesized using biotechnological techniques,
but the product is currently expensive. The
responses of animals fed this product are similar
to those fed high Se containing grains.

The incorporation of Se into the protein of
the yeast cell has also been shown to increase
the Se content to over 1000 ppm Se. This has the
advantage that small quantities of the concen-
trated product can be added to the diet to meet
the animals’ Se requirement. The type of Se
produced in the Se-enriched yeast product is
largely selenomethionine (Kelly and Power.,
1995) with the profile of Se compounds in the
product being similar to that present in grains.
This product has been approved in Canada and
much of the world, but its approval in the
United States is pending.

Another form of organic Se is the amino acid
chelate, where Se is chemically bound to the
amino acid glycine or lysine. There has not been
any swine research conducted known to this
author with this product.

V Figure 2. Relationship of dietary selenium to loin selenium content.
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V Table 1, Effect of treatment of com seed on subsequent selenium grain content,

Item Nontreated ~~ Treated’ Change,

Seed
Se content, ppm 0.09 410 >1000%
Germination, % 100 % - 6%

Planting and Growth
Planting rate, seeds acre 30000 30000 0
Stand counts 28000 25,800 -8%
Leaves Se content (silk stage), S ppm

Lower leaves 0.087 0.134 +200%
Upper leaves 0016 0.760 +375%

Grin (maturity)
Yield, bu/acre (dry) 1628 1499 -8%
Se content, ppm 0017 0083 22%

*The com was grown in an approximate 10-acre plot leach plot was around § aces in Waste, Oho, during
the 2000 growing season.

* Treatment of the com was courtesy of Grow-Tech
“Conducted by Department of Crop Science/Seed Biology Program (Columbus, The stu was done in four

replicates of 50 seeds each {courtesy of Mr. Andy Evans)

V' Table 2. Effect of inorganic selenium added to two origins of feed gain on resuling tse
selenium in finishing swine,

Feed origin: Michigan South Dakota

Grain Se, ppm: 0.04 040 040
tem + Selenite, ppm: 040 0 010

No. pigs 4 4 4
Tissue Se, ppm

Lon 012 048 045
Liver 061 084 09
Kidney Jl! 2 JAY

* Source: Ku etal, 1973,

An experiment was conducted to determine
the relative biological usage of inorganic Se
added to rains with a high or low Se content,
Table 2 demonstrated that when selenite was
added to grains witha low Se content to an
equal level a diet with a naturally high Se
content (0.40 ppm), the liver and loin tissues of
the pigs had higher Se concentrations when the
high Se grains were fed. When inorganic sele
mum was added to the high Se grain diet, no
further increase in Se content of body tissues
occurred. This suggests that the inorganic Se

was not used in the same manner as organic S,
and a different role for Se occurs between the
two Se forms,

How does the animal use
organic Se?
Selenium is not used by the body as the element
Se, but rather Se must be converted to a biologi:
cally active form in order to achieve normal
animal growth and health. The biologically
active compounds are termed selenoproteins, of

which there are currently six known forms. Both
inorganic and organic Se can be used for the
synthesis of these selenoproteins. After con-
sumption, organic Se can either be incorporated
into actively growing body protein tissues or
catabolized to selenocysteine (Figure 3). Tissue
turnover of selenomethionine can potentially be
used later by the animal.

Al dietary forms of Se are metabolized to
the reduced form of Se (H9e) where tis incor-
porated into anew molecule of selenocysteine. It
i thi later seleno amino acid that is the true
precursor of al known biologically active forms
of the selenoproteins. Selenocysteine has been
called the 21* amino acid because of is essential
role for the formation of the selenoproteins
(Raymond, 2000). Selenate or selenite can also be
converted to He, whereupon it follows the
same pattern for forming selenocysteine as does
organic Se. The question is whether
selenomethionine or the other organic Se com
pounds provide any additional benefit to the
animal in order to justify its use that cannot be
achieved from inorganic Se or by adding more
inorganic Se to the diet

One of the active selenoproteins in the body
is the enzyme glutathionine peroxidase (GSH-
Px). This enzyme is used by the cell to prevent
oxidative damage to the cells contents. The
enzyme can be measured in various tissues, but
whole blood, serum, or plasma has generally

been used to reflect ifs level in the body. This
enzyme increases in response to the dietary
level, but plateaues when the production of the
enzyme s optimum, Figure 4 demonstrates that
both Se sources are effectively used to produce
this enzyme. Although this enzyme has gener-
ally been used to estimate the pig's requirement
for Se, it probably underestimates the body's Se
need, a other selenoproteins have been found
to respond to higher dietary levels of Se.

Although the pig may not use additional
inorganic Se when supplemented at high dietary
levels (Table 2), the question arises as to what
happens when an excess i fed. A digestibility
study conducted with grower pigs evaluated the
excretion patterns of organic and inorganic Se
sources at various dietary levels (Table 3). The
results demonstrated that as the dietary level of
selenite increased, more Se was excreted in
urine. Total Se excretion averaged 20 percent
more when inorganic Se was the Se source fed,
suggesting that feeding higher dietary levels of
inorganic Se results in higher excretion rates,
principally through the urine.

Current status of the Se problem
Most swine producers demonstrated the Seand
vitamin E problem prior to 1975. This was
greatly reduced after inorganic Se was added to
swine diets, However, lower but frequent occur-

V' Figure 3, Animal utilization of selenium compounds.
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V Table 1. Effect of treatment of com seed on subsequent selenium grain content,

Item Nontreated Treated" Change,

Seed
Se content, ppm 0.029 410 >1000%
Germination, % 100 % - fo

Planting and Growth
Planting rate, seeds acre 30,000 30,000 0
Stand counts 28000 25,800 -8%
Leaves S content (silk stage), Se ppm

Lower eaves 0087 0.134 +200%
Upper leaves 0016 0.760 +375%

Grain (maturity)
Yield, bu/acre (dry) 1628 1499 -8%
Se content, ppm 0017 0.083 22%

*The com wa grown i an approximate 10-cre plot each plo was around aces in Wooster, Ohio uring
the 2000 growing season,

* Treatment of the com was courtesy of Grow-Tech
“ Conducted by Department of Crop ScenceSeed Biology Program (Columbus). The stu was done i four

replicates of 50 seeds each counesy of Mr. Andy vans),

V' Table 2 Efecto inorganic selenium added to two origin of feed grains on resulting tissue
selenium in finishing swine,

Feed origin: Michigan South Dakota

Grain Se, ppm: 0.04 040 040
Item + Selenite, ppm: 040 0 010

No. pigs 4 4 4
Tissue Se, ppm

Loin 012 04 045
Liver 061 084 09
Kidrey 214 AY JAY

* Source: Ku et al, 1973.

An experiment was conducted to determine was not used in the same manner as organic S,
the selaive biological usage of inorganic Se and a different rol for Se occurs between the
added to grains with a high or low Se content, two Se forms,
Table 2 demonstrated that when selenite was
added to grains with a low Se content to an |equal level a diet with a naturally high Se How doe the animal us
Content (040 ppm) theliver an loin tissues of ~ OFGANIC Se?
the pigs had higher Se concentrations when the
high Se grains were fed. When inorganic sele
mum was added to the high Se grain diet, no
further increase in Se content of body tissues
occured. This suggests that the inorganic Se

Selenium is not used by the body as the element
Se, but rather Se must be converted to a biologi
cally active form in order to achieve normal
animal growth and health. The biologically
active compounds are termed selenoproteins, of

which there are currently six known forms. Both
inorganic and organic Se can be used for the
synthesis of these selenoproteins. After con-
sumption, organic Se can either be incorporated
into actively growing body protein tissues or
catabolized to selenocysteine (Figure 3). Tissue
turnover of selenomethionine can potentially be
used later by the animal.

Al dietary forms of Se are metabolized to
the reduced form of Se (H,Se) where it is incor-
porated into anew molecule of selenocysteine. It
is this latter seleno amino acid that is the true
precursor of all known biologically active forms
of the selenoproteins. Selenocysteine has been
called the 21* amino acid because of its essential
tole for the formation of the selenoproteins
(Raymond, 2000). elenate or selenite can also be
converted to H. Se, whereupon it follows the
same pattern for forming selenocysteine as does
organic Se. The question is whether
selenomethionine or the other organic Se com-
pounds provide any additional benefit to the
animal in order to justify its use that cannot be
achieved from inorganic Se or by adding more
inorganic Se to the diet,

One of the active selenoproteins in the body
isthe enzyme glutathionine peroxidase (GSH:
Px). This enzyme is used by the cell to prevent
oxidative damage to the cells contents. The
enzyme can be measured in various tissues, but
whole blood, serum, or plasma has generally

been used to reflect ts level in the body. This
enzyme increases in response to the dietary
level, but plateaues when the production of the
enzyme s optimum, Figure 4 demonstrates that
both Se sources are effectively used to produce
this enzyme. Although this enzyme has gener-
ally been used to estimate the pig's requirement
for Se, it probably underestimates the body's Se
need, a other selenoproteins have been found
to respond to higher dietary levels of Se

Although the pig may not use additional
inorganic Se when supplemented at high dietary
levels (Table 2), the question arises as to what
happens when an excess i fed. A digestibility
study conducted with grower pigs evaluated the
excretion patterns of organic and inorganic Se
sources at various dietary levels (Table 3). The
results demonstrated that a the dietary level of
selenite increased, more Se was excreted in
urine. Total Se excretion averaged 20 percent
more when inorganic Se was the Se source fed,
suggesting that feeding higher dietary levels of
inorganic Se results in higher excretion rates,
principally through the urine.

Current status of the Se problem
Most swine producers demonstrated the Se and
vitamin E problem prior to 1975. This was
greatly reduced after inorganic Se was added to
swine diets, However ower but frequent occur-

V' Figure 3, Animal utilization of selenium compounds,
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V' Figure 4. Effect of inorganic or organic Se on Serum GSH-Px actviy in growing swine.
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V' Table 3. Effect of digestibility and retention of various level of selenite and organic (yeas?
Se in growing pigs

Selenite, ppm Organic Se, ppm
tem 01 03 05 of 03 05 SEM

No. pigs rl
Se balance, mg/d

Intake 271 05% 0941
Utne (0% 02% 0442
Feces 070 (M6 018

Retention ~~ 125 0198 0314
Digestibiity

% 7B BO 8047

b b b

029 06M 106 OOF
00% 0139 028 001%
0087 066 020 O01
07% 0% 049 00

ne BY BY 18

? Initial Weight: 79 1b (36 kg),
® ingar main effect of Se level (P< 01)
* Effect of Se source (P< 01)

rences of the deficiency continued even after the
approval of inorganic S; signs that often times go
unrecognized as being related to the Se/E def
ciency. Generally, the sudden deaths of young,
apparently healthy pigs; mulberry heart condi-
tions; prolonged farrowing intervals; higher
incidences of MMA; and poor health conditions
have all been associated with poor Se/E status

Animals most prone to the deficiency are the
progeny of high-producing older sows and the

sows themselves. A body composition study
that evaluated the sow’s body mineral status
demonstrated that high producing sows had an
18 percent lower Se content than sows of a
comparable age and lower productivity (Mahan
and Newton, 1995). Another study demon-
strated that sows become depleted of Se with
age (Figure 5. The milk samples in this study
were collected from 75 sows at each respective
parity. A decline in milk Se concentrations

occurred over several parities. The decline in
tissue and milk Se coincides with the reported
higher incidence of the deficiency in both older
sows and thier progeny.

The effect of organic and
inorganic Se in swine
Ahigh Se status in both the sow and young pig
should be important in preventing the defi
ciency onset, Consequently, in the first study we
compared the deficiency onset in the pigs from
sows fed diets with or without Se. The results
presented in Table 4 demonstrated that the
young weanling pig from sows fed Se did not
experience the Se deficiency a soon postuwean-
ing or have tissue depletion of Se as rapidly as
pigs from sows not fed Se.

A subsequent experiment evaluated the
effects of feeding either inorganic or organic Se
to reproducing sows and then evaluated these
effects on their progeny. Table 5 presents both
neonatal and weanling pig data demonstrating
that newborn pigs (prior to colostrum consump-
tion) had higher liver and loin Se concentrations
when the organic Se source was fed. In both
cases the feeding of 0.30 ppm Seto the pregnant
sows resulted in higher pig tissue Se concentra-

tions, demonstrating that when more Se was
fed, more was transferred to the developing
fetus, but more Se was also retained in young
pigs when the sows were fed organic Se. Al
though this table also reflects an apparent
difference in body weight of pigs, there was no
difference in pig weights when the entire group
of pigs was compared. The results n these tables
demonstrated that the Se status of pigs at birth
and weaning can affect the Se/ Vitamin E defi
ciency onset and that pigs from sows fed organic
Se are better able to prevent the deficiency onset
resulting in pigs of a higher Se status at both
birth and weaning,

Providing adequate Se to the neonate and
nursing pig can be done either by increasing the
sows dietary Se levels, or injecting Se/E mix-
tures into sows and pigs. Because the dietary
route less laborious, the effect of adding the
organic or inorganic Se on milk Se concentra-
tions were evaluated. Figure § demonstrated
that the Se content of milk increased when both
dietary sources were increased, but the magni-
ude of increase was clearly greater when the
organic Se source was fed, Feeding the combina-
tion of organic and inorganic Se (each provided
at 0.15 ppm) showed that milk Se contents were
similar to sows fed organic Se at 0.15 ppm.

Figure 5. Selenium content of sow milk (21-day postpartum)
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V' Figure . Effect of inorganic or organic S on Serum GSH-Px activity in growing swine.
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V' Table 3. Effect of digestibility and retention of various levels of selenite and organic (yeast)
Se in growing pigs.

Selenite, ppm Organic Se, ppm
Item 01 03 03 0 0 05 SEM

No. pigs* 6 Bic §
Se balance, mg/d

Intake 271 057% 0941
Une 07% (0233 0442
Feces 070 (06 018

Retention ~~ 125 0198 034
Digestibilty

% ny B04

b 6 6 -

029 060 1006 00u
00% 0139 0238 00%
0087 06 020 oom
0% 0% 049 oo

ne BY BY 18

* Intal Weight: 79 1b (36 kg)
* ingar main effect of Se level {P< 01)
Effect of Se source (P< 01)

rences ofthe deficiency continued even after the
approval of inorganic Se; signs that often times go
unrecognized as being related to the Se/E defi
clency. Generally, the sudden deaths of young,
apparently healthy pigs; mulberry heart condi-
tions; prolonged farrowing intervals; higher
incidences of MMA; and poor health conditions
ave all been associated with poor Se/E status,

Animals most prone to the deficiency are the
progeny of high-producing older sows and the

A

sows themselves. A body composition study
that evaluated the sow's body mineral status
demonstrated that high producing sows had an
18 percent lower Se content than sows of a
comparable age and lower productivity (Mahan
and Newton, 1995). Another study demon-
strated that sows become depleted of S with
age (Figure 5). The milk samples in this study
were collected from 75 sows at each respective
parity. A decline in milk Se concentrations

occurted over several parities. The decline in
tissue and milk Se coincides with the reported
higher incidence of the deficiency in both older
sows and thier progeny.

The effect of organic and
inorganic Se in swine
A high Se status in both the sow and young pig
should be important n preventing the defi-
ciency onset, Consequently, in the first study we
compared the deficiency onset in the pigs from
sows fed diets with or without Se. The results
presented in Table 4 demonstrated that the
young weanling pig from sows fed Se did not
experience the Se deficiency as soon postwean-
ing or have issue depletion of Se as rapidly as
pigs from sows not fed Se.

A subsequent experiment evaluated the
effects of feeding either inorganic or organic Se
to reproducing sows and then evaluated these
effects on their progeny. Table 5 presents both
neonatal and weanling pig data demonstrating
that newborn pigs (prior to colostrum consump-
tion) had higher liver and loin Se concentrations
when the organic Se source was fed. In both
cases the feeding of 0.30 ppm Se to the pregnant
sows resultee in higher pig fissue Se concentra-

tions, demonstrating that when more Se was
fed, more was transferred to the developing
fetus, but more Se was also retained in young
pigs when the sows were fed organic Se. Al
though this table also reflects an apparent
difference in body weight of pigs, there was no
difference in pig weights when the entire group
of pigs was compared. The results in these tables
demonstrated thatthe Se status of pigs at birth
and weaning can affect the Se/ Vitamin E defi-
ciency onset and that pigs from sows fed organic
Seare better able to prevent the deficiency onset
resulting in pigs of a higher Se status at both
birth and weaning,

Providing adequate Se to the neonate and
nursing pig can be done either by increasing the
sows dietary Se levels, or injecting Se/E mix-
tures into sows and pigs. Because the dietary
route is less laborious, the effect of adding the
organic or inorganic Se on milk Se concentra-
tions were evaluated. Figure 6 demonstrated
that the Se content of milk increased when both
dietary sources were increased, but the magni-
tude of increase was clearly greater when the
organic Se source was fed, Feeding the combina-
tion of organic and inorganic Se (each provided
at 0.15 ppm) showed that milk Se contents were
similar to sows fed organic Se at 0.15 ppm.

Figure 5. Selenium content of sow milk (21-day postpartum)
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¥' Table 4, Efecto sow dietary selenium level on carry-over efects on thei progeny during
fhe postweaning period.

Sow dietary Se
Item Basal (no added Se) Basal (+0.10 ppm Se)

Experiment 1°
28-day postweaning 6 6
No. pigs killed b 0

Skeletal muscle, % 67 0
Liver necrosis, % 100 0
Heart enlarged, ~~ 30 0
Gastric ulcers, £3 0

56-day postweaning
No. pigs killed ) 5

Skeletal muscle, % - 4
Liver necrosis, % - 100
Heart, enlarged, % - 40
Gastric ulcers, % - 100

Experiment 2
Pig serum Se, ppm

Weaning 0.020 0047
1d 0012 0.038
2d -¢ 0.030
24 -t 0.054

Liver Se, ppm
14d 051 3
4 = 016

Heart S, ppm
144 Ji 084
4 -¢ ur

4 Pigs were fe a non Se fortified diet curing the postweaning period
® Source: Mahan et al. (1974).
“Pigs died and were not continued on experiment,
9 Source: Mahan et al. 1975)

Organic Se thus seems to be more effectively
transferred through the mammary tissue into
milk than inorganic Se, further increasing the Se
status of the young, nursing pig,

Selenium for the grower-fnisher pig has not
been investigated as extensively as with sows
and young pigs. Recent research with the
grower pig has demonstrated that organic Se
increased the Se content of various body tissues,
with the increase being substantially greater
when the organic form of Se was fed. Figure 7
shows that the Se content in loin muscle of
growing pig plateaues ata dietary inorganic
level of 10 ppm Se when inorganic Se was fed,
but continued to increase linearly as the dietary

A

level of organic Se increased. The higher level
also coincides with the data reported in Figure 2,
where grains that contained higher indigenos Se
were fed o pigs and loin Se contents measured.

The effect of Se on pork quality is a more
recent area that has demonstrated some poten-
tal for the swine industry. The results presente
in Figures § and 9 sugges that drip loss was
increased and the color of pork ling was paler
when inorganic S wes fed, whereas organically
fed pigs showed no effect on these pork quality

measurements. These results suggest that since
the pig requires Se, organic Se may prevent
detrimental effects on the resulting carcass of the
market pig. The reason that inorganic Se causes

V' Table 5. Effect of inorganic selenite and an organic selenium (yeast) source fed to fist parity
gilts on various selenium measurements of the progeny.

Selenite, ppm Organic Se, ppm
Item 01 03 01 03 SEM

Neonatal
No. pigs* 5 5 6 I -
Weight, b. 29 265 25 08
Loin Se, ppm 0.041
Liver Se, ppm 0.38

Weaning, 21-day
No. liters bled 9

Serum GSH-Px, units mL
04

Serum Se, ppm 0.062
Tissue Se

No. pigs killed §
Weight, Ib. 138
Loin S, ppm 0.0
Liver Se, ppm 0.332

0.058 0.067 0088 0.007
0.253 081 0312 0037

§ 1 y =

051 04 04 0
0.07 0.082 0102 0005

6 b 7
135 149 uy 0%

0.121 0129 044 00
0.388 03% 0509 00%

* Neonatal pigs were killed prior to the consumption of colostrum,
® Serum GSH-Px activity and serum Se content reflects the average of three pigs per iter
Source; Mahan and Kim (1996),

V' Figure 6. Efect of Se source and level on milk Se content (average 7 and 14 days).

Sows fd the treatment diet from 109 day gestation through lactation.
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Source: Mahan, 2000.

this response is not clear and is being pursued
by additional research,

Improved nutrition enhances animal health,
and the role that Se and Vitamin E play in this
area is recognized as being more important than
previously thought. Both nutrients enhance the

immunological capability of the pig in produc-
ing antibodies. Pigs wil therefore be less prone
to have health problems when their Se and
vitamin E status is high. Almost all of the re
search conducted in this area has, however, been
done with inorganic Se, and no comparative



V Table 4. Effect of sow dietary selenium level on carry-over effects on their progeny during
the postweaning period. *

Sow dietary Se
Item Basal (no added Se) Basal (+0.10 ppm Se)

Experiment 1°
28-day postweaning 6 6
No. pigs killed 6 0

Skeletal muscle, % 67 0
Liver necrosis, % 100 0
Heart, enlarged, % 50 0
Gastric ulcers, % 83 0

56-day postweaning
No. pigs killed Or 5

Skeletal muscle, % - 40
Liver necrosis, % - 100
Heart, enlarged, % —- 40
Gastric ulcers, % - 100

Experiment 2 ¢
Pig serum Se, ppm

Weaning 0.020 0.047
14-d 0.012 0.038
28-d -¢ 0.030
42-d —¢ 0.054

Liver Se, ppm
14d 051 113
42-d -° 016

Heart Se, ppm
14-d 046 084
42-d —° 047

2 Pigs were fed a non Se fortified diet during the postweaning period.
b Source: Mahan et al. (1974).
© Pigs died and were not continued on experiment,
4 Source: Mahan et al. (1975).

Organic Se thus seems to be more effectively
transferred through the mammary tissue into
milk than inorganic Se, further increasing the Se
status of the young, nursing pig.

Selenium for the grower-finisher pig has not
been investigated as extensively as with sows
and young pigs. Recent research with the
grower pig has demonstrated that organic Se
increased the Se content of various body tissues,
with the increase being substantially greater
when the organic form of Se was fed. Figure 7
shows that the Se content in loin muscle of
growing pig plateaues at a dietary inorganic
level of 0.10 ppm Se when inorganic Se was fed,
but continued to increase linearly as the dietary

A

level of organic Se increased. The higher level
also coincides with the data reported in Figure 2,
where grains that contained higher indigenos Se
were fed to pigs and loin Se contents measured.

The effect of Se on pork quality is a more
recent area that has demonstrated some poten-
tial for the swine industry. The results presented
in Figures 8 and 9 suggest that drip loss was
increased and the color of pork loins was paler
when inorganic Se was fed, whereas organically
fed pigs showed no effect on these pork quality

. measurements. These results suggest that since
the pig requires Se, organic Se may prevent
detrimental effects on the resulting carcass of the
market pig. The reason that inorganic Se causes

V Table 5. Effect of inorganic selenite and an organic selenium (yeast) source fed to first parity
gilts on various selenium measurements of the progeny.

Selenite, ppm Organic Se, ppm
Item 0.1 0.3 0.1 0.3 SEM

Neonatal
No. pigs? 5 5 6 3 —
Weight, 1b. 2.29 2.65 2.75 3.24 0.28
Loin Se, ppm 0.041 0.058 0.067 0.088 0.007
Liver Se, ppm 0.238 0.253 0.281 0.312 0.037

Weaning, 21-day
No. litters bled 9 9 11 9 —

Serum GSH-Px, units/ mL"
0.44 051 0.46 0.44 0.04

Serum Se, ppm ® 0.062 0.075 0.082 0.102 0.005
Tissue Se

No. pigs killed 8 6 6 7 —
Weight, 1b. 13.8 13.5 14.9 14.3 0.95
Loin Se, ppm 0.101 0.121 0.129 0.244 0.021
Liver Se, ppm 0.352 0.388 0.353 0.509 0.032

* Neonatal pigs were killed prior to the consumption of colostrum,
b Serum GSH-Px activity and serum Se content reflects the average of three pigs per litter.
Source; Mahan and Kim (1996).

WV Figure 6. Effect of Se source and level on milk Se content (average 7 and 14 days).

Sows fed the treatment diet from 109 day gestation through lactation.
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this response is not clear and is being pursued
by additional research.

Improved nutrition enhances animal health,
and the role that Se and Vitamin E play in this
area is recognized as being more important than
previously thought. Both nutrients enhance the

immunological capability of the pig in produc-
ing antibodies. Pigs will therefore be less prone
to have health problems when their Se and
vitamin E status is high. Almost all of the re-
search conducted in this area has, however, been
done with inorganic Se, and no comparative

A



organic Se source studies have been reported in
swine.

A sow study with late-term sows (Hayek et
al, 1989) demonstrated thatthe injection of high
concentrations of vitamin E or Se or their combi:
nation increased the IgA, Ig, and IgG antibod-
ies in colostrum (Table 6). Further work
(Waryastui et al, 1993) demorsiated that the
immuno responsiveness of the blood lympho-
cytes increased and the phagocytic and mictobi

cidal activity of blood polymorphonuclear cell
were esthanced when high levels of Se and
Vitamin E were fed to gestating sows (Table 7)
These workers also demonstrated that the
phagocytic and microbioedal activites of
colostrum and milks from these sows were
elevated when Se and vitamin E were fed (Table
8), Similar responses have been demonstrated
in young pigs where weanling pigs were in
ct with or fd dies containing Se or vitamin

Y' Figure 7. Deposition of inorganic or organic Se oi muscle of grower pigs).
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V' Figure 9, Effect of Se source on pork color (Hunter L value),
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V' Table . Effect of selenium and vitamin Eon Immunoglobulin levels in sow colostrum ®

Treatment ®
Immunoglobulin Control Vitamin E Se ViLE+Se SEM |

IgA 138 7
IgM 84 98
IgG M0 639

145 124 19
100 9% 08
643 61 IL

# Source: Hayek et al. (1989),

Control = 1 ml saline; Vitamin £ = 1000 U tocopherol: Se = 5 mg
Se vs Control (P< .05),

E higher antibody titres (Peplowski etal, 1981),
Collectively, these results indicate that although
both nutrients can effectively enhance the
immunocompetence of swine at all ages, the
amount of each nutrient necessary to achieve the
immune response seems to be higher than that
which is necessary to meet the dietary need for
maximum GSH-Px activity

Toricity of Se has been a concern since the
early 1900s where high dietary levels of Sein
some of the western states clearly demonstrated
reduced animal growth and reproductive prob-
lems. Arecent study that evaluated the toxicity
of organic and inorganic Se sources in swine
demonstrated that both Se sources can be toxic
when fed at dietary levels greater than 5 ppm Se

¥ Treatments intramuscularly administered at 100 day of pregnancy.

(Figure 10). The response to the inorganic Se |
form seems to be more severe at initially higher
dietary levels, but both can be considered toxic |
at 5 ppm Se. Similar responses were obtained |
with sows fed high levels of Se for their entire
life.

Added Se value to pork and
implications for human health
In the early 1940s a report was published that
demonstrated that high levels of dietary Se
produced liver cancer in rats (Nelson et. a,
1943). From this report selenium’ potential
carcinogenic effects were widely publicized.



organic Se source studies have been reported in
swine.

A sow study with late-term sows (Hayek et
al., 1989) demonstrated that the injection of high
concentrations of vitamin E or Se or their combi-
nation increased the IgA, IgM, and IgG antibod-
ies in colostrum (Table 6). Further work
(Wuryastuti et al., 1993) demonstrated that the
immuno responsiveness of the blood lympho-
cytes increased and the phagocytic and microbi-

cidal activity of blood polymorphonuclear cells
were enhanced when high levels of Se and
Vitamin E were fed to gestating sows (Table 7).
These workers also demonstrated that the
phagocytic and microbiocidal activities of
colostrum and milks from these sows were
elevated when Se and vitamin E were fed (Table
8). Similar responses have been demonstrated
in young pigs where weanling pigs were in-
jected with or fed diets containing Se or vitamin

¥ Figure 7. Deposition of inorganic or organic Se (loin muscle of grower pigs).
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V Figure 8. Effect of Se source and level on drip loss (pork loin).
Loins collected after 24-hour chill.
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V Figure 9. Effect of Se source on pork color (Hunter L value).
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$5.0

50.0 +

45.0

L
 Va

lue,
 

uni
ts

Selenite = P <.01 Linear

NH inorganic

£8 Organic

0.00 0.05 0.10 0.20 0.30

Dietary Se, ppm
Source: Mahan, Cline, and Richert (1998)

V¥ Table 6. Effect of selenium and vitamin E on immunoglobulin levels in sow colostrum ?

Treatment?
Immunoglobulin Control Vitamin E Se Vit. E + Se SEM

IgA 13.8 127 14.5 124 1.9
IgM 84 9.8 10.0 9.6 0.8¢
IgG 54.0 63.9 64.3 64.1 7.0

a Source: Hayek et al. (1989).
® Treatments intramuscularly administered at 100 day of pregnancy.

Control = 1 mL saline; Vitamin E = 1000 IU -tocopherol; Se = 5 mg
cSe vs Control (P < .05).

E higher antibody titres (Peplowski et al., 1981).
Collectively, these results indicate that although
both nutrients can effectively enhance the
immunocompetence of swine at all ages, the
amount of each nutrient necessary to achieve the
immune response seems to be higher than that
which is necessary to meet the dietary need for
maximum GSH-Px activity.

Toxicity of Se has been a concern since the
early 1900s where high dietary levels of Se in
some of the western states clearly demonstrated
reduced animal growth and reproductive prob-
lems. A recent study that evaluated the toxicity
of organic and inorganic Se sources in swine
demonstrated that both Se sources can be toxic
when fed at dietary levels greater than 5 ppm Se

(Figure 10). The response to the inorganic Se
form seems to be more severe at initially higher
dietary levels, but both can be considered toxic
at 5 ppm Se. Similar responses were obtained
with sows fed high levels of Se for their entire
life.

Added Se value to pork and
implications for human health
In the early 1940s a report was published that
demonstrated that high levels of dietary Se
produced liver cancer in rats (Nelson et. a.,
1943). From this report selenium’s potential
carcinogenic effects were widely publicized.



¥' Table 7, Effect of vitamin and Se on blood lymphocyte blastogenesis, blood polymorph-
nuclear el (AN) phagocytic activity and PMN micrabicidl activity in adult sows, »

Se
Day 90 Gest. ~~ Farrow

SE +5 Se +5 Se SEM

Vitamin E¢
Day 90 Gest. Farrow

Item £8 FE +E CE

Lymphocyte blastogenesis
PHA! 490 45° 513 3%
PW: 519 ded 517 3

Blood polymorphonuclear immune response
Phagocytic 907 862¢ 901 838 23
Microbicidal 576 487¢ 581 406* 126

N59 50 52 40 I
N58 518 53 467 D3

09 5 02 Nt 32
51 RB4 S63 UI 29

# Source: Woryastut etal 1993
The immuno responsiveness of he ymphacytes was assessed by measuring thir responses to
phytohemaggtutin (PHA) and pokeweed (PW) mitogens.
« Fortified diets contained vitamin £ at 60 (Uke,

Fortified diets contained Se at 3 ppm.
*P<0.05

¥' Table 8, Phagocytic and microbicidal activites of polymorphonuclear (PMN) cells of clos
trum and ilk rom sows fd iets from breeding to four days postpartum.

Phagocytic activity’ Microbioidal activity
Diet Colostrum ~~ Milk Colostrum ~~ Milk

Neg control (NoE/Se) 35219 212425 VEY VEN
Control (+E/9¢) 502154 27530 62:8 2711

(E) #6132 D715 3616 2215
Control (+E/S) 46183 302150 62110 24%]

(5) BLS] 199134 216 1614

# Percentage of PMN cells containing two or more yeast patices.
* ercentage of PMN ces containing two or more dead yeast particles.
< Contol iets were fred with vitamin E (Ljkg) and Se 3 pom) while teatment iets deleted one o both
nutrients,
4 Significantly (P <.05) diferent from respective control,
Source: Waryastuti etal, 1993

Since that time additional studies have subse-
quently failed to confirm that finding, but it
caused the governments to regulate Se as an
additive. The essentiality of Seas a dietary
requirement for animals was established in 1957
(Schwarz and Foltz), and in 1969 it was further
established that S had an inhibitory effect on
cancer development in humans (Shamberger
and Frost).

Although the scientific literature is begin-
ning to more fully examine the effects of inor-

A and organic Se on arresting cancer in

humans, most of the studies have been con-
ducted with inorganic Se. The desire to use
organic Se relate o ts lower toicty efects
when compared to the inorganic source. The one
recent report that has stimulated a great deal of
interest in the medical field is the research
conducted by Clark etl. (1996). They reported
that of those cancers evaluated, a reduction in
the incidence of cancers by approximately 50
percent occurred with greater effets on prostate
cancer (Figure 11) In that study the individuals
consumed a daily intake of 200 ig Se from Se-
enriched yeast.

Because of the tremendous potential impact
of this report, the study is currently being
repeated in the European countries where they
normally have low intakes of Se. A recent review
by Spallholz (2001) (< 50 mg/day) has summa-
rized the current state of S's involvement in
amesting cancer in humans and its potential for
other related human health issues (Figure 12),
His major points are;
1. Low dietary ingestion of Se may contribute to

an increased risk of cancer (as well as other
health-related effects)

2. Supranutritional levels of dietary Se ingestion
likely prevents and reduces the incidence of
naturally-occurring viral and chemically
induced cancers.

3. Selenium compounds that exert a
chemopreventative dietary effect in reducing
various cancers likely do so using a common
mechanism,

Although Se may be involved in the preven
Hon of cancer, there are apparently other health
benefits associated with the element, The chil
dren of deficient women seem to be more prone
to disease, it may have an inhibitory effect on
the HIV virus, it may reduce the incidence of
miscarriage, it enhances sperm motility (animals
and humans), and Se been implicated in reduc-
ing the risk of cardiovascular disease (Raymond,
2000). Although the form and amount of Se

necessary to prevent or reduce the incidences of
these health problems is currently unknown, the
potential of this element has changed dramati-
cally over the past 40 years from one of toxicity
to one of essentiality

Because of the potential value of Se on
human health, and the inadequacy of Se con-
sumption by the U. 5. population and many of
the peoples throughout the world, it would
appear that a mechanism to increase Se con-
sumption would be through the consumption of
animal products that contain Se. Most of the Se
present in grains, fruits, and vegetables is low.
Consequently, supplying Se in animal products
seems to be the most promising way of enhanc-
ing the consumption of Se for humans. Increas-
ing the Se content of pork and other animal
products may prove to be one of the great side
benefits serving both Livestock producers and
humans.

References cited
(lark, L.C, G. E Combs, Jr, B. W. Turnbull, E.

H. Slate, D. K. Chalker, J. Chow, L. 5, Davis, R.
A. Glover, G. E Graham, E.G. Gross, A.
Krongrad, |. L. Leshar, Jr, H. K. Park, B. B.
Sanders, Jr, C. . Smith, and J. R. Taylor. 19%.
Effects of selenium for cancer prevention in
patients with carcinoma of the skin. |. Am.
Med. Assoc. 276:1957-1985.

V' Figure 10. Effect of dietary levels of inorganic or organic Se on oxicty responses in swine,
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¥ Table 7. Effect of vitamin E and Se on blood lymphocyte blastogenesis, blood polymorpho-
nuclear cell (PMN) phagocytic activity and PMN microbicidal activity in adult sows. ab

Vitamin E © Se!
Day 90 Gest. Farrow Day 90 Gest. Farrow

Item +E -E +E -E SE +S5¢ -Se +Se -Se SEM

Lymphocyte blastogenesisPHA 2 i 490 454 513 393 22 519 520 532 450 21
PW: 519 464° 517 3.79* 20 528 518 531 4.67 23

Blood polymorphonuclear immune response
Phagocytic 90.7 86.2¢ 90.1 838% 23 929 805* 902 722° 32
Microbicidal 57.6 487° 58.1 40.6% 26 53.1 384* 563 343° 29

* Source: Wuryastuti et al., 1993.
b The immuno responsiveness of the lymphocytes was assessed by measuring their responses to
phytohemagglutin (PHA) and pokeweed (PW) mitogens.
< Fortified diets contained vitamin E at 60 IU/kg.
4 Fortified diets contained Se at .3 ppm.
= P<0.05

¥ Table 8. Phagocytic and microbicidal activities of polymorphonuclear (PMN) cells of colos-
trum and milk from sows fed diets from breeding to four days postpartum.

Phagocytic activity? Microbiocidal activity ®
Diet Colostrum Milk Colostrum Milk

Neg. control {No E/Se) 35.2% .9¢ 212+25 32+2.74 12%:8
Control (+E/Se) 50.2+5.4 27.5+3.0 62+ .8 272

(-E) 436+3.2 237+15 3.6+.64 22+.5
Control (+E /Se) 446 +83 30.2 +5.0 6211.0 24+.1

(-Se) 334+51 199:34 2.61.6 16+ .4

2 Percentage of PMN cells containing two or more yeast particles.
b Percentage of PMN cells containing two or more dead yeast particles.
c Control diets were fortified with vitamin E (IU/kg) and Se (.3 ppm) while treatment diets deleted one or both
nutrients.
a Significantly (P < .05) different from respective control.
Source: Wuryastuti et al., 1993

Since that time additional studies have subse-
quently failed to confirm that finding, but it
caused the governments to regulate Se as an
additive. The essentiality of Se as a dietary
requirement for animals was established in 1957
(Schwarz and Foltz), and in 1969 it was further
established that Se had an inhibitory effect on
cancer development in humans (Shamberger
and Frost).

Although the scientific literature is begin-
ning to more fully examine the effects of inor-
ganic and organic Se on arresting cancer in

A

humans, most of the studies have been con-
ducted with inorganic Se. The desire to use
organic Se is related to its lower toxicity effects
when compared to the inorganic source. The one
recent report that has stimulated a great deal of
interest in the medical field is the research
conducted by Clark et al. (1996). They reported
that of those cancers evaluated, a reduction in

the incidence of cancers by approximately 50
percent occurred with greater effects on prostate
cancer (Figure 11). In that study the individuals
consumed a daily intake of 200 pug Se from Se-
enriched yeast.

Because of the tremendous potential impact
of this report, the study is currently being
repeated in the European countries where they
normally have low intakes of Se. A recent review
by Spallholz (2001) (< 50 mg/day) has summa-
rized the current state of Se’s involvement in
arresting cancer in humans and its potential for
other related human health issues (Figure 12).
His major points are:
1. Low dietary ingestion of Se may contribute to

an increased risk of cancer (as well as other
health-related effects)

2. Supranutritional levels of dietary Se ingestion
likely prevents and reduces the incidence of
naturally-occurring viral and chemically
induced cancers.

3. Selenium compounds that exert a
chemopreventative dietary effect in reducing
various cancers likely do so using a common
mechanism.

Although Se may be involved in the preven-
tion of cancer, there are apparently other health
benefits associated with the element. The chil-
dren of deficient women seem to be more prone
to disease, it may have an inhibitory effect on
the HIV virus, it may reduce the incidence of
miscarriage, it enhances sperm motility (animals
and humans), and Se been implicated in reduc-
ing the risk of cardiovascular disease (Raymond,
2000). Although the form and amount of Se

necessary to prevent or reduce the incidences of
these health problems is currently unknown, the
potential of this element has changed dramati-
cally over the past 40 years from one of toxicity
to one of essentiality.

Because of the potential value of Se on
human health, and the inadequacy of Se con-
sumption by the U. S. population and many of
the peoples throughout the world, it would
appear that a mechanism to increase Se con-
sumption would be through the consumption of
animal products that contain Se. Most of the Se
present in grains, fruits, and vegetables is low.
Consequently, supplying Se in animal products
seems to be the most promising way of enhanc-
ing the consumption of Se for humans. Increas-
ing the Se content of pork and other animal
products may prove to be one of the great side
benefits serving both livestock producers and
humans.
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¥' Figure 11. Incidence of cancer in Se treated subjects vs placebo
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PW? 519 464¢ 517 3%
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Phagocytic 907 862° 901 838 23
Microbicidal 576 487° 581 406" 26

N59 50 RN 40 I
58 518 53 467 D3

09 88 %2 Mm A
531 34 563 M3 29

i Source: Woryastut et al, 1993
® The immuno responsiveness of he ymphocytes was assessed by measuring hei responses to
phytohemagglutn (PHA) and pokeweed (PW) mitogens.
« Forte its contained vitamin £ at 60 IU.

Fortified diets contained e at 3 ppm.
P<

¥' Table 8, Phagocytic and microbicidal activites of plymorphonuclear (PMN) cells of clos
frum and milk from sows fed diets from breeding fo four days postpartum.
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($) BLS] 199434 2618 1614
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Since that time additional studies have subse-
quently failed to confirm that finding, but it
caused the governments o regulate Se as an
additive. The essentialty of Se asa dietary
tequirement for animals was established in 1957
(Schwarz and Foltz), and in 1969 it was further
established that Se had an inhibitory effect on
cancer development in humans (Shamberger
and Frost).

Although the scientific terature is begin-
ning to more fully examine the effets of inor

A” and organic Se on arresting cancer in

humans, most ofthe studies have been con-
ducted with inorganic Se. The desire to use
organic Se s related tos lower toxicity effets
when compared to the inorganic source. The one
recent report that has stimulated a great deal of
interest in the medical field is the research
conducted by Clark etal. 1996). They reported
that of those cancers evaluated, a reduction in

the incidence of cancers by approximately 50
percent occurred with greater effets on prostate
cancer Figure 11), In that study the individuals
consumed a daily intake of 200 jg S from Se-
enriched yeast,

Because of the tremendous potential impact
ofthis report, the study is currently being
repeated in the European countries where they
normally have low intakes of Se. A recent review
by Spallholz (2001) (< 50 mg/day) has summa-
rized the current tate of S¢s involvement in
amesting cancer in humans and its potential for
other related human health issues (Figure 12).
His major points are:
1. Low dietary ingestion of Se may contribute to

an increased risk of cancer (as well as other
health-related effects)

2. Supranutritional levels of dietary Se ingestion
likely prevents and reduces the incidence of
naturally-occurring viral and chemically
induced cancers,

3. Selenium compounds that exert a
chemopreventative dietary effect in reducing
various cancers ikely doo using a common
mechanism.

Although Se may be involved inthe preven-
tion of cancer, there are apparently other health
benefits associated with the element, The chil
dren of deficient women seem to be more prone
to disease, it may have an inhibitory effect on
the HIV virus, it may reduce the incidence of
miscarriage, it enhances sperm motility (animals
and humans}, and Se been implicated in reduc-
ing the risk of cardiovascular disease (Raymond,
2000). Although the form and amount of Se

necessary to prevent or reduce the incidences of
these health problems is currently unknown, the
potential of his element has changed dramati-
cally over the past 40 years from one of toxicity
to one of essentiality.

Because of the potential value of Se on
human health, and the inadequacy of Se con-
sumption by the U.S. population and many of
the peoples throughout the world, it would
appear that a mecharusm to increase Se con-
sumption would be through the consumption of
animal products that contain Se. Most of the Se
present in grains, fruits, and vegetables is Low.
Consequently, supplying Se in animal products
seems to be the most promising way of enhance
ing the consumption of S for humans. Increas-
ing the Se content of pork and other animal
products may prove to be one of the great side
benefits serving both livestock producers and
humans
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D Nutrient requirement of pigs fed
PayleanTM

Cory Her, Alan Schinckel, and Brian Richert, Department of Animal Sciences
Purdue University, West Lafayette, Indiana 47906

Summary
Amino acid requirements increase substantially while feeding PayleanTM, The dietary lysine level
needs to be increased by 0.3 to 04 percentage units for total Iysine levels from current farm levels
usually fed to 180-1. pigs. Recommended lysine levels for PayleanTM-fed pigs would be 1.0to 1.1
percent for barrows and 1.1 to 1.2 percent fo gilts, This level could be decreased after 14-21 days to
levels near 0.75 and (.85 percent lysine for barrows and gilts, respectively. Other essential amino
acids need to be increased as well, to maintain an ideal amino acid ratio to maximize lean tissue
synthesis. There is no evidence that increasing dietary energy levels beyond that of a normal com
soy diet would elicit an additional PayleanTM response.

Other nutrients that may need to be increased are vitamin and trace mineral levels, There is
some data to indicate an increased need for B vitamins with high lean gain pig while feeding
PayleanTM in order to promote lean-tissue deposition. As a method of insurance, it is recommended
that the vitamin and trace mineral levels be increased to levels that would be fortified to grower
diets with similar dietary CP levels (11.2% Lys). There is no increase in bone mass with PayleanTM,
and so the need to increase Ca and P above normal inclusion levels for the finishing pig is not
meited.

Introduction
Over the last ten years (1990-2001), consumer
demand for lean pork has caused a shift in what
type of animal a producer markets and how
producers are paid for their animals, The US.
pork industry has selected for a heavier
muscled, leaner animal with increased average
daily gain and decreased feed consumption
compared to pigs of the past.

Consumer demand also has changed how
producers are paid for their pigs. Processing
plants now pay producers for a combination of
carcass weight and lean percentage rather than
just ive weight, In recent years, hot carcass
weight has replaced live weight in the payment
grid. This type of payment has forced swine
producers to change the type of product they are
producing so pork-processing companies can
meet consumer demand.

One technology that will help producers
provide the lean pork that consumers are de-
manding is the use of repartitining agents or
beta-agonists. Bete-adrenergic agonist compounds
alter an animal's metabolistn by shifting nutrients
to lean muscle accretion and away from fat acere-

tion. One ofthese beta-agoniss which has recently
gained approval (Dec, 1999) and used for pigs in
the United States, is a compound known as
Ractopaming HCI (RAC), marketed under the
trade name Paylean® by Elanco Animal Health.

Beta-andrenergic agonists
Mode of action
Beta-adrenergic agonists are ina class of com
pounds known as phenethanolamines that have
been shown to improve the growth and body
composition of Livestock (Moloney et al, 191;
Mersmann, 1998). Phenethanolamines are
referred to as repartitioning agents because their
effects enable the animal to shift nutrients
towards lean tissue accretion and away from fat
accretion (Bergen and Merkel, 1991). The
phenethanolamine compounds studied the most
include cimaterol, clenbuterol, salbutamol,
zilpateral, and RAC (Moloney etal, 1991;
Mersmann, 1998). When using RAC, there is an
increased rate of gain, improved feed efficiency
and an increased carcass leanness and dressing
percentage (Moody etal, 2000),
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trade name Paylean® by Elanco Animal Health.

Introduction
Over the last ten years (1990-2001), consumer
demand for lean pork has caused a shift in what
type of animal a producer markets and how
producers are paid for their animals, The US,
pork industry has selected for a heavier
muscled, leaner animal with increased average
daily gain and decreased feed consumption
compared to pigs of the past,

Beta-andrenergic agonists:
Mode of action

Consumer demand also has changed how
producers are paid for their pgs. Processing
plants now pay producers for a combination of
carcass weight and lean percentage rather than
just ive weight. In recent years, hot carcass
weight has replaced live weight in the payment
grid. This type of payment has forced swine
producers to change the type of product they are
producing so pork-processing companies can
meet consumer demand.

One technology that will help producers
provide the lean pork that consumers are de-
manding is the use of epartitoning agents or
beta-agonists. Bete-adrenergc agonist compounds
alter an animal's metabolism by shifting nutrients
to lean muscle accretion and away from fat accre

Bete-adrenergic agonists are ina class of com-
pounds known as phenethanolamines that have
been shown to improve the growth and body
composition of Livestock (Moloney etal, 1991;
Mersmann, 1998). Phenethanolamines are
referred to s repartitioning agents because their
effects enable the animal to shift nutrients
towards Lean tissue accretion and away from fat
accretion (Bergen and Merkel, 191). The
phenethanolamine compounds studied the most
incluce cimaterol, clenbuterol, salbutamol,
zilpateral, and RAC (Moloney etal, 1991;
Mersmann, 1998). When using RAC, there is an
increased rate of gain, improved feed efficiency
and an increased carcass leanness and dressing
percentage (Moody etal, 2000).
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The beta-agonists begin with the activation
of the beta-adrenergic receptor on the cell
surface. The activated receptor couples with the
Gs proteins, and the activation of adenyl cyclase
occurs. Adenyl cyclase converts adenosine
triphosphate (ATP), producing cyclic adenosine
monophosphate (cAMP). Cyclic adenosine
monophosphate produces effects by binding to
the regulatory subunits of protein kinase A,
which releases is catalytic subunit, This cata-
Iytic subunit of protein kinase A then regulates
intracellular enzymes through phosphorylation
to elicte the previously mentioned metabolic
shifts in adipose and muscle tissues (Mersmann,
1988, 1999; Moody et al, 2000).

Nutritional response:
Past research
Considerable attention has been focused on the
use of beta-adrenergic agonists in farm lve-
stock. Previous literature cited has demon-
strated that these repartioning agents change the
metabolism of an animal in a manner that
increases lipolysis and /or decreases lipogenesis
in adipose tissue and increases protein accretion
in muscle tissue. Due to the metabolic changes -
that occur when beta-adrenergic agonists are
administered, changes in nutritional require-
ments must also be considered to accommodate
these changes in tissue metabolism.

Protein
Tio factors affect the dietary requirements of
animals fed beta-adrenergic agonists. The first is
the dramatic increase in protein accretion that
occurs when feeding these compounds
(Moloney etal, 1991; Moody et al, 2000). An
assumption can be made that with this increase
in protein deposition when feeding beta-adren-
ergic agonists, dietary CP requirements are also
increased. In perhaps the most complete study
analyzing the relationship between dietary
protein and a beta-adrenergic agonist, Dunshea
etal. (1993) looked at the effects of six increas-
ing dietary protein levels 8.5-22.2 percent CP)
while feeding 0 and 20 ppm RAC. They ob-
served that while feeding 20 ppm RAC, ADG
increased with increasing dietary crude protein.
levels, with ADG reaching a plateau at a19.5
percent CP level. Carcass protein accretion rate

was maximized at the same level as ADG,
however, fattssue gain decreased linearly as
dietary CP increased and was minimized with
the 22.2 percent CP diet. This increased protein
deposition required a dietary CP level of at last
3 percentage units more than the control pigs. In
conclusion, Dunshea et al. (1993b) found that
the biological eficiency of protein use was
unchanged when feeding RAC, however, the
pigs fed RAC had a greater CP requirement.
Other studies have observed that growth perfor-
mance parameters and carcass characteristics
were increased as dietary CP was increased in
the diet while feeding beta-adrenergic agonists
(Jones etal, 1992; Mitchell et al, 1994). I is
interesting to note that Mitchell et a, (1991)
observed that increased dietary CP levels 18
percent CP vs 12 percent CP) had no effect on
ADG, F:G, and carcass measurements while
feeding RAC when the pre-treatment dietary CP
levels were deficient,

The second factor that affects an animal
while feeding a beta-adrenergic agonist is the
reduction in feed intake observed, resulting ina
decrease in total nutrient intake. Even though
this factor has not been studied, investigators
have suspected that a lowered dietary CP intake
decreases protein accretion and overall erfor-
mance in animals fed a normal dietary CP diet
in conjunction with beta-adrenergic agonists
(Mitchell etal, 1991, 1994 Dunshea etal,
1993b). Overall, the evidence indicates that
dietary CP levels need to be increased approxi-
mately 3 to 4 percentage units when feeding
beta-adrenergic agonists, depending on the lean
accretion rates of the animal.

Energy
After amino acids, the dietary energy may be
the next limiting factor when feeding beta-
adrenergic agonists. Increased energy intakes, in
latefindshing swine, up to 9.5 Meal /d of ME,
resulted in an increase in lean-fissue accretion, a
decrease in fat tissue accretion, and improved
feed efficiencies. However, when RAC was
added to the diet (44.7 mg/d, approx. 20 pm
equivalent) no response to higher dietary
energy levels were observed in lean-fissue
accretion, In contrast, those pigs fed RAC in
combination with increased dietary energy
levels, fattssue accretion and ADG increased
linearly and lean efficiency improved linearly as

energy increased in the diet (to 9.5 Meal /d of
ME, Williams et al,, 1994). In 1988, Jones et al.
reported an improvement in carcass leanness
and growth performance of ate-finishing pigs
fed 20 ppm RAC in diets with and without 5
percent added fat to the diet with identical
dietary CP levels. There was no improvement to
RAC with the 5 percent added dietary fat. Pigs
fed supplemental at and RAC, however, may
have had an inadequate amino acid intake.

The Limited amount of information available
concerning the relationship between dietary
energy levels and beta-adrenergic agonists
indicates that energy levels do not need tobbe
increased in the diet when feeding beta-adrener-
gic agonists. Basal dietary energy levels appear
to be sufficient (approximately 8:9 Meal of ME/
d) to maximize lean gain, The lack of needing to
increase the energy density of the diet does
seem logical based on the decrease in carcass fat
(Jones et al, 1988; Watkins et al, 1990; Williams
etal, 1994) caused by the increase in lipolysis
and or decrease in lipogenesis. Beta-advenergic
agonist's ability to repartition energy towards
protein accretion i the primary factor allowing
dietary energy levels to remain unchanged.

Asecond factor sparing dietary energy is the
amount of energy required for lean deposition
compared to the amount required for lipid
deposition. Noblet etal (1999) reported the
energy cost for protein deposition was 37.0 M]
of ME per kg of protein, and the energy cost of
lipid was 47.7 M] of ME per kg of Lipid. This
converts into approximately 2.23 Meal of energy
for kg of lean tissue and 10.3 Meal /kg of fat
tissue. This would indicate that the shift to
increased protein and lean tissue accretion that
occurs with beta-adrenergic agonist is another
factor that would spare dietary energy;

Current research
With today's higher lean accretion rates, the
adequacy of a 16 percent CP diet for pigs fed
PayleanTM needs to be reevaluated. Most pigs
ate also phase-fed to improve growth rates,
leanness, and cost efficiency. A phase feeding
program that would match the projected lean
accretion curve expected with PayleanTM may
yield even greater growth and leanness response
as compared to only feeding 16 percent CP diets

Ina project conducted at Purdue University
(Herr etal, 2000), four dietary treatments were
formulated to be fed over a six-week period;
treatments 1, 2and 3 were fed throughout the
six-week trial, while treatment 4 changed
weekly, Treatments were as follows:
1) 16 percent CP control diet (no PayleanTM)

with a 0.82 percent lysine level.
2) 16 percent CP diet containing 18 g/ton of

PayleanTM, witha 082 percent lysine level,
3) 18 percent CP diet containing 18 g/ton of

PayleanTM, witha 0.97 percent lysine level
4) A phase fed diet sequence containing 18

percent CP with a 108 percent lysine level
during weeks one and four, a 20 percent CP
diet containing 1.22 percent lysine was fed
during weeks two and three, a 16 percent CP
diet containing a 0.94 percent lysine level was
fed during week five, and a 16 percent CP diet
containing a 0.82 percent lysine level was fed
during week six
All diets in treatment four contained 18 g/

ton of PayleanTM, This phase feeding (CF, lysine)
sequence was designed to match the previous
lean accretion curves where pigs fed PayleanTM
increased fat-free lean gain by 50 percent in
weeks two and three and then the PayleanTM
response declined to 11 percent by week six on
PayleanTM.

Average daily gain and F:G were improved
during week's one, two and three, as CP and
Iysine levels were increased while feeding
PayleanTM (Table 1). Pigs grew 15 percent faster
in week one (P<.03) while decreasing ADFI by
5.2 percent (P<.03) and F.G by 16 percent (P<.05)
when comparing the control diet to the phase
fed + PayleanTM diet. During the second week,
pigs grew 14.1 percent faster (P<.03) while
decreasing ADFl by 6.7 percent (P<.05) and FG
by 184 percent (P<.05) when comparing the
phase fed + PayleanTM treatment fo the control
treatment. During weeks three and four, ADFL
was significantly decreased (P<.05) when com-
paring the control and phase fed + PayleanTM
diets, however only numerical improvements
were seen in ADG and F:G with PayleanTM. No
significant differences were observed in week
five, however all pigs fed PayleanTM had nu-
merically reduced ADG compared to the control
pigs, and pigs on the phase fed diet showed the
greatest decrease in growth performance.



The beta-agonists begin with the activation
of the beta-adrenergic receptor on the cell
surface. The activated receptor couples with the
Gs proteins, and the activation of deny! cyclase
occurs. Adenyl cyclase converts adenosine
triphosphate (ATF) producing cyclic adenosine
monophosphate (cAMP). Cyclic adenosine
monophosphate produces effects by binding fo
the regulatory subunits of protein kinase A,
which releases ts catalytic subunit, This cata
Iytc subunit of protein kinase A then regulates
intracellular enzymes through phosphorylation
to elicite the previously mentioned metabolic
shifts in adipose and muscle tissues (Mersmann,
1988, 1999; Moody etal, 2000).

Nutritional response:
Past research
Considerable attention has been focused on the
use of beta-adrenergic agonists in farm lve-
stock. Previous literature cited has demon-
strated that these repartioning agents change the
metabolism of an animal in a manner that
increases ipolysis andor decreases lipogenesis
in adipose tissue and increases protein accretion
in muscle tissue. Due to the metabolic changes
that occur when beta-adrenergic agonists are
administered, changes in nutritional require-
ments must also be considered to accommodate
these changes in tissue metabolism.

Protein
Two factors affect the dietary requirements of
animals fed beta-adrenergic agonists. The first is
the dramatic increase in protein accretion that
occurs when feeding these compounds
(Moloney etal, 1991; Moody etal, 200). An
assumption can be made that with this increase
in protein deposition when feeding beta-adren-
erg agonist, dietary CP requirements are also
increased. In perhaps the most complete study
analyzing the relationship between dietary
protein and a beta-adrenergic agonist, Dunshea
etal. (1993b) looked at the effects of six increas-
ing dietary protein levels 8.22.2 percent CP)
while feeding 0 and 20 ppm RAC. They ob-
served that while feeding 20 ppm RAC, ADG
increased with increasing dietary crude protein
levels, with ADG reaching a plateau ata 19
percent CP level. Carcass protein accretion rafe

A

was maximized at the same level as ADG,
however, fattissue gain decreased nearly as
dietary CP increased and wes minimized with
the 22 percent CP diet. Tis increased protein
deposition required a dietary CP level ofa east
3 percentage units more than the control pigs. In
conclusion, Dunshea et al. (1993b) found that
the biological efficiency of protein use was
unchanged when feeding RAC, however, the
pigs fed RAC had a greater CP requirement.
Other studies have observed that growth perfor
mance parameters and carcass characteristics
were increased as dietary CP was increased in
the diet while feeding beta-adrenergic agonists
(Jones etal, 1992; Mitchell et al, 1994). Itis
interesting to ote that Mitchell etl, (1991)
observed that increased dietary CP levels (18
percent CPs 12 percent CP) had no effect on
ADG, FG, and carcass measurements while
feeding RAC when the pre-treatment dietary CP
levels were deficient,

The second factor that affects an animal
while feeding a beta-adrenergic agonist isthe
reduction in feed intake observed, resulting in a
decrease in total nutrient intake. Even though
this factor has not been studied, investigators
have suspected that a lowered dietary CP intake
decreases protein accretion and overall perfor
mance in animals fed anormal dietary CP diet
in conjunction with beta-adrenergic agonist,
(Mitchell etal, 1991, 199; Dunshea et a,
1993). Overall, the evidence indicates that
dietary CP levels need to be increased approxi
mately 30 4 percentage nis when feeding
beta-adrenergic agonists, depending on the lean
accretion fates of the animal.

Energy
After amino acids, the dietary energy may be
the next imiting factor when feeding beta-
adrenergic agonists. Increased energy intakes, in
latefnishing swine, up to 9.5 Meal /d of ME,
resulted in an increase in lean-fssue accretion,
decrease in fat tissue accretion, and improved
feed efficiencies. However, when RAC was
added tothe diet (447 mg/d, approx. 20 ppm
equivalent), no response to higher dietary
energy levels were observed in lean tissue
accretion. In contrast those pigs fed RAC in
combination with increased dietary energy
levels at-tisue accretion and ADG increased
linearly and lean efficiency improved linearly as

energy increased in the diet (to 9.5 Meal /d of
ME, Williams et al, 1994). In 1988, Jones et al
reported an improvement in carcass leanness
and growth performance of ate-finishing pigs
fed 20 ppm RAC in diets with and without 5
percent added fat to the diet with identical
dietary CP levels. There was no improvement to
RAC with the 5 percent added dietary fat. Pigs
fed supplemental fat and RAC, however, may
have had an inadequate amino acid infake.

The limited amount of information available
concerning the relationship between dietary
energy levels and beta-adrenergic agonists
indicates that energy levels do not need tobe
increased in the diet when feeding bete-adrener-
gic agonists. Basal dietary energy levels appear
to be sufficient (approximately 8.9 Meal of ME/
d) to maximize lean gain, The lack of needing to
increase the energy density of the diet does
seem logical based on the decrease in carcass fat
(Jones et al, 1988; Watkins et al, 1990; Williams
etal, 1994) caused by the increase in lipolysis
and Jor decrease in lipogenesis. Beta-adrenergic
agonists ability to repartition energy towards
protein accretion is the primary factor allowing
dietary energy levels to remain unchanged.

Asecond factor sparing dietary energy is the
amount of energy required for ean deposition
compared to the amount required for lipid
deposition. Noblet et al, (1999) reported the
energy cost for protein deposition was 37.0 M]
of ME per kg of protein, and the energy cost of
lipid was 47.7 M] of ME per kg of lipid. This
converts into approximately 2.23 Meal of energy
for 1 kg of lean tissue and 10.3 Meal /kg of fat
tissue, This would indicate thatthe shift to
increased protein and lean tissue accretion that
occurs with beta-adrenergic agonist is another
factor that would spare dietary energy;

Current research
With today's higher lean accretion rates, the
adequacy of a 16 percent CP diet for pigs fed
PayleanTM needs to be reevaluated. Most pigs
ate also phase-fed to improve growth rates,
leanness, and cost efficiency. A phase feeding
program that would match the projected lean
accretion curve expected with PayleanTM may
yield even greater growth and leanness response
as compared to only feeding 16 percent CP diets.

Ina project conducted at Purdue University
(err etal 2000), four dietary treatments were
formulated to be fed over a six-week period;
treatments 1, 2and 3 were fed throughout the
six-week trial, while treatment 4 changed
weekly, Treatments were as follows:
1) 16 percent CP control diet (no PayleanTM)

with a 0.82 percent lysine level.
2) 16 percent CP diet containing 18 g/ton of

PayleanTM, with a 0.82 percent lysine evel,
3) 18 percent CP diet containing 18 ton of

PayleanTM, with a 0.97 percent lysine level
4) A phase fed diet sequence containing 18

percent CP with a 1.08 percent lysine level
during weeks one and four, a 20 percent CP
diet containing 1.22 percent lysine was fed
during weeks two and three, a 16 percent CP
diet containing a 0.94 percent sine level was
fed during week five, and a 19 percent CP diet
containing a 0.82 percent lysine level was fed
during week six.
All diets in treatment four contained 18 g/

ton of PayleanTM, This phase feeding (CP, lysine)
sequence was designed to match the previous
lean accretion curves where pigs fed PayleanTM
increased fat-free lean gain by 50 percent in
weeks two and three and then the PayleanTM
response declined to 11 percent by week six on
PaylenTM,

Average daily gain and F.G were improved
uring weeks one, two and three, as CP and
Iysine levels were increased while feeding
PayleanTM (Table 1). Pigs grew 15 percent faster
in week one (P<.05) while decreasing ADFl by
52 percent (P<.03) and F:G by 16 percent (P<05)
when comparing the control diet to the phase
fed + PayleanTM diet, During the second week,
pigs grew 14.1 percent aster (P<.05) while
decreasing ADFl by 6.7 percent (P<.(5) and FG
by 184 percent (P<.05) when comparing the
phase fed + PayleanTM treatment to the control
treatment. During weeks three and four, ADFI
was significantly decreased (P<.05) when com-
paring the control and phase fed + PayleanTM
diets, however only numerical improvements
were seen in ADG and F.G with PayleanTM. No
significant differences were observed in week
five, however all pigs fed PayleanTM had nu-
merically reduced ADG compared to the control
pigs, and pigs on the phase fed diet showed the
greatest decrease in growth performance.



V' Table 1, Effect of PayleanTM and dietary crude protein levels on weekly ADC, ADF and F.G
in late finishing pigs

16%CP 16%CP 18%CP Phase Std. Error
(Control) + PayleanTM + PayleanTM + PayleanTM

Initial Wt. , Ib 151 153.1: 133 1545 87
Week 1

ADG, Ib/d we
ADH, Ib/d B40
FG 25
gLys/d 40
BW, Ib me
Cost/b gain, § 1410

Week?
ADG, b/d 256°
ADF] Ib/d 6.07
FG 261
gLys/d 50
BW, Ib 190
Cost/bgain,§ 163°

Week 3
ADG, b/d 24y
ADF, Ib/d f44
FG 24
glys/d 4
BW, Ib Wr
Cost/lo gain, § 1673

Week 4
ADG, b/d 238
ADH, Ib/d 6.32
FG 26%
glys/d BI
BW Ib 246
Cost/bgain,§ 1626

Week 5
ADG, b/d Wy
ADF, lb/d 6.34
BG 3
lys/d 8
Bb 1
Cost/Ib gain, § 200%

8 re 31 0%
620° 80° 607 1%
213 194 18% 5
31 %9 38
mg ug 1%5 89
NCL. V. 1 04

24 27h 29 083
641: 6.28 62 14
261 2 JA m
29 ul U3
wr 9h 1%9 107
680° 1558 1507 005

258 256 261 66
6.1% 6.3% 6.11 18
245 24 2% 8
31 79 38
We 16 252 11
1330 1650" 1656 06

PK 248 243 17
593% 540° 55 14
250 Wr 23 106
21 U7 mn
Wr rl mr 181
1970p 1506" 1465 09

18 18 167 118
565 Sy Sk 204
VIS 30% 35% 129
Al 42 24
m4 uy JL 18
2002 050° 273 00

2 Means in a row with different superscript differ, P<.05 (Student:-Newman-Keuls)

Four- and five-week overall performance is
shown in Table 2 From 0 to 4 weeks, ADG and
FG were all improved asthe level of CP and
percent lysine were increased, Phase- fed +
PayleanTM pigs showed significant improve-
ments (P<05) in ADG and FG compared to the

control and control + PayleanTM treatments.
From (+5 weeks, significant improvements were
not seenin ADG as CP and percent lysine levels

increased, due to the greatly reduced perfor-
mance during week 5 by the 18 percent CP +
PayleanTM and phase fed + PayleanTM pigs.

V' Table 2. Overall performance summary for weeks 0-4 and 0-5 of pig fed PayleanTM and
varying crude protein levels

16%CP 18%CP Phase Std. Error
(Control) + PayleanTM + PayleanTM + PayleanTM

Overall 16% CP

0-4 Wk
ADG, b/d 255°
ADF Ib/d 6.39
FG 155
BW 1b pi
Cost/Ib gain, § 156%

0:5 Wk.
ADG, b/d Ls
ADF, Ib/d 6.3
FG 268
BW, Ib PRY
Cost/Ib gain, § 163%

25 27m IN 052
6.13 60% 595 14
24 2 2p 04

MF m0 me 181
1513 1480 1479 003

ur 15 255 03
6.04 59 594 Ml
25 1p pre 04

B74 Uh MWh 28
157% 1352 15612 03

* Means in a row with diferent superscript fife, P<.05 (Student-Newman-Keuls

V' Table3. Effect of PayleanTM and dietary crude protein on carcass characteristics in ate

16%CP ~~ 18%CP Phase Std. Error
(Control) + PayleanTM + PayleanTM + PayleanTM

finishing pigs

16% CP

Slaughter BW, Ib us
HCW, Ib 1883
10th Rib BF, in* 8
LEA, in* Te
Yn Lean* 526
% Yield IK

Up > 205 BLE
1892 189 1920 on

“w # Ld 03%
13m 73 756° 10

531° 56.0% 570 5
he TP me 3

3 Means in a row with diffrent superscript differ, Pe.05 (Student-Newman-Keuls)

However, F:G was til better for the pigs fed
PayleanTM and 18 percent CP or the phase fed
feeding program compared to he control and
the control + PayleanTM treatments (P<.05).
These four and five week summary's indicate
that improvements are made when feeding the
phase fed + PayleanTM diet, compared to the
other three treatments, during the first four
weeks on PayleanTM. But, these improvements
are lost during the fifth week when PayleanTM
was fed in conjunction with this phase feeding
program to yield a similar response as the 18
percent CP + PayleanTM treatment,

Pigs fed PayleanTM had reduced 10th rib fat
depth (P03) and an increased percent lean

(P05), LEA and percent yield were signifi
cantly higher (Pe.05) in those pigs that were fed
the phase-fed treatment containing PayleanTM
when compared to the control treatment (Table
3)

Results from this tral would indicate that a
four-week late finishing program, feeding
PayleanTM in conjunction with the phase-fed
treatment, would yield the best return on invest:
ment. Performance improvements during these
four weeks would compensate for the higher
dit costs and result in a lower cost/Ib of gain,
compared to the control pigs. The increase in
carcass premium / pig of nearly $3.00, would be
expected to pay for the added PayleanTM, How-



V' Table 1. Effect of PayleanTM and dietary crude protein levels on weekly ADC, ADF, and F:G

16%CP 18%CP Phase Std. Emor
(Control) + PaleanTM + PayleanTM + PayleanTM

in late finishing pigs

16% CP

Tnitial Wt. , Ib 1531
Week 1

ADG, lb/d WT
ADH, b/d 640%
FG 225
gLys/d 40
BW, Ib ne
Cost/bgain,§ 410

Week?
ADGR/ 28
ADELA 66
FG 260
gLys/d 50
BW, Ib 190°
Cost/lo gain § 1633

Week 3
ADGA 248
ADFLIb/d odd
iG 247
gpd M2
Bi b mi
Cost/bgain $1673

Week 4
ADG, b/d PK
ADF, Ib/d 6.32
FG 26%
glys/d B7
BW, Ib 246
Cost/lbgain,§ 1626"

Week §
ADG, b/d 209
ADF, lb/d 6.34
FG 30
glys/d 18
BW, Ib Br
Cost/lb gain, § 2000

151 1333 1343 bi)

282 lig kAkY 0%
6.2 6.0" 6.07 1%
JAG) 194 18% 05
81 %9 98
me ue 165 89
NEL IN 004

24 71h 9 08
bd: 6.28 62 14
261 2 uy m
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1680 1508 1507 005
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Jr 24% 23 i
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IK 24 24¥ 17
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52. 36, 21 181
19708 1506 1465 009
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565 S48 bo 204
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m4 uy JES 28
202 050 273 0

# Means in a row with diferent superscript difer, P<.05 (Student-Newman-Keuls

Four- and five-week overall performance is
shown in Table 2. From 0 to 4 weeks, ADG and
FG were all improved as the level of CP and
percent lysine were increased. Phase- fed +
PagleanTM pigs showed significant improve-
ments (P<05) in ADG and F:G compared to the

control and control + PayleanTM treatments.
From 5 weeks, significant improvements were
notseenin ADG as CP and percent lysine levels

increased, due to the greatly reduced perfor
mance during week 5 by the 18 percent CP +
PayleanTM and phase fed + PayleanTM pigs.

V' Table 2. Overal performance summary for week's 0-4 and 0-5 of pigs fed PayleanTM and
varying crude protein levels.

16%CP 18%CP Phase Std.Error
(Control) + PayleanTM + PayleanTM + PayleanTM

Overall 16% CP

04 Wk
ADG, Ib/d 155
ADF Ib/d 6.3%
FG 155°
BW Ib JUN
Cost/bogain$ 1569

0-5 Wk.
ADG, lb/d Wp
ADF, Ib/d 6.3
FG 2
BW, Ip mr
Cost/Ib gain, § 163

15 27m ATE 032
6.13 6.03 59% 14
24 2 ar it

my me me 181
151% 1480 179 03

up 25 25% 03
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m4 Uh Wh 28
157% 1552 191 03

# Means ina row with diferent superscript life, Pe.05 (Student-Newman-Keuls

V' Table3, Effect of PaleanTM and dietary crude protein on carcass characteristics n ate
finishing pigs.

16% CP 16%CP 18%CP Phase Std Error
(Control) + PayleanTM + PayleanTM + PayleanTM

Slaughter BW, Ib us
HCW. Ib 188.2
10h Rib BF, in* 8
LEA, int 702
% Lean* 54.26"
% Yield Hy

up 20% BLE
192 BE 100 i)

“w fo 5 03%
13m 13 7.56 10

531 56.0% 57 55
Te Yi my IN

# Means ina row with diferent superscript difer, Pe,03 (Student-Newman-Keuls)

However, F.G was still better for the pigs fed
PayleanTM and 18 percent CP or the phase fed
feeding program compared to the control and
the control + PayleanTM treatments (P<.05).
These four and five week summary's indicate
that improvements are made when feeding the
phase fed + PayleanTM diet, compared to the
other three treatments, during the ist four
weeks on PayleanTM. But, these improvements
are lost during the fifth week when PayleanTM
was fed in conjunction with this phase feeding
program to yield a similar response as the 18
percent CP + PayleanTM treatment.

Pigs fed PayleanTM had reduced 10th rib fat
depth (P<.05) and an increased percent lean

(P<.05). LEA and percent yield were signif-
cantly higher (P<.05) n those pigs that were fed
the phase-fed treatment containing PayleanTM
when compared to the control treatment (Table
3)

Results from thi tral would indicate that a
four-week late finishing program, feeding
PayleanTM in conjunction with the phase-fed
treatment, would yield the best return on invest-
ment. Performance improvements during these
four weeks would compensate for the higher
diet costs and result in a lower cost/Ib of gain,
compared to the control pigs. The increase in
carcass premium pig of nearly $3.00, would be
expected to pay for the added PayleanTM. How-



ver, the pigs fed PayleanTM with the phase
feeding program were 5.1 Ibs. heavier in the
same amount of ime, and were leaner with a
similar diet cost per Ib. of gain.

Utilizing ADG and serial ultrasound backfat
thickness and loin eye area values to model the
nutrient requirements of these pigs, the lysine
requirements were increased! to approximately

30 g/d while being fed PayleanTM, whereas the
controls needed only 24 g/d at the tart of the
trial (Figure 1). As Paylean feeding time in-
creased, the requirement for increased lysine
intakes declined to match the protein accretion
rates of the pigs, 50.2 the level of dietary lysine
required is similar to the controls after 5-6 weeks
on Paylean (18 g/d). These levels are slightly

V' Figure 1. Estimated lysine requirements whl feeding varying dietary CP levels
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V' Figure 2. Estimated lysine requirements while feeding three levls of PayleanTM,
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V' Figure 3, Energy requirements while feeding PayleanTM.,
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Source: Herr et, al, 2000.

higher than previously estimated (Figure 2) and
are likely related to increased lean accretion
rates of the control pigs (1992 vs 2000).

The energy requirements fo the lean and
adipose tissue deposition rates in the Herr et al,
2000 trial (Figure 3) indicate that approximately

9.5 Meal of energy per day was required to
maximize the Paylean response and the level
was only slightly higher than the controls. This
level is similar to 61b/d feed intake of a 1600
Meal DE/b diet. A



ever, the pigs fed PayleanTM withthe phase ~~ 30 g/d while being fed PayleanTM, whereas the
feeding program were 5.1 bs. heavier inthe controls needed only 24 g/d atthe start of the
same amount of time, and were leaner witha tril (Figure 1). As Paylean feeding time in-
similar diet cost per Ib. of gain, creased, the requirement for increased lysine

Utilizing ADG and serial ultrasound backfat intakes declined to match the protein accretion
thickness and loin eye area values to model the rates of the pigs, 5 as the level of dietary lysine
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higher than previously estimated (Figure 2) and 9.5 Mee of energy per day was required to
ate Lkely related to increased lean accretion maximize the Paylean response and the level
rates ofthe control pigs (1992 vs 2000), was only slightly higher than the controls. This

The energy requirements for the leanand level i similar to 6 b/d feed intake of a 1600
adipose tissue deposition rates in the Herr et, al, Mcal DE/b diet. A
2000 trial (Figure 3) indicate that approximately
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Summary
The traditional view of fats as merely an energy source limits swine nutrition in that it ignores the
unique biochemical roles of specific fatty acids. Current research is examining in more detail some
of these roles, While many aspects are being examined, current research has demonstrated fairly
clearly that conjugated linoleic acids (CLA) have potential as a repartitioning agent in market swine
and that omega-3 fatty acids are potential prolificacy enhancers in reproducing swine.

Introduction
This century has been one of tremendous ad-
vancement in the field of nutritional sciences. A
century ago the knowledge existed for the
animal's need for energy, protein, calcium,
phosphorus, and salt, A need for litle else was
known or, if known, it was not recognized as
something to be universally supplemented. An
understanding of vitamin, specific amino acids,
and the trace elements was absent. The critical
nature of ratios (such as Ca:P or of amino acids
to lysine) was also absent in the formulations.
The current state of understanding is markedly
advanced. However, a danger exists that after
periods of great advancement, its relatively
easy to believe that ll has been discovered and
that little opportunity remains for further
improvements. This perspective is arrogant.
Strict adherence to this perspective can limit one
from further knowledge needed to provide the
competitive advantage to survive hard eco-
nomic periods when others are forced to exit the
industry. Two particular areas within the general
area of fats that may see significant further
developments in the next few decades are the
areas related to conjugated linoleic acids (CLA)
and specific fatty acid needs, particularly the
omegar3 fatty acid, of pigs.

Fat sources
Fat has traditionally been viewed primarily as
an energy source. tis an excellent energy
source, having an energy value more than twice
that of the cereals that are the primary energy

sources for pig and poultry production. How
ever, to view all fat sources as simply energy
sources limits this area of nutrition. To use
another nutrient area as an example, we do not
view all minerals the same—calcium is not the
same as zinc, nor can iron replace copper for all
functions, and, even more specifically within a
single mineral, iron oxide is not the same as iron
sulfate because one is thought to be absolutely
unavailable (the oxide form) while the other is
viewed as a premier iron source because itis so
highly available (the sulfate form). So if al
minerals are not the same, and all nitrogen
sources are not the same (the amino acid lysine
is not the same as methionine or tryptophan)
then why should we think that all fat sources are
the same?

[thas been known for a long time that each
fat source has a unique fatty acid (FA) profile
These profiles differ with regard to the chain
length of the FA (specifically how many carbon
atoms are present) as well asthe specific num-
ber and location of certain bonds (in particular
the unsaturated or double bonds) within the FA.
This different fatty acid profile affects how hard
the fat is (liquid, semi-hard, or hard) which also
affects carcass fat quality. But the FA profile also
affects certain body functions, because there are
certain fatty acids that the body can not make
and must obtain from the diet, This particular
need is related to the lack of certain enzymes in
animals that can change the length and bonding
of the different fatty acids. Failure to provide
these certain fatty acids (the longer chain fatty
acids with double bonds in certain locations)
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Introduction
This century has been one of tremendous ad-
vancement in the field of nutritional sciences. A
century ago the knowledge existed for the
animal's need for energy, protein, calcium,
phosphorus, and salt, A eed for litle else was
known or, if known, it was not recognized as
something to be universally supplemented. An
understanding of vitamin, specific amino acids,
and the trace elements was absent, The critica
nature of ratios (such as Ca:P or of amino acids
tolysine) was also absent in the formulations.
The current state of understanding is markedly
advanced, However, a danger exists that after
periods of great advancement, ii relatively
easy to believe that al has been discovered and
that littl opportunity remains for further
improvements. This perspective s arrogant,
Strict adherence to this perspective can limit one
from further knowledge needed to provide the
competitive advantage to survive hard eco-
nomic periods when others are forced to exit the
industry. Two particular areas within the general
area of fats that may see signuficant further
developments in the next few decades are the
areas related to conjugated Linoleic acids (CLA)
and specific fatty acid needs, particularly the
omega-3 fatty acid, of pigs.

Fat sources
Fat has traditionally been viewed primarily as
an energy source. Its an excellent energy
source, having an energy value more than twice
that ofthe cereals that are the primary energy

sources for pig and poultry production. Horw-
ever, to view all fat sources as simply energy
sources mits thi area of nutrition. To use
another nutrient area as an example, we do not
view all minerals the same—calcium is not the
same a zinc, nor can iron replace copper for all
functions, and, even more specifically within a
single mineral, iron oxide is not the same as iron
sulfate because one is thought to be absolutely
unavailable (the oxide form) while the other is
viewed as a premier iron source because iis so
highly available (the sulfate form). So if all
minerals are not the same, and all nitrogen
sources are rot the same (the amino acd lysine
is not the same as methionine or tryptophan),
then why should we think that ll fat sources are
the same?

[thas been known for a long time that each
fat source has a unique faty acid (FA) profile.
These profiles differ with regard to the chain
length ofthe FA (specifically how many carbon
atoms are present) as well as the specific num-
ber and location of certain bonds (in particular
the unsaturated or double bonds) within the FA.
This different fatty acid profile affects how hard
the fats (liquid, semi-hard, or hard) which also
affects carcass fat quality. But the FA profile also
affects certain body functions, because there are
certain faty acids that the body cannot make
and must obtain from the diet, This particular
need s related to the ack of certain enzymes in
animals that can change the length and bonding
of the different fatty acids. Failure to provide
these certain fatty acids (the longer chain fatty
acids with double bonds in certain locations)



does not mean that the animal will die immed
ately because the body is very adaptive. Butit
does mean that there may be losses of efficiency
or added stresses or susceptibilities to disease
that would not occur if the fatty acids were
supplied.

The 1988 NRC Nutrient Requirements of
Swine discussed the need for essential fatty
acids (EFA) that must be supplied in the diet in a
single paragraph. The paragraph ends, afer
stating tha the only EFA of concern s usually
present in adequate amounts, with the state-
ment that “Therefore, the main concern is the
use of lipids as an energy source.” The publica-
tion does ist a value for the amount of the EFA
needed and it does not lst the FA profile of any
ingredients be they grains, byproducts, or fats
themselves. The recent 1998 revision of the NRC
Nutrient Requirements of wine has a slightly
longer single paragraph dealing with the FA
profile which does recognize that there may be
need for specific types of FA but concludes with
the same basic statement about the primary
concern with the use of lipids as energy sources.
However, the recent publication does make the
very useful addition of a table that gives a much
more thorough presentation of the diferent FA
profiles of many fat sources and of several
characteristics of those fat sources, While there
may ot have been sufficient research to allow
the review committee to make changes in the
requirement estimates for swine, he addition of
this table does begin a process that will eventu-
ally culminate in the seting of more specific FA
requirements in the future. These changes in
requirements will be one of the advances of the
next century.

Background on CLA
Conjugated linoleic acids (CLA) are a naturally
occurring group of isomers of oleic acid.
These isomers diffe from the normal structural
configuration of linoleic acid in that the position
and shape of the double bonds) is altered. The
standard nomenclature for linoleic acid would
be cis-9, ci-12 octadecadienoic acid. The two
most common isomers of this fatty acid with
two double bonds would be cis, trans-11 and
trans-10, cis-12. These, and other less common
isomers, occur naturally in many foods with the
greatest incidence found in the meat and milk of

ruminant animals. Faty acids are generally
hydrogenated in the rumen and these CLAS are
intermediates in the hydrogenation of linoleic
acid that happen to be absorbed and incorpo-
rated into body tissue and milk prior to com
plete hydrogenation i the rumen.

Interest in CLA began in earnest in the mid-
1990s when research demonstrated that thier
inclusion in the diet stimulated the immune
system, protected against certain types of cancer
and protected aginst atherosclerosis, In add
tion to these health-related responses, supple-
mentation of diets for rats (Chin et al, 1994) and
mice (Park et al, 1997) resulted ina
reparfitioning of nutrients toward lean deposi-
tion and away from fat deposition. Associated
with this change in carcass composition was an
improved feed efficiency and, in some cases,
growth rate.

Research results of note with
CLA
One of the first research studies conducted with
pigs was conducted in Alberta (Dugan tal,
1997). Researchers used a simple two-treatment
experiment that examined either a rich source of
linoleic acid (sunflower oil) or a source of CLA
fed to pigs during the period of 135-233 Ib. A
tendency for an improvement in feed efficiency
(Table 1) was noted as well a clear increases in
lean percentage and decreases in fat percentage.
In addition to the efects on the lin, numerical
increases in the lean percentage of the shoulder,
boston butt, ham, and belly were noted (P<.05)
with concomitant decreases in fat percentage of
all of those carcass portions (except the belly
where the fat percentage was not presented)
These types of changes would have an obvious
impact on tote saleable primal cut product

These types of results have been confirmed
in several subsequent studies. One of the most
recent studies from lowa State University (Thiel
Cooper etal, 2001) used multiple levels of CLA
to examine dose responsiveness of pigs fed 57-
235 bs. (for the sake of comparison to the
Alberta study, the highest level of the ISU study
was 1.67 percent CLA oil which had 60 percent
CLAto provide a total of percent CLA [the
exact level supplied by the Alberta study)
There was a very clear response in the ISU study

V' Table 1, Effect of CLA addition to finishing swine diets

Diets: ~~ Sunflower ~~ CLA

Growth performance
ADG, Ib
ADE
Feed / Gain

Carcass response
Total lean %
Total subcutaneous fat %
Total intermuscular fat %

Loin lean %
Loin subcutaneous fat %
Loin intermuscular fat %

vi 22
6.78 642"
307 289

604 o1.8*
ul 06"
465 480

194 Jib
pA 8.56
12 14

Adapted from Dugan et al, (1997)
Sunflower ol and CLA ol inclusion rate of 2%; CLA oil had 50% ofthe fatty acids as CLAs.
P10; ** P<.05,

V' Table 2. Growth performance response of pgs fo graded level of CLA.

Dietary CLA %: 0.00 0 00 050 100

ADG, Ib * 207
ADE 590
Feed /Gain * 14

05 0 JAE 24
5% 519 50
N/E un 260

Adapted from Thiel-Cooper et al, (2001)
* Linear effect, P<.05.

(Table 2) with regard to ADG and feed /gain.
Regarding carcass effects, Table 3 provides the
wholesale-ready product weights from the
study which again demonstrates clear increases
in saleable product. This appears as ifit may be
a win-win situation with improved growth
performance for the producer and improved
saleable product (and less trim) for the packer

Inaddition to the benefit in lean percentage,
there s the potential benefit that the meat from
supplemented pigs may provide humans with
CLA through its incorporation into the tissue of
the pig. As mentioned earlier, the CLA originate
naturally in the rumen, are absorbed, and then
are incorporated into milk fat and tissue fat of
the ruminants, Likewise in mature swine,
dietary CLA are incorporated into adipose tissue

and milk of gestating and lactating sows (Bee,
2000). Bee (2001) examined the potential for
CLA supplementation to impact tissue levels of
CLA in market animals by feeding several ofls
over the weight range of 154-218 Ibs. He ob-
served numerical advantages in growth perfor-
mance (Table 4) and also demonstrated the CLA
incorporation into backfat and muscle tissue fat,
This, then, presents the possibility of creating a
product that can potentially impact human
health throughs fat content. Whale this inital
work with CLA is very promising, further
research is needed.

Baumgard etal. (2001) report that CLA
supplementation of dairy cows does reduce
milk fat synthesis due to the down-regulation of
certain enzymes; this same potential should



does not mean that the animal will die immed
ately because the body is very adaptive. But it
dogs mean that there may be losses of eficency
or added stresses or susceptibilities to disease
that would not occur if the fatty acids were
supplied.

The 1988 NRC Nutrient Requirements of
Swine discussed the need for essential fatty
acids (EFA) that must be supplied in the diet ina
single paragraph. The paragraph ends, after
stating that the only EFA of concern is usually
present in adequate amounts, with the state
ment that “Therefore, the main concern is the
use of ipids as an energy source." The publica-
tion does list a value for the amount of the EFA
needed and it does not st the FA profile of any
ingredients be they grains, byproducts, o fats
themselves. The recent 1998 revision of the NRC
Nutrient Requirements of Swine has a slightly
longer single paragraph dealing with the FA
profile which does recognize that there may be
need for specific types of FA but concludes with
the same basic statement about the primary
concern with the use of pids as energy sources.
However, the recent publication does make the
very useful addition of a table that gives a much
more thorough presentation of the different FA
profiles of many fat sources and of several
characteristics of those fat sources, While there
may not have been sufficient research to allow
the review committee to make changes in the
requirement estimates for swine, the addition of
this table does begin a process that will eventu-
ally culminate in the setting of more specific FA
requirements in the future. These changes in
requirements will be one of the advances of the
next century

Background on CLA
Conjugated linoleic acids (CLA) are anaturally
occurring group of isomers of linoleic acd.
These isomers differ from the normal structural
configuration of inoleic acid in thatthe position
and shape of the double bonds) is altered. The
standard nomenclature for linoleic acid would
be cis9, cis-12 octadecadienoic acid. The two
mos common isomers of tis fatty acid with
two double bonds would be cis, trans-11 and
trans-10, cis-12. These, and other less common
isomers, occur naturally in many foods with the
greatest incidence found in the meat and milk of

A

ruminant animals Fatty acids are generally
hydrogenated in the rumen and these CLAS are
intermediates in the hydrogenation of linoleic
acid that happen to be absorbed and incorpo-
rated into body tissue and milk prior to com-
plete hydrogenation in the rumen.

Interest in CLA began in earnest in the mid-
1990s when research demonstrated that tier
inclusion in the diet stimulated the immune
system, protected against certain types of cancer,
and protected agent atherosclerosis. In addi
tion to these health-related responses, supple-
mentation of diets for rats (Chin et al, 1994) and
mice (Park etal, 1997) resulted ina
tepatitoning of nutrients toward lean deposi-
tion and away from fat deposition. Associated
with this change in carcass composition was an
improved feed efficiency and, in some cases,
growth rate.

Research results of note with
CLA
One ofthe first research studies conducted with
pigs was conducted in Alberta (Duganet al,
1997). Researchers used a simple two-treatment
experiment that examined either a ich source of
linoleic acid (sunflower oi) or a source of CLA
fed to pigs during the period of 135-233 bs. A
tendency for an improvement in feed ficiency
(Table 1) was noted as well a clear increases in
lean percentage and decreases in fa percentage.
In addition tothe effects on the loin, numerical
increases inthe ean percentage of th shoulder
boston butt, ham, and belly were noted (P<.05)
with concomitant decreases in fa percentage of
all of those carcass portions (except the belly
where the fat percentage was not presented),
These types of changes would have an obvious
impact on total saleable primal cut product

These types of result have been confirmed
in several subsequent studies. One of the most
recent studies from lowa State University (Thiel
Cooper et al, 2001) used multiple evels of CLA
to examine dose responsiveness of pigs fed 57-
255 ns. (for the sake of comparison fo the
Alberta study, the highest level ofthe ISU study
was 1.67 percent CLA ofl which had 60 percent
CLAto provide atotal of 1 percent CLA [the
exact evel supplied by the Alberta study).
There was a very clear response in the ISU study

V' Table 1, Effect of CLA addftion fo finishing swine diets,

Diets: ~~ Sunflower CLA

Growth performance
ADG, lb
ADE Db
Feed / Gain

Carcass response
Total lean %
Total subcutaneous fat %
Total intermuscular fat %

Loin lean %
om subcutaneous fat %
Loin intermuscular fat %

2 2
6.78 642
3 28

604 618"
21 206"
465 480

194 01
pA 8.6"
12 14

Adapted fom Dugan etal. (1997)
Sunflower il andl CLA oil inclusion ate of 2%; CLA oil had 50% of the faty acids as CLAS
Pe. 10; * Pe. 5,

V' Table 2, Growth performance response of pigs o graded levels of CLA,

Dietary CLA %: 0.00 0 0s 050 100

ADG bb 207
ADE 590
Feed /Cain * 14

200 20 24 24
5% 57 50
mo wn 260

Adapted from Thiel-Cooperet al. (2001)
* Lingareffect, P<. 05.

(Table 2) with regard to ADG and feed /gain.
Regarding carcass effects, Table 3 provides the
wholesale-teady product weights from the
study which again demonstrates clear increases
in saleable product. This appears as ifit may be
a win-win situation with improved growth
performance for the producer and improved
saleable product (and les trim) forthe packer

Inaddition to the benefit in ean percentage,
there is the potential benefit that the meat from
supplemented pigs may provide humans with
CLA through its incorporation nto the tissue of
the pig, As mentioned earlier, the CLA originate
naturally in the rumen, are absorbed, and then
are incorporated into milk fat and tissue fat of
the ruminants. Likewise in mature swine,
dietary CLA are incorporated into adipose tissue

and milk of gestating and lactating sows (Bee,
2000). Bee (2001) examined the potential for
CLA supplementation to impact tissue levels of
CLA in market animals by feeding several oils
over the weight range of 154-218 Ibs. He ob-
served numerical advantages in growth perfor-
mance (Table 4) and also demonstrated the CLA
incorporation into backfat and muscle tissue fat
This, then, presents the possibility of creating a
product that can potentially impact human
health through its fat content, While this initial
work with CLAS very promising, further
research is needed.

Baumgard etal. (2001) report that CLA
supplementation of dairy cows does reduce
milk fot synthesis due to the down-regulation of
certain enzymes; this same potential should



V' Table 3, Wholesaleready product weight fom pigs fed graded levels of CLA.

Dietary CLA %: 0.00 or 025 0 10

Finished ham, Ib * 16.
Finished loin, Ib * 77
Finished picnic, lb 58
Finished butt, b ** 54
Finished belly, Ib * 114

JV) IS VX IS V1 TO
B83 190 189 193
1 62 61 63
51 54 55 59

08 14 ny 10

Adapted from Thiel-Cooper tal. (2001)
* Linear effect, P<. 10; ** Linear effect, P<.05,

exist in sows. The most appropriate time 0
initiate feeding and the proper level of supple-
mentation in differing situations (diets that
already have added fa; diets of different grains
and, therefore, fatty acid profile etc) have not
all been defined at present.

Background on omega-3
fatty acids
Omega: fatty acids exist naturally in the food /
feed supply. They are fatty acids that have the
frst double bond located at the third carbon
atom from the methyl end of the fatty acid
Alternatively, omega-6 and omega-) fatty acids
have the first double bond located at the sixth
and ninth carbon atom, respectively, from the
methyl end of the fatty acid. Feedstuffs have
varying amounts of each of these types of fatty
acids, The source of greatest content ofthe
omega-3 fatty acids is marine (fish) ol. Warm
water fish and cold water fish vary in the fatty
acid profile largely because of the food supply
upon which they feed. Of additonal discussion
in the omega-3 area is not only the omega-3
bonding but the chain length of the fatty acids.
Some plant sources have more omega-3 fatty
acids than other plant sources, but the omega-3s
in ll plant sources tend to be almost exclusively
linolenic acid (18:3). Longer chain omega-Js
such as eicosapentancic acid (EPA, 203) and
docosahexanoic acid (DHA, 22:6) are found
strictly in marine sources.

The interest in omega-3 fatty acid nutrition
originates from a health perspective. Epidemio-
logical surveys revealed that some cultures

frequencies of atherosclerosis. Normally, high fat
intake would be associated with high degrees of
arterial clotting, The absence of the clotting
raised questions that pointed to the fact that the
fatty acid profil of the fat intake was equally as
important a the level o at intake. Additional
items of interest related to these fatty acids are
that retinal and brain tissue hava a dispropor-
tionately higher content of omega-3 fatty acid
level compared to the rest of the body, suggest:
ing a specific need of certain tissues for these
fatty acids. Some early research was related to
the effects of gestational fat intake on visual
acuity of offspring or learning ability of off
spring, A further item of note related to overall
fat level in the body is that some female athletes
with extremely low fat intake and low body-fat
content cease menstruation which may reinitiate
upon restoration of more typical body composi-
fion. Related to male reproduction is the fact
that DHA is quite high in sperm, functioning in
cell membrane integrity and fluidity,

Research results of note with
omega-3 fatty acids

Much of the current research in the area of
omega-3s continues to be in health-related areas.
A major inferest is in the potential ability o the
particular fatty acid levels or the raio of fatty
acids on the response of various aspects of the
immune system. This will be an area of contin-
ued research for an extended time. An area that
can be capitalized on now, however, is in the
area of reproduction. One of the first examina-
tions of the potential of this fat source was

(such as Eskimos) had extremely high fat intakes - conducted at the University of Alberta (Fengler
(blubber for example) but have experienced low

A
et al,, 1990). While results were not conclusive

V' Table 4. Effect of dietary CLA supplementation on tissue CLA content,

Dietary oil: CLA oil Sunflower Oil Lard

Growth performance
ADG, lb
Feed /Gain

Carcass measurements
Lean percentage
Fat percentage

Loin fat depth, in. *

Fatty acid profiles, %
Backfat

SFA #
MUFA *
PUE +H

CLA"
Loin muscle

SF, LL

MUFA #
PUFA
CLAM

20 209 205 |
28 29 300

5.8 575 5.9
126 136 130
056 07 069

446 406 400
37 410 459
177 84 Wl
42 Traces Traces

417 32 33
49 46.6 499
134 152 128
15 nd. nd.

Adapted from Bee ( 2001); ol levels are 2% of the diet with the CLA oil containing 59% CLA.
SFA - saturated faty acids; MUFA - monounsaturated faty acids; PUFA - polyunsaturated faty acids; nd. - not
detectable,
** Treatment differences, P<.03,

with regard to improvements in reproduction,
an interesting observation was made that em-
bryos differed in their content of certain omega-
3FA. As has been stated, some types of fish oils
are particularly rich in the longer-chain omega-3
FA. Coupled with these facts was the anecdotal
information from Northern Europe and from
South Africa that putting fish meal in reproduc-
tion diets was worth a 5 percent improvement in
conception rate and added one-half pig per
ltter. The sum of ths information resulted in a
study at Virginia Tech (Perez Rigau et al, 1995)
evaluating several sources of fat in gestation
diets to determine if oil fat supplementation
would enhance embryo survival in pregnant
gilts and to determine if the response, if ob-
served, was related to their omega-3 FA content

Three experimental diets were used which
contained 4 percent added fat either as coconut
ail (CO), soybean oil (30), or menhaden oil
(MO). A fourth diet containing corn starch (SR)
approximately isoenergetic o the oil diets was

used as an energy control Statistically, percent-
age fetal survival did not differ according to
dietary treatment (Table 5) but the numerical
responses were consistent with the anecdotal
information of 5 percent in conception rate and
one-half pig liter. The atio of omega 3/ omega
6 FA was higher in conceptus tissue (not shown)
than in maternal plasma, which suggested a
possible importance of the omega 3 FA. The
ratio was higher (P < 05), as expected, for the
MO diet compared with the other diets. Subse-
quently, a total of 46 sows were used in three
trials to further evaluate the effects of MO on
fetal survival percentage relative to the com
starch control diet; the results again (Table 6)
demonstrated no statistically significant differ-
ences in fetal survival percentage due to the MO
addition. The high fetal survival percentage
observed in gilts on al the treatments and the
unequal ovulation rate in sows on different oil
diets precluded definitive conclusions regarding
the effects of supplemental ol on fetal survival.



V' Table 3, Wholesle-ready product weight from pigs ed graded levels of CLA,

Dietary CLA %: 0.0 0 05 0% 100

Finished ham, Ib * 166
Finished lom, Ib * 177
Finished picnic, lb 58
Finished butt, Ib * 54
Finished belly, lb * 114

me 73 17 10
183 190 189 193
61 62 61 63
500 84 5% 59

08 14 uy 10

Adapted from Thiel-Cooper etal. (2007)
* Linear effect, P<. 10; ** Linear effect, P<.05,

exist in sows, The most appropriate time 0
initiate feeding and the proper level of supple-
mentation in differing situations (diets that
already have added fat; dies of different grains
and, therefore, fatty acid profile etc) have not
all been defined at present.

Background on omega-3
fatty acids
Omega-3 fatty acids exist naturally in the food /
feed supply. They are fatty acids that have the
fest double bond located at th third carbon
atom from the methyl end of the fatty acid.
Altematively, omega and omega-9 fatty acids
have the first double bond located atthe sixth
and ninth carbon atom, respectively, from the
methyl end of the faty acid. Feedstufs have
varying amounts of each of these types of faty
acids, The source of greatest content of the
omega faty acids is marine (fish) oil, Warm
water fish and cold water fish vary in the faty
acid profil, largely because of the food supply
upon which they feed. Of additional discussion
in the omega-3 area s not only the omega-3
bonding but the chain length ofthe fatty acids,
Some plant sources have more omega fatty
acids than other plant sources, but the omegar3s
in all plant sources tend to be almost exclusively
linolenic acid (18:3). Longer chain omega-Js
such as eicosapentanoic acid (EPA, 205) and
docosahexanoic acid (DHA, 22:6) are found
strictly in marine sources

The interest in omege:3 fatty acid nutrition
originates from a health perspective. Epidermio-
logical surveys revealed that some cultures
(such as Eskimos) had extremely high fat intakes
(blubber for example) but have experienced low

frequencies of atherosclerosis. Normally, high fat
intake would be associated with high degrees of
arterial clotting, The absence of the clotting
raised questions that pointed to the fact that the
fatty acid profil ofthe fat intake was equally a
important a the level of fat intake. Additional
items of interes elated to these fatty acids are
that retinal and brain tissue hava a dispropor-
tionately higher content of omega fatty acid
level compared to the rest of the body, sugest-
ing a specific need of certain tissues for these
ftty acids Some early research was related to
the effcts of gestational fat intake on visual
acuity of offspring or leaming ability of off
spring, A further tem of note related to overall
fat level in the body is that some female athletes
with extremely low fat intake and low bodyfat
content cease menstruation which may reinitate
upon restoration of more typical body composi-
fon. Related to mal reproduction isthe fact
that DHA i quite high in sperm, functioning in
cell membrane integrity and fhuidity

Research results of note with
omega-3 faty acids

Much of the current research inthe area of
omege-3s continues tobe in health-related areas.
A major interests in the potential ability of the
particular fatty aid level or the afi of faty
acids on the response of various aspects of the
immune system. This wil be an area of contin-
ued research for an extended time. An area that
can be capitalized on now, however, is in the
area of reproduction. One of he frst examina-

tions of the potential of this fat source was
conducted at the University of Alberta (Fengler
etal, 1990), While results were not conclusive

V' Table, Efect of dietary CLA supplementation on tissue CLA content.

Dietary oil: CLA ail Sunflower Oil Lard

Growth performance
ADG, lb
Feed /Gain

Carcass measurements
Lean percentage
Fat percentage

Loin fat depth, in. *

Fatty acid profiles, %
Backfat

SFA #
MUFA *
PUE +"

CLA"
Loin muscle

SF, Ll

MUFA *
PUFA
(LA ®

220 20 205
281 2% 30

58 575 569
126 136 130
056 07 069

4h 406 400
m7 a 8
177 184 141
42 Traces Traces

417 32 33
49 464 499
134 152 128
15 nd nd.

Adapted from Bee ( 2001); oi levels ae 2% ofthe diet with the CLA of containing 59% CLA.
SFA - saturated fatty acids; MUFA - monounsaturated fatty acids; PUFA - polyunsaturated faty acids: nd. - not
detectable.
“Treatment differences, P<. 05.

with regard to improvements in reproduction,
an interesting observation was made that em-
bryos differed in their content of certain omega-
3FA. As has been stated, some types of fish oils
are particularly rch in the longer-chain omega-3
FA. Coupled with these facts was the anecdotal
information from Northern Europe and from
South Africa that putting fish meal in reproduc-
tion diets was worth a 5 percent improvement in
conception rate and added one-half pig per
ltter. The sum of this information resulted in a
study at Virginia Tech (Perez Rigau etal, 1993)
evaluating several sources of fat in gestation
diets to determine if oi /fat supplementation
would enhance embryo survival in pregnant
gilts and to determine if the respons, if ob-
served, was related to their omega-3 FA content

Three experimental diets were used which
contained 4 percent added fat either as coconut
ail (CO), soybean ofl (50), or menhaden oil
(MO). A fourth diet containing cor starch (SR)
approximately isoenergetic tothe oil diets was

used as an energy control Statistically, percent-
age fetal survival did not differ according to
dietary treatment (Table 5) but the numerical
responses were consistent with the anecdotal
information of 5 percent in conception rate and
one-half pig/liter. The ratio of omega 3 omega
6 FA was higher in conceptus tissue (not shown)
than in maternal plasma, which suggested a
possible importance of the omega 3 FA, The
ratio was higher (P < 05), as expected, for the
MO diet compared with the other diets. Subse-
quently, a total of 46 sows were used in three
trials to further evaluate the effects of MO on
fetal survival percentage relative to the con
starch control dit; the results again (Table 6)
demonstrated no statistically significant differ
ences in fetal survival percentage due to the MO
addition. The high fetal survival percentage
observed in gilts on ll the treatments and the
unequal ovulation rate in sows on different il
diets precluded definitive conclusions regarding
the effects of supplemental oi on fetal survival,



V' Table 5. Effect of dietary treatments on reproductive trait of gis fed various sources of
supplemental oil

0 50 MODiets: SR

Age at breeding, d 28
Wtat breeding, Ib 254
Wat slaughter I 39
Corpora lutea, n 143
Total fetuses, n 116
Live fetuses, n 110
Live fetal survival, % 771

26 216 0
yi pi 21
3 kA in
138 136 140
118 111 12
111 104 118
§07 767 848

Adapted from Perez Rigau et al. (1995)
# Where SR = starch; CO = coconut of; SO = soybean oil: MO = menhaden ail. SR diet isocaloric to the oi
supplemented diets.

V' Table 6. Effect of menhaden oil on fecundity by study.

Response: TotalFetus ~~ LiveFetus Total Live Conception
Survial% ~~ Survial% Rate

Die: SR MO SR MO SR MO SR MO SR MO

Trial Parity
11 uy m2 ns 840 8 71 M9 mul
20 Bo A Buin? HBT 088 0 TB 03 1 TD B
3.03 3 13 7% O03 G5 9 96. 576A
4 3 19 WI NT 08 675 644 6L6 B26 7910/10
5 03 13 12 00 we IRB 67 N67

Average: 115 122 103 109 76 M2 632 682 B48

Adapted from Perez Rigau etal. (1995) No dietary differences were detected, P > 05.
* Where SR=starch and MO=menhaten oil,

However, again, the numerical responses were
consistent with the anecdotal information of 5
percent improvement in conception rate and
one-half pig liter

Even though differences for fetal survival
cross treatments were not significant, embryo
survival in Trial 2 was higher (P < 06) for gilts
fed MO than for the controls, 93.7 percent vs
78.8 percent, respectively. The addition of
slaughtered sows to assess the specifi effects of
the MO on fetal survival did not clarify the
issue. Both total and live pig survival percent-
ages were greater after three trials (P < 03), but
did not differ after the five trials. Attempts to
extract the most information from these sow

A

trials by comparing only matched litermates on
the two treatments magnified the Liter size
response to MO but did not change the statist
cal significance. It should be noted that while
statistical significance varied throughout the
trials, the numerical response was close to the
anecdotal reports being 0.6 - 08 Live fetus, 5-7
percent in fetal survival rate, and 10 percent in
conception rate.

The mean response in litter size and concep-
tion rate observed by Perez Rigau et l. (1995) is
similar to that of Palmer et al. (1970) who re-
ported that the addition of 6 percent whole
menhaden fish meal for two parities resulted in
09 more live pigs iter at birth than from

V' Table 7. Effects of a tuna oi product on factors related to reproduction,

Control Supplemented

Boars
Sperm concentration (106 per m) 02 Seat
Total sperm per ejaculate (109) Tl gt
Percentage alive 7 8
Motility score 39 4

Gilt bred with semen from the boars
Number bred U6 0
Conception rate, % 8 90
Born live per litter 102 10¢*
Total fecundity (Born alive per 100 services) 846 9o4*

* Differed from control group, Pe= 05,

control sows (P < 03). They also observed an
increase of 8.2 percent in sows farrowing as a
percentage of sows bred for sows fed the fish
meal diet. The increase in ofl content of the
gestation diet would indicate that the fish meal
contained about 5 percent oi. It has been
pointed out, however by Baker et al, (1974) that
the basal diet inthe Palmer et al. (1970) study
did not contain supplemental vitamin E or
selenium and tha the addition of the fish meal
would be a favorable source of both nutrients.
Baker etal. (1974) id not observe improve-
ments in reproductive performance when
adding 3 percent menhaden fish meal to gestat
ing diets.

With respect to boar nutrition, the high
content of DHA in sperm has resulted in studies
examining the effects of supplementation of
boars on sperm response as well as response of
females inseminated with that sperm, Results of
a commercial shudy using 35 boars and 478 gilts
are given in Table 7, The magnitude of response
observed in the gilts is consistent with the
previously discussed studies but the supple-
mentation was only to the males that supplied
semen for insemination, not n the female.

Further research certainly is warranted with
both male and female swine to investigate the
role of omega-3 FA in the development of the
feta pig and the possible influence of these FA
on fetal survival in swine, as wel as in boar
production and longevity These research stud:

ies may reveal the linoleic acid is not the only
essential fatty acid with respect to reproduction
and may result in future changes in the NRC in
the nutrient area of fats
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V' Table 5, Effect of dietary treatments on reproductive tats of gilts fed various sources of
supplemental oil

Diets: SR 0 50 MO

Age atbreeding, d 18 26 216 a
Wat breeding, Ib 4 8 pil 21
Wat slaughter, b 3 M0 nm nm
Corpora lutea, n 143 138 136 140
Total fetuses, n 116 118 111 122
Live fetuses, n 110 111 104 118
Live fetal survival, % JA 807 767 848

Adapted from Perez Rigau et al. (1995)
# Where SR = starch; CO = coconut oi; SO = soybean oil: MO = menhaden il. SR diet socaloric to the oi
supplemented dies.

V' Table 6. Effect of menhaden ofl on fecundity by study.

A

Response: TotalFetus ~~ LiveFetus Total Live Conception
Suvi Suvial% Rate

Dit SR MO SR MO SR MO SR MO SR MO

Trial Parity
11 our ux nso M0 81 MIMS umum
20 bo AT in? 0800 TBE BT TB 02 TBH
303 wm 78 9% RSM WI MS 57 0/6
4 3 NYY UT 08 675 644 6l6 B26 7910/10
503 13 m2 100 04 MI RS 67 B67 7

Average: 115 122 103 109 06 B2 62 62 ¥B48

Adapted from Perez Rigau et al. (1995) No dietary diferences were detected, P > 05.
* Where SR=starch and MO=menhaden oil,

However, again, the numerical responses were
consistent with the anecdotal information of
percent improvement in conception rate and
one-half pig liter.

Even though differences for fetal survival
across treatments were not significant, embryo
survival in Trial 2 was higher (P <.06) for gilts
fed MO than for the controls, 93.7 percent vs
788 percent, respectively. The addition of
slaughtered sows to assess the specific effets of
the MO on fetal survival did not clafy the
issue. Both total and live pig survival percent-
ages were greater afer three trials (P < 03), but
did not differ afer the ive trials. Attempts to
extract the most information from these sow

trials by comparing only matched littermates on
the two treatments magnified the liter size
response to MO but did not change the staist-
cal significance, t should be noted that while
statistical signuficance varied throughout the
trials the numerical response was close to the
anecdotal reports being 0.6 - 0.8 live fetus, 5-7
percent in feta survival rate, and 10 percentin
conception rate

The mean response in liter size and concep-
tion rate observed by Perez Rigau etal. (1993) is
similar to that of Palmer etal. 1970) who re-
ported thatthe addition of 6 percent whe
menhaden fish meal for two parities resulted in
09 more ive pigsltter at birth than from

V' Table 7, Effects of a tuna ol product on factors elated fo reproduction.

Control Supplemented

Boars
Sperm concentration (106 per m) 02 54
Total sperm per ejaculate (109) 741 Ba
Percentage alive 7 8
Motlty score 39 5

Gls bred with semen from the boars
Number bred U6 Jill
Conception rate, 8 9
Born live per litter 102 106°
Total fecundity (Bor alive per 100 services) 846 gout

* Difeed from control group, P= 05

control sows P < 05). They also observed an
increase of 8.2 percent in sows farrowing as a
percentage of sows bred for sows fed the fish
meal diet. The increase in oil content of the
gestation diet would indicate that the fish meal
contained about 5 percent oi. It has been
pointed out, however, by Baker etal, (974) that
the basal diet in the Palmer et al, (1970) study
did not contain supplemental vitamin E or
selenium and that the addition of the ish meal
would be a favorable source of both nutrients
Baker etal. 1974) did not observe improve-
ments in reproductive performance when
adding 3 percent menhaden fish meal fo gestat
ing diets.

With respect to boar nutrition, the high
content of DHA in sperm has resulted in studies
examining the effects of supplementation of
boars on sperm response as well as response of
females inseminated with that sperm, Resuls of
a commercial study using 35 boars and 478 gilts
ate given in Table 7. The magnitude of response
observed in the gilts i consistent with the
previously discussed studies but the supple-
mentation was only to the males that supplied
semen for insemination, not in the female

Further research certainly is warranted with
both male and female swine to investigate the
role of omega-3 FA in the development of the
fetal pig and the possible influence of these FA
on fetal survival in swine, as well as in boar
production and longevity. These research stud-

ies may reveal the linoleic acid is not the only
essential fatty acid with respect to reproduction
and may result in future changes in the NRC in
the nutrient area of fats.
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Summary
Animal byproducts have been an important ancillary companion to livestock and poultry produc:
ton for over a century. The protein ingredients processed as a result oftheir production have been
subject to innumerable research studies throughout this period. Their historic contribution has been
evident, Challenges and concems have appropriately been met via the dedicated scientific commu-
nity that has persistently provided guidance and answers for their most effective and efficient
utilization. It has not been unl the recent years of BSE discussions thatthe challenges outpaced the
science decisionmaking regarding their use that were necessitated by innumerable factors that
differ greatly from those that exist in our country. All of the industries involved in the production of
meat in the US have accepted and complied with the regulations in place that are based primarily
on science-based facts modified to incorporate safety factors, Within these regulatory guidelines,
animal protein ingredients can be used as high quality feed ingredients, To do otherwise, the indus:
ties and the consuming public ae challenged with decisions that demand conversion from a
utilization society to that of facing a disposal problem.

Animal byproducts have been an important
protein source o livestock and poultry indus-
tries for many years. Reliance on their nutrient
contributions during the initial development of
the science of animal nutrition places signifi-
cance on their importance as a historic mile-
stone. In one ofthe first animal nutrition experi-
ments reported, Professor Plumb of Purdue
University in 1901 demonstrated significant,
although not statistically analyzed data, de-
creases in the time required for swine fo reach
slaughter weight folowing the addition of
animal protein tankage to traditional, exclu-
sively ear corn diets. Other researchers followed
by adding dried blood to tankage, which im-
proved performance even more and lead to he
development of digester tankage, starting the
long and continual progress made in swine
nutrition. These early successes spurred research
using animal byproducts as diet ingredients, as
well as basic animal nutrition, in ll species. It
was quickly realized that the so-called value-
added products could result from the ancillary
recycling of heretofore discarded materials; a
practice that has thus been in existence for over
a century,

Many changes have taken place in the
nutrition and feeding of pigs during the past
century. Most of the factors associated with the
pig and its production have changed dramati
cally, particularly accelerated during the past
decade. Historically there have been at least two
primary influences that have altered the role
that animal proteins provided for swine rations.
The discovery of vitamins and other previously
referenced “unidentified growth factors”,
accompanied by their subsequent syntheses,
and the agronomic development of soybeans.
These factors revolutionized swine ration
formulas and feeding programs into simplified
corn-soybean diets supplemented with vitamin
mineral premixes. Though not aways resulting
in the most efficient or cost effective results, the
simplicity of the “mix-mill,"“com-soy," “one
farm mixed” diets allowed “these simple” diets
to become the standard system for grow finish
swine feeding programs, Animal protein ingre-
dient were essentially relegated to special use
commercial supplements, and pre-mix programs
within the swine market, Their altemative
uilization as protein sources by the developing
integrated poultry industry, adopted and uti
lized least or best cost feeding programs much
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Summary
Animal byproducts have been an important ancillary companion to livestock and poultry produc-
ton for over a century. The protein ingredients processed as a result oftheir production have been
subject to innumerable research studies throughout tis period. Their historic contribution has been
evident. Challenges and concems have appropriately been met via the dedicated scientific commu
nity that has persistently provided guidance and answers for their most effective and efficent
utiizaton. It has not been until the recent years of BSE discussions that the challenges outpaced the
science decisionmaking regarding their use that were necessitated by innumerable factors that
differ greatly from those that exist in our country Al of the industries involved in the production of
meat in the US have accepted and complied with the regulations in place that are based primarily
on science-based facts modified to incorporate safety factors. Within these regulatory gridelnes,
animal protein ingredients can be used as high quality feed ingredients. To do otherwise, the indus-
fries and the consuming public are challenged with decisions that demand conversion from a
utilization society to that of facing a disposal problem.

Animal byproducts have been an important Many changes have taken place in the
protein source o livestock and poultry indus. nutrition and feeding of pigs during the past
ties for many years, Reliance on thei nutrient century. Most of the factors associated with the
contributions during the initial development of pig and its production have changed dramati-
the sience of animal nutrition places signifi cay, particularly accelerated during the past
cance on ther importance as a historic mile- ~~ decade. Historically there have been at least two
stone. In one ofthe first animal nutrition experi ~ primary influences that have altered the role
ments reported, Professor Plumb of Purdue ~~ that animal proteins provided for swine rations.
University in 1901 demonstrated significant, The discovery of vitamins and other previously
although not statistically analyzed data, de- ~~ referenced “unidentified growth factors”,
creases in the time required for swine to reach accompanied by their subsequent syntheses,
slaughter weight following theaddition of ~~ and the agronomic development of soybeans
animal protein tankage to traditional, exclu- ~~ These factors revolutionized swine ration
sively ear corn diets. Other researchers followed formulas and feeding programs into simplified
by adding dried blood to tankage, whichim- corn-soybean diets supplemented with vitamin-
proved performance even more and lead tothe mineral remixes. Though not aways resulting
development of digester tankage, starting the in the most efficient or cost efectve results, the
long and continual progress made inswine ~~ simplicity of the “mixemill,"“com-soy;” “one
nutrifion. These ealy successes spurred research farm mixed” diets allowed “these simple” diets
using animal byproducts as diet ingredients, as
well a basic animal nutrition in all species. I
was quickly realized that the so-called value-
added products could result rom the ancillary
recycling of heretofore discarded materials;
practice that has thus been in existence for over
acentury,

to become the standard system for grow-firish
swine feeding programs. Animal protein ingre-
dients were essentially relegated to special use,
commercial supplements, and pre-mix programs
within the swine market, Their alternative
utilization as protein sources by the developing
integrated poultry industry, adopted and uti
lize least or best cost feeding programs much



earlier than the other species. This process
essentially took advantage of the lower cost of
ingredients and production. The poultry indus-
try is still a major utilzer of animal protein,
using over 36 percent of all production.”

During the ast decade the swine industry
has become more like that of poultry, in that
central feed manufacture has again become the
norm, and animal protein ingredients are gener-
ally a part of the feed ingredient matrix for
compounding diets. Corn and soybean meal
remain the major ingredients used in pig diets.
Current formulation systems where animal
proteins are offered use nearly the maximum
established levels of meat and bone meal to
provide protein amino acids, energy, and miner-
als for swine diets. On the basis of their nutrient
merit, animal byproducts continue to be impor-
tant feed ingredients for all species including
swine, extending to the future.

The continued use of animal byproducts will
probably be influenced more by factors other
than their nutrient contributions. The global
communication process, in which an incident
someplace becomes an incident everywhere, is a
major factor. The bovine spongiform encephal-
opathy (BSE) hysteria resulting from the out-
breaks in the European Union, in which 999
percent of al cases have been in the United
Kingdom or directly Linked to animal or product
movement from the UK, is an excellent illustra-
tion. The illustration was renewed with the
worldwide attention given to the foot and
mouth disease (FMD). Thus the future of animal
byproduct ingredients will be determined more
by perception, regulatory activites, inerna-
tional trade manipulations, opportunistic mar-
keting practices, and either by the support or
non-support of the animal industries sector,
than by their nutritional merits.

There are no scientific reasons that animal
protein ingredients are not safe feed ingredients
for livestock and poultry rations. The US and
our North American neighbors have responded
to the European BSE issues responsibly. Begin-
ning in 1986, import restrictions were imple-
mented, as were surveillance programs to detect
any presence of BSE within our boundaries.
These controls have been enhanced. In 1997
FDA rules prohibited the use of certain mamma-

To supplement the FDA compliance inspections,
third party certification programs have been
developed by feed manufacturing, rendering,
and beef packing industries to assure that
restricted protein ingredients are not included in
ruminant diets. All of these responsible
“firewall” actions directed at consumer confi
dence for food safety were implemented despite
the scientific fact that BSE has not been reported
inthe US.

The feed ingredient restrictions do not affect
feeds other than for ruminants. Thus all animal
protein ingredients are available for use in swine
diets. BSE transmission studies at The Veteri-
nary Laboratories Agency, Weybridge, UK
reported that pigs receiving oral challenges of
400 grams of BSE infective brain stem material
at three different times during their growth
cycle were subsequently sacrificed over a 2-7
year period with no infectivity found in assayed
tissues. Similar transmission studies have
likewise been conducted with chickens at the
Weybridge laboratories. The challenge studies
consisted of ora, intracranial, and intraperitonal
inoculations. The oral challenge consisted of
grams of BSE infected brain stem given by
esphageal intubation into the crop at 4 weeks, 5
weeks, and § weeks of age. The parental chal-
lenge consisted of 50 ( ml intracranial and 1 ml
intraperitoneal. Inoculated chickens were taken
to a 57-month endpoint with no infectivity
found in the tissues at endpoint. Tissues were
also sub-passaged back into chickens and mice
with negative findings. Both clinical and sub-
clinical transmissions were concluded to be
negative”

One longstanding expressed concern and
image-tarnishing perception is the association of
microorganism contamination of animal by-
products. Though there are a number of excel-
lent baseline studies that ilustrate bacterial
contamination can occur in all feedstuffs, animal
protein sources are often singled out. The salmo-
nella sp. have been of major concern. A compre-
hensive study completed by the US Food and
Drug Administration in 1997 involved 100
animal protein processors providing 3030
samples and 68 vegetable protein processors
providing 1500 samples. The sampling plan wes
designed to detect one salmonella organism in

lan proteins for use in cattle and other ruminant 278 gms, of product, The sensitivity of the
feeds (Title 21-CFR 589.2000) were implemented.

A
testing procedure can be best compared to the

V' Table 1. FPRF Project 99A-5 Tentative raw material culturing,

Bacterial Isolations* Winter Summer

a) Clostridium spp 0/4 4
b) Clostridium perfringens LH 3/&
¢) Listeria spp 3/42 31/42
d) Listeria monocytogenes 44 3a
¢) Campylobacter spp 19/42 6/42
§) Campylobacter jejuni 15/42 28
g) Salmonella spp 37/4 Wa
h) Sevovar distribution will be available
i) E. col has been monitored and found to be a significant contaminate of the raw material.

“Numerical Colony Forming Unit (CFL determinations was not achievable in al cases due to severe overgrowth
of cultures,

knowledge that a single mouse fecal pellet can
contribute up to 250,000 salmonella cells when
serving as a contaminate source. Several thou-
sand colony forming units are required for
intestinal colonization depending on specific
serovars ®) This FDA surveillance report ind
cated all feed ingredients have potential for
containing salmonella organisms, It further
indicated that the exclusion of one of these
product categories (animal vs. plant) in favor of
the other in formulating feed is not a vlid
approach to ensuring a salmonellafreg foed
The FDA study demonstarted that all ingred:-
ents can be contaminated and highlighted the
need for an all inclusive biosecurity program
based on Good Manufacturing Practices (GMP)
and Hazard Analysis Critical Control Point
(HACCP) principles. In a recent presentation,
Lynne Underhill of the Canadian Feed Regula:
tory Agency presented a summary of salmonella
isolations from feed ingredients and feed for a
period of 1996-1999 by their agency. Of the
major ingredient classes, salmonella isolation
were made from, 18 percent oil seed, 20.5 per-
cent rendered animal products, 22 percent fish
meal, and 5 percent feed grain.

Bacterial contamination concerns have
expanded into the genera of commonly isolated
foodborne pathogens. In the US, primary con-
cern has been directed at the coliform group,
Clostridium sp, Salmonella sp, Listeria
monocytogenes, and Camplybacter sp. jejuni).
A study conducted at the University of [linois
by primary investigator Dr. Fred Trouttis in the
final stages of completion. The study involved

17 rendering facilities in seven Midwestern
states randomly selected to statistically block for
raw-material species, Source, and processing. An
overview of the findings indicates that raw
materials derived from animal production are
highly contaminated with the commonly identi-
fied foodborne pathogens. Table 1 is illustrative
of that fact,

To prevent interference in any of the scien-
fifi publication procedures for this research
project, final results will not be discussed in this
written paper. However processing conditions
of the time temperature rendering processes
provide a biosecurity advantage not afforded by
other alternatives, with the exception of incin-
eration, The thermal death times of the refer-
enced foodborne pathogens and the heat trans-
fer conditions of rendering systems can be
correlated to provide assurance and the illustra-
tion of the innumerable reduction and elimina-
tion of foodborne pathogens commonly found
in the raw materials of the animals that are
afforded by the rendering process but has not
been validated by other associated methods of
byproduct or fallen animal disposal.

In other studies completed by Dr. Eugene
Pirtle at lowa State University the psuedorabies
virus (PRY) was inactivated in properly pro-
cessed meat and bone meal from naturally-
infected swine as well a tissue experimentally
inoculated with PRV prior to processing via
rendering, Again biosecurity assurances that are
not accompanied via burial, composting, extrud-
ing, or landfill applications are very evident,”



earlier than the other species. This process
essentially took advantage of the lower cost of
ingredients and production. The poultry indus-
try is still a major utilizer of animal protein,
using over 36 percent ofall production.”

During the ast decade the swine industry
has become more like that of poultry in that
central feed manufacture has again become the
norm, and animal protein ingredients are gener-
ally a part of the feed ingredient matrix for
compounding diets. Corn and soybean meal
remain the major ingredients used in pig diets.
Current formulation systems where animal
proteing are offered use nearly the maximum
established levels of meat and bone meal to
provide protein amino acids, energy, and miner
als for swine diets. On the basis of their nutrient
merit, animal byproducts continue to be impor-
tant feed ingredients for all species, including
swine, extending to the future.

The continued use of animal byproducts will
probably be influenced more by factors other
than their nutrient contributions. The global
communication process, in which an incident
someplace becomes an incident everywhere, is a
major factor. The bovine spongiform encephal-
opathy (BSE) hysteria resulting from the out-
breaks in the European Union, in which 999
percent of al cases have been in the United
Kingdom or directly linked to animal or product
movement from the UK, s an excellent llustra-
tion, The illustration was renewed with the
worldwide attention given to the foot and
mouth disease (FMD). Thus the future of animal
byproduct ingredients wil be determined more
by perception, regulatory activites interna-
tional trade manipulations, opportunistic mar-
keting practices, and either by the support or
non-support of the animal industries sector,
than by their nutritional merits

There are no scientific reasons that animal
protein ingredients are not safe feed ingredients
for livestock and poultry rations. The US and
our North American neighbors have responded
to the European BSE issues responsibly. Begin-
ning in 1986, import restrictions were imple-
mented, a were surveillance programs to detect
any presence of BSE within our boundaries
These controls have been enhanced. In 1%7
FDA rules prohibited the use of certain mamma-
lian proteins for use in cattle and other ruminant
feeds (Title 21-CFR 589.2000) were implemented.

To supplement the FDA compliance inspections,
third party certification programs have been
developed by feed manufacturing, rendering,
and beef packing industries to assure that
restricted protein ingredients are not included in
ruminant diets. AL of these responsible
“firewall” actions directed at consumer confi
dence for food safety were implemented despite
the seentifc fact that BSE has not been reported
in the US.

The feed ingredient restrictions do not affect
feeds other than for ruminants. Thus all animal
protein ingredients are available for use in swine
diets. BSE transmission studies at The Veteri-
nary Laboratories Agency, Weybridge, UK
reported that pigs receiving oral challenges of
400 grams of BSE infective brain stem materia
at three different times during their growth
cycle were subsequently sacrificed over a 2-7
year period with no infectivity found in assayed
tissues. Similar transmission studies have
likewise been conducted with chickens atthe
Weybridge laboratories. The challenge studies
consisted of ora, intracranial, and intraperitonal
inoculations. The oral challenge consisted of
grams of BSE infected brain stem given by
esphageal intubation into the crop at 4 weeks, 5
weeks, and 6 weeks of age. The parental chal-
lenge consisted of 50 ml intracranial and 1 ml
intraperitoneal. Inoculated chickens were taken
to a 7-month endpoint with no infectivity
found in the tissues at endpoint. Tissues were
also sub-passaged back ino chickens and mice
with negative findings. Both clinical and sub-
clinical transinissions were concluded to be
negative?

One longstanding expressed concern and
image-tarnishing perception i the association of
microorganism contamination of animal by-
products. Though there are a number of excel-
lent baseline studies that illustrate bacterial
contamination can occur in all feedstuffs, animal
protein sources are often singled out. The salmo-
nella sp. have been of major concern. A compre:
hensive study completed by the US Food and
Drug Administration in 1997 involved 100
animal protein processors providing 3030
samples and 68 vegetable protein processors
providing 1500 samples. The sampling plan wes
designed to detect one salmonella organism in
278 gms. of product, The sensitivity of the
testing procedure can be best compared to the

V' Table 1. FPRF Project 99A-5 Tentative raw material culturing,

Bacterial Isolations* Winter Summer

2) Clostridium spp 30/42 0/4
b) Clostridium perfringens KULY 0/8
¢) Listeria spp LY 3/4
d) Listeria monocytogenes 44 3a
¢) Campylobacter spp 19/4 6/42
§) Campylobacter jejund 15/4 2/4
g) Salmonella spp 4 He
) Sevovar distribution will be available
i) E. col has been monitored and found to be a significant contaminate ofthe raw material

“Numerical Colony Forming Unit (CFU) determinations was not achievable in a cases due to severe overgrowth
of cultures,

knowledge that a single mouse fecal pellet can
contribute up to 250,000 salmonella cells when
serving as a contaminate source, Several thou-
sand colony forming units are required for
intestinal colonization depending on specific
serovars.) This FDA surveillance report indi
cated all feed ingredients have potential for
containing salmonella organisms, It further
indicated that the exclusion of one of these
product categories (animal vs. plant) in favor of
the other in formulating feed is not a valid
approach to ensuring a salmonella-free feed 4
The FDA study demonstarted that all ingred:-
ents can be contaminated and highlighted the
need for an all inclusive biosecurity program
based on Good Manufacturing Practices (GMP)
and Hazard Analysis Critical Control Point
(HACCP) principles. In a recent presentation,
Lynne Underhill of the Canadian Feed Regula:
tory Agency presented a summary of salmonella
isolations from feed ingredients and feed for a
period of 1996-1999 by their agency. Of the
major ingredient classes, salmonella isolations
were made from, 18 percent ol seed, 20.5 per-
cent rendered animal products, 2 percent fish
meal, and 5 percent feed grain.

Bacterial contamination concerns have
expanded into the genera of commonly isolated
foodborne pathogens. In the US, primary con-
cen has been directed at the coliform group,
Clostridium sp, Salmonella sp, Listeria
monocytogenes, and Camplybacter sp. jejuni).
Astudy conducted atthe University of linois
by primary investigator Dr. Fred Trout in the
final stages of completion. The study involved

17 rendering facilities in seven Midwestern
states randomly selected to statistically block for
raw-material species, source, and processing. An
overview of the findings indicates that raw
materials derived from animal production are
highly contaminated with the commonly identi-
fied foodbome pathogens. Table 11s illustrative
ofthat fact

To prevent interference in any of the scien-
fifi publication procedures for this research
project final results wil not be discussed in this
written paper. However processing conditions
of the time temperature rendering processes
provide a biosecurity advantage not afforded by
other altematives, with the exception of incin-
eration. The thermal death times of the efer-
enced foodborne pathogens and the heat trans-
fer conditions of rendering systems can be
corselated to provide assurance and the llustra-
tion of the innumerable reduction and elimina-
tion of foodborne pathogens commonly found
in the raw materials of the animals that are
afforded by the rendering process but has not
been validated by other associated methods of
byproduct or fallen animal disposal @

In other studies completed by Dr. Eugene
Pirtl at lowa State University the psuedorabies
virus (PRV) was inactivated in properly pro-
cessed meat and bone meal from naturally-
infected swine as well a tissue experimentally
inoculated with PRV prior to processing via
rendering, Again biosecurity assurances that are
not accompanied via burial, composting, extrud-
ing, or landfil applications are very evident. ©



The advent of marketing programs that
promote “No rendered animal byproducts use,"
“no animal protein," and other natural organic
food claims, though opportunistic, re not
founded on science-based decisions. Unfortu-
nately retail executives, politicians, and regula-
tors do not take their irst advice from the
microbiologists, epidemiologists, or toxicolo-
gists; but rather they take their decision-making
clues from the dollar opportunities and the most
vocal populous. Animal production has histori
cally been focused on the production of whole-
some, safe, readily available, and economical
products for human consumption. Ancillary t
the production of meat i the fact that an ap-
proximate 50 billion pounds of raw byproducts
are also produced. Of he approximate 100
million hogs slaughtered annually in the United
States, only 45-50 percent of the average 262-1b
slaughter weigh hog is used for food. The
remaining bone, viscera, skin, fat and other trim
tissue must find a “home.” The “home” can be
burial incineration, land_ill composting, extru-
sion, or rendering, With the exception of render-
ing all are very unacceptable either due to
human and animal health, or environmental,
ecological or economical challenges. What are
the “no animal byproduct” advocates proposing
to do with the 34 billion annual pounds? If
placed in land_lls it has been established that
over one fourth of all the current US landSill
space would be required. Further if loaded on
trucks, the annual quantity would require all
Janes, entrances, and exits on Interstate 80
extending from New Jersey to San Francisco to

be occupied. This illustration is offered only to
serve as a reminder to all of the animal indus-
tries sector that current altematives to rendering
and the utilization of rendered animal
byproducts as feed ingredients simply are not
available. The economic impacts undoubtedly
can be absorbed by our affluent society and the
domestic consumer. Our competitive position
for exporting pork, in a market in which the US
is already considered to be “high-priced” in
many pats of the world, will undoubtedly be
Less favorable. However, the disposal inferences
associated with all of “the half hogs" will be
dramatic. Perhaps there are future options, but
in today’s environment there is a dependent
relationship between utilizing the byproducts
and sustaining animal agriculture.

Animal protein ingredients
Anime] protein ingredient supplements and
fats as illustrated, have long been utilized by
the feed industry primarily for their protein
(amino acid) content, ther mineral content, and
their energy contributions. Though there are
over 125 individual animal byproducts listed in
the American Feed Control Officials (AAFCO)
2000 Ingredient Manual, meat and bone meal,
meat meal, poultry meal, Hydrolyzed feather
meal, fish meal, and the respective fat sources
are the primary products resulting from the
rendering process. All of hese ingredients can
contribute nutritionally and be utilized in swine

ets.

V' Table 2. Digestibilty coefficients of selected amino acids in meat and bone meal as reported
in literature since 1984,

AminoAcid ~~ 1984% 1989 190% 195% 199% 2000)

Lysine, % 0
Threonine, % ~~ 62 64
Tryptophan, % Re
Methionine, % ~~ 82
Cystine, %

B92 no 85-9
non - 802-889
63 . 0 Bd
% 9 - 04-9
. Nn - Td

Worgensen et. al. 1984. Determined at th ileum of pig. “Knabe et, a, 1989. Determined atthe ileum of pis,
Battrham et. al. 1990. Determined a the leu of pigs, “Parsons. 1995. High quality meat and bone med in
poultry using the precision fe cocker balance assay. ®Bellaver Eater, Parsons 1997 determined at the fleum of
pigs. “FPRF Reports. 2000. Upper range values for MBM as determined via lea, intestinal & cockeral assays
(Cromwell, Parsons, Klopfenstein projects
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Meat and bone meal—meat meal
Meat and bone meal (MBM) is probably the
most commonly used animal protein ingredient
in swine rations. ti also supplied in the largest
quantity. MBM by ingredient definition must
contain a minimum of 4 percent phosphorus
with a calcium level not to exceed 2 times the
actual phosphorus level. Ingredients of lower
phosphorus content must be labeled as meat
meal (MM). Both ingredients have protein levels
that exceed 50 percent, Even though a standard
protein level is not required, products must be
labeled with a guaranteed protein as well as
minimum phosphorus, minimum and max
mum calcium, and minimum crude fat levels, A
very antiquated AFCO specification calls for a
maximum of 12 percent pepsin indigestible
residue and not more than 9 percent of the crude
protein as pepsin indigestible. Databases for
most co-products are difficult to interpret
Though it s important to reference composi-
tional tables for nutrient contributions of ingre-
dents, databases for rendered animal products
in particular are often dated and do not reflect
changes in processes and raw material control.
Table 21s illustrative of historical databases for
representative amino acid digestibility coeffi
cients.

Many data sets are taken from research that
intentionally have assembled products from a
variety of sources and are designed to illustrate
wide ranges of variability to meet specific
research objectives. MBM and MM re often
combined into common databases. This is
illustrated in Table 3, referencing compositional
data on 29 samples of MBM. Though the prod-
ucts were identified as MBM, over 50 percent
were below phosphorus minimums. These
samples were characterized as to basic raw
material content (Table 4) and eal digestibility
values were determined for al significant amino
acids (Table 4).% The interest among nutrifion-
ists for precision and accuracy is ever-present.
Variability as determined by standard deviation
is also referenced in Table 3, Variability has been
determined to be significantly lower when
ingredients are obtained from common sources
Arecent report at the 2001 Maryland Nutrition
Conference illustrated that fact® Analyses
derived from 657 MBM samples provided a
mean of 47.7 percent for crude protein with a

13.1 standard deviation (SD). Common sourced
samples analyzed 46.5 percent £ 2.2 (N=7), 47.0
percent 1 2.) (N=61), 46.5 percent 2.0 (N=99),
50.2 percent + 2.6 (N=166) and 46.0 percent £19
(N=140) respectively. Again it is interesting to
note the MBM description even though only one
source met MBM specifications for minimum
protein. In the same analytical summary, 571
samples of soybean meal provided a protein
mean of 445 percent witha SD of + 14.

By regulation, the trade procedures must
differentiate among Restricted Use Protein
Products (RUPP), and those of porcine and the
other non-restricted materials. Additionally, the
products are differentiated by different composi-
tional values. The market has ikewise placed a
premium on non-RUPP animal protein. Scott
etal. evaluated 13 commercially available
procine meat and bone meal products from both
independent renderers and commercial packing
plants in lamb-digestion studies for the follow-
ing variables: crude protein, undegradable
intake protein, meatbolizable protein, apparent
nitrogen digestibility, and true nitrogen digest-
ibility, primarily to respond to their use in
ruminant rations." Those values are summa-
tized in Table 6, and yielded concentrations of
crude protein that ranged from 53.5 percent to
65.5 percent, Levels are generally higher in
crude protein for porcine-derived MBM when
compared to other species raw material sourced
product, due primarily to an associative lower
ash content, Knabe (199) summarized data-
bases supplied by a number of commercial
sources. Ingredients were segregated into those
meals containing at least 44 percent phosphorus
(MBM) and those meals with less than 44
percent phosphorus (MM). Table 7." The meat
meals were about 3 percentage units higher in
protein, 20 percentage units higher in lysine,
but 23 and 1.2 percentage units lower in cal-
cium and phosphorus respectively. Both types of
meals contained 10.7 percent fat, Tables 8-9
demonstrate that, as crude protein increases in
meals, amino acid content also increases, but the
relationship is not perfect. In this review the
correlation coefficients for the essential amino
acids ranged from 0.57 for tryptophan and
histidine to 0.78 for leucine and thoeonine.

In today's marketplace, most suppliers of
both MBM and MM can provide greater detail
on mean values and specificity of nutrient



The advent of marketing programs that
promote “No rendered animal byproducts use,"
“no animal protein," and other natural organic
food claims, though opportunistic, are not
founded on science-based decisions, Unfortu-
nately retal executives, politicians, and regula-
tors do not take ther first advice from the
microbiologists, epidemiologists, or toxicolo-
gists; but rather they take their decision-making
clues from the dollar opportunities and the most
vocal populous. Animal production has histori
cally been focused on the production of whole-
some, safe, readily available, and economical
products for human consumption. Ancillary to
the production of meati the fact that an ap-
proximate 50 billion pounds of raw byproducts
are also produced. Of the approximate 100
million hogs slaughtered annually in the United
States, only 45-50 percent of the average 262
slaughter weigh hog is used for food. The
remaining bone, viscera, skin, at and other trim
tissue must find a “home.” The “home” canbe
burial, incineration, landfill composting, extu-
sion, or rendering, With the exception of render-
ing all are very unacceptable ither due to
human and animal health, or environmental,
ecological, or economical challenges. What are
the “no animal byproduct” advocates proposing
todo with the 34 billion annual pounds? If
placed in landills it has been established that
over one fourth of all the current US landfill
space would be required. Further, if loaded on
trucks, the annual quantity would require al
Janes, entrances, and exits on Interstate 80
extending from New Jersey to San Francisco to

be occupied. This lustration s offered only to
serve as a reminder to all of the animal indus-
tris sector that current alternatives to rendering
and the utilization of rendered animal
byproducts as feed ingredients simply are not
available. The economic impacts undoubtedly
can be absorbed by our affluent society and the
domestic consumer. Qur competitive position
for exporting pork, in a market in which the US
i already considered to be “high-priced” in
many parts of the world, will undoubtedly be
Less favorable. However, the disposal inferences
associated with all of “the half hogs" will be
dramatic. Perhaps there are future options, but
in today's environment there is a dependent
relationship between utilizing the byproducts
and sustaining animal agriculture

Animal protein ingredients
Animal protein ingredient supplements and
fat, as illustrated, have long been lized by
the feed industry primarily for their protein
(amino acid) content, their mineral content, and
their energy contributions. Though there are
over 125 individual animal byproducts listed in
the American Feed Control Officials (AAFCO)
2000 Ingredient Manual, meat and bone meal
meat meal, poultry meal, Hydrolyzed feather
meal, fish meal, and the respective fat sources
are the primary products resulting from the
rendering process. All of these ingredients can
contribute nutritionally and be utilized in swine
ef.

V' Table 2. Digesibilty coeficients of selected amino acids in meat and bone meal a reported
in literature since 1984,

AminoAcid 194° 1989" 19907 19954 1997 20009)

Lysine, % 6 0
Threonine % ~~ 62 4
Tryptophan, % ~~ ie
Methionine, % ~~ 82 .
Cystine,
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"orgensen e. al. 1984. Determined tthe fleum of pigs. “Knabe e, al. 1989. Determined at the ileum of pigs,
Batterham x. al. 1990. Determined atthe ileum of pigs, “Parsons. 1995. High quality meat and bone meal in
poultry using the precision fed cockerel balance assay. "Bellave, Eater, Parsons 1997 determined at the leu of
pigs. “FPRF Reports. 2000. Upper range values for MBM as determined via lleal intestinal & cockeral assays,
(Cromwell, Parsons, Klopfenstein projects)
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Meat and bone meal—meat meal
Meat and bone meal (MBM) is probably the
most commonly used animal protein ingredient
in swine rations. Ii also supplied in the largest
quantity. MBM by ingredient definition must
contain a minimum of 4 percent phosphorus
with a calcium level not to exceed 22 times the
actual phosphorus level. Ingredients of lower
phosphorus content must be labeled as meat
meal (MM). Both ingredients have protein levels
that exceed 50 percent, Even though a standard
protein level is not required, products must be
labeled with a guaranteed protein as well as
minimum phosphorus, minimum and max-
mum calcium, and minimum crude fat levels, A
very antiquated AAFCO specification calls for a
maximum of 12 percent pepsin indigestible
residue and not more than 9 percent of the crude
protein as pepsin indigestible. Databases for
most co-produucs are difficult to interpret,
Though tis important o reference composi-
tional tables for nutrient contributions of ingre-
dients, databases for rendered animal products
in particular are often dated and do not reflect
changes in processes and raw material control.
Table 2s llustative of historical databases for
representative amino acid digestibility coeffi
cients.

Many data sets are taken from research that
intentionally have assembled products from a
variety of sources and are designed to ilustrate
wide ranges of variability to meet specifi
research objectives. MBM and MM are often
combined into common databases. This is
illustrated in Table 3, referencing compositional
data on 29 samples of MBM. Though the prod-
ucts were identified as MBM, over 50 percent
were below phosphorus minimums. These
samples were characterized as to basic raw
material content (Table 4) and ileal digestibility
values were determined for all significant amino
acids (Table 4% The interest among nutriion-
its for precision and accuracy is ever-present,
Variability as determined by standard deviation
i also referenced in Table 3, Variability has been
determined to be significantly lower when
ingredients are obtained from common sources
Arecent report atthe 2001 Maryland Nutrition
Conference illustrated that fact Analyses
derived from 637 MBM samples provided a
mean of 47.7 percent for crude protein with a

13.1 standard deviation (SD). Common sourced
samples analyzed 46.5 percent £ 2.2 (N=27), 47.0
percent = 2.0 (N=61), 46.5 percent £ 2) (N=99)
50.2 percent £ 2.6 (N=166) and 46.0 percent + 19
(N=140) respectively. Again it is interesting to
note the MBM description even though only one
source met MBM specifications for minimum
protein. In the same analytical summary, 571
samples of soybean meal provided a protein
mean of 45 percent witha SD of 1 14

By regulation, the trade procedures must
differentiate among Restricted Use Protein
Products (RUPP), and those of porcine and the
other non-restrcted materials. Additionally, the
products are differentiated by different composi-
tional values. The market has kkewise placed a
premium on non-RUPP animal protein. Scott
etal. evaluated 13 commercially available
procin meat and bone meal products from both
independent renderers and commercial packing
plants in lamb-digestion studies for the follow-
ing variables: crude protein, undegradable
intake protein, meatbolizable protein, apparent
nitrogen digestibility, and true nitrogen digest-
ibility, primarily to espond to their use in
ruminant rations." Those values are summa-
rized in Table 6, and yielded concentrations of
crude protein that ranged from 53.5 percent to
63.5 percent, Levels are generally higher in
crude protein for porcine-derived MBM when
compared to other species raw material sourced
product, due primarily to an associative lower
ash content, Knabe (1996) summarized data-
bases supplied by a number of commercial
sources. Ingredients were segregated into those
meals containing atleast 4 percent phosphorus
(MBM) and those meals with less than 4 4
percent phosphorus (MM). Table 7% The meat
meals were about 3 percentage units higher in
protein, 20 percentage units higher in lysine,
but 2.3 and 1.2 percentage units lower in cal-
cium and phosphorus respectively. Both types of
meals contained 10.7 percent fat, Tables 8-9
demonstrate that, as crude protein increases in
meals, amino acid content also increases, but the
relationship is not perfect. In this review the
correlation coefficients for the essential amino
acids ranged from 0.57 for tryptophan and
histidine to 0.78 for leucine and threonine.

In today’s marketplace, most suppliers of
both MBM and MM can provide greater detail
on mean values and specificity of nutrient



Y' Table 3, Compositional data for MBM received through Fts and Protein Research
Foundation '%, FPRF Directors Digest #265

Sample DM CPAISCPDM Fat Ash Ca P The (ys Met ys Trp

MBM
MBM2
MBM3
MBM4
MBMS
MBMo
MBM?
MBMS
MBM)
MBM10
MBM
MBMI2
MBM13
MBM4
MBM15
MBM16
MBM17
MBM18
MBM19
MBM20
MBM21
MBM
MBM23
MBM24
MBM25
MBM26
MBM
MBM28
MBM
MBM

AVG
STDS
MAX
MIN

%86 57.20 59.05 13% 208
9738 4750 478 410 59
9591 5908 6160 2437 2093
ed 521 5773 15% 2
9802 5506 516 1706 2615
9752 5576 5717 1662 2693
$7 4629 He 1727 21
901 5526 575% 1541 3015
940 4713 99 1605 007
97 B02 MH 1351 BY
9840 5705 5797 1648 2501
9475 5717 6037 1633 2318
9473 5704 6021 1535 25.09
926 4802 4987 1545 B47
9319 5.04 5906 1987 BHM
%29 4588 4765 1963 BY
9519 3339 5608 1584 27.26
9443 4890 5179 1847 279
073 4715 484 109 3757

6.70
1024
6.09
8.57
69
719
$n
890
751
890
6.33
6.78
801
791
716
6.50
I:
AY)
11.80

309
43
2
380
35
2%
41
406
486
45
33
3%
3%
35
35
3
35
368
557

202
128
19
18
210
206
14
19
169
176
AV
1%
184
1.4
18
166
20
1%
1%

No sample submitted
9303 4790 5148 1790 3008
%59 5600 5797 1468 287
9553 5224 5468 1321 2908
9583 5614 5838 1561 2075
%35 5.32 538 2503 88
9705 558 5759 1262 78
9491 4748 5003 1624 28H
953 3543 5742 1856 19.2
9762 4958 5079 16% 31.62
904 5852 6093 1597 2065

9590 3360 592 1700 264
14 59 632 3% 60

9840 5908 6160 2503 37.57
9303 4588 4765 1099 192

842
6.2
8.19
602
894
8.18
074
52
1001
6.3

7%
1%
1180
5.6

417
3%
400
308
409
3
4m
306
49%
33

367
08
55
2%

131
20
163
19
7
1%
141
191
13
206

18
i)
210
12

0.53
041
0.60
0.55
059
067
048
0.54
045
0.53
045
059
051
0.53
0.79
053
0.56
041
041

041
065
051
0.50
042
051
0.4
0.56
04
04

0.58
13
0%
0.4

093
053
085
08
104
091
061
0%
081
075
0%
0.8
07
0.55
075
061
0.58
078
057

0.64
088
0.68
088
081
089
0.40
080
0.64
04

078
0.4
104
053

IU
19
30
29
E11}
316
231
3
265
264
3
33
300
23
265
49
34
280
218

JX
319
245
32
28
3
13
319
24
29

Ww
14
34
19

040
019
037
07
03
0.3
017
037
032
0.26
031
033
0.33
0.26
025
025
040
036
023

07
0.3
0.8
04
032
0.33
027
0.4
0.8
03

0.32
0.08
040
017

DM-DRY MATTER: CPAIS=CRUDE PROTEIN IN AS BASIS: CPDM-CRUDE PROTEIN IN DM BASIS
AQCS Official Methods of Analyses (14th Elton) Association of Analytical Chemists Washingion, DC 1984,
University of Hlinols, Det. of Animal Sciences Laboratory, Urbana, ins,

content than obtained from compositional
tables. The greater than desired processor-to-
processor variation suggests that feed formula-
tors may be well served to modify nutrient
contents based on the origin of the ingredient.
Today's suppliers can provide more exacting
amino acid profiles and digestibility as well as

A

other ingredient specifications, than can be
acquired from standard compositional tables. A
review of the most frequently referenced compo-
sition tables, however, indicates that the 1998
Nutrient Requirements of Swine i very repre-
sentative and provides minimum value and a
margin of safety forthe descriptions of meat

V' Table 4. Average digestibility for MBM received through Fats and Proteins Research
Foundation, FPRF Directors Digest #265

Crude Protein Lysine Tryptophane Methonine &
Cystine

MBM ! 01 684 67.34 6155
MBM 2 66.43 nn 7346 64.74
MBM 3 00 6 6733 61.45
MBM 4 7384 7607 4 6841
MBM 5 608 5105 61.65 5199
MBM 6 To. 775 9% 69.51
MBM 7 no BY 76.74 69.7
MBM 8 Hoo A ne ny
MBM 9 ny BB 6875 32
MBM 10 152 04 M23 6136
MBM 1 568 5010 5362 57.3%
MBM 1 ne TH 711 na
MBM 13 ny nH 82 68.36
MBM 14 BH 04 2 104
MBM 15 Ev] 8046 BY 65.34
MBM 16 6048 6383 53.00 552
MBM Y 7692 B30 ni na
MBM 18 69.6 68.38 69.74 6794
MBM It 6983 7631 7087 68.05
MBM 0 No sample submitted
MBM il 6545 6747 6398 65.74
MBM 2 Dd 614 63.04 942 |
MBM 3 6391 71.26 91 61.78 |
MBM 4 0567 6338 51.19 511 |
MBM i 655 66.34 66.2 66.18 |
MBM % B85 OF 70 86.07 |
MBM // 0.13 759 INE mn
MBM i 0% 64 65.18 6368
MBM 9 04 Tl 7659 £5.29
MBM Kl] By 7358 67.11 4936

AVG 68.48 087 69.70 643
SBM $0.02 83.14 79.06 7%

lal cannula procedure as described by Easter and Tanksley (1993) and Bellver 1989).

meal rendered (MM) and rendered meat with
bone (MBM).TM

Most recent data and composition tables
reflect a significant increase in the available
phosphorus derived from meat and bone meal
Traylor and Cromwell have provided a series of
reports to indicate that phosphorus true bio-
availability is comparable to that of monoso-
dium phosphate" Assurance of bioavailability pigs phosphorus requirements. This is partiu-

exceeding 90 percent, using various experimen
tal procedures ie. slope ratio and balance
retention), both growth and bone evaluation
parameters, and varying particle size of MBM,
was demonstrated. The value of the highly
available phosphorus content of MBM is often
understated in establishing its true economic
value and the benefits it provides in meeting the

A



¥' Table 3, Compositional daa for MBM receive through Fs and Protein Research
Foundation'?, FPRF Directors Digest #265

Sample DM CPAISCPDM Fat Ash GP The Cys Met Lys Top

MBM1 986 5720 5905 1336 2685
MBM 9738 4750 4878 2410 3599
MBM3 9591 59.08 6160 2437 2093
MBMé 9564 5521 5773 1595 M9
MBMS 9802 S506 S616 1706 2615
MBMS 9752 $576 5717 1662 2698
MBM? %517 4629 4864 1727 3.13
MBMS 901 5526 575 1541 3015
MBM9 9440 47.13 9992 1605 3007
MBMI0 9772 5302 5425 1351 2997
MBMIL 9840 5705 5797 1648 2501
MBMI2 9475 5717 6037 1633 2318
MBM 9473 5704 6021 1535 2509
MBM14 928 4802 4987 1545 2847
MBMIS 9319 504 5906 1987 234
MBM16 9629 4588 4765 1963 2339
MBM17 9519 3339 5608 1584 2726
MBMIS 9443 4890 5179 1847 27.95
MBMI9 97.32 4715 484 1099 37.57

—_

670 309 22 083 09 34 04
104 43% 128 041 0% 18 0
69 20 19 060 085 3B 0F
857 380 18 05 08 290 07
695 351 200 0% 104 30 03
719 2% 206 067 091 316 03%
7 41 149 04 061 231 OF
890 406 192 054 0% 300 0F
75 4% 169 045 081 266 0%
89) 4% 176 0% 0% 264 0%
65 331 212 045 0% 31 031
678 3% 19% 0% 08 3B 08
800 3% 18 051 07 300 033
790 35 1% 08 0% 2% 02
76 3% 18 0M 075 265 02
650 35 166 03 061 24 0B
75 357 201 056 08% 34 040
720368 1% 04 0 280 03
180 557 1% 041 057 28 023

MBM20 No sample submitted
MBM21 9303 4790 5148 1790 30.03
MBM2 9659 5600 5797 1468 2287
MBM23 9553 5204 5468 1321 2908
MBM24 9583 5614 3838 1361 2075
MBM25 9535 5132 5382 2503 2883
MBM26 9705 5589 5759 1262 2788
MBM2T 9491 4748 5003 1824 2854
MBM2S 9653 3543 5742 1836 19.2
MBM 9762 4938 5079 16% 362
MBM30 904 3832 6093 1597 2065

AVG 9590 B60 5592 17.00 2644
SIDS 14 5% 65 3% 6X0
MAX 9840 5908 6160 25.03 37.57
MIN 9303 4588 4765 1099 1932

84 417 151 041 084 2 OU
65 3% 210 065 088 319 0%
89 400 16 031 06 265 028
60 308 1% 050 08 32 04
84 409 17 04 081 28 (3
818 37 1% 031 08 31 033
07 4M 141 0M 080 1% 07
5% 306 191 0% 0% 319 03
1000 4% 15% 042 064 289 028
6% 33 206 084 0% 290 (0%

758 367 18 0% 07 287 (03
1% 09 02 0 04 18 006
18 55 210 084 104 3% 040
5% 25% 138 04 03 1% 00

' DM-DRY MATTER: CPAIS=CRUDE PROTEIN INAS BASIS: CPOM-CRUDE PROTEIN IN DM BASIS
AOCS Official Methods of Analyse (14th Edin) Association of Analytical Chemists, Washingon, DC 1984,
Univesity of lino, Dept. of Animal Sciences Laboratory, Urban lino,

content than obtained from compositional
tables. The greater than desired processor-o-
processor variation suggests that feed formula-
tors may be well served to modify nutrient
contents based on the origin of the ingredient,
Today's suppliers can provide more exacting
amino acid profiles and digestibility, as well as

A

other ingredient specifications, than can be
acquire from standard compositional tables A
review of the most frequently referenced compo-
sition tables, however, indicates that the 19%
Nutrient Requirements of Swing is very repre-
sentative and provides minimum value and a
margin of safety for the descriptions of meat

V' Table 4, Average digestbilty for MBM received through Fats and Proteins Research
Foundation, FPR Directors Digest #265

(rude Protein Lysine Tryptophane Methonine &
Cystine

MBM 1 £913
MBM 2 6643
MBM 3 66.03
MBM 4 7384
MBM 5 60.63
MBM b To
MBM 7 7300
MBM § 7400
MBM g 759
MBM 10 67.2
MBM 1l 55.68
MBM 12 75.9
MBM 13 ny
MBM 14 78%
MBM 15 M428
MBM 16 6048
MBM 17 7692
MBM 18 69.66
MBM 19 6983
MBM 0
MBM 2 63.45
MBM 2 5946
MBM 2 £391
MBM u 63.467
MBM Ji 65.56
MBM i 68.05
MBM ij 1013
MBM 2 629
MBM 9 6374
MBM Kl 6880

AVG 68.68
SBM 8002

B60 673 6155
nn 0474
85.57 67.33 6145
6 4 6841
57.05 6165 5199
mh 1% 6951
B20 76.74 69.7
(LY SE ny
ny 6% JAY
64 TAD 61.5
5010 5362 51.3%
mH Hl na
nu BY 68.56
ng 7 1045
8046 (LY 65.54
08 506 53
B30 ny 04
6% on 67%
7631 Th67 68.05

No sample submitted
6747 639 65.74 |
6142 6304 44 |
TR CR
CK IVA 57.11 |
6H 69 668
05 65.07
7659 ni mn
64 618 6368
ng 7% £5.29
ny al 95

108 6.70 643
8314 79.06 7%

lea cannula procedure as described by Easter and

meal rendered (MM) and rendered meat with
bone (MBM). TM

Most recent data and composition tables
teflct a significant increase in the available
phosphorus derived from meat and bone meal
Traylor and Cromwell have provided a series of
reports to indicate that phosphorus true bio-
availability is comparable to that of monoso-
dium phosphate.” Assurance of bioavailability

Tanksley (1993) and Bellaver (1989).

exceeding 90 percent, using various experimen-
tal procedures (ie. slope ratio and balance
retention), both growth and bone evaluation
parameters, and varying particle size of MBM,
was demonstrated. The value of the highly
available phosphorus content of MBM is often
understated in establishing its true economic
value and the benefits provides in meeting the
pigs phosphorus requirements, This i particu-



¥' Table 5: Composition and processing description for MBM received through Fats and
Proteins Research Foundation. FPRF Directors Digest #285

Sample Species

MBM 90% beef, 10% pork
MBM-2 100% beef
MBM:3 100% pork
MBM4 12% pork 38% beef,

50% poul.
MBM 63% beef, 20% poul

10% swine, 5% fish
MBM bee, % pork, poul.-
MBM-7 60% beef, 40% pork
MBM-5 45% beef, 55% pou.

MBM) 100% beef
MBM-10 100% beef
MBM-11 28% beef, 33% pork,

38% poul, 1% fish
MBM-12
MBM-13 100% pork
MBM-14 90% beef, 10% pork

MBM-15 14% beef, 77% pork,
%% poul.

MBM-16 70% beef, 30% pork

MBM-17 75% beef, 23% pork,
2% poul

MBM-18 100% beef

MBM-19 100% beef

MBM-20
MBM:21 60% beef, 40% pork

MBM-22 30% beef, 30% pork,
40% locker plant

MBM-23 40% beef, 60% pork
MBM-24 98% bee, 2% poul.
MBM-25 15% beef, 20% pork,

65% pou.
MBM-26 75% beef,

25% pork & poul,
MBM-27 100% pork
MBM-28 30% beef, 70% pork
MBM-29 987% beef, 2% pork

Cooking Drying
Components Time Temp, Ime lemp Grind

- . . ji 25F 10 Mesh
7% offal, 25% bone 290-300°F 20 ton/hr. feed #
offal &bone 45min 130°C Noheat 1-2 mm
85%soft, 4dhws. 260°F 10Mesh
15% bone
W%soft, Thr 280/300°F- 10 Mesh
10% bone

min, 60°F § Mesh
100%offd ~~ 20min. 257°F § Mesh
55% Viscera, 13min 155°F 2311 - § Mesh
45% bone
82% soft, 18% bone
82%soft 18% bone Low temp 45 min.
%viscera, 23% fat 260/90°F
22% bone, 10% muscle, 3% skin
No information obtained
No processing information obtained
9hoffal, 20min. 50°F
20% fat, 25% bone, 4% skin & trim
TW%offal, 15% bone 11/2hrs, 40°F
15% fat
S0%offal, 0%bone thr 260°F
25% shop fat, 5% Rest. Grease bottoms

Low temp.45 min.

S%offal, 15% fat, ~~ 30+min 20°F
15% bone, 20% meat
{offal 5% fat, ~~ N+min 20°F
15% bone
80% bone, fat & offal min 280°F
20% tissue
No Sample Submitted
W0%offal, 65min 20°F
60% fat trim & bone

Taher 260°

67% meat, X%hbone Pmin 20°F
§0%bone, fat& offal ~~ 30min 280°F
65% offal, 27.5% bone, NoTime 260-280°

6% offal, 30% bone,
5% fat

No Time 260-280°F

Dihes. 20°F

: Nmin 15°F min.
75% offal, 25% bone _ 290-300°F

Amin 20°F

MOF 10 Mesh
20°F 10 Mesh

10 Mesh

10 Mesh

20°F at press

17mm

UF at press
17mm

10 Mesh

10 Mesh

%s

12 Mesh
10 Mesh
F10 Mesh

10 Mesh

AF 10Mesh
= 10Mesh

10 MeshA= 10% beef, 90% pork -

V' Table 6, Concentrations of crude (CP), undegradable intake (UIP), and metabolizable (MP)
protein and percentage apparent (AND) and true (TND) nitrogen digestibility of 13 porcine meat
and bone meal products,

Product Number CP? lp Mp ASH! AND! ND:

1 548 415
1 5. 464°
3 630 NF
4 548 6
5 57 538
6 609 50.7%
7 655 5
§ 047 5%
9 629 Hm
10 535 14s
Il 549 HH
1 619 Hk
13 605 £56

193 292 62.1% 778
1 206 630% 80.7ee
33 2. 62.5% 80.0%
385 091 615 ik
3d 214 62.0% 77.3%
5 23 619 768!
400 255 648 8788
31 48 63.7% 836
305 93 63.0% 80.4%
300 78 63,0 §1.4%%
23 18 63.20 81.6%
20 23 628 78.7
319 59 6418 86.318

iCP ant ASH as percentage of DM; UIP and MP as percentage of CP: AND and TND as percentages,
*Measured by the ammonia release procedure.
MP = UIP- (100-TND.
“®Yalues within a column with unlike superscripts difer (P< 10),

Protein Evaluation of Porcine Meat and Bone Meal; Scott, Mass, Wilson, Klopfenstein and Lewis, University of
Nebraska. 2000 University of Nebraska Beef Report and FPRF Directors Digests #293 and 300

larly important in addressing nutrient manage-
ment for environmental purposes.

Meat and bone meal is not intended to serve
as the exclusive protein source for swine rations.
Its complimentary contributions at inclusion
rates of up to 7.5 percent in grower diets and 10
percent in finishing diets support excellent
performance with economic benefits Research
with pigs fed diets containing MBM has shown
that growth performance was depressed with
increasing levels in the diet "Speculation
was that performance reduction was due to the
increased intake of minerals eg, Ca and P)
reduced palatability, or a poorer balance of
amino acids. More recently, Cromwell and
Batterham etal. found that the reduction in
performance of igs fed diets containing MBM
was due to a deficiency in available tryp-
tophan "These researchers demonstrated
that optimal growth performance could be
achieved with the inclusion of 0.03 percent
synthetic tryptophan for every 10 percent of
MBM incuded in the diet, The application of
least cost formulation and ideal protein model-
ing systems provides for a much greater oppor-

tunity to use and evaluate alternative ingredi-
ents such as meat and bone meal and meat meal
Additionally, more exacting composition data
from the industry is extremely beneficial. The
foundation has projects in progress that are
believed to assist in a more accurate, easily
acquired nutrient profile. One such project is
entitled “Techniques for Monitoring the Nutri-
tional Value of Animal Meals” by Dr. Theo van
Kempen at North Carolina State University. It is
also refreshing to note that a number of
antinutritional compounds and contaminates
such as trypsin inhibitors, goitrogenic com-
pounds, gossypol, mycotoxin, aflatoxin,
glucosinolates, tannins, lectins, phytates, lathy-
rism, oxalate, nitrates, alkaloids, cyanogens,
oligosaccharides, or other non-starch polysac-
charides are not problematic in animal proteins,

Blood Meal
The dried blood meals are an excellent example
of product improvement, Protein content and its
digestibility has been greatly improved as the
industry moved from vat drying processes to
spray drying techniques. Most blood meal



¥' Table 5: Composition and processing descriptions for MBM received through als and
Proteins Research Foundation, FPRF Directors Digest #263

Sample Species

MBM-1 90% beef, 10% pork -
MBM-2 100% beef
MBM-3 100% pork offal & bone
MBM 12% pork 38% beef, 85% soft

50% poul. 15% bone
MBM:5 65% beef, 20% poul. 90% sof

10% swine, % fish 10% bone
MBM: beef, pork, poul.-
MBM-7 60% beef, 40% pork 100% offal
MBM-8 45% beef, 55% poul. 55% Viscera,

75% offal, 25% bone

45% bone
MBM9 100% beef 82% soft 18% bone Low temp.45 min.
MBM-10 100% beef 82%soft 8%bone Low temp 45 min.
MBM-11 28% beef, 33% pork, 420eviscera, fat 260/290°F

38% poul, 1% fish 22% bone, 10% muscle 3 skin
MBM-12 Noinformation obtained
MBM-13 100% pork
MBM-14 90% bee, 10% pork 49% off,

No processing information obtained
Wmin. 50°F

22% fat, 25% bone, 4% skin & trim
MBM-15 14% beef, 77% pork, 70% offal, 15% bone

9% poul. 15% fat
11/2 hus. 240°F

MBM-16 70%beef, Mopork S0%offal, Wobone thr 20°F
25% shop fat, 5% Rest, Grease bottoms

MBM-7 T5%beef, 23% pork, S0%noffal, 15% fat, ~~ 3+min 20°F
2h poul 15% bone, 20% meat

MBM-1§ 100% beef %offal 45% fat, 0+min 20°F
15% bone

MBM-19 100% beef §0%bone, fatkoffl 30min 260°
Wo tissue

MBM-20 No Sample Submitted
MBM-2L 60% beef, 40% pork 40% offal, ~~ 65min 280°F

60% fat trim & bone
MBM-22 30% beef, 30% pork,

40% locker plant
Shh 260°F

MBM-13 40% beef, 60% pork 67% meat, bone 90min IF
MBM-24 98% beef, 2% poul. 80% bone, fat & offal min BF

MBM-25 15% beef, 20% pork, 63% offal, 7.5% bone, NoTime 260-280"

MBM-26 75% beef,
Bhporkdepoul. Sofat

MBM-27 100% pork
MBM-28 30% beef, 70% pork -
MBM-29. 987% beef, 2% pork 75% offal, 23% bone

63% offal, 30% bone, No Time 260-280°F

Mihes, 20°F

Pmin 19°F Nmin.
290-300°F

Amin 262°F

Cooking Drying
Components Time Temp. Tme Temp Grind

- i 15°F 10Mesh
290-300°F 20 ton hr feed #8

£mn 130°C Noheat 1-2 mm
dhs. 200°F 10Mesh

The 280/30°F- 10 Mesh

{min 60°F § Mesh
Wmin 27°F § Mesh
19min 15°F 2311 § Mesh

UF 10 Mesh
UF 10 Mesh

10 Mesh

10 Mesh

20°F at press

17mm

DOF at press
17mm

10 Mesh

10Mesh

Ws

12 Mesh
10 Mesh
F10 Mesh

10 Mesh

A2F 10 Mesh
= 10Mesh

10 MeshA 10% beef, 90% pork -

V' Table 6, Concentrations of crude (CP), undegradable intake (UIP), and mefabolizable (MP)
protein and percentage apparent (AND) and true (TND) nitrogen digestibility of 13 porcine meat
and hone meal products,

Product Number CP! lp Mpx ASH AND IND

1 548 415
2 56. 404
3 630 NE
4 548 63.0
5 57 538
b 609 50.78
) 655 Nn
§ 647 n¥
9 629 Hm
10 535 468
1 549 HA
12 619 £3
13 605 £56

193 92 62.1% m8
71 26 63.0 80.74
3 2/7 62.5% 80.0%
385 01 615 ThA
kiN 214 62.0% 713
05 n3 619 768
400 255 6488 878
31 U8 63.78 83.6¢8
05 93 63,0 80.4%
300 8 63.0% §14%
13 U8 63.268 81.6%
280 23 62 78.
39 59 fA18 86.3fs

iCP andl ASH as percentage of DM; UIP and MP as percentage of CP: AND) and TND as percentages.
Measured by the ammonia release procedure.
MP = UIP - (100-TND).
“Values within a column with unlike superscripts difer (P< 10),

Protein Evaluation of Porcine Meat and Bone Meal; Scott, Mass, Wilkon, Klopfenstein and Lewis, University of
Nebraska. 2000 University of Nebraska Beef Report and FPRF Directors Digests #293 and 300.

larly important in addressing nutrient manage-
ment for environmental purposes.

Meat and bone meal is not intended to serve
as the exclusive protein source for swine rations.
Its complimentary contributions at inclusion
rates of up to 7.5 percent in grower diets and 10
percent in finishing diets support excellent
performance with economic benefits, Research
with pigs fed diets containing MBM has shown
that growth performance was depressed with
increasing levels in the diet "4TM" Speculation
was that performance reduction was due to the
increased intake of minerals (eg, Ca and P)
reduced palatability, or a poorer balance of
amino acids. More recently, Cromwell and
Batterharm etal. found that the reduction in
performance of pigs fed diets containing MBM
was due to a deficiency in available ryp-
tophan ("¥ These researchers demonsrated
that optimal growth performance could be
achieved with the inclusion of 0.03 percent
synthetic tryptophan for every 10 percent of
MBM included in the diet. The application of
least cost formulation and ideal protein model-
ing systems provides for a much greater oppor-

tunity to use and evaluate alternative ingred:-
ents such as meat and bone meal and meat meal.
Additionally, more exacting composition data
from the industry is extremely beneficial. The
foundation has projects in progress that are
believed to assist in a more accurate, easily
acquired nutrient profile. One such project is
entitled “Techniques for Monitoring the Nutri
tional Value of Animal Meals” by Dr. Theo van
Kempen at North Carolina State University. Its
also refreshing to note that a number of
antinutritional compounds and contaminates
such as trypsin inhibitors, goitrogendc com-
pounds, gossypol, mycotoxin, aflatoxin,
glucosinolates, tannins, lectins, phytates, lahy-
rism, oxalates, nitrate, alkaloids, cyanogens,
oligosaccharides, or other non-starch polysac-
charides are not problematic in animal proteins

Blood Meal
The dried blood meals are an excellent example
of product improvement, Protein content and is
digestibility has been greatly improved as the
industry moved from vat drying processes to
spray drying techniques. Most blood meal



V' Table 7. Mean protein at, calcium, phosphorus, and amino acd contents of meat and bone
meal and meat meal

Meat and bone meal® Meat meal’

Nutdent,% n Mean D n Mean SD
Crude protein 255 514 264 1m 540 29
Crudefat 78 9% 10 17 78 116
Calcium 0% 498 38 yl 38 4
Phosphorus 255 4% 3 1m 38 Al
Arginine 61 360 5 2 3H 5
Histidine ~~ 62 i 19 Jj 9 bi
Isoleucine ~~ 62 140 20 pj 158 il
Leucine 6 310 4 2 in 4
Lysine 4 264 ki) jij 28 4
Methionine ~~ 39 70 jt! 7 V 18
Cystine 7 46 23 7 4 2
Phenylalanine 62 147 2 hi) 19 ki!
Threonine ~~ 64 1.65 A n 174 3
Tryptophan ~~ 29 26 05 1 29 05
Valine 62 21 kK! 0 24 8

#Asfed basis, Data for protein, fat, calcium and phosphorus from commercial sources. All amino acid values are
from data reported by universities
%Protein, fa, calcium and phosphorus contents for meals having at least 44% phosphorus. The mean protein
content of meals analyzed for amino acids was 50.524.3 ;
“Protein, fa, calcium and phosphorus contents for meals having ess than 4.4% phosphorus, The mean protein
content of meals analyzed for amino acids was 54 922.1,
Rendered Feeds in Swine Feeding, Dr. DA Knabe, Texas A & M University, FPRF Directors Digest #273,

¥' Table 8, Regression of amino acid contents and crude protein in meat and bone meal and
meat meal

Amino acid n Equation I

Arginine J) = 8515+ 0546 x 0
Histidine 0 y=-46%9 + (78x 5
Isoleucine m0 y= 4802+ 0373x 8
Leucine n y=-11133 + 0841 x WL
Lysine 70 y=-337 + 091 x 8
Methionine ~~ 45 y=-3125+.002x £6
Phenylalanine ~~ 68 y= 2145+ 0377 x 8
Thoeonine 10 y=-5008 + 048 x i
Tryptophan ~~ 27 y=-0113 + 0055 x 5
Valine n y=-6981 + 0565 x H

“Rendered Feeds in Swine Feeding, Dr. DA, Knabe, Texas A & M University,
FPRF Directors Digest #273.

A

V' Table 3. Mean nutrient content of apparent lal gest fo spray-dried and ring rid
blood mealst*

Content Digestibility
Nutrient, % n Mean SD n Mean SD

Crude protein 20 880 3% 10 § 41
Agine ~~ 19 364 3 10 % 51
Histidine ~~ 20 53 52 10 % 26
Isoleucine ~~ 20 9 18 10 7 102
Leucine 2 1116 8 10 Q 29
Lysine 2 $4 5 10 9% 21
Methionine ~~ 17 115 Ki 10 8 54
Cystine 10 112 11 ~ - a
Phenylalanine 20 617 H 10 p) 2
Threonine ~~ 20 3% 0 10 8 39
Tryptophan ~~ 13 11 A 7 9 51
Valine 20 778 H 10 9 27

“As fd basis,
"Rendered Fee n Swine Feding, Or DA. Knabe, Texas A & M Univers FPRF Directors Digest 4273,

V' Tale 10, Mean nutrient content of apparent le dgetnitty of protein and amino acids i
spray-tried porcine plasma?

Content Digestibility
Nutrient, % Mean SD Mean SD

Crude protein 08 54 7 7
Arginine 425 KJ 8 63
Histidine 23 5 8 28
Isoleucine 5 18 8 35
Leucine 703 Ly 8 14
Lysine 633 5 8 2
Methionine £8 H 6 2
Cystine 2% 0 = -
Phenylalanine 415 2 8 50
Threonine 40 23 80 35
Tryptophan 19 2 J] :
Valine vi 1 % 35

#4s fod basis
"Rendered Feds in Swine Fecing, Dr. DA. Knabe, Texas A & M Universit, FPRF Decor Digest #273,

composition analyse willbe near 9 percent plasma in first phase nursery let hs replaced
crude protein, Similarly the digestibility of the a substantial use of blood mea inthis phase ang
essential amino acids will be in excess of 0 has demonstrated superior feed intake qualities
percent and most approach 95 percent Blood butt substitution phase two and phase tree
meal i most ofen utlized i sine as an ngre- withall or portion of blood meal very
dient for pi tater iets The use of blood ~~ common. Spray dried porcine plasma has an

A



V' Table 7. Mean protein a, calcium, phosphorus, and amino acid contents of meat and bone
meal and meat meal

Meat and bone meal® Meat meal‘

Nutrient, % ~~ n Mean D n Mean D
Crude protein 255 514 264 Il 540 193
Crudeft 78 9% JH) 7 789 116
Calcium 2% 498 3 17 38 i)
Phosphorus 255 1% 3 1m 38 Al
Arginine 61 360 5 2 34 5
Histidine ~~ 62 i 19 2 % bi]
Isoleucine ~~ 62 140 pi 2 158 bil
Leucine 62 310 4 2 iN 49
Lysine 64 264 ki) 2 18 4
Methionine ~~ 39 J jt! 7 Wi) 18
Cystine 7 46 23 7 4 2
Phenylalanine ~ 62 147 ii A 1% ki
Threonine ~~ 64 165 i 2 174 3
Tryptophan. 29 2 05 1 i) 05
Valine 62 2 kK! 2 24 I

3Asfed basis. Data for protein, fat calcium and phosphorus from commercial sources. All amino acid values are
from data reported by universities
Protein, fa, calcium and phosphorus contents or meals having a east 4.4% phosphorus. The mean protein
content of meals analyzed for amino acids was 50.524. :
“Protein, fat, calcium and phosphorus contents for meals having less than 4.4% phosphorus, The mean protein
content of meals analyzed for amino acids was 54.9£2.1,
Rendered Feeds in Swine feeding, Or. DA Knabe, Texas A & M University, PRF Directors Digest £273,

¥' Table 8. Regression of amino acid contents and crude poteinin meat and bone meal and
meat meaP

Amino acid n Equation I

Arginine ) y= 8515 + 0546 x Wl
Histidine | y=-4639 + 0278 x 5
Isoleucine m0 y= 4802+ 0373 8
Leucine i y=-11133 + 0841 x 8
Lysine m0 y=-3367 + 0591 x 8
Methionine ~~ 45 y=-3125+ 0202x f
Phenylalanine ~~ 68 y=-2145 + 0377 x 8
Threonine Il y=-6008 + 0448 x 8
Tryptophan ~~ 77 y=-0113 + 0055 x 5
Valine n y=-6981 + 055 x HM

Rendered Feeds in Swine Feeding, Dr. DIA, Knabe, Texas A & M University
FPRF Directors Digest #272.

A

V' Table. Mean nutrient content of apparent fel diestlty fo spray-dried and ring-ried
blood meals?

Content Digestibility
Nutrient, % n Mean SD n Mean SD

Crude protein 20 88.0 3% 10 8 41
Aginine ~~ 19 364 3 10 pl 51
Histidine ~~ 20 5% 52 10 % 26
lsoleucine ~~ 20 % 18 10 7 102
Leucine pi 1116 8 10 pi 29
Lysine x 4 5 10 9% 2
Methionine 17 115 kK! 10 8 54
Cystine 10 112 Al ~ a
Phenylalanine 20 6.17 H 10 p) 2
Threonine ~~ 20 3% Kl 10 8 39
Trypophan ~~ 13 112 Kl 7 9 51
Valine 0 776 H 10 9 27

“As fed basis,
"Rendered Feds in Swine Fein, Or DA. abe Teas A M Univesity FPRF Dies Digs 4273,

V' Table 10 Mean nutrient content of apparent digest of protein and amino acid i
spray-tried porcine plasma?®

Content Digestibility
Nutrient, % Mean SD Mean SD

Crude protein 08 54 i) 71
Arginine 42% Ki 8 63
Histidine JR 5 8 28
Isoleucine IY] 18 § 35
Leucine 70 57 8 14
Lysine 63 5 8 2
Methionine £8 HM 6 2
Cystine 2% 0H = -
Phenylalanine 415 2 8 50
Threonine 2 WE 80 35
Tryptophan 13 pil 9 .
Valine 4m 1 8 35

“hs ft basis,
“Rendered Feeds in Swine Feeling, D1. DA. Knabe, Texas A & M Univesity FRF Directors Digest #273,

composition analyses will be near 9 percent in. plasma infist phase nursery diets hs replaced
crude protein. Similarly the digestibility ofthe a substantial us of blood meal in tis phase and
essential amino acids will bein excess off) has emonstated superior fed intake quali,
percent and mast approach 95 percent Blood butts substitution in hse two and phase three
meals most often utilized in sine as aningre- with all ora portion of blood medi very
dient for pig starter dts Theusefblood common. Spray dried porcine plasma hasan

A



amino acid profile distinctly different from that
of blood meal, and its apparent digestibility is
lower than that of spray dried blood meel,
(Table 9 and Table 10). Blood meal is especially
tichin Iysine (9.1 percent) which demands a
compefitive price comparison to synthetic lysine
sources. Typically, blood meal will provide twice
the lysine content of fishmeal and nearly three
times the level in dehulled soybean meal. Its
higher relative cost and competitive uses usu-
ally estritsits use to specialty swine products
and the nursery /starter phases.

Feather Meal
Swine nutritionists often fail to consider the

use of feather meal in swine diets. The relatively
low levels and lower digestibility of lysine in
feather meal, when compared to soybean mea),
is namely accountable. Feather meal is a product
that also has been associated with significant
process improvement and thus nutrient contri-
butions. The mean crude protein content of 85.4
percent, as stated in the 1998 Nutrient Require-
ments of Swine, is generally understated, espe-
cially in those products in which any poultry
blood is processed with the feathers. The later
products generally a browner color and a
higher lysine content than pure feather meal. A
report by Chiba etal. found that up to 9 percent
feather meal could be used in isolysinis corn
soybean meal diets ofthe finishing pig without
adversely affecting carcass merit, but 3 percent
feather meal wes the maximum usage rate
without reducing performance"

Poultry Meal
Poultry meal is a product that has undergone
processing changes. ti an ingredient that
commands competition from the pet food
industry. The nutritional demands from this
industry have lead to the development of low
ash poultry meals via special processing and are
commonly traded as pet food-grade poultry
meals. These meals are generally higher in
protein (62-65 percent) with ash levels below 19
percent. Poultry meal based on the more trad:
tional processing and raw material process,
yields a product with lower protein and higher
ash.

Poultry meal has not generally been an
ingredient utilized in swine rations, though the

apparent ileal digestibility ofits amino acids are
higher than for those found in MBM and similar
to those reported for soybean meal and fish
meal. The competitive utilization from the pet
food industry and the internal “buy back” usage
by the poultry integraters often lowers ts
competitive position relative to other ingred-
ents, especially midwest grow-finish swine
diets. As an ingredient for swine, considerable
attention and success has resulted from the use
of poultry meal, and in particular the upper
grades, as a nutritional asset for pig nursery and
starter diets
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amino acid profile distinctly different from that
of blood meal, and its apparent digestibility is
lower than that of spray dried blood meal,
(Table 9 and Table 10). Blood meal is especially
rich in lysine (9.1 petcent) which demands a
competitive price comparison to synthetic lysine
sources. Typically, blood meal will provide twice
the lysine content of fishmeal and nearly three
times the level in dehulled soybean meal. Its
higher relative cost and competitive uses usu-
ally restricts is use to specialty swine products
and the nursery starter phases.

Feather Meal
Swine nutritionists often fal to consider the

use of eather meal in swine diets. The relatively
low levels and lower digestibility of lysine in
feather meal, when compared to soybean mea),
is namely accountable. Feather meal i a product
that aso has been associated with significant
process improvement and thus nutrient contr-
butions. The mean crude protein content of 85.4
percent, as stated in the 1998 Nutrient Require-
ments of Swine, is generally understated, espe-
cllly in those products in which any poultry
blood is processed with the feathers. The later
product is generally a browner color and a
higher lysine content than pure feather meal. A
report by Chiba etal. found that up to 9 percent
feather meal could be used in isolysinds corn
soybean meal diets of the finishing pig without
adversely affecting carcass merit, but 3 percent
feather meal was the maximum usage rate
without reducing performance"

Poultry Meal
Poultry meal is a product that has undergone
processing changes. Its an ingredient that
commands competition from the pet food
industry. The nutritional demands from this
industry have lead to the development of low
ash poultry meals via special processing and are
commonly traded as pet food-grade poultry
meals. These meals are generally higher in
protein (62-65 percent) with ash levels below 19
percent. Poultry meal based on the more tradi-
tional processing and raw materia process,
yields product with ower protein and higher
ash,

Poultry meal has not generally been an
ingredient utilized in swine rations, though the
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apparent eal digestibility of its amino acids are
higher than for those found in MBM and similar
to those reported for soybean meal and fish
meal. The competitive utilization from the pet
food industry and the intemal “buy back” usage
by the poultry integraters often lowers its
competitive position relative to other ingredi-
ents, especially midwest grow-finsh swine
diets. As an ingredient for swine, considerable
attention and success has resulted from the use
of poultry meal, and in particular the upper
grades, a a nutritional asset for pig nursery and
starter diets.

References
WFDA-ANPR Document 96N-0135, Statistics,

June 13, 1996
Matthews, Danny, Veterinary Laboratories

Agency, Surrey, KT15 3NB, United Kingdom;
Oral Presentation and Personal Communica:
tions, USDA /ARS, BSE Workshop. Rockville
MD, March 15, 2001

®Sutton, AL, Purdue University FPRF Final
Report 1990

“McChesney, DG, USDA, USAHA Microbiol
ogy Subcommittee of Feed Safety Committee,
1994 Annual Meeting,

“McChesney, D.G, USAHA, Microbiology
Subcommittee, 1995 Aral Meeting Proceed-
ings.

®Troutt, Fred, FPRE Project 99A-1 Prevalence of
Selected Foodborne Pathogens in Rendered
Products.

O1Pirtle, E.C. Research Virologist, lowa State
University, 1990. "Stability of Pseudorabies
Virus (PRV) in Meat and Bone Meal and
Intermediate Rendering Products” FPR
Directors Digest #203.

® Bellaver, C; Easter, RA; Parsons, C; “Predic-
tion Equations for Amino Acid (AA) Digest:
ibility in Meat and Bone Meals (MBM)." July
1997, FPRF Directors Digest #285.

# Roush, WB, 2001 Maryland Nutrition Conder
ence for Feed Manufacturers, May 1-2in
Timonium, MD and “Stochastic Programming
has Implications for Precision Feeding”
Feedstuffs, July 2, 2001.

"Scott e. al. “Protein Evaluation of Porcine
Meat and Bone Meal" University of Nebraska

2000 Beef Report.

{Knabe, D.A; “Rendered Feeds in Swine Evans, D.F, and |, Leibholz. 1979, “Meat meal |
Feeding" FPRF Directors Digest #273 January in the diet of the early weaned pig," Animal
19%. Feed Sci. Technol. 4-33-42.

NRC. 1998. Nutrient Requirements of Swine Cromwell, GL, TS. Stahly and HJ. Monegue.
(Tenth Revised Edition) National Academy ~~ 1991. Amino acid supplementation of meat
Press, Washington DC. meal in lysine-fortified, corn-based diets for

"Traylor, SL, Doctorate Dissertation, Univer- ~~ growingfinishing pigs. Anim. Sci. 69-4896
sity of Kentucky; “Assessment of Nutrient ~~ 406.
Bioavailability in Meat and Bone Meal for ~~ *Batterham, ES. 1993, lal digestibility and
Pigs and Chicks", 2000; Director, Dr. Gary L ~~ availability values for formulating diets for
Cromwell, Professor of Animal Science swine. Proceedings of the 54th Minnesota

Pog, ER, Jr. and Harmon, B.D. 1962 “Effect of ~~ Nutrition Conference. Page 235-230
levels on meat and bone meal scraps on Chiba, LI, HW. Ivey, KA. Cummins and
growth rate and feed efficiency of growing: ~~ BE. Gamble. 1996. Hydrolyzed feather meal
finishing swine." |. Animal Sci 21787-790. as a source of amino acids for finisher pigs

®Puchal, EV, W. Hayes, VIC. Speer, ]D. Jones Anim. Feed Sci. Tech. A
and D.V, Catron 1962. The free blood plasma
amino acids of swine as related to the source
of dietary proteins. ] Nutr. 7:11-16.



P Futuristic aspects of biotech food for
livestock and humans

Gary F. Hartnell, PhD, PAS, Dip 1 ACAN
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Summary
Mankind has been genetically engineering (deliberately modifying the genetic material) food since
early historical times resulting in more nutritious, higher yielding and more disease-tesistant crops.
Through the use of gene-modification technology, specifi traits can now be incorporated into
plants at an accelerated rate to produce a more sustainable, more nutritious food supply and phar-
maceuticals to help meet the needs of a rapidly growing population. Benefits of food biotechnology
to the consumer include improvement in quantity and quality of food, extended shelf-life, organo-
leptic quality, health benefits, edible vaccines, and a better environment through reduced herbicide
and pesticide use. Livestock producers will benefit through improved profitability; feed utilization;
performance; meat, milk, and egg quality; health of livestock and poultry; and less animal waste
produced per animal, resulting in less nutrient loss. Biotechnology is a tool that must be utilized if
the health, nutrition, and well-being of the future world's population isto be attained.

Introduction
Genetic engineering has been performed for
centuries in plants and animals beginning with
the selection of seed with desirable traits from
superior plants and livestock through breeding
programs, These methods have significantly
increased productivity, with com and wheat
yields approximately doubling over the past 40
50 years, substantial improvements in milk
yield per cow, more efficient use of feed, and
leaner pig meat, ust to name a few. However,
the rate of these gains (which is critically needed
to help address the rapidly growing world
population) will decrease without continued
innovation, The projected doubling of the global
population wil require at least a doubling of the
amount of food that will be needed in the next
40-50 years.

The abliy to introduce DNA directly into
crop plants enables a selective plant improve-
ment process that promises to continue to
enhance agricultural productivity while using
more sustainable and environmentally sound
approaches. Numerous traits are being evalu:
ated for their potential to: a) protect plants
against insect damage; fungal, viral, or bacterial
diseases; (b) provide selectivity to more desir-
able herbicides for improved weed control (c)
enhance crop yields; (d) increase nutritional

quality and health benefits to animals and
humans; () reduce naturally occurring toxicants
or allergens; {f) modify the ripening process and
provide superior flavor; (g) use plants as facto-
ries to make such products as biodegradable
polymers or pharmaceutical products; (h)
modify food composition for disease prevention;
and many others. While biotechnology provides
an important tool to help address many of these
challenges, this tool must be effectively ine-
grated with the best current agricultural prac-
fices that encompass the most productive and
environmentally appropriate technologies
around the world.

The development and commercialization of
biotech plants has catused a debate in some parts
of the world concerning potential risks to food
safety and the environment, Potential risks and
benefits of the new technology to man and the
environment have been previously reviewed
(Uzogara, 2000; Hartnell and Fuchs, 2000).
Numerous national and intemational scientific
organizations have considered the risks and
have concluded that plant biotechnology does
not pose any unique risk with respect to other
production methods (WHO, 1991; Food and
Drug Administration, 1992), This does not imply
that there are no risks, simply that the risks are
not unique to biotechnology. Hence, the vast
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production methods (WHO, 1991; Food and
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that there are no risks, simply that the risks are
riot unique to biotechnology. Hence, the vast
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experience in agriculture, food and feed produc-
tion, and environmental risk assessment pro-
vides a scientifically sound basis to assess the
risks of genetically modified plants and plant
products. This paper will focus on the benefits
of genetically altering food for humans and
livestock.

Biotech food:
Value to humans
Genetically modifying plants for the direct
benefit of the consumer is init infancy. The
product concepts and potential benefits appear
limitless. The use of biotechnology provides a
means to increase food availability to a growing
world population as well as providing a
healthier, Less expensive, more nutritious, better
tasting, and safer food with improved shelf-life
(Table 1). Indirect benefits include a better
environment through reduced applications of
pesticides and herbicides and the use of farming
methods such as “no til” that result in signifi
cantly decreased soil erosion (by 90 percent)
reduced fuel use (20-40 percent) and emissions,
improved water quality and wildlife habitat
and increased carbon retention in the soil
(Hartnell and Fuchs, 2000).

Increased food availability/crop yield
and improved environment
The use of Bt. gene in crops (insect protection)
results in improved quality, less pesticidal use,
improved yields, improved profits, reduced
mycotoxins, and an increased number of benefi-

cial insects. Insecticides and agsociated manage-
ment practices that have been sed traditionally
to control insect pests cost approximately $10
billion annually worldwide. Yet 20% to 30% of
total crop product is sil lost due to insect pests,
the equivalent of 1.5 billion tons of food. Insect-
protected plants were among the frst geneti
cally modified plants to be feld tested and
marketed because of their importance, the value
associated with effective nsect control, and the
availability of microbial genes with insecticidal
activity. Use of these products reduces chemical
insexticide use, enhances environmental safety
reduces energy and labor costs, and improves
the quality and quantity of the plant product
Recently, Gianessi and Carpenter (1999) de-
scribed and quantified the insect control benefits
on B+. com, BL. cotton, and B.. potato acreage
planted in 1997 and 1998. The increased crop
yields up to 25 percent) from genetically modi-
fied plants will have a dramatic impact on the
world's food supply.

Cotton growers in the United States who
planted insect-protected cotton reduced their
chemical insecticide by approximately 300,000
gallons in 1997 (Mackey and Santerre, 2000),
These reductions translate to 90 percent, 65
percent, and 85 percent reductions, respectively;
in the amount of chemical insecticides used to
control the targeted insect pests, This reduction
in insecticide use not only benefits the environ-
ment but also greatly reduces human exposure.

The use of herbicide tolerant crops results
directly in weed control systems that provide
improved seed quality, less herbicide use,
improved yields, more efficient use of fertilizers,

¥' Table 1. Potential benefits rom application of biotechnology fo crops (adapted fom
Uzogara, 2000)

* Increased food availability
* Improved protein quality
* Improved shelf-life and organoleptic quality

of foods
* Improvement in nutritional quality and

health benefits
* Improvement in food carbohydrate content
* Manufacture of edible vaccines and drugs
* Improvement in quantity and quality of meat,

milk, eggs, and livestock

* Biological defense against diseases, stresses,
pests, weeds, herbicides, and viruses

* Increased crop yield
+ Bioremediation
* Positive effect on farming food product
* Protection of the environment
* Genetically modified plants as bio-factories

and source of industrial raw materials
* Wealthy/job creation
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improved profits, and reduced foreign matter in
grain. Indirect benefits through the adoption of
direct drilling include improved sol quality and
conservation, increased carbon retention in the
soil, reduced fuel use and emissions, and im-
proved wildlife habitat (Hartnell and Fuchs,
20)

The use of disease resistance, tolerance to
environmental extremes, drought resistance,
tolerance to salts and high mineral content,
improved nitrogen assimilation in crops are
expected to result in improved quality, im-
proved yields, more efficient use of fertilizers,
improved profits, and access to land now unus-
able for crop production. These improvements
through biotechnology have the potential to
help ingure the world against widespread
famine.

Disease can have a major economic impact
on the food supply. For example, wheat head
scab caused by the fungus Fusarium
graminearum has caused a oss of over one
billion dollars inthe northem reat Plains and
the eastern US. three times in the 90's. As a
result of the potential impact of disease on yield,
fungal disease resistance is being introduced
into com and wheat, Virus (potato leaf roll
virus) and disease control for late blight and
Vetricillium are new product improvements for
potatoes. Viral resistance, bacterial leaf blight,
and fungal disease control for Blast and Sheath
Blight are being developed for rice. Viral protec-
tion strategies are being evaluated in watermel-
ons, cantaloupes, cucumbers, potatoes, toma:
toes, alfalfa, and other crops (Mackey and
Santerre, 2000). Virus resistant papayas are
already on the market (IFIC, 1999).

Improved nitrogen assimilation will provide
value to the grower as well as the environment
The grower will be able to optimize the crop's
response to fertilizer, leading to increased yield
potential, Plants will have the capacity to more
efficiently use the nitrogen applied. In addition,
the quality of the crop may be improved
through increased protein content in seed and
leaves. The environment benefits as a result of
decreased nitrogen leaching into the ground
water.

There are many environmental situations
that limit the ability of the current crops to grow
and produce yields of economic value in many
areas of the world. Active research programs are

in place to develop crops that are cold tolerant,
drought tolerant, salt tolerant, can withstand
flooding, and tolerant to high aluminum levels,
to name a few, Crops with these traits will open
up new areas of land that are unusable for crop
production today.

Safer food supply
Genetically modified B1. corn plants have
provided significant increases in yield and
enhanced grain quality with reduced mycotoxin
contamination. Research from lowa State Uni-
versity and the U.S. Department of Agriculture
(USDA) (Munkvold et al. 1997) showed a 96%,
54%, and 64% reduction in the severity of insect
damaged ears with the B.t. gene in studies
conducted in 1994, 1995, and 1996, respectively.
These same researchers (Munkvold et al. 1999)
reported a 78% and 87% reduction in mean total
fumonisin concentrations (fumonisin BI + B2 +
B83) in kernels where the hybrids were manually
infested with neonatal European com borer
larvae in 19% and 1997, respectively. Epidemio-
logical studies have linked consumption of com
containing high levels of fumonisins with an
elevated incidence of esophageal and liver
cancer in African subsistence farmers (Marasas
etal,, 1988). Action levels for fumonisin con-
tamination in grain have been set by two coun-
tres, Switzerland (1 ppm) and the United States

(ppm)
In the future, biotechnology could be used to

produce foods with reduced levels or no aller
gens and reduced levels of toxins such as
trypsin intubitor and lectins,

Improved shelf(fe and organoleptic
qualities
The Flavr Savr tomato produced by Calgene
Corporation was the first genetically engineered
crop and whole food approved by the FDA that
ripens on the vine with a longer shelf fe by
having delayed ripening, softening, and rotting
processes. This process leads to superior flavor,
color, and texture. Recently, sweet-asting,
seedless peppers and tomatoes have been
produced. The slow ripening process (via
suppression of cell wall destroying enzyme,
polygalacturonase) could also be applied to
crops Like raspberry, strawberry, and pineapple
(Uzogara, 2000)



A

experience in agriculture, food and feed produc-
tion, and environmental risk assessment pro-
vides a scientifically sound basis to assess the
risks of genetically modified plants and plant
products. This paper wil focus on the benefits
of genetically altering food for humans and
livestock.

Biotech food:
Value to humans
Genetically modifying plants for the direct
benefit of the consumer is in ts infancy. The
product concepts and potential benefits appear
limitless. The use of biotechnology provides a
means to increase food availability to a growing
world population as well as providing a
healthier, less expensive, more nutritious, better
tasting, and safer food with improved shelf-life
(Table 1). Indirect benefits include a better
environment through reduced applications of
pesticides and herbicides and the use of farming
methods such as “no tll” that result in signifi
cantly decreased soil erosion (by 90 percent)
reduced fuel use (20-40 percent) and emissions,
improved water quality and wildlife habitat
and increased carbon retention in the soil
(Hartnell and Fuchs, 2000).

Increased food availablity/crop yield
and improved environment
The use of Bt. gene in crops (insect protection)
results in improved quality less pesticidal use,
improved yields, improved profits, reduced
mycotoxins, and an increased number of benef

cial ingects. Insecticides and associated manage-
ment practices that have been used traditionally
to control insect pests cost approximately $10
billion annually worldwide. Yet 20% to 30% of
total crop product i still lost due to insect pests,
the equivalent of 1.5 billion tons of food. Ingect-
protected plants were among the first geneti
cally modified plants tobe field tested and
marketed because of thir importance, the value
associated with effective insect control, and the
availability of microbial genes with insecticidal
activity. Use of these products reduces chemical
insecticide use, enhances environmental safety,
reduces energy and labor costs and improves
the quality and quantity of the plant product
Recently, Gianesst and Carpenter (19%9) de-
scribed and quantified the insect control benefits
on Bt. com, B.. cotton, and B.t. potato acreage
planted in 1997 and 1998. The increased crop
yields (up to 25 percent) from genetically modi-
fied plants will have a dramatic impact on the
world's food supply.

Cotton growers in the United States who
planted insect-protected cotton reduced their
chemical insecticide by approximately 300,000
gallons in 1997 (Mackey and Santerre, 2000),
These reductions translate to 90 percent, 85
percent, and 85 percent reductions, respectively
in the amount of chemical insecticides used to
control the targeted insect pests, This reduction
in insecticide use not only benefits the environ-
ment but also greatly reduces human exposure.

The use of herbicide-tolerant crops result
directly in weed control systems that provide
improved seed quality, less herbicide use
improved yields, more efficient use of fertilizers,

¥' Table 1. Potential benefits from application of biotechnology fo crops (adapted from
Uzogara, 2000)

* Increased food availability
+ Improved protein quality
* Improved sheltife and organoleptic quality

of foods
* Improvement in nutritional quality and

health benefits
* Improvement in food carbohydrate content
¢ Manufacture of edible vaccines and drugs
* Improvement in quantity and quality of meat,

milk, eggs, and livestock

* Biological defense against diseases, stresses,
pests, weeds, herbicides, and viruses

* Increased crop yield
+ Bioremediation
* Positive effect on farming food product
* Protection of the environment
* Genetically modified plants as bio-factories

and source of industrial raw materials
+ Wealthy/job creation

improved profits, and reduced foreign matter in
grain. Indirect benefits through the adoption of
direct drilling include improved soil quality and
conservation, increased carbon retention in the
soil, reduced fuel use and emissions, and im-
proved wildlife habitat (Hartnell and Fuchs,
20)

The use of disease resistance, tolerance to
environmental extremes, drought resistance,
tolerance to salts and high mineral content,
improved nitrogen assimilation in crops are
expected to result in improved quality, im-
proved yields, more efficient use of fertilizers,
improved profits, and access to land now uns:
able for crop production. These improvements
through biotechnology have the potential to
help ingure the world against widespread
famine.

Disease can have a major economic impact
on the food supply. For example, wheat head
scab caused by the fungus Fusarium
graminearum has caused a ss of over one
billion dollars in the northern Great Plains and
the eastern U.S. three times in the 90's. As a
result of the potential impact of disease on yield,
fungal disease resistance s being introduced
into corn and wheat, Virus (potato leaf roll
virus) and disease control for late blight and
Vetrcillium are new product improvements for
potatoes. Viral resistance, bacterial leaf blight,
and fungal disease control for Blast and Sheath
Blight are being developed for rice. Viral protec-
tion strategies are being evaluated in watermel-
ons, cantaloupes, cucumbers, potatoes, toma
toes, alfalfa, and other crops (Mackey and
Santerre, 2000). Virus resistant papayas are
already on the market ([FIC, 1999).

Improved nitrogen assimilation wil provide
value to the grower as well as the environment,
The grower will be able to optimize the crop’s
response to fertilizer, leading to increased yield
potential Plants will have the capacity to more
efficiently use the nitrogen applied. In addition,
the quality of the crop may be improved
through increased protein content in seed and
leaves. The environment benefits as a result of
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water
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contamination. Research from lowa State Uni-
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fumonisin concentrations (fumonisin BI + B2 +
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infested with neonatal European com borer
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containing high levels of fumonising with an
elevated incidence of esophageal and liver
cancer in African subsistence farmers (Marasas
etal, 1988). Action levels for fumonisin con-
tamination in grain have been set by two coun-
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gens and reduced levels of toxins such as
trypsin inhibitor and lectins.
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The Flavr Savr tomato produced by Calgene
Corporation was the first genetically engineered
crop and whole food approved by the FDA that
ripens on the vine with a longer shel fe by
having delayed ripening, softening, and rotting
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V' Table 2, Potential improvements in the ol of cops trough genetic mification

Com Soybean Canola (oilseed rape)

1. High oleic 1. High oleic, low saturate 1. High laurate

2. High stearate, low polystearate 2. High oleic low satwate
3. High stearate, low polystearate
4. High stearate
5, Medium chain fatty acids

Source: Cline et a. (1996)

Improved nutritional quality and
health benefits
Considerable efforts are underway to improve
the nutritional quality of foods. Most of the
current research i focusing on changing the of
composition of crops as shown i Table 2

High oleic com and soybean ofl contains less
saturated fat than conventional oil, making it
more stable; thus, it does not require hydrogena-
tion for use in fying or spraying, Hydrogena-
tion creates tans fatty acids which have been
associated with adverse serum cholesterol
levels. High lauric canola produces an ofl com:
posed of about 40% lauric acid, This fatty acd s
key ingredient in soaps, detergents, lubricants,
cosmetics confectionery coatings, margarine,
and simulated dairy foods. High stearate ol
solidifies at room temperature without hydroge-
nation and would be used for healthier baking,
margarine, and confectionery foods and those
that cannot use liquid ois. Other valuable traits
that are in development include the following:
high starch potatoes (low fat chips, and more
rigid chips, lower processing inputs){Cline and
Re, 1997); bruise resistance in potatoes; en-
hanced vitamin content (Vitamin E & C, impor-
tant antioxidants, Vitamin A); amino acid modi-
fications (improved nutritional value) improved
protein content; increased medium chain fatty
acids (source of low calorie, quick energy to
sport drink market) increased oleic (less safu-
rated fat, more heat stable); enhanced flavors
and textures; enhancement of storage; modifica
tion of carbohydrates; fiber modifications
(colored cotton fibers stronger, more durable,
length); and low linolenic.

Vitamin A and iron-enviched rice species
have recently been developed by Ingo Potrykus
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and his team at the Swiss Federal Institute of
Technology in Zurich, Switzerland (Aldridge,
2000). Arrangements with rice breeders for
cross-breeding the transgenic species to local
varieties are currently being setup in the major
rce-growing countries of Asia, Africa and Latin
America, This technology will help address one
of the most significant health problems (vitamin
Aand iron deficiencies) in developing countries
whee rice s the staple food. The World Health
Organization estimates that vitamin A defi
ciency affeets over 250 millon children world-
wide, causing night blindness and vulnerability
to disease (Mackey and Santerre, 2000).

Benefits that can be expected in the near
future include reducing levels of natural toxins
in plants; providing simpler and faster methods
to locate pathogens, toxing and contaminants;
and extending the time before spoilage ([FIC,
1999). Table 3 contains products that should
soon be on the market

Edible vaccines and plants as
bio-factories
Plants can be genetically modified to produce
food enzymes, vitamins, monoclonal antibodies
vaccines, anticancer compounds, antioxidants
plastics bers, polyesters, opiates, interferon,
human blood proteins, carotenoids or food
ingredients like proteins, enzymes, stabilizers,
thickeners, emulsifiers, sweeteners, preserva:
tives, colorants, and flavors. In the future, foods
will be genetically modified to contain
nutraceuticals (such as antioxidants, lycopenes,
phyto-chemicas, pharmaceuticals) hat have
disease-fighting, symptom-teducing, perfor-
mance-enhancing, and slowing of the aging
process capabilities (Uzogara, 2000)

V' Table 3, Genetically modified foods expected inthe near future.

* Peas grown to remain sweeter and produce higher crop yields
+ Smaller seedless melons for use as single servings
+ Bananas, strawberries, cherry tomatoes, and pineapples with delayed ripening qualities
+ Peanuts with improved protein balance
+ Fungal resistant bananas
+ Tomatoes with higher antioxidant (lycopene) content
+ Potatoes with higher solids content
* Fruits and vegetables fortified with or containing higher levels of vitamins such as C and E to

potentially protect against the risk of cancer and heart disease
+ Garlic cloves, producing more alin, possibly to help lower cholesterol levels
» Soybean oil with oleic acid content increased from 24% to >80%
* Strawberries containing increased levels of elagic acid, a natural cancer fighting agent
* Peppers, strawberries, raspberries, bananas, sweet potatoes, and melons that are enhanced for

better nutrition
* Strawberries with improved freshness, favor, and texture
+ Rice high in beta carotene and iron
+ Canola oil high in beta carotene
* Sweet potatoes with improved protein quality

IFIC (1999), Mackey and Santerre (2000)

An exciting use of genetic modification is the
use of plants as factories to produce pharmaceu-
tcals at 10 to over 100 times less costly than
current fermentation methods (Aldridge, 2000)
Plants are being genetically modified to contain
genes that instruct the plant to manufacture
specific proteins. These proteins may be vac
cines, proteins to prevent tooth decay, mono-
clonal antibodies for targeting specific types of
cancer, and antibod y-based transport molecules
(treat cystic fibrosis), plus others to fight infec-
tious diseases in humans (Langridge, 2000;
Potera, 1999). EPleyte Pharmaceutical (San
Diego) is producing human mucosal antibodies
in com for passive immunization (Aldridge,
2000; Yoen, 2000). They are focusing on develop-
ing antibodies for herpes infection and, with
John Hopkins University, contraception
(Aldridge, 2000). University of Illinois research-
ers are developing genetically modified apples
to produce an edible vaccine against a common
and sometimes deadly virus, Respiratory Syncy-
tial Virus (Hesman, 2001). Other edible vaccines
are being developed in bananas, potatoes,
tomatoes, lettuce, rice, wheat, soybeans, and
corn (Langridge, 2000). Giddings et al. (2000) in
arecent review lists the vaccines, antibodies,

and biopharmaceuticals that are being devel-
oped through the use of transgenic plants. A
partial listing of vaccines produced in plants
include those for Hepatitis B, dental caries,
autoimmune diabetes, cholera and E. coli dar
thea, rabies, HIV, malaria, influenza, and cancer

Congumers benefit from a better environ:
ment since plants can be used to reduce agricul:
tural inputs and produce the raw materials for
the production of fuels and plastics thus reduc-
ing the need for ol. Researchers at John Innes
Institute (Norwich, U.K.) are currently investi-
gating the coriander plant which produces
petroselenic acid, a compound with great poten-
tial as a petro chemical replacement (Aldridge,
2000)

Biotech food:
Value to livestock
Attention is turning quickly to value-added
traits that directly benefit the livestock producer
(Araba, 1997; Owens and Sonderlund, 2000;
Sauber, 2000). Efforts are underway to geneti-
cally modify plants to enhance protein quality of
cereals, increase protein content, modify amino
acid composition (emphasis on lysine and

A



¥' Table 2, Potential improvements inthe lls of crops trough genetic modification

Com Soybean Canola (oilseed rape)

1. High oleic 1. High oleic, low saturate 1. High laurate
2. High stearate, low polystearae 2. High oleic low saturate

3, High stearate, low polystearate
4, High stearate
5, Medium chain faty acids

Source: Cline et al. (1996)

Improved nutritional quality and
health benefit
Considerable effors are underway to improve
the nutritional quality of foods. Most of the
current research focusing on changing the of
composition of crops as shown n Teble 2

High oleic cor and soybean of contains less
saturated fat than conventional oi, making it
more stable; thus, it does not require hydrogena-
tion for use in fring or spraying, Hydrogena-
tion creates trans faty acids which have been
associated with adverse serum cholesterol
level. High auric canola produces an ofl com-
posed of about 40% lauric acd, This fatty acd is
a key ingredient in soaps, detergents, lubricants,
cosmetics confectionery coatings, margarine,
and simulated dairy foods. High stearate oi
solidifies at room temperature without hydroge-
nation and would be used for healthier baking,
margarine, and confectionery foods and those
that cannot use liquid ois, Other valuable traits
that are in development include the following:
high starch potatoes (low fat chips, and more
rigid chips lower processing inputs) Cline and
Re, 1997); bruise resistance in potatoes; en-
hanced vitamin content (Vitamin E & C, impor
tant antioxidants, Vitamin A); amino acid mod-
fications (improved nutritional value); improved
protein content increased medium chen fatty
acids (source of low calorie, quick energy to
sport drink market) increased olec less sefu-
rated fat, more heat stable); enhanced flavors
and tortures; enhancement of storage; modifica-
tion of carbohydrates; fiber modifications
(colored cotton fibers, stronger, more durable,
length); and low linolenic.

Vitamin A and iron-enviched rice species
have recently been developed by Ingo Potrykus

A

and his team atthe Swiss Federal Institute of
Technology in Zurich, Switzerland (Aldridge,
2000) Arrangements with rice breeders for
crossbreeding the transgenic species to loca
varieties ae currently being setup in the major
rce-growing counties of Asia, Africa, and Latin
America. This technology will help address ore
of the most significant health problems (vitamin
Aand iron deficiencies) in developing countries
where rie isthe staple food. The World Health
Organization estimates that vitamin A dfi-
ciency affect over 250 millon children world-
wide, causing night blindness and vulnerability
to disease (Mackey and Santerre, 2000).

Benefits that can be expected in the near
future include reducing levels of natural toxins
in plants; providing simpler and aster methods
to locate pathogens, toxing and contaminants;
and extending the time before spoilage (FIC,
1999). Table 3 contains products that should
soon be on the market

Edible vaccines and plants as
bio-factories
Plants can be genetically modified to produce
food enzymes, vitamins, monoclonal antibodies
vaccines, anticancer compounds, antioxidants
plastics, fibers, polyesters, opiates interferon,
human blood proteins, carotenoids or food
ingredients like proteins, enzymes, stabilizers,
thickeners, emulsifiers, sweeteners, preserva:
tives, colorants, and flavors. Inthe future, foods
willbe genetically modified to contain
nutraceuticals (such as antioxidants, lycopenes,
phytochemicals, pharmaceuticals that have

* diseaseighting, symptom: seducing, perfor
mance-enhancing, and slowing of the aging
process capabilites (Uzogra, 2000).

V' Table 3, Genetically modified foods expected in the near future.

* Peas grown to remain sweeter and produce higher crop yields
+ Smaller seedless melons for use as single servings
+ Bananas, strawberries cherry tomatoes, and pineapples with delayed ripening qualifies
+ Peanuts with improved protein balance
+ Fungal resistant bananas
+ Tomatoes with higher antioxidant (lycopene) content
+ Potatoes with higher solids content
* Fruits and vegetables fortified with or containing higher level of vitamins such as C and E to

potentially protect against the risk of cancer and heart disease
* Garlic loves, producing more alicin, possibly to help lower cholesterol levels
» Soybean oil with oleic acid content increased from 24% to 30%
* Strawberries containing increased levels of ellagic acid, a natural cancer fighting agent
* Peppers, strawberries raspberries, bananas, sweet potatoes, and melons that are enhanced for

better nutrition
* Strawberries with improved freshness, favor, and texture
+ Rice high in beta carotene and iron
+ Canola oil igh in beta carotene
* Sweet potatoes with improved protein quality

IFIC (1999), Mackey and Santerre (2000)

An exciting use of genetic modifications the - and biopharmaceutical that are being devel
use of plants as factories to produce pharmaceu-
tcals at 10 to over 100 times less costly than
current fermentation methods (Aldridge, 2000).
Plants ave being genetically modified to contain
genes that instruct the plant to manufacture
specific proteins. These proteins may be vac-
cines, proteins to prevent tooth decay, mono-
clonal antibodies for targeting specific types of
cancer, and antibody-based transport molecules
(treat cystic fibrosis), pus others to fight infec-
tious diseases in humans (Langridge, 2000;
Potera, 1999). EPleyte Pharmaceutical (San
Diego) is producing human mucosal antibodies
in conn for passive immunization (Aldridge,
2000; Yuen, 2000). They are focusing on develop-
ing antibodies for herpes infection and, with
John Hopkins University, contraception
(Aldridge, 2000). University of linois research-
ers are developing genetically modified apples
to produce an edible vaccine against a common
and sometimes deadly virus, Respiratory Syncy-
tal Virus (Hesman, 2001). Other edible vaccines
are being developed in bananas, potatoes,
tomatoes, lettuce, rice, wheat, soybeans, and
com (Langridge, 2000). Giddings et al. (2000) in
arecent review lists the vaccines, antibodies,

oped through the use of transgenic plants. A
partial listing of vaccines produced in plants
include those for Hepatitis B, dental caries,
autoimmune diabetes, cholera and E. coli diar-
thea, rabies, HIV, malaria, influenza, and cancer.

Consumers benefit from a better environ-
ment since plants can be used to reduce agricul-
tural inputs and produce the raw materials for
the production of fuels and plastics, hus reduc-
ing the need for oil. Researchers at John Innes
Institute (Norwich, UK.) are currently investi-
gating the coriander plant which produces
petroselenic acid, a compound with great poten-
tial as a petro chemical replacement (Aldridge,
200).

Biotech food:
Value to livestock
Attention is turning quickly to value-added
traits that directly benefit the livestock producer
(Araba, 1997; Owens and Sonderlund, 2000;
Sauber, 2000). Efforts are underway to geneti-
cally modify plants to enhance protein quality of
cereals, increase protein content, modify amino
acid composition (emphasis on lysine and
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methionine), modify starch and oil composi-
tions, increase starch content, increase the oi
content, reduce protease inhibitors, decrease
lectin content in soybeans, reduce indigestible
oligosaccharide content (Parsons et al 2000)
increase levels of oligofructans, enhance vitamin
content, and produce compounds that result in
increased feed efficiency and performance
(Bajiieh, 1996). High oleic acid soybean will
provide high-energy concentrations. Grains with
oligofructans may reduce the need for antbiot-
ics, The transformation of active components
found in botanicals nto crops may offer a future
substitute for antimicrobials. Holden et al. (1999)
summarized three trials that examined the use
of garlic, echinacea, and peppermint on growth
promotion and meat quality in swine, Garlic has
shown antimicrobial, antiviral, and possesses
activity against common intestinal roundworms
and hookworms. Echinacea is stated to possess
antibacterial activity in some cases and
imimuno-enhancing properties, Peppermint has
demonstrated antiviral and antimicrobial actv-
iy. The feeding of garlic at 0.5 percent, 25
percent, and 5.0 percent of the diet to nursery
pigs for five weeks resulted in poorer perfor
mance and objectionable odor in the meat as
compared to the control. However, in studies
with chickens, feeding a 2-4 percent inclusion
rafe of garlic had a protective effect when
chickens were subjected to candidases and
feeding 5 percent eliminated the candida infec
tion. Feeding nursery pigs 0. percent, 0.5
percent, and 2.0 percent echinacea in the diet or
0.5 percent, 2. percent, and 5.0 percent pepper-
mint in the diet resulted in no benefit in perfor-
mance. Through biotechnology, a more precise
selection of specific active agents may help in
overcoming the negative, or lack of, effects
observed in these studies.

Halpin etal (1995) reviewed transgenic
approaches for manipulating the starch bios
thesis, sucrose accumulation, ructan biosynthe-
sis, and seed oil content in crops. The amount
and type of starch is very important for driving
rumen fermentation in ruminants and meeting
energy needs of monogastris. Increasing the
proportion of oi in corn grain i important in
increasing the energy density of he grain, These
non-structural carbohydrate components areal
important for enhancing value to the livestock
producer.

A

Grains with an increased amino acid content
may reduce or eliminate the need for amino acid
supplementation. Douglas etl. (2000) evalu:
ated Nutr-Dense® (genetically-modified com
from Exseed Genetics, Decatur, IL) using the
precision-fed cecectomized rooster assay. The
Nutri-Dense® com averaged 13.1 percent CP
042 percent lysine, 0.24 percent methionine, and
0.26 percent cystine. The true digestibility
coefficients of amino acids were similar (88.6
percent) as compared to conventional com (88.5
percent). Thus, protein-enhanced com contained
substantially higher amounts of digestible
amino acids than conventional con. Edwards ef
al. (2000) evaluated soybean meal from conven-
fional and two genetically modified soybeans.
The crude protein levels of the soybean meal
samples were 52.5 percent, 534 percent, 627
percent, and 42.7 percent fo pilot plant pro-
cessed conventional, genetically modified, high
protein genetically modified, and commercially
produced soybean meal, respectively. Digestible
Iysine, methionine, cystine, threonine, and
valine as well as TMEn were higher for the high
protein biotech soybean meal as compared to
the other meals using the cecectomized cockerel
assay. Parsons etal. (1997) also reported similar
digestibility of amino acids in properly pro-
cessed high Iysine soybean meal, They indicated
the high lysine soybean meal may be more
sensitive to overprocessing,

Producers may have the ability to select
specific grains or protein sources designed for
optimizing performance and profitability of
their particular livestock enterprise. White and
Higgins (200) reported an § percent increase in
wool growth and 7 percent increase in live
weight gain in sheep fed modified lupin. Lupin
was genetically modified to contain a sunflower
gene that produces a protein that is both rich in
sulfur amino acids and stable in the sheep's
rumen, Dado (1999) reviewed the nutritional
value of different com hybrids (high lysine, high
oil, high protein) and their economic value or
Lactating dairy cows. All specialty corms reduced
total feed costs compared to regular corn when
the price was the same. High protein corn is the
most economical with herd lactation averages of
9520 ke and less, whereas high lysine con s the
most economical for herds with greater than
9520 kg production. Dado (1999) concluded that
both ruminally-undegraded lysine and oil wil

become more valuable selection criteria as milk
production of U.S. herds continues to increase.

Stock (1999) reviewed the effects of nutri
tional changes in cereal grains from genetic
modification in beef feedlot diets. One of the
earliest examples of genetic manipulation was
the introduction of tannins into grain sorghum
hybrids to decrease losses from birds and
preharvest mold. The beneficial change, how-
ever, resulted in a decreased digestibility of the
grain. Efforts continue to improve digestibility
without sacrificing grain yield, drought toler-
ance or heat tolerance. Data on the evaluation of
waxy com, high lysine corn, high ofl corn, and
other grains in beef feedlot dts is limited.
Results to date are variable.

Stilborn (1999) recently examined the future
of designer grains for nonruminants, Benefits
from feeding high ofl corn (HOC) to broers
may include a reduction in abdominal fat and
increased breast meat yield when diets contain
similar nutrient to energy ratios as the yellow
corn control diets. HOC may be used to increase
the energy intake of the laying hen during peak
production. In swine diets, HOC can be used to
¢ither increase dietary energy density or replace
yellow dent con and supplemental fat Nutri
tional inputs to consider include high lysine
andor high methionine high oil com, high
lysine, methionine, or protein in corn and
soybean meal with high lysine or methionine
concentrations. High oleic acid, high oil com
will offer livestock producers the ability to
modify the fatty acid profile of lipids deposited
in the carcass, sulting in improved processing,
storage, and consumer preference properties

Nutritional value of genetically improved
high lysine, high oil corm was evaluated in
young pigs (OQuinn et al. 2000). Researchers
reported the lysine in the high lysine, high oil
com was as available a that in the high ofl corn
based on results of a pig digestibility and perfor-
mance trial. High lysine, high oil con offers the
potential to reduce the amount of supplemental
protein and /or lysine and energy needed in
swine diets.

Baumel eta. (1999) evaluated the impact of
six comm modifications used in least-cost swine
and poultry feed rations. The six com modifica-
tions were: 1) increased protein by 8 percentage
points (from 8.7 percent to 16.7 percent dry
matter basis); 2) enlarged germ size (from 11.

percent to 27.1 percent of kemel size); 3) in-
creased starch digestibility by 8 percentage
points in poultry diets; 4) doubled methionine
content (from 0.207 percent to 0414 percent dry
matter basis); 5) doubled lysine content (from
0.30 percent to 0.60 percent dry matter basis)
and 6) doubled available phosphorus (from
0.068 percent to 0.12 percent dry matter basis)
Their analysis estimated the impact of each
modification on increased com consumption,
changed consumption of traditional ingredients,
net value of the modified coms, and range of
possible price responses for traditional feed
ingredients. Price of the modified com was the
same a the price used for the conventional com.

The increase in protein percentage had the
highest savings per ton of feed ($11.75) and the
greatest impact on the consumption of com and
soybean meal. increasing starch digestibility
followed by increasing germ size, had the next
largest effect on cost per ton of feed and the
largest impact on feed fat consumption The
small economic impact of avaiable phosphorus
would indicate that it would be used when
environmental policies dictate.

The per bushel added values of the six
modifications in swine and poultry diets are
summarized in Table 4. These are gross values
since the added costs of providing these modifi
cations wee not subtracted from the added
values. The added value of each of the six
genetic modifications of com was obtained by
dividing the feed savings by the quantity of
modified cor used in the feed. Estimates of
added value were calculated only for diets in
which each modification would likely add
value. In swine diets, high protein had the
largest benefit with 15.6 cents to 29.4 cents per
bushel of con. Modifying com to contain high
protein, enlarged germ, or high starch digestibil-
ity significantly benefited the poultry producer
ranging 27.1 cents to 57.4 ents per bushel of
com.

In summary, the estimated least-cost feed
ration data by Baumel etal. (1999) show that
modified com with enhanced nutrient content
would decrease the cost of swine and poultry
diets and decrease the consumption of other
major feed ingredients. The greatest value in
nutrient modification i increased protein and
oil content in swine and poultry diets and
increased starch digestibility in poultry rations.



methionine), modify starch and oil composi-
tions, increase starch content, increase the oi
content, reduce protease inhibitors, decrease
lectin content in soybeans, reduce indigestible
oligosaccharide content (Parsons et al. 2000)
increase levels of oligofructans, enhance vitamin
content, and produce compounds that result in
increased feed efficiency and performance
(Bajilih, 1996). High oleic acid soybean will
provide high-energy concentrations. Grains with
oligofructans may reduce the need for antibiot-
ics, The transformation of active components
found in botanicals into crops may offer a future
substitute for antimicrobials. Holden et a. (1999)
summarized three trials that examined the use
of garlic, echinacea, and peppermint on growth
promotion and meat quality in swine, Garlic has
shown antimicrobial, antiviral, and possesses
activity against common intestinal roundworms
and hookworms. Echinacea is stated to possess
antibacterial activity in some cases and
imimuno-enhancing properties, Peppermint has
demonstrated antiviral and antimicrobial actv-
iy. The feeding of garlic at 05 percent, 25
percent, and 5.0 percent of the diet to nursery
pigs for five weeks resulted in poorer perfor
mance and objectionable odor in the meat as
compared to the control. However, in studies
with chickens, feeding a 2-4 percent inclusion
rafe of garlic had a protective effect when
chickens were subjected to candidases and
feeding 5 percent eliminated the candida infec-
tion. Feeding nursery pigs 0.1 percent, 0.
percent, and 2.0 percent echinacea in the diet or
0.5 percent, 2. percent, and 5.0 percent pepper-
mint in the diet resulted in no benefit in perfor-
mance. Through biotechnology, a more precise
selection of specific active agents may help in
overcoming the negative, or lack of, effects
observed in these studies.

Halpin etal (1995) reviewed transgenic
approaches for manipulating the starch bios
thesis, sucrose accumulation, ructan biosynthe-
sis, and seed oil content in crops. The amount
and type of starch very important for driving
rumen fermentation in ruminants and meeting
energy needs of monogastrics. Increasing the
proportion of oil in cor grain is important in
increasing the energy density of the grain. These
nonstructural carbohydrate components areal
important for enhancing value to the livestock
producer.

Grains with an increased amino acid content
may reduce or eliminate the need for amino acid
supplementation. Douglas et l. (2000) evalu:
ated Nutr-Dense® (genetically-modified com
from Exseed Genetics, Decatur, IL) using the
precision-fed cecectomized rooster assay. The
Nutri-Dense® com averaged 13.1 percent CP
042 percent lysine, 0.24 percent methionine, and
0.26 percent cystine. The true digestibility
coefficients of amino acids were similar (88.6
percent) as compared to conventional com (385
percent). Thus, protein-enhanced com contained
substantially higher amounts of digestible
amino acids than conventional com. Edwards et
al. (2000) evaluated soybean meal from conven-
tional and two genetically modified soybeans.
The crude protein levels of the soybean meal
samples were 52.5 percent, 534 percent, 627
percent, and 42.7 percent for pilot plant pro-
cessed conventional, genetically modified, high
protein genetically modified, and commercially
produced soybean meal, respectively. Digestble
Iysine, methionine, cystine, threonine, and
valine as well as TMEn were higher for the high
protein biotech soybean meal as compared to
the other meals using the cecectomized cockere
assay. Parsons etl. (1997) also reported similar
digestibility of amino acids in properly pro-
cessed high lysine soybean meal, Thy indicated
the high lysine soybean meal may be more
sensitive to overprocessing,

Producers may have the ability to select
specific grains or protein sources designed for
optimizing performance and profitability of
their particular livestock enterprise, White and
Higgins (2000) reported an § percent increase in
wool growth and 7 percent increase in live
weight gain in sheep fed modified lupin. Lupin
was genetically modified to contain a sunflower
gene that produces a protein that is both rich in
sulfur amino acids and stable in the sheep's
rumen, Dado (1999) reviewed the nutritional
value of different com hybrids (high lysine, high
oil, high protein) and their economic value for
lactating dairy cows. All specialty coms reduced
total feed costs compared to regular corn when
the price was the same. High protein com isthe
most economical with herd lactation averages of
9520 ke and less, whereas high lysine com i the
most economical for herds with greater than
9520 kg production. Dado (1999) concluded that
both ruminally-undegraded lysine and oil wil

become more valuable selection criteria as milk
production of U.S. herds continues to increase.

Stock (1999) reviewed the effects of nutri
tional changes in cereal grains from genetic
modification in beef feedlot diets. One of the
earliest examples of genetic manipulation was
the introduction of tannins into grain sorghum
hybrids to decrease losses from birds and
preharvest mold. The beneficial change, how-
ever, resulted in a decreased digestibility of the
grain, Efforts continue to improve digestibility
without sacrificing grain yield, drought toler-
ance or heat tolerance. Data on the evaluation of
waxy com, high lysine con, high oil com, and
other grains in beef feedlot diets is limited.
Results to date are variable.

Stilborn (1999) recently examined the future
0f designer grains for nonruminants. Benefits
from feeding high oil comm (HOC) to broilers
may include a reduction n abdominal fat and
increased breast meat yield when diets contain
similar nutrient to energy ratios as the yellow
corn control diets, HOC may be used to increase
the energy intake of the laying hen during peak
production. In swine diets, HOC can be used to
either increase dietary energy density or replace
yellow dent com and supplemental fat, Nutri
tional inputs to consider include high lysine
and or high methionine high oil cor, high
Iysine, methionine, or protein in corn and
soybean meal with high lysine or methionine
concentrations. High oleic acid, high ofl com
will offer livestock producers the ability to
modify the faty acid profile of ipids deposited
in the carcass, resulting in improved processing,
storage, and consumer preference properties.

Nutritional value of genetically improved
high Iysine, high oi com was evaluated in
young pigs (O'Quinn etal. 2000). Researchers
reported the lysine in the high lysine, high oil
com was as available as that in the high ofl com
based on results of a pig digestibility and perfor-
mance trial High lysine, high oil com offers the
potential to reduce the amount of supplemental
protein and or lysine and energy needed in
swine diets.

Baumel eta. (1999) evaluated the impact of
six com modifications used in least-cost swine
and poultry feed rations. The six com moifica-
tions were: 1) increased protein by 8 percentage
points (from 8.7 percent to 16.7 percent dry
matter basis), 2) enlarged germ size from 11.1

percent to 271 percent of kemel size) 3) in-
creased starch digestibility by 8 percentage
points in poultry diets; 4) doubled methionine
content (from 0.207 percent to 0.414 percent dry
matter basis); 5) doubled lysine content (from
0.30 percent to 0.60 percent dry matter basis)
and 6) doubled available phosphorus (from
0.068 percent to 0.12 percent dry matter basis)
Their analysis estimated the impact of each
modification on increased com consumption,
changed consumption of traditional ingredients,
net value of the modified coms, and range of
possible price responses for traditional feed
ingredients. Price of the modified com was the
same as the price used for the conventional com.

The increase in protein percentage had the
highest savings per ton of feed ($11.75) and the
greatest impact on the consumption of com and
soybean meal. Increasing starch digestibility
followed by increasing germ size, had the next
largest effect on cost per ton of feed and the
largest impact on feed fat consumption, The
small economic impact of available phosphorus
would indicate that it would be used when
environmental policies dictate.

The per bushel added values of the six
modifications in swine and poultry diets are
summarized in Table 4. These are gross values
since the added costs of providing these modifi
cations were not subtracted from the added
values. The added value of each of the six
genetic modifications of com was obtained by
dividing the feed savings by the quantity of
modified corn used! in the feed. Estimates of
added value were calculated only for diets in
which each modification would likely add
value. In swine diets, high protein had the
largest benefit with 15.6 cents to 29.4 cents per
bushel of com. Modifying com to contain high
protein, enlarged germ, or high starch digestibil-
ity significantly benefited the poultry producer
ranging 27.1 cents to 57.4 cents per bushel of
com.

In summary, the estimated least-cost fed
ration data by Baumel etal. (1999) show that
modified com with enhanced nutrient content
would decrease the cost of swine and poultry
diets and decrease the consumption of other
major feed ingredients. The greatest value in
nutrient modification is increased protein and
oil content in swine and poultry diets and
increased starch digestibility in poultry rations.



V' Table 4, Added values for ix genetic moiicaons of com in swine and poultry diets, in
cents per bushel,

Swine Poultry
Modification 8:43 1b. Piglets 233-283 1b. Finishers Broilers Tom Turkeys Layers

High protein 4 156 4 6) WM
Enlarged-germ 00 103 $0 42 %3
Highstarch digestibility —- — %8 Be
High methionine rr - 4 4 8]
High lysine 00 52 - = =
Highavailable phosphorus 17 17 - = -

— Indicates that estimates were not calculated in these diets
Source: Baumel etal. (1999)

Future developments could include geneti-
cally modifying crops to contain compounds
that would be absorbed by the animal and
deposited in the meat, milk, or eggs to add
value such as cancer fighting agents, antioxi-
dants and other agents to extend the shelf,
natural meat tenderizers, more healthy fatty
acid profile, and compounds to prevent disease

Safer feed supply
One of the current agronomic traits (incorpora-
tion of the B.t. gene) has already proven benefi-
cial inthe reduction of fumonisin in com
(Munkvold etal. 1999). This trait in itself is very
valuable since it helps reduce the incidence of
mycotoxicosis in ivestock and increase the
likelnood of the producer selling this gain.
Fumonisin levels greater than 10 ppm in grain
can cause death or morbidity in horses and
swine (Norred, 1993). Action levels of fumonisin
contamination in grain have been set by the
United States (5 ppm for horses, 20 ppm for
swine, and higher levels for poultry and rumi-
nants). Genetically enhancing the
mannanoligosaccharide level in grain also may
be beneficial in counteracting the effects of
mycotoxins, Recent research has shown the
supplementation of the diet with modified
mannanoligosaccharide to be beneficial in
counteracting the adverse effects of dietary
mycotoxins on the immunological status of
broiler breeder hens (Afzali and Devegowda,
1999) and significantly improving body weight,
feed consumption, and antibody titers in broil

A (Raju and Devegowda, 1999).

Plant breeders have made great strides in
reducing or eliminating some undesirable
constituents of feeds, such as erucic acid and
glucosinolates, However, with the use of bio
technology, in conjunction with plant breeding,
a greater number of ant-nutritionals can be
addressed in a shorter time period. For example,
in legumes there are protease inhibitors, tannins,
phytohemagglutining, and cyanogens. Anti
nutritionals in oilseed rape include
thioglucosides, also known as glucosinolates,
whose degradation products are goitrogenic and
heptatoxic, tanning, and sinapine (affects palat-
ability and can result in a fishy taint in eggs of
certain strains of laying hens) (Armstrong and
Gilbert, 1989). Soybean contains lectin, proteins
that bind carbohydrate-containing molecules
(Sauber, 2000). Barley grain contains significant
amounts of (14 glucan that results in increased
viscosity and poor performance in
monogastrics. Currently, -glocanases and
xylanases are being added to barley based dies
to overcome this problem for poultry and swine.
Fungi and plants are now being bioengineered
to produce these specific enzymes. n the futur,
low (+1 4 glucan berley and /or barley already
containing the ghucanase and xylanase enzymes
in the seed may be bioengineered.

Environmental benefits
Nutritive value of roughages and forages will be

enhanced through improved fiber digestibility
(Armstrong and Gilbert, 1989). The plant may
contain lignin, cellulose, and hemicellulose that
are more easly degraded or cellulase,

hemicellulase, and lignase enzymes may be
bioengineered into plans or rumen microbes
that enhance the utilization of these energy
sources. Low lignin corn is already here via
plant breeding, The brown mid rib mutant gene
was identified and bred into certain ines of
com, This product contains about 40% less
lignin than its parental variety. Enzymes could
be genetically engineered to convert roughages
to substrates now utilizable by monogastrics.
Microbes silage microbial innoculants) could be
genetically modified to enhance the fermenta-
tion process of forages in silo. Increased digest-
iblity results in reduced waste disposal issues.

Mineral bioavailability will be improved to
make more efficient use of the minerals in plants
and reduce the contribution to the environment
where leaching can occur in streams and lakes.
Phosphorus i the main mineral of concern at
present. Phosphorus is locked up in the plant as
phytate phosphorus. Monogastric animals do
not have the necessary enzyme machinery to
access the phosphorus, so it ends up in animal
waste. The wastes applied tothe fields where
leaching and run-off can occur. To prevent this
problem phytase enzyme is added to poultry
and swine feed to unlock this valuable mineral
(Stlborn, 1999). Through biotechnology; plants
will contain low phytate (high available phos-
phorus) or phytase activity hus allowing for
more efficient use of phosphorus with reduced
supplementation of inorganic sources and
(Douglas et al, 2000; Stilborn, 1999.

Animal health
Effort are underway to bioengineer plants to
produce proteins that illicit positive health
effects in animals. In particular, the chicken
interferon gene s being incorporated info com
50 particular protein can be produced in the
seed as a vaccine o help combat avian influenza
and help keep chickens healthy. The market
(estimated $1.7 billion market for chicken
vaccines) is high because farmers who raise the
world's 18 billion chickens live in fear of the
outbreak of virulent avian influenza strains. Re-
cently ProdiGene (College Station, Texas) re
ceived a patent covering viral disease vaccines
produced in genetically enhanced plants
(Feedstufts, Vol. 71, 1999). The vaccines pro-
duced via this technology can be marketed
either in edible form, made from parts of the

fruit, vegetable, or grain plant, or in injectable
form. Hepatitis B in humans and transmissible
gastroenteritis virus (TGV) in swine are two
diseases being targeted. Clinical trials for the
TGV vaccines are underway, Other oral vaccines
under development for swine include vaccines
against porcine reproductive and respiratory
syndrome (PRRS) and diseases like parvovirus
(nitp:/ /agbio.cabweb.org/ news research. htm).

Conclusion
The benefits of genetically modifying plants for
humans, livestock, and the environment are far-
reaching, Through biotechnology, safer, more
nutritious, and healthier foods would be pro-
duced to improve the health, nutrition, and
wellbeing of people and livestock worldwide.
These innovations will be key in providing a
sustainable food supply to feed the increasing
world's population.
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V' Table 4. Added values for ix genetic modifications of com in swine and poultry diets, in
cents per bushel

Swine Poultry
Modification 8:43 1b. Piglets 233-283 1b. Finishers Broilers Tom Turkeys Layers

High protein 4 156 4 6) 1
Enlarged-germ 00 103 $0 41 3
Highstarch digestibility —- — 38 Be
High methionine rw - 4 4 8]
High lysine 00 52 - = =
High available phosphorus 17 17 - = =

— Indicates that estimates were not calculated in these diets.
Source: Baumel etal. (1999)

Future developments could include geneti-
cally modifying crops to contain compounds
that would be absorbed by the animal and
deposited in the meat, milk, or eggs to add
value such as cancer fighting agents, antioxi-
dants and other agents to extend the shelf fe
natural meat tenderizers, more healthy fatty
acid profile, and compounds to prevent disease.

Safer feed supply
One of the current agronomic traits incorpora-
tion of the B.t. gene) has already proven benefi-
cial in the eduction of fumonisin in com
(Munkvold et al. 1999). This trait in selfs very
valuable since it helps reduce the incidence of
mycotoxicosis in livestock and increase the
likelinood of the producer seling tis grain
Fumonisin levels greater than 10 ppm in grain
can cause death or morbidity in horses and
swine (Norred, 1993). Action levels of fumonisin
contamination in grain have been set by the
United States (5 ppm for horses, 2 ppm for
swine, and higher levels for poultry and rumi-
nants). Genetically enhancing the
mannanoligosaccharide level in grain also may
be beneficial in counteracting the effects of
mycotordns, Recent research has shown the
supplementation of the diet with modified
mannanoligosaccharide to be beneficial in
counteracting the adverse effect of dietary
mycotoxins on the immunological status of
broiler breeder hens (Afzali and Devegowda,
1999) and significantly improving body weight,
feed consumption, and antibody ites in broil

A (Raju and Devegowda, 19%9)

Plant breeders have made great strides in
reducing or eliminating some undesirable
constituents of feeds, such as erucic acid and
glucosinolates, However, withthe use of bio-
technology, in conjunction with plant breeding,
greater number of antinuitionals can be
addressed in a shorter time period. For example,
in legumes there are protease inhubitors, tannins,
phytohemagglutining, and cyanogens. Anti-
uritionals in ofl seed rape include
thioglucosides, also known as glucosinolates,
whose degradation products are goitrogenic and
heptatoxic tannins, and sinapine (affects palat
ability and can result in a fishy taint in eggs of
certain straing of laying hens) (Armstrong and
Gilbert, 1989). Soybean contains lectin, proteins
that bind carbohydrate-containing molecules
(Sauber, 2000). Barley grain contains significant
amounts of (-1 4 ghucan that results in increased
viscosity and poor performance in
monogastris. Currently, (-glucanases and
xylanases are being added to barey-besed diets
to overcome this problem for poultry and swine.
Fungi and plants are now being bioengineered
to produce these specific enzymes. Inthe future,
low (+14 glucan barley andor barley already
containing the ghucanase and xylanase enzymes
in the seed may be bioengineered.

Environmental benefits
Nutritive value of roughages and forages will be

enhanced through improved fiber digestibility
(Armstrong and Gilbert, 1989). The plant may
contain fignin, cellulose, and hemicellulose that
are more easly degraded or cellulase,

hemicellulase, and ignase enzymes may be
bioengineered into plants or rumen microbes
that enhance the utilization of these energy
sources. Low lignin corn is already here via
plant breeding, The brown mid rb mutant gene
was identified and bred into certain lines of
com. This product contains about 40% less
lignin than its parental variety, Enzymes could
be genetically engineered to convert roughages
to substrates now utilzable by monogastrics
Microbes (silage microbial innoculants) could be
genetically modified to enhance the fermenta-
tion process of forages in silos. Increased digest:
ibility results in reduced waste disposal issues.

Mineral bioavailability will be improved to
make more efficient use of the minerals in plants
and reduce the contribution to the environment
where leaching can occur in streams and lakes.
Phosphorus is the main mineral of concern at
present. Phosphorus s locked up in the plant as
phytate phosphorus. Monogastric animals do
not have the necessary enzyme machinery to
access the phosphorus, so it ends up in animal
waste. The wastes applied to the fields where
leaching and rurv-off can occur. To prevent this
problem phytase enzyme is added to poultry
and swine feed to unlock this valuable miner]
(Stlborn, 1999). Through biotechnology plants
will contain low phytate (high available phos-
phorus) or phytase activity thus allowing for
more efficient use of phosphorus with reduced
supplementation of inorganic sources and
(Douglas etal 2000; Stilborn, 19%9).

Animal health
Efforts are underway to bioengineer plants to
produce proteins that ilicit positive health
effects in animals. In particular, the chicken
interferon gene s being incorporated into com
$04 particular protein can be produced in the
seed as a vaccine to help combat avian influenza
and help keep chickens healthy. The market
(estimated $1.7 billion market for chicken
vaccines) is high because farmers who raise the
world's 18 billion chickens live in fear of the
outbreak of virulent avian influenza strains. Re-
cently ProdiGene (College Station, Texas) re-
ceived a patent covering viral disease vaccines
produced in genetically enhanced plants
(Feedstufts, Vol. 71, 1999). The vaccines pro-
duced via tis technology can be marketed
either in edible form, made from parts of the

frudt, vegetable, or grain plant, or in injectable
form. Hepatitis B in humans and transmissible
gastroenteritis virus (TGV) in swine are two
diseases being targeted. Clinical trials for the
TGV vaccines are underway. Other oral vaccines
under development for swine include vaccines
against porcine reproductive and respiratory
syndrome (PRS) and diseases ike parvovirus
(http: /agbio.cabweb.org news research htm).

Conclusion
The benefits of genetically modifying plants for
humans, livestock, and the environment are far-
reaching, Through biotechnology, safer, more
nutritious, and healthier foods would be pro-
duced to improve the health, nutrition, and
wellbeing of people and livestock worldwide.
These innovations wil be key in providing a
sustainable food supply to feed the increasing
world's population.
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