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P 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 is still reported in the Midwest. Organic Se is an alternative source of Se and is
available in several forms, but Se-enriched yeast is 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, Se has been shown to reduce the rate of cancer in humans, probably
acting as a 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 level of 0.30 ppm
Se (FDA, 1974, 1987). Field 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 Se has
been approved by the FDA. This suggests that
the dietary level of either Se or vitamin E may be
inadequate or 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 factors 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 United States, but the approval
is pending on at least some products. Organic Se
is in wide use in many countries including
Canada. The questions that arise from feeding
organic Se 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 its 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 is 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 soil’s
“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 thusis 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.

V¥ Figure 1. Selenium concentration in grains and forages in the United States and Canada.
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LOW - APPROXIMATELY 80% OF ALL FORAGE AND GRAIN CONTAIN <0.10 PPM SELENIUM
VARIABLE - APPROXIMATELY 50% CONTAIN »0.10 PPM SELENIUM (INCLUDES ALASKA)

ADEQUATE - 80% OF ALL FORAGES AND GRAIN CONTAIN »0.10 PPM SELENIUM
{INCLUOES 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 tobe 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 5e 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.

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

Item Non-treated Treated ® Change, %
Seed
Se content, ppm 0.029 410 >1000%
Germination, % © 100 94 - 6%
Planting and Growth
Planting rate, seeds/acre 30,000 30,000 0
Stand counts 28,000 25,800 - 8%
Leaves Se content (silk stage), Se ppm
Lower leaves 0.037 0.134 +262 %
Upper leaves 0.016 0.760 +375 %
Grain (maturity)
Yield, bu/acre (dry) 162.8 149.9 -8%
Se content, ppm 0.017 0.053 212%

* The corn was grown in an approximate 10-acre plot (each plot was around 5 acres) in Wooster, Ohio, during

the 2000 growing season.
® Treatment of the corn was courtesy of Grow-Tech

< Conducted by Department of Crop Science/Seed Biology Program (Columbus). The study 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 grains on resulting tissue

selenium in finishing swine. *

. Feed origin: Michigan South Dakota
Grain Se, ppm: 0.04 0.40 0.40
Item  + Selenite, ppm: 0.40 0 0.10
No. pigs 4 4 4
Tissue Se, ppm
Loin 0.12 0.48 0.45
Liver 0.61 0.84 0.92
Kidney 2.14 2517 2.33

@ Source: Ku et al.,, 1973.

An experiment was conducted to determine
the relative biological usage of inorganic Se
added to grains with a high or low Se content.
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
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-
nium 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 Se,
and a different role for Se occurrs 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.

All dietary forms of Se are metabolized to
the reduced form of Se (H,5e} where it is incor-
porated into a new 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
role for the formation of the selenoproteins
(Raymond, 2000). Selenate 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
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 its level in the body. This
enzyme increases in response to the dietary
level, but plateaues when the production of the
enzyme is 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, as 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 is 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 Se and
vitamin E problem prior to 1975. This was
greatly reduced after inorganic Se was added to
swine diets. However, lower but frequent occur-

¥ Figure 3. Animal utilization of selenium compounds.
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WV Figure 4. Effect of inorganic or organic Se 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 0.1 0.3 0.5 0.1 0.3 0.5 SEM
No. pigs*® 6 6 6 6 6 6 -
Se balance, mg/d
Intake 271 0.576 0.941 0.299 0.670 1.006 0.011%
Urine 076 0.233 0.442 0.036 0.139 0.238 0.0195«¢
Feces 070 0.146 0.185 0.087 0.166 0.270 0.012b
Retention 125 0.198 0.314 0.176 0.365 0.499 0.022°
Digestibility
% 73.89 75.07 80.47 70.76 7519 73.27 1.68

2 Initial Weight: 79 1b (36 kg).
b { inear main effect of Se level (P < .01)
¢ Effect of Se source (P < .01)

rences of the deficiency continued even after the
approval of inorganic Se; signs that often times go
unrecognized as being related to the Se/E defi-
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

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 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

A high 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 enset 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 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 Se to 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 in 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 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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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 0 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 (.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¥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, Ib. 2.29 2.65 2.75 3.24 .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. 13.8 135 149 14.3 0.95
Loin Se, ppm 0.10 0.121 0.129 0.244 0.021
Liver Se, ppm 0.352 0.388 0.353 0.509 0.032
* Neeonatal 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).
W 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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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 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 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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¥ Figure 8. Effect of Se source and level on drip loss (pork foin).
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V¥ Figure 9. Effect of Se source on pork color (Hunter L value).
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V¥ Table 6. Effect of selenium and vitamin E on Immunoglobulin levels in sow colostrum *

Treatment P
Immunoglobulin Control Vitamin E Se Vit. E + Se SEM
IgA 13.8 127 14.5 124 1.9
IgM 8.4 9.8 10.0 9.6 0.8°
IgG 54.0 63.9 64.3 64.1 7.0

3 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

€ Se 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 E and Se on blood lymphocyte blastogenesis, blood polymorpho-
nuclear cell (PMN) phagocytic activity and PMN microbicidal activity in adult sows. o

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

Item +E -E +E -E SE +5¢ -Se +8Se -Se¢ SEM
Lymphocyte blastogenesis

PHA® 490 4.54¢ 513 393 .22 519 520 532 450 .21

PW: 519 464° 517 3.79* 20 528 518 531 467 .23
Blood polymorphonuclear immune response

Phagocytic 90.7 86.2¢ 90.1 838¢ 23 929 805 902 722°¢ 312

Microbicidal 57.6 48.7° 58.1 40.6® 26 531 384* 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 1U/kg.
4 Fortified diets contained Se at .3 ppm.
£ PF<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? Microbijocidal activity®
Diet Colostrum Milk Colostrum Millk
Neg. control {No E/Se) 352+ .9¢ 212125 3.2+2.4 1.2+.14
Control (+E/Se) 50.2+5.4 27.5+3.0 6.2+ .8 27+ .2
(-E) 4361 3.2 237+15 3.6t.64 22+.5
Control (+E/Se) 446 +8.3 30.2+£5.0 62+1.0 24+ .1
(-Se) 334451  199:+34 261t .64 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.
< Control diets were fortified with vitamin E (1U/kg) and Se (.3 ppm) while treatment diets deleted one or both

nutrients.

4 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
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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 g 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. §. 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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V¥ Figure 11. Incidence of cancer in Se-treated subjects vs. placebo
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¥ Figure 12. Relative uses of Se by the body from deficient to toxic dietary levels.

Observed
Dietary
Intakes

(Worldwide)

Response

Se Enzymes

Se Metabolites

Nutritional

Supranutritional

1 1

Toxic

Se Dose Range

Source: Spaithoiz (2001)

FDA. 1974. Food additives permitted in feed
and drinking water of animals: Selenium.
Final rule Fed Reg. 39:1355.

FDA. 1987. Food Additives permitted in feed
and drinking water of animals: Selenium.
Fed. Reg. 52:21001.

Hayek, M. G., G. E. Mitchell r., R. ]J. Harmon, T.

S. Stahly, G. L. Cromwell, R. E. Tucker, and K.

B. Barker. 1989. Porcine immunoglobulin
transfer after prepartum treatment with
selenium or vitamin E. J. Anim. Sci. 67:1299-
1306.

A

Kelly, M. P, and R. F. Power. 1995. Fractionation
and identification of the major selenium-
containing compounds in selenized yeast. .
Dairy Sci. 78 (Suppl 1):237.

Kim, Y. Y., and D. C. Mahan. 2001. Comparative
effects of high dietary levels of organic and
inorganic selenium on selenium toxicity of
growing-finishing pigs. J. Anim. Sci. 79:942-
948.

Ku, P. K., W. T. Ely, A. W. Groce, and D. E.
Ullrey. 1972. Natural dietary selenium, alpha-
tocopherol and effect on tissue selerdum. J.
Anim. Sci. 34:208-211.



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 motlity (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. §. 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

Clark, 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, J. L. Leshar, Jr., H. K. Park, B. B.
Sanders, Jr., C. L. Smith, and J. R. Taylor. 1996.
Effects of selenium for cancer prevention in
patients with carcinoma of the skin. J. Am.
Med. Assoc. 276:1957-1985.

¥ Figure 10. Effect of dietary levels of inorganic or organic Se on toxicity responses in swine.

0.9 -
0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3 -
0.2 -
0.1 -

Daily Gain, kg

0.0 7
0 5

10 15 20

Dietary Se Level, pp

Source: Mahan and Kim (2001)







» Nutrient requirement of pigs fed

Paylean™

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

Summary

Amino acid requirements increase substantially while feeding Paylean™. The dietary lysine level
needs to be increased by 0.3 to 0.4 percentage units for total lysine levels from current farm levels
usually fed to 180-1b. pigs. Recommended lysine levels for Paylean™.-fed pigs would be 1.0 to 1.1
percent for barrows and 1.1 to 1.2 percent for gilts. This level could be decreased after 14-21 days to
levels near 0.75 and 0.85 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 corn-
soy diet would elicit an additional Paylean™ 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
Paylean™ 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 (1-1.2 % Lys). There is no increase in bone mass with Paylean™,
and so the need to increase Ca and P above normal inclusion levels for the finishing pig is not

merited.

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 U.S.
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 live 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 repartitioning agents or
beta-agonists. Beta-adrenergic agonist compounds
alter an animal’s metabolism by shifting nutrients
to lean muscle accretion and away from fat accre-

tion. One of these beta-agonists which has recently
gained approval (Dec., 1999} and used for pigs in
the United States, is a compound known as
Ractopamine HC1 (RAC), marketed under the
trade name Paylean® by Elanco Animal Health.

Beta-andrenergic agonists:
Mode of action

Beta-adrenergic agonists are in a class of com-
pounds known as phenethanolamines that have
been shown to improve the growth and body
composition of livestock (Moloney et al., 1991;
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 et al.,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 et al., 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 its catalytic subunit. This cata-
lytic 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 et al., 2000).

Nutritional response:
Past research

Considerable attention has been focused on the
use of beta-adrenergic agonists in farm live-
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

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 et al., 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
et al. (1993b) looked at the effects of six increas-
ing dietary protein levels (8.5-22.2 percent CF)
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 a 19.5
percent CP level. Carcass protein accretion rate
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was maximized at the same level as ADG,
however, fat-tissue 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 least
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 et al., 1992; Mitchell et al., 1994). It is
interesting to note that Mitchell et al., (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 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-
marnce in animals fed a normal dietary CP diet
in conjunction with beta-adrenergic agonists,
(Mitchell et al., 1991, 1994; Dunshea et al.,
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
late-finishing swine, up to 9.5 Mcal/d of ME,
resulted in an increase in lean-tissue 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 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, fat-tissue accretion and ADG increased
linearly and lean efficiency improved linearly as



energy increased in the diet (to 9.5 Mcal/d of
ME, Williams et al., 1994). In 1988, Jones et al.
reported an improvement in carcass leanness
and growth performance of late-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 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 to be
increased in the diet when feeding beta-adrener-
gic agonists. Basal dietary energy levels appear
to be sufficient (approximately 8-9 Mcal 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
et al., 1994} caused by the increase in lipolysis
and/or decrease in lipogenesis. Beta-adrenergic
agonist’s ability to repartition energy towards
protein accretion is the primary factor allowing
dietary energy levels to remain unchanged.

A second factor sparing dietary energy is the
amount of energy required for lean 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 Mcal of energy
for 1 kg of lean tissue and 10.3 Mcal /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
Paylean™ needs to be reevaluated. Most pigs
are 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 Paylean™ may
yield even greater growth and leanness response
as compared to only feeding 16 percent CP diets.

In a project conducted at Purdue University
(Herr et al., 2000), four dietary treatments were
formulated to be fed over a six-week period;
treatments 1, 2 and 3 were fed throughout the
six-week trial, while treatment 4 changed
weekly. Treatments were as follows:

1) 16 percent CP control diet (no Paylean™)
with a 0.82 percent lysine level.

2} 16 percent CP diet containing 18 g/ton of
Paylean™, with a 0.82 percent lysine level.

3) 18 percent CP diet containing 18 g/ton of
Paylean™, 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 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 Paylean™. This phase feeding (CP, lysine)
sequence was designed to match the previous
lean accretion curves where pigs fed Paylean™
increased fat-free lean gain by 50 percent in
weeks two and three and then the Paylean™
response declined to 11 percent by week six on
Paylean™,

Average daily gain and F:G were improved
during week’s one, two and three, as CP and
lysine levels were increased while feeding
Paylean™ (Table 1). Pigs grew 15 percent faster
in week one (P<.05) while decreasing ADFI by
5.2 percent (P<.05) and F:G by 16 percent (P<.05)
when comparing the control diet to the phase
fed + Paylean™ diet. During the second week,
pigs grew 14.1 percent faster (P<.05) while
decreasing ADFI by 6.7 percent {P<.05) and F:G
by 18.4 percent (P<.05) when comparing the
phase fed + Paylean™ treatment to the control
treatment. During weeks three and four, ADFI
was significantly decreased (P<.05) when com-
paring the control and phase fed + Paylean™
diets, however only numerical improvements
were seen in ADG and F:G with Paylean™. No
significant differences were observed in week
five, however all pigs fed Paylean™ had nu-
merically reduced ADG compared to the control
pigs, and pigs on the phase fed diet showed the
greatest decrease in growth performance.
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V¥ Table 1. Effect of Paylean™ and dietary crude protein jevels on weekly ADG, ADFI, and F:G
in late finishing pigs.

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

Initial Wt., 1b 153.12 153.12 153.3 154.5° 827
Week 1

ADG, Ib/d 2.728 2.82v 3.07 3.13 .078

ADFL 1b/d 6.40° 6.20¢ 6.10° 6.07° 136

F.G 2.25 2.13¢ 1.94° 1.89b .045

g Lys/d 24.0 23.1 269 298

BW, Ib 172.2¢ 172.8° 174.8 176.5° .809

Cost/Ib gain, $ 14102 1324 12828 12635 .004
Week 2 :

ADG, 1b/d 2.56° 2.48° 2.71b* 2.92° .083

ADFL 1Ib/d 6.67° 6.412 6.28° 6.222 .143

F.G 2.612 2.612 2.32% 2.13% 071

g Lys/d 25.0 239 27.7 345

BW., b 190.1° 190.1% 193.7b° 196.9° 1.07

Cost/lb gain, $ 1633 16802 .1538° .1507° .005
Week 3

ADG, Ib/d 243 253 2.56° 2.61° .066

ADFI Ib/d 6.44* 6.19° 6.33* 6.11° 185

F.G 2.67° 2.45° 2.49° 2.342 .078

gLys/d 242 23.1 279 338

BW, 1b 207.1° 207 .6 211.62 215.22 1.12

Cost/1lb gain, $ 16737 15307 .1651° .1656% 006
Week 4

ADG, lb/d 2.38: 2.382 2.48° 243 117

ADFL Ib/d 6.322 5.93b 5.6Q° 5.55° 144

EG 2.69° 2.5 2.27¢ 2.31° .106

g Lys/d 23.7 22.1 24.7 27.2

BW, 1b 224.6° 224.2° 229.00 23212 1.81

Cost/1b gamn, $ 16260 15702 15062 .1465° .009
Week 5

ADG, Ib/d 2.09° 1.88° 1.86 1.672 18

ADFL 1b/d 6.34¢ 5.65 5.48¢ 5.942 264

EG 3.20 3.212 3.09 3.582 129

gLys/d 23.8 21.1 24.2 254

BW, Ib 238.7° 237.4* 241.9 243.8? 2.28

Cost/Ib gain, $ 20002 20122 20502 2273 .010

26 Means in a row with different superscript differ, P<.05 (Student-Newman-Keufs)

Four- and five-week overall performanceis  control and control + Paylean™ treatments.
shown in Table 2. From 0 to 4 weeks, ADGand  From 0-5 weeks, significant improvements were

F:G were all improved as the level of CP and not seen in ADG as CP and percent lysine levels
percent lysine were increased. Phase- fed + ' increased, due to the greatly reduced perfor-
Paylean™ pigs showed significant improve- mance during week 5 by the 18 percent CP +

ments (P<.05) in ADG and F:G compared to the =~ Paylean™ and phase fed + Paylean™ pigs.



V¥V Table 2. Overall performance summary for week’s 0-4 and 0-5 of pigs fed Paylean™ and

varying crude protein levels.

Overall 16% CP 16% CP 18% CP Phase Std. Error
(Control)  + Paylean™ + Paylean™ + Paylean™

0-4 Wk
ADG, 1b/d 2.55° 2.54° 2.70° 2.77 052
ADFI, Ib/d 6.39° 6.13* 6.03* 595 124
EG 2.55* 2.44° 2.26° 217 034
BW, Ib 224.6* 224.2° 229.02 232.1» 1.81
Cost/1b gain, $ 1569 1515 1480 1479 003

0-5 Wk.
ADG, Ib/d 2.44° 2412 2.53 2.55 .052
ADFL lb/d 6.38 6.04* 5.92° 5.942 141
FG 2.68 2.59 2.42° 2.45° 044
BW, Ib 238.7 237.4° 241.9a 243.8a 2.28
Cost/lb gain, $ 1635 1575 15522 15812 003

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

V¥V Table 3. Eifect of Paylean™ and dietary crude protein on carcass characteristics in late

finishing pigs.
16% CP 16% CP 18% CP Phase Std. Error
(Control)  + Paylean™ 4 Paylean™ 4 Paylean™
Slaughter BW, Ib 248.6° 246.3 250.5°¢ 251.7¢
HCW, Ib 188.3° 189.2° 188.9° 192.0° 927
10 th Rib BF, in* 78 64° 64° 59° 035
LEA, in* 7.02° 7.37% 7.23b 7.56* 162
% Lean* 54.26° 56.31° 56.09° 57.01° 575
% Yield 75.5° 75.8° 75.7° 77.0° 370

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

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

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

{P<.05). LEA and percent yield were signifi-
cantly higher (P<.05) in those pigs that were fed
the phase-fed treatment containing Paylean™
when compared to the control treatment (Table
3).
Results from this trial would indicate that a
four-week late finishing program, feeding
Paylean™ 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 Paylean™. How-



ever, the pigs fed Paylean™ with the phase
feeding program were 5.1 lbs. heavier in the
same amount of time, 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 Paylean™, whereas the
controls needed only 24 g/d at the start 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, so as the level of dietary lysine
required is similar to the controls after 5-6 weeks
on Paylean (18 g/d). These levels are slightly

WV Figure 1. Estimated lysine requirements while feeding varying dietary CP levels.
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WV Figure 2. Estimated lysine requirements while feeding three levels of Paylean™.
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WV Figure 3. Energy requirements while feeding Paylean™.
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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 for the lean and
adipose tissue deposition rates in the Herr et. al.,
2000 trial (Figure 3), indicate that approximately

9.5 Mcal 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 6 Ib/d feed intake of a 1600
Mcal DE/Ib diet. A







» Fatty acid nutrition of swine: CLA and

Omega-3s

Merline Lindemann, Professor of Animal Sciences
University of Kentucky, Lexington, Kentucky 40546

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 little else was
known or, if known, it was not recognized as
something to be universally supplemented. An
understanding of vitamins, 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, it is relatively
easy to believe that all 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
omega-3 fatty acid, of pigs.

Fat sources

Fat has traditionally been viewed primarily as
an energy source. It is 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 zing¢, 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 it is so
highty available (the sulfate form). So, if all
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?

It has 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 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 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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does not mean that the animal will die immedi-
ately because the body is very adaptive. But it
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 dietin a
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 lipids as an energy source.” The publica-
tion does list a value for the amount of the EFA
needed and it does not list the FA profile of any
ingredients be they grains, byproducts, or 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 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 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 a naturally
occurring group of isomers of linoleic acid.
These isomers differ from the normal structural
configuration of linoleic acid in that the position
and shape of the double bond(s) is altered. The
standard nomenclature for linoleic acid would
be cis-9, cis-12 octadecadienoic acid. The two
most common isomers of this fatty acid with
two double bonds would be cis-9, 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
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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 thier
inclusion in the diet stimulated the immune
system, protected against certain types of cancer,
and protected against atherosclerosis. In addi-
tion to these health-related responses, supple-
mentation of diets for rats (Chin et al., 1994) and
mice (Park et al., 1997) resulted in a
repartitioning 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 et al.,
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 1bs. A
tendency for an improvement in feed efficiency
(Table 1) was noted as well as clear increases in
lean percentage and decreases in fat percentage.
In addition to the effects on the loin, 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 total 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 et al., 2001) used multiple levels of CLA
to examine dose responsiveness of pigs fed 57—
255 Ibs. (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
CLA to provide a total of 1 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, b 222 2.22

ADE b 6.78 6.42*

Feed /Gain 3.07 2.89*
Carcass response

Total lean % 60.4 61.8**

Total subcutaneous fat % 221 20.6**

Total intermuscular fat % 4,65 4.80
Loin lean % 194 20.1**

Loin subcutaneous fat % 912 8.56%*

Loin intermuscular fat % 1.21 1.24

Adapted from Dugan et al. {1997)

Sunflower oil and CLA oil inclusion rate of 2%; CLA oil had 50% of the fatty acids as CLAs.

* P 10; ** P<.05.

¥ Table 2. Growth performance response of pigs to graded levels of CLA.

Dietary CLA %: 0.00 0.12 6.25 0.50 1.00
ADG, b ™ 207 2.05 2.10 2.14 2.24
ADE b 5.90 5.58 5.62 5.79 5.79
Feed/Gain ** 2.84 2.72 2.68 2.70 2.60

Adapted from Thiel-Cooper et al. {2001)
** | inear 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 if it may be
a win-win situation with improved growth
performance for the producer and improved
saleable product (and less trim) for the packer.
In addition to the benefit in lean percentage,
there is 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 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 CLA is very promising, further
research is needed.

Baumgard et al. (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
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¥ Table 3. Wholesale-ready product weight from pigs fed graded levels of CLA.

Dietary CLA %: 0.00 0.12 0.25 0.50 1.00
Finished ham, Ib * 16.6 17.0 17.3 17.6 18.0
Finished loin, 1b * 17.7 18.3 19.0 18.9 19.3
Finished picnic, 1b 58 6.1 6.2 6.1 6.3
Finished butt, Ib ** 5.4 5.1 54 55 59
Finished belly, Ib ** 114 10.8 11.4 119 13.0

Adapted from Thiel-Cooper et al. (2001)
* | inear effect, P<.10; ** Linear effect, P<.05.

exist in sows. The most appropriate ime to
initiate feeding and the proper level of supple-
mentation in differing situations (diets that
already have added fat; diets 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
first double bond located at the third carbon
atom from the methyl end of the fatty acid.
Alternatively, omega-6 and omega-9 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 of the
omega-3 fatty acids is marine (fish) oil. Warm
water fish and cold water fish vary in the fatty
acid profile, largely because of the food supply
upon which they feed. Of additional 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 all plant sources tend to be almost exclusively
linolenic acid (18:3). Longer chain omega-3s
such as eicosapentanoic acid (EPA, 20:5) 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
{(such as Eskimos) had extremely high fat intakes
(blubber for example) but have experienced low
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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 profile of the fat intake was equally as
important as the level of fat intake. Additional
items of interest related to these fatty acids are
that retinal and brain tissue hava a dispropoz-
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-
tion. 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 interest is in the potential ability of the
particular fatty acid levels or the ratio 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
conducted at the University of Alberta (Fengler
et al., 1990). While results were not conclusive





