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Breeding for Improved Performance in Swine

D. C. ENGLAND

The Oregon State University swine
breeding program has as its main pur-
poses the development of ways to
make improvement more rapidly in
performance and carcass merit through
selection and the determination of in-
creased performance through crossing
of improved stocks. To study ways to
increase rate-of-selection progress, ex-
periments are conducted in three main
areas : (1) comparison of selection re-
sults in purebred Berkshires, in pure-
bred Yorkshires, and in a herd origi-
nated from a Berkshire-Yorkshire
cross; (2) ways of performance test-
ing so that records will give a highly
reliable appraisal of the hereditary dif-
ferences among animals in each herd;
and (3) the kinds of mating systems
that will keep performance high, pro-

D. C. ENGLAND is associate professor of
animal science, Oregon State University.

vide genetic makeup of the herds that
will make continued improvement pos-
sible, and develop herds that will con-
sistently breed true.

At Oregon State University, the
herds of the two purebred breeds differ
in some performance traits and are
similar in others (Table 1). Perform-
ance of the herd from a cross of the
two breeds is shown also in this table.
The latter group includes some cross-
bred and some inbred animals from the
crossbred background.

Differences and similarities in traits
of the breeding groups provide good
material for selection studies. Within
each breeding group, there is variation
among animals in each trait. It is this
variation that is involved in selection
within each breed. The variation is due
in part to hereditary differences and in
part to differences in the way environ-
ment influences performance.

Table 1. Performance and Carcass Traits of Swine in the Oregon State University
Herds (Average of Three Years)

No.
litters

Avg. no.
pigs
born

Avg.
daily
gain'

Feed/lb.
gain'

Carcass
Carcass back fat	 Loin
length	 thickness eye area

lbs. lbs. in. in sq. in.
Berkshire

Gilts 	
Sows 	

25
57

7.81
9.6f 1.79 2.91 30.3 1.28 4.24

Yorkshire
Gilts 	
Sows 	

32
64

9.81
11.85 1.78 2.93 31.6 1.32 3.59

Crossbred
foundation

Gilts 	
Sows 	

39
62 9.8112.05 1.92 2.96 31.0 1.37 3.92

During 60- to 200-pound weight of swine.



Heritability
The term "heritability" is used to

designate the proportion of the varia-
tion in performance among animals
that is due to heredity existing in such
a form that it will result in improve-
ment when selection is practiced. Traits
which can be improved rapidly by se-
lection are said to have a high herit-
ability; those that can be improved only
very slowly are said to have a low
heritability. In most herds, the number
of pigs born per litter, number of pigs
weaned per litter, and weaning weight
are traits of low heritability; average
daily gain and feed required per pound
of gain are traits of medium herit-
ability; carcass traits have high herit-
ability (Table 2).

Low heritability of a trait does not
mean that the trait is not influenced
by heredity; instead, it means that most
of the variability of the trait in the herd
is caused by influences other than the
hereditary differences that respond to
selection efforts. The number of pigs
born per litter provides a good illustra-
tion.

Berkshires and Yorkshires in the
OSU herd differ by about two pigs

per litter. This difference is hereditary;
it is characteristic of the two herds to
differ in this way when both are kept
under the same management condi-
tions. In the Berkshire herd, litter size
varies from 1 to 14 pigs per litter; in
the Yorkshire herd, litter size varies
from 1 to 18 pigs per litter. Variation
in number of pigs from litter to litter
within a herd, unlike average differ-
ences between breeds, is not due pri-
marily to differences in heredity.

Litter size
Let us examine what is involved in

litter size. Litter size is the product of
number of eggs ovulated, percent of
eggs fertilized, and percent of embryos
that survive from fertilization to birth.
A number of environmental influences
affect each of these components of lit-
ter size. The number of eggs ovulated
is affected, among other things, by the
amount of energy consumed daily for
one to two weeks before breeding and
by age of the females up to about a
year and a half. The percent of eggs
fertilized is influenced by the quality
of semen of the boar to which the
female is bred and to some extent by

Table 2.	 Heritability of Some Traits in Swine

Percent of heritability

Trait Range Average

Number of pigs farrowed 	 0-24 15
Number of pigs weaned 	 0-32 12
Weight of litter at weaning 	 3-37 17

Average daily gain from weaning to 200 lbs. 	 14-58 29
Feed per pound gain 	 8-72 31

Carcass length 	 40-81 59
Loin eye area 	 16-79 48
Thickness of back fat 	 12-80 49
Percent of ham (based on carcass weight) 	 51-65 58

'Adapted from W. A. Craft, 1958, Tour. Animal Sci., 17:960-980.
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the time the female is bred during the
heat period. The percent of embryos
that survive from conception to far-
rowing is influenced by amount and
quality of the ration, by general or spe-
cific diseases of the female or of the
reproductive tract, and by high temper-
atures.

It is unlikely that any two females
will be affected to the same extent by
the array of environmental influences

listed above. Furthermore, once an
embryo dies, the effect is irreversible.
An embryo that dies due to overfeed-
ing of the female or to excessive tem-
peratures cannot "regrow" when these
conditions are corrected. Yet, none of
the influences listed are hereditary. It
is easy to see why litter size has a low
heritability.

The kind of variability that exists
in number of eggs ovulated and in

Table 3. Average Size of Previous Litters, Number of Corpora Lutea, and Num-

ber of Viable Embryos of Sows Slaughtered Three Weeks After Mating

Avg. litter size
Sow no.	 in prior litters

	
No. corpora lutea	 No. embryos'

BERKSHIRE
65-6 	 7.0 11 Not bred

58-104 	 10.0 15 Not bred

58-11	 	 8.8 18 Not bred

65-5 	 10.0 18 10

21-6 	 7.0 16 12

57-186 	 7.9 18 8
58-51	 	 7.8 15 6

58-69 	 8.5 14 13

60-4 	 5.5 13 8
68-5	 	 8.0 13 12

67-6 	 8.5 10 9

58-78 	 8.0 17 11

69-5 	 5.5 16 12

65-7 	 4.0 15 11

15-6	 	 8.5 13 5

67-4 	 8.5 11 8

Average 	 7.7 14.6 9.6

YORKSHIRE
54-11	 	 13.0 19 Not bred
57-11	 	 9.5 17 0

57-7 	 13.0 19 17

55-6 	 10.0 21 14

54-10 	 12.0 18 12
57-10	 	 9.5 18 10

54-7 	 9.5 18 16

55-8 	 9.5 21 0

55-9 	 13.0 25 23

57-9 	 9.0 12 0

55-4 	 8.5 23 21

Average 	 10.6 19.2 15.9

1 Sows without embryos are not included in the averages.
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death loss during the first three weeks
after breeding is shown in Table 3.

Part of the swine breeding research
at Oregon State University is for the
purpose of developing management
procedures to reduce environmental
sources of variation. If such can be
done, variation that exists will be to a
larger extent the result of hereditary
rather than environmental differences.
Examples of these procedures in re-
lation to litter size are :

• Sows are bred at first heat—
usually three to five days—after litters
are weaned; all are on full feeding
prior to breeding and are put on re-
stricted feeding within five days after
breeding. Gilts are flushed for about
two weeks before breeding.

• Each female is bred each day
while in heat.

• Each female is fed individually
during gestation.

• Shade is used to keep sows cool;
sprinklers are used when needed.

• Excessive fighting at breeding
time and during gestation is prevented.

Another management procedure be-
ing evaluated is confinement of females
before breeding and during gestation.

Analysis of data covering several
years is needed to determine whether
and to what extent selection for litter
size is improved by more careful con-

trol of environmental variations. Ef-
fects of the above management pro-
cedures on increased effectiveness of
selection for number of pigs per litter
are not yet available.

Performance testing

Performance testing for growth rate
and feed efficiency may be conducted
from (1) a standard beginning age,
such as 56 days, to a standard ending
age, such as 140 days; (2) a standard
beginning age to a standard ending
weight, such as 200 pounds; or (3)
from a standard beginning weight,
such as 60 pounds, to a standard end-
ing weight, such as 200 pounds. Of the
three methods, the least labor is re-
quired to test from a standard begin-
ning age to a standard ending age,
since these are automatically known for
each litter and are the same for all
pigs in a given litter. Much of the per-
formance testing at experiment sta-
tions for growth rate and feed effi-
ciency has been conducted on this basis.

The purpose of performance testing
is to obtain records that reveal genetic
rather than environmental differences
among individuals. Weight influences
average daily gains and feed efficiency.
Pigs are not all of the same weight at
a given age. The effects which differ-
ences in weight have on growth rate
and feed efficiency are shown in Table
4. These data were collected on pigs
fed individually.

Table 4. Growth and Feed Efficiency Data for Pigs During Various
Weight Periods

Weight period
	

Avg. daily gain	 Feed/lb. gain

lbs.	 lbs.	 lbs.
60-100 	 1.40 2.50

100-150 	 1.86 2.75
150-175	 	 1.92 2.85
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It is apparent from Table 4 that
average daily gains increase and that
more feed is required per pound of
gain as weight increases. It follows,
then, that average daily gain and feed
efficiency records can be expected to
more accurately reflect genetic differ-
ences among pigs if testing occurs
from the same beginning weight to the
same ending weight instead of on some
other basis.

Different animals will be selected if
different performance testing methods
are used (Table 5). The animals num-
bered 1 through 20 in the first column
of the table were the fastest-gaining
gilts of about 150 tested during one
winter season, when average daily gains
were calculated from 56 to 154 days of

age. Column 4 shows the top 20 ani-
mals when average daily gains were
calculated from 60 to 200 pounds. Only
13 of the 20 animals selected on per-
formance records from 56 to 154 days
of age had gains high enough to be
selected when average daily gains were
calculated from 60 pounds to 200
pounds. It can be further noted that
gains for all 20 animals were as high
when selecting on a weight-constant
basis as for the top 10 when selecting
on an age-constant basis. Because aver-
age daily gain increases as weight in-
creases (Table 4) and weaning weight
variation has a low heritability (Table
2), it is reasonable to expect that selec-
tion for average daily gain will be more
effective on a weight-constant than on

Table 5. Animals in the Same Herd With Highest Average Daily Gains (by Two
Methods of Performance Testing)

Age-constant basis' Weight-constant basis'

Animal
no.

Average
daily gain

56-day
weight

Animal
no.

Average	 56-day
daily gain weight

lbs. lbs. lbs. lbs.

1	 	 1.97 44 3 2.19 36

2 	 1.94 40 1 1.98 44

3 	 1.93 36 7 1.96 36

4 	 1.90 39 4 1.93 39

5 	 1.86 46 2 1.91 40

6 	 1.85 35 1.90 31

7 	 1.84 36 16 1.89 31

8 	 1.82 40 18 1.86 26

9 	 1.79 30 19 1.86 28

10 	 1.77 32 8 1.85 40

11	 	 1.74 38 1.84 27

12 	 1.69 33 9 1.84 30

13 	 1.69 42 5 1.82 46

14 	 1.68 41 1.80 27

15 	 1.67 25 1.79 38

16 	 1.67 27 1.78 27

17 	 1.67 27 15 1.78 25

18 	 1.67 31 ..._.* 1.75 41

19 	 1.67 41 17 1.75 29

20 	 1.66 28 1.74 38

Average 	 1.77 35.6 1.86 34.3

56 to 154 days.
= 60 to 200 pounds.
- The animal was not in the top-performing group on age-constant basis.
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an age-constant basis. The largest ani-
mals at weaning are usually the first to
reach market weight, but they are not
(to the same extent) the fastest gain-
ing animals when all are tested from
the same starting weight.

Performance testing in the Oregon
State University herds is conducted
with each complete litter fed as one
group. Because each pig is individu-
ally numbered by an ear-notch system,
the average daily gain of each pig dur-
ing the time on test can be obtained.
Since all pigs in the litter are tested
in the same pen, it is obvious that all
will not be of the same weight at the
same time. Likewise, the average
weight of entire litters will vary at
weaning.

Standardizing weight
To standardize beginning weight for

each pig and for each litter, the fol-
lowing procedure is used : Pigs are
weighed weekly when their weight indi-
vidually and as a group average ap-
proaches 60 pounds. The weekly weight
at which each pig is nearest to 60
pounds is used as the beginning weight
for each pig for growth performance.
The weekly weight at which each litter
averages nearest 60 pounds is used as
the beginning of the feed efficiency
test. Likewise, each pig completes the
growth test at approximately 200
pounds. The litter completes the feed
efficiency test when the litter averages
approximately 200 pounds.

A study of feed efficiency differences
among pigs within litters in the OSU
herd is presented in a separate report.
Results suggest a need for individual
testing for feed efficiency in order to
make maximum selection progress for
this trait. Before such conclusions can
be fully reached, however, additional
data on heritability of feed efficiency
of animals tested as individuals versus

animals tested as groups needs to be
obtained. Feasible facilities and meth-
ods for performance testing of pigs
individually also need to be developed.

Mating systems
For maximum selection effective-

ness, the mating system used for the
herd must retain improvements already
made by selection and keep genetic vari-
ation so that continued selection prog-
ress will be possible. In addition, it is
necessary that animals breed true for
the improvement that they show as indi-
viduals. A closed herd in which all
males and all females are produced in
the herd with no introductions from
outside sources keeps the genetic gains
made by selection in the herd and re-
sults in animals that breed true for
their own superiority. In other than
very large herds, however, it is difficult
to avoid a rate of inbreeding that is too
rapid when breeding entirely from
within a closed herd. There is a tend-
ency for the highest performing males
and females to be in the same litters.
These, along with their parents, tend
to be kept in the herd because of their
superior performance, Thus, inbreed-
ing tends to increase more rapidly than
is desired.

Rapid increase in inbreeding is
unfavorable in three ways : (1) With-
out adequate opportunity for selection,
rapid inbreeding results in decreased
levels of performance, especially in
such traits as number of pigs born,
number that survive to weaning, and
in weaning weight; (2) genetic differ-
ences among animals decrease because
the animals become closely related; and
(3) animals inbred rapidly become
more sensitive to unfavorable environ-
ment; as a consequence, they exhibit
an increased amount of variation due
to environmental influences while ge-
netic differences among the animals de-
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crease and lead to mistakes in selection.
Outbreeding has the advantage of

keeping a high degree of genetic varia-
tion on which selection can act, and it
does not depress productivity in the
manner that inbreeding can. Con-
tinuous outbreeding does not, however,
keep in the herd the selection improve-
ment already made and, in many, if
not most, instances does not develop
animals with a maximum ability to
breed true. Also, continuous outbreed-
ing leads to continuous selection for
hybrid vigor rather than for genetic
differences that will lead to improve-
ment of the herd.

OSU breeding system
A combination of closed herd and

limited outbreeding is used in the Ore-
gon State University herds in the fol-
lowing way. The animals that com-
posed the original herds in 1960 were
not inbred. Both male and female off-
spring from these were selected on the
basis of performance. Females were
mated to males on the basis of least
relationship after both sexes had been
selected for superior performance. This
pattern of selection and mating of
least-related selected animals from
within the herd has continued each
season. This system keeps in the herd
the genetic improvements made by se-
lection. A relatively mild inbreeding
results initially, but this tends to in-
crease in rapidity with successive gen-
erations of selection.

To slow down the rate of inbreeding
without undoing the improvements al-
ready made by selection, an occasional
outbreeding is made with a few fe-
males. Offspring from the outbred
mating are performance tested. If their
performance is equal to or higher than
that of animals already in the herd,
selected males and females are mated
on a half-brother-half-sister basis. Per-

formance of offspring from these mat-
ings is compared to performance of
animals already in the herd. If per-
formance, including carcass traits, of
animals resulting from half-sib matings
is at least as good as that of animals
resulting from selection in the herd,
the selected offspring from the outbred
and inbred matings are then interbred
with the selected animals in the closed
portion of the herd.

In six years, four outbred York-
shire litters have been produced in
the herd. Two boars have sired these.
One of the boars sired offspring in-
ferior to the animals already in the
herd. The other sired offspring that
have improved performance levels and
delayed increases in extent of in-
breeding.

The outcross offspring of one Berk-
shire boar were of such quality as to
merit introduction into the herd after
careful screening. Two litters from
a second Berkshire boar are currently
being evaluated.

Anticipated effects
The anticipated effects of the above

system are : (1) Inbreeding is kept at
low levels; (2) the herd continues to
have genetic differences for which se-
lection can be practiced; (3) animals
have enough concentration of heredity
to breed true to their own superior
performance levels; and (4) the im-
provements made by selection are kept
in the herd without being dissipated by
continuous extensive introduction of
unrelated animals.

Avoidance of contagious diseases is
a necessary condition for effective se-
lection. Genetic differences are not
likely to be clearly expressed in a herd
with chronic and sporadic disease oc-
currences. In 1961, the Oregon State
University swine herds were estab-
lished free of major diseases and have
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been so maintained since that time. The
avoidance of introducing animals into
the herds is a key practice in maintain-
ing a healthy herd. The outbreeding
that has occurred has been by some-

what laborious methods that protected
the health status of the herd. Artificial
insemination is now a feasible pro-
cedure for such matings and will be
used in the future.

Use of Hormones to Schedule Heat Periods in Swine

E. F. ELLINGTON

The pig, as well as the other f arm
animals, may be considered as a com-
plex of a number of physiological sys-
tems such as the respiratory system,
digestive system, and reproductive sys-
tem, with each system being responsible
for a particular function. The nervous
and hormonal systems are of special in-
terest because they control and co-
ordinate the activities of the other sys-
tems in such a way that all systems
function as a unit, the animal.

The nervous system unites the var-
ious parts of the body by conducting
pathways, and it controls or influences
processes such as respiration, heart
action, and body movement where
rapidity of action is of prime impor-
tance. The hormonal system communi-
cates and controls activities in various
parts of the body by utilizing the cir-
culatory system to carry chemical mes-
sengers, which we know as hormones.
The hormone system has major control
over processes such as metabolism, re-
production, growth, and lactation in
which rapidity of action is not the most
important factor.

E. F. ELLINGTON is assistant professor of
animal science, Oregon State University.

Reproduction hormones

Because hormones are largely re-
sponsible for the control of reproduc-
tive events in both the male and fe-
male, it is essential to emphasize the
study of hormones. When discussing
the hormones involved in reproduction,
it is convenient to classify them into
two major groups, the primary and
secondary hormones of reproduction.
The primary hormones are those that
have a direct involvement in repro-
ductive events, such as in the produc-
tion of spermatozoa. Included in the
primary group are the gonadotropic
hormones which regulate activity of
the gonads (testicles and ovaries) and
the gonadal or sex hormones which
are produced by the gonads.

Gonadal hormones include the andro-
gens, which are the male sex hormones,
and the estrogens and progestogens,
which are the female sex hormones.
The androgens cause development of
characteristics associated with "male-
ness." As implied in the names, estro-
gens cause the production of estrus or
heat and progestogens bring about
progestational changes which prepare
the female for pregnancy.
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The secondary hormones of repro-
duction are those which are necesssary
for the general well-being and meta-
bolic state of the animal. These hor-
mones maintain the metabolic state of
the animal in such a way that the full
effect of the primary hormones is
realized. Secondary hormones include
essentially all of the remaining hor-
mones produced within the body.

Progestogens and the estrous cycle

Among the many actions of hor-
mones, one of particular interest is
that of progestogens in regulating the
estrous cycle. It has long been known
that the natural progestogen, proges-
terone, is produced during a phase of
the estrous cycle by special ovarian
structures called the corpora lutea. It
is also known that estrus and ovulation
do not occur while corpora lutea are
functional. The corpora lutea regress
during a specific stage of the estrous
cycle and become nonfunctional. At
this stage the ovarian follicles, the
structures that contain the eggs, start
increasing in size. Subsequently, the
animal will show estrus and the fol-
licles will rupture to release the eggs.

Controlled breeding studies

Workers at the Wisconsin station in
the late 1940's applied the existing
knowledge concerning progesterone ac-
tions during the estrous cycle to a
problem that has been of interest to
livestock producers and researchers
for years. The problem was that of
having animals to breed at will, or
more specifically, to synchronize estrus
so that a large group of animals
could be bred within a relatively short
period of time. This would allow for
more efficient use of time, labor, and
facilities; contribute to the feasibility
of artificial insemination; and allow the

marketing of more uniform crops of
offspring.

Previous workers had used other
primary hormones of reproduction
such as gonadotropins and estrogens in
attempts to control breeding success-
fully but did not gain promising re-
sults. The Wisconsin workers reasoned
that if a group of animals were treated
with progesterone for a period of time,
all would be brought to a common stage
of the estrous cycle; upon withdrawal
of treatment, subsequent reproductive
events such as estrus would occur in a
synchronized fashion. In this way, the
animals would be expected to come
into estrus and ovulate under their own
controlling mechanisms.

Testing of working hypothesis

The working hypothesis was tested
by giving gilts, heifers, and ewes daily
injections of progesterone. Estrus and
ovulation were inhibited during pro-
gesterone treatment, but they occurred
within a time interval characteristic of
the species after withdrawal of treat-
ment. For example, the beginning of
estrus in the majority of gilts was five
to seven days after the end of treat-
ment. In general, a more effective con-
trol of estrus was produced in cattle
and sheep than in swine. These find-
ings have been confirmed many times
for progesterone treatment, and similar
results have been reported for other
progestogens. Methods that have been
employed for the administration of
progestation materials to livestock in-
clude injecting, implanting, feeding,
and the use of impregnated, vaginal
pessaries.

Problems encouraged
Even though progestogens offer

much promise as a means for success-
fully controlling breeding dates, certain
problems remain to be solved. A most
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significant one, especially in swine, is
low conception rates for breeding at
the "controlled" estrous periods. One
factor frequently contributing to the
low conception rate in swine is that the
ovarian follicles develop to enormous
sizes and do not rupture to release the
eggs. The enlarged follicles are termed
"ovarian cysts" and are believed to be
due to a greater inhibitory effect of
progestogens on the production of
hormonal factors responsible for ovula-
tion than on hormonal factors respon-
sible for follicular growth. This would
result in follicles that continue to en-
large rather than to ovulate. Animals
affected by this condition might show
estrus but conception would not occur.

Recent studies

A study was conducted at OSU with
gilts using a new, more potent, syn-

thetic progestogen called fluorogestone.
It was hoped that this material would
be inhibitory to the factors associated
with the development of ovarian cysts.
But it, too, caused a high incidence of
ovarian cysts and a resulting low rate
of conception. Recently, a new orally
effective progestogen called MATCH
(I.C.I. 33,828) was synthesized in
England and made available for ex-
perimental use. Preliminary reports in-
dicate that this material offers promise
as a means of successfully synchro-
nizing breeding dates in swine. In com-
parison to treatments with other pro-
gestogens, MATCH treatment appar-
ently results in a more precise control
of estrus and a much higher degree of
fertility. United States Department of
Agriculture researchers presently are
emphasizing the study of MATCH in
this regard.
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The SPF Program—Its Impact on the Swine Industry

NORMAN R. UNDERDAHL

The specific pathogen-free (SPF)
program is a method for controlling
swine diseases. The disease chain is
broken by surgically obtaining pigs,
raising them in isolation, and then
transferring them to the farm to ma-
ture and reproduce. The offspring
(secondary stock), free of chronic
diseases, are used to repopulate other
farms. Infection with the chronic dis-
eases can be prevented as long as con-
tact with diseased pigs is not permitted.

Surgery method

The method of obtaining pigs by
surgery or hysterectomy was first de-
veloped in 1952. The purpose was to
obtain colostrum-deprived, antibody-
devoid pigs for swine research in order
to assure uniform pigs for experi-
mental studies in nutrition and animal
diseases.

For the hysterectomy, a sow in about
the 112th day of gestation is anes-
thetized with carbon dioxide gas, the
gravid uterus is removed and passed
into a sterile environment, and the
pigs are freed from the uterine tissue.
The protective covering of the intact
uterus is used as the container for
moving the pigs through a contami-
nated area to the sterile atmosphere of
the hysterectomy hood. After the pigs
have been removed from the uterus,
they are dried and their umbilical cords
are tied; then the pigs are weighed,
earnotched, placed in a sterile transfer
case, and taken to the laboratory. The
sow is bled and processed for food.

In the laboratory the pigs are placed
in sterile individual isolation units, and

N. R. UNDERDAHL is associate professor of
veterinary science, University of Nebraska.

they soon learn to drink milk from a
shallow pan. After one week the pigs
are transferred to a colony-type life
in a brooder unit. The milk diet is con-
tinued, and dry feed and water are
made available. When the pigs are
three weeks old, the milk diet is discon-
tinued and the pigs are given dry feed
only.

Pigs are transferred from the
brooder at approximately four weeks
of age. Prior to transfer the pigs are
vaccinated for hog cholera with a
rovine-attenuated vaccine and hog
cholera antiserum. The antiserum, be-
sides protecting the pig during the hog
cholera vaccination, also contains other
protective antibodies which help to
buffer the transfer from brooder life
to the farm.

Hysterectomy or secondary stock
should not be moved to a farm until
the barns and equipment have been
thoroughly cleaned and rested. This
procedure includes removal of all con-
ventional pigs, cleaning, and disin-
fecting barns and equipment, and rest-
ing the area for four to six weeks.
Pigs transferred from the brooder
must be confined to a small area and
continued on the same feed for several
weeks. Heat lamps must be provided in
cold weather, and protection from flies
is essential in warmer seasons.

Early research

In 1953, the first experimental herd
was set up with "disease-free" pigs ob-
tained by hysterectomy. Offspring
from this original herd at Iowa State
University, is still maintained free of
atrophic rhinitis and virus pneumonia.
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In the spring of 1956, the first major
attempt to repopulate a production herd
was attempted. The University of
Nebraska repopulated one of its ex-
perimental herds with 160 pigs ob-
tained by hysterectomy. Stock from
this herd, together with new blood lines
obtained by additional hysterectomies,
were used to repopulate other univer-
sity herds. These herds, although not in
the Nebraska SPF program, are still
free of all the specific diseases outlined
in the program.

Commercial application
The first commercial application of

the "disease-free" principle originated
in 1957 when 33 crossbred gilts were
placed on six Nebraska farms. These
six farms formed the nucleus of the
Nebraska SPF Association. All of the
early farms in the Nebraska program
were repopulated with secondary stock
from these farms. Later, producer-
members obtained their basic SPF
stock by hysterectomy or by purchasing
accredited secondary stock. Through
the past eight years the membership
of the Nebraska program has stabilized
at approximately 90 to 100 producers
(Table 1). Three of the six original

producers still remain active in the
program.

The SPF program was originally
established to control atrophic rhinitis
(AR) and virus pneumonia of pigs
(VPP). The records for 171 farms
(Table 2) for the past eight years show
that two farms have been disqualified
and 11 have remained on the question-
able list for VPP. Eight farms have
been disqualified for AR, while 15
have been undecided. The majority of
the SPF herds have remained free of
any respiratory involvement and are
accredited; however, a small percent
of herds have had suspicious lesions
which have been difficult to confirm.
Because of the lack of diagnostic pro-
cedures for a clear-cut diagnosis, these
herds must tentatively remain on the
undecided list and consequently cannot
be accredited. If the problem persists
and is found in the routine examina-
tion of the next farrow, the herd will
be disqualified and dropped from the
program.

External parasites (mange and lice)
are eliminated by hysterectomy and
isolation and have not been a problem
(Table 3). Reinfestation by the two
herds indicates contact with diseased

Table 1.	 Herd Enrollment and Activity in the Nebraska SPF Swine Accreditation
Program, 1958-1966

Year No. enrolled No. active	 No. litters weighed

1958 	 6 6 69
1959 	 11 11 213
1960 	 33 30 507
1961 	 71 66 1162
1962 	 98 84 1692
1963 	 98 89 1995
1964 	 115 93 2167
1965 	 97 85 2052
1966 	 89 to date Not available
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Table 2. Nebraska "SPF" Program-Disease Summary Part I

Year
	

No. farms	 Undecided	 Disqualified

Virus pneumonia (VPP) 	 1958-1965 171 1 1 2
Atrophic rhinitis (AR) 	 1958-1965 171 15 8

Table 3. Nebraska "SPF" Program-Disease Summary Part II

Year No. farms Undecided Positive

External parasites 	 1958-65 171 0 2
Swine dysentery 	 1958-65 171 0 0
Brucellosis 	 1958-65 171 0 0
Leptospirosis 	 1958-65 171 0 0

swine; consequently, the herds are both
quarantined. Swine dysentery, brucel-
losis, and leptospirosis, as well as other
nonspecific diseases, have not been a
problem.

The performance of the swine in the
Nebraska SPF program is shown in
Table 4. The average 154-day weights
have remained at approximately 200
pounds; however, there has been some
decline in litter size during the past
eight years. The decline in litter size
is perhaps due in part to change from

100% crossbreds in the early pro-
gram to approximately 95% pure-
breds in 1965. Although purebreds gen-
erally grow at a slower rate, they have
been able to maintain the production
standards which were established for
the earlier crossbreds.

Although the number of producers
and the herd size have increased sub-
stantially, the average mortality has
held steady at about 15%. This mor-
tality rate is well below the national
average, which ranges from 20 to 30%.

Table 4.	 Performance of Pigs in the Nebraska SPF Program

Avg. no.	 Litter	 Percent
Average weight

Avg.
Year Litter born	 56 days	 mort. 56 days 5 mos.' Litter gain'

% lbs. lbs. lbs. lbs.
1958 69 	 11.0	 8.7	 21 42 196 1,697 1.57
1959 213 	 10.0	 8.4	 16 44 207 1,736 1.67
1960 507 	 9.7	 8.3	 15 41 193 1,554 1.55
1961 1,162 	 9.7	 8.3	 14 43 201 1,607 1.61
1962 1,696 	 9.2	 7.8	 15 42 195 1,454 1.56
1963 1,995 	 9.1	 7.7	 16 43 195 1,443 1.55
1964 2,167 	 9.3	 7.8	 16 44 199 1,476 1.58
1965 2,052 	 9.2	 7.8	 15 44 201 1,492 1.60

8 years 9,861	 	 9.3	 7.9	 16 43 198 1,496 1.58

Five-month weights were taken prior to 1960. The weights at 140 days can be determined by multiplying
.8375 times the five-month weight.

= Average daily gain from 56 days to 5 months.
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Carcass data

The carcass data collected at slaugh-
ter and the backfat measurements made
at the 140-day weighing have both
shown substantial improvement (Table
5). The average backfat has dropped
from 1.46 to 1.13 inches. This backfat
measurement is made on the live pig
and adjusted to 200 pounds. The car-
cass grading was done on pigs sent to
market for disease examination and
consisted mostly of barrows, with some
light and heavy hogs. In the first years

of the program only 30 to 40% of the
pigs graded Number 1. However, there
has been an increase in Number 1 pigs
with a corresponding decrease in 2's
and 3's. This improvement in backfat
and carcass quality has been enhanced
by the increased number of registered
purebred herds in the program which
have reduced backfat and improved
carcass quality.

Keeping feed records and conversion
data has been encouraged, and a
limited number of producers have co-

Table 5. Nebraska "SPF" Program Carcass Data

Year
No. of
herds

No. of
pigs

Percent Graded

Weight 1 7 3 Backfat

1960 18 236 217 32 56 12 1.38
1961 53 1,255 214 43 51 6 1.40
1962 79 1,575 213 61 38 1 1.29
1963 86 1,839 216 64 36 .___ 1.16
1964 92 1,710 215 60 36 4 1.15
1965 88 2,409 217 56 35 8 1.13

USDA averages 33 39 26

Table 6. Feed Conversion Trials, Nebraska SPF Program, 1965

Farm
no.

Farrow
season

No. on
test Sex

Average
starting

age
Ending
weight'

Days on
test

Avg.
daily
gain

Feed/100
lbs. gain

days lbs. lbs. lbs.
19 11 6 Mix 53.3 171.8 72 1.65 333
19 11 11 Mix 43.9 146.4 72 1.42 299
20 11 78 Mix 28.1 170.4 105 1.35 364
20 22 42 Mix 22.7 193.1 107 1.59 292
20 44 73 Mix 24.9 199.4 106 1.65 308
33 11 36 Mix 23.4 208.6 110 1.68 281
69 33 53 Mix 78.3 169.2 60 1.51 430
72 11 19 Boars 71.7 172.8 49 2.05 254
72 22 ?3 Boars 51.5 176.3 61 2.05 248

121 11 30 Mix 56.5 199.3 75 1.90 269
135 22 ,	 85 -	 , Mix 17.1 190.4 109 1.59 289
135 33 111 Mix 28.1 183.6 96 1.62 288

Avg. of 12 tests 47.2 34.6 185.1 94.0 1.60 306

Average starting age, by herd, ranged from 35 to 112 days; ending weights are at or near 140 days.
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operated. The records from these pro-
ducers are shown in Table 6. As would
be expected, there is some variation in
gain and feel conversion; however,
the 12 cooperating producers averaged
1.60 pounds gain per day on 306
pounds of feed for each 100 pounds
of gain.

For accreditation in the Nebraska
SPF program each farrowing must
pass the disease examination and aver-
age 155 pounds at 140 days of age
(Figures shown in Table 4 are 140-
day weights adjusted to 154 days).
Individual pigs in order to be ac-
credited must meet the following pro-
duction requirements : boars, 170
pounds at 140 days with 1.2 inches or
less of backfat adjusted to 200 pounds;
gilts, 150 pounds with 1.4 inches or less
of backf at.

An accreditation certificate is issued
for each pig which meets disease and
production requirements. Information
on this certificate includes producer's
identification, pig identification, farrow
date, number born alive, number still-
born, number raised to 35 days, indi-
vidual 140-day weight, total litter
weight, backfat, individual index, herd
index, and diagnosed diseases. The
index is figured from backfat and 140-
day weights and allows for comparison
of performance within the herd and
with other herds.

The Nebraska program is financed
by annual and accreditation fees, which
pay for approximately 75% of the
total cost of the program. The partici-
pating producer pays $30 annually for
membership, $30 for each disease
examination, and $3 for each pig ac-
credited. He does not pay for pigs that
are not accredited because of failure
to meet disease or production stand-
ards.

The accredited gilts are sold to es-
tablish SPF herds primarily for pro-
duction of market pigs, and boars are
sold for breeding in both SPF and
non-SPF herds. Veterinarians report
that in some heavily populated swine
areas in Nebraska as many as 50%
of the swine herds are from SPF stock.
These veterinarians have recommended
repopulation of problem herds in order
to produce pork more efficiently.

The number of producers raising
SPF breeding stock has increased in
all midwestern states. In order to stand-
ardize the accrediting procedures, the
National SPF Producers Council has
been established at Conrad, Iowa. This
group is responsible for accrediting
SPF swine for health standards. The
Nebraska SPF Association cooperates
with this group but accredits its own
SPF herds. Nebraska requires produc-
tion as well as health standards, while
the National Council recommends but
does not require production records.

There are several advantages ob-
tained from raising specific pathogen-
free pigs. These include the following :
lowering of mortalities from disease
and secondary infections; improved
feed efficiency and the ability to select
for growth and efficiency without the
added burden of disease; reduced drug
expense; average marketing 30 days
earlier, thereby saving in feed, labor,
and equipment; and greater profit from
the operation.

The SPF program is not a means by
which good feeding and husbandry
methods can be disregarded. It is, in-
stead, a method which can assist the
producer in removing chronic disease
problems, improve the system for dis-
ease control, and result in a more prof-
itable swine operation.
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Implications of Energy Levels in Swine Rations

J. E. OLDFIELD

In developing ration formulas for
swine, too little attention is sometimes
paid to energy levels in favor of in-
creased attention to levels of nutrients
fulfilling other purposes. Actually, the

supply of energy is the central function
of the diet for swine, as it is for other
animals and man, and most nutrients
in the diet contribute to some extent
to this function (Figure 1) .

PROTEINS fimi* Body
substance

(muscle, blood) 

Figure 1. Diet energy and its contributors.

It will be noted that carbohydrates
and fats are largely used in supplying
energy, as illustrated by the widths of
the arrows in Figure 1, and only small
amounts of these nutrients are used
for other special functions. The arrow
drawn for carbohydrates is wider than
that for fats, since in most conventional
swine rations carbohydrates (including
grain starches and fibers) are more
plentiful than fats. On the other hand,
fats are a more concentrated source
of energy than carbohydrates; one
pound of fat, such as tallow, will supply
the pig with two and one-fourth times
as much energy as one pound of grain
starch. Differing from the other nutri-

J. E. OLDFIELD is professor of animal
nutrition, Oregon State University.

ents, proteins are chiefly used for build-
ing body tissues and, in the young ani-
mal particularly, they contribute rela-
tively little to the supply of energy.

It is easy to visualize the need for
protein in rations for growing pigs
to build their body tissues, such as
muscle, blood, skin, and hair (all of
which are largely protein in composi-
tion). However, it is not as easy to
visualize the need for energy. A certain
amount of energy obviously is needed
by the pig for its daily physical ac-
tivities of getting up, lying down, walk-
ing, eating, and so forth. This energy
requirement might be discounted some-
what on the basis that modern confine-
ment practices restrict such activities
to a certain extent. Much more energy
is required, however, for the various
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chemical reactions which are proceed-
ing every instant within the animal's
body, by way of which food is digested
and the products of digestion are me-
tabolized. In short, energy supply is
of vital importance to swine and de-
serves careful attention.

Research on energy supply

Since fats are more concentrated
energy sources than other nutrients,
fat supplementation has been used as a
means of producing "high energy"
rations for various classes of livestock.
Heitman (1956) at the California
Agricultural Experiment Station dem-
onstrated increased weight gains in
pigs when their rations were supple-
mented with either 5% or 10% of
stabilized renderers' tallow. Canadian
workers also recorded increased gains
in pigs fed rations supplemented with
up to 30% stabilized tallow (Kuryvial
et al., 1962). Some beneficial responses
by pigs to dietary fat supplementation
are summarized in Table 1.

Others, however, have reported dif-
ferent results. Kropf, Pearson, and
Wallace (1954) in Florida showed no
consistent advantage in weight gains
by supplementing swine rations with
either 10% or 15% of raw, ground,

waste beef fat. Georgia workers simi-
larly recorded no increases in gains on
rations supplemented with .5% and
10% of beef tallow (Baird et al.,

1958).

Varying results

There are two possible reasons for
the apparent discrepancy in results.
First, there may have been important
differences in the quality of fat used.
Diggs and others (1965) at the Illinois
Station have illustrated differences
among high-quality feeding fats in
their calculated metabolizable energy
values for lard, corn oil, and tallow of
7.54, 7.30, and 7.83 KCaI/g., respec-
tively. With less suitable fats, greater
differences might be expected. The
Florida group fed raw, ground beef
fat which would be expected to differ
somewhat from a rendered and stabi-
lized product. Local work at this sta-
tion, using fish oil as the source of fat,
has shown similar depressed growth
responses, which were strikingly ag-
gravated by lowered quality of the oil
(Table 2, Oldfield et al., 1963). Some
of these effects were lessened by use of
antioxidants in the diets. An added dis-
advantage in this latter case was the
"fishy" taste and odor imparted to the

Table 1. Beneficial Responses to Fat Supplementation in Swine Diets

Ration
Reference	 treatment

Heitman	 Control 	
10% tallow 	
10% lard 	

Kuryvial	 Control 	
15% tallow 	
30% tallow 	

Avg. daily feed
Feed/lb.

gain

lbs. lbs.

6.36 3.89
5.42 3.09
5.08 3.02

3.51 3.12
3.12 2.41
2.92 1.98

Avg. daily gain

lbs.

1.64
1.75
1.68

1.13
1.30
1.48
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Table 2. Growth Depression on Adding Unprotected Fish Oils to Swine Rations

Lot no.	 Ration treatment
	

Avg. daily gain	 Avg. daily feed

lbs.	 lbs.

1 Lard supplement 	 1.66 5.83
2 Menhaden oil supplement 	 1.27 4.32
3 Medium-oxidized menhaden oil 	 1.19 3.89
4 Highly oxidized menhaden oil 	 0.82 3.33

carcasses. When oils are added to the
diet, their softening effect upon the
body fat of pigs is also well known.

A second reason for poor perform-
ance on high-fat diets might be ex-
pected to lie in undesirable relation-
ships existing between the energy level
and the supply of various other es-
sential nutrients.

Energy requirements

It is generally accepted by animal
nutritionists and livestock feeders that
animals eat to satisfy their energy re-
quirements. Obviously, if the feed con-
tains a concentrated source of energy,
such as fat, the animal will eat less of
it to satisfy energy requirements than
if a less-concentrated source is in-
volved. Such being the case, if levels of
other essential nutrients have not been
increased along with the fat, the de-
creased intake may mean that rations
become deficient in terms of the ani-
mal's needs. To consider a practical
example, a growing pig in the 75- to
125-pound weight range requires about
0.73 pound of protein daily (National
Research Council, 1964). It could meet
these requirements by eating 5.2
pounds of a 14% protein ration of the
"conventional" (grain plus protein
supplement) type. If, however, 20%
fat were added, and the pig ate only
4.2 pounds, the same 14% protein level
would provide only 0.59 pound of

protein, or about 80% of the pig's re-
quirements for this essential nutrient.

The relationship between energy and
protein levels, then, becomes quite im-
portant. For example, this relationship
was recognized by Pond and others
(1960) at Cornell, and they investi-
gated the effects of varying the protein
content along with the energy content.
They showed that the addition of 10%
stabilized beef tallow resulted in in-
creased gains of pigs when their rations
contained fairly high levels of protein
(20-18%) but did not increase gains
when ration protein was low (12-
10%). The same workers theorized
that high-fat level rations might also
induce vitamin deficiencies unless sup-
plementary levels of these vitamins
were simultaneously increased; how-
ever, in the experiments cited they were
unable to show any significant effect
from variation in levels of pantothenic
acid.

Fat and protein relationships
Minnesota workers have investigated

type and level of fat and the effect
of dietary protein level in extensive
experiments (Greeley et al., 1964).
They reported significant increases due
to stepwise dietary supplementation
with tallow over the range of 0, 4, 8,
and 12%. There were no consistent in-
creases as protein levels were raised
from 13% to 15, 17, and 19% of the
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diet; however, it should be noted that
the range of protein levels investigated
was rather narrow.

Conclusions

Continued attention must be paid to
the energy content of swine rations in
all attempts to improve the nutritional
performance of these animals. The
concept of high-energy rations, which
has been successfully applied with
other species, offers promise in swine
production, and use of supplementary
fat appears feasible in attaining high
concentrations of dietary energy.

Several considerations need to be
made in devising fat-supplemented
rations for swine. The fat used must
be of a high quality, and it is recom-
mended that it be protected against
oxidative damage by the use of ap-
propriate antioxidants. Differences
exist even among superior products,
and, in general, the best performance
has been attained with beef tallow com-
pared with other, softer fats. The use
of oils is influenced by their effect on
the hardness of carcass fat.

The relationship between fat levels
and levels of other essential nutrients
in the diet also requires consideration.
Many experiments indicate less con-
sumption of feed when fat levels are
increased. It must be assured that the
animal's requirements for the other
nutrients are met when the feed intake
is lowered.
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Protein Requirements of Swine

F. M. PATE

Proteins are extremely important in
nutrition because they have a central
position in the make-up and function
of all living matter. They are con-
nected with every phase of chemical
and physical activity that constitutes
the life of the cell. A few of their many
specific functions will be listed. Pro-
teins are important in the structure
of muscle, blood, hair, and tendons;
they even form the pattern which di-
rects the formation of bone in the un-
born animal and further bone develop-
ment and growth after birth. They are
concerned with defense mechanisms
(antibodies) in combating disease
organisms and detoxifying poisonous
substances. Proteins are also involved
with muscle contraction; in fact, mus-
cle tissue is around 65% protein on a
dry-weight basis. This feature alone
indicates the importance of protein,
since muscle tissue or lean meat is the
ultimate end-product of swine produc-
tion.

An added incentive to careful con-
sideration of protein in swine rations
is provided by the fact that protein-rich
feed ingredients are considerably more
expensive than the low protein feed-
stuffs commonly used for swine.

Chemical nature of proteins

Amino acid make-up. Before an
adequate discussion of protein require-
ments can be fully appreciated, certain
fundamental properties of proteins
should be pointed out. The protein
molecule is a very complex structure,
built up only by living cells through

F. M. PATE is a graduate assistant in the
Department of Animal Science, Oregon
State University.

the linking together of smaller mole-
cules termed amino acids of which
there are approximately 20 different
kinds. This can be better understood
by the use of an analogy—thinking of
a protein molecule as a chain consti-
tuted of links of 20 different colors
signifying the different amino acids.
Most protein molecules will contain
several hundred links and include all
20 of the different amino acids.

True versus crude protein. The
difference between "crude protein" and
"true protein" should also be clarified
at this point, The term true protein is
used when referring to the actual pro-
tein in a feed. It is made up entirely
of amino-acid links as described above.
Crude protein, on the other hand, is
a rather loosely defined term including
all nitrogenous compounds occurring in
feedstuffs. This includes true protein,
which on the average makes up about
two-thirds of the crude protein, plus
many other nitrogen-containing com-
pounds.

The latter term arose because nitro-
gen is a common element in all amino
acids, and, no matter what the protein
is, nitrogen will make up approxi-
mately 16% of the molecule. Since
nitrogen is easily determined in feeds,
it can be multiplied by the factor 6.25,
(100/16) and the quantity of crude
protein can be obtained. Crude protein
is synonymous with the term "protein"
commonly used in nontechnical reports.

Measures of protein usefulness

Digestibility. Unlike many other
nutrients in the diet, proteins vary
extensively in their usefulness to the
animal. Many factors contribute to this
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variation, including the important item
of digestibility. The digestibility of a
protein is defined as that portion which
actually passes through the walls of the
intestinal tract, in relation to the total
amount consumed by the animal. The
protein molecule itself is not absorbed,
but is broken down to amino acids by
the enzymatic systems formed in the
stomach and small intestines before
diffusion through the intestinal linings
can occur.

Digestibility of proteins is quite
variable, depending upon their chemical
characteristics, such as solubility in the
digestive fluids, and upon certain other
dietary factors, including the protein
level of the ration. For example, meat
meal and soybean oil meal both con-
tain 50% crude protein. However,
meat meal protein has been shown to
be 82% digestible, while soybean meal
protein is 92% digestible.

Amino-acid balance. As previously
discussed, true proteins are made up
entirely of amino-acid units and no
two kinds of protein are exactly the
same. A specific protein of one species
of plants or animals (each species will
also contain several different kinds)
is in some way different from that con-
tained in other plant and animal species
—either in number of amino-acid units
or in order of arrangement. Therefore,
for a specific type of protein (pig mus-
cle protein, for example) to function,
its molecules must be composed of a
definite number of amino-acid links in
a specific order. To accomplish this re-
quirement, the proteins consumed in
the feed by the pig must be digested
to the amino-acid level and then rebuilt
into protein molecules characteristic of
the pig.

Thus, one might say that protein it-
self is actually not required by the pig
but that the constituent amino-acid

units are the vital nutrients with pro-
tein merely acting as a carrier. This has
been adequately demonstrated experi-
mentally with pigs and other animals
fed synthetic amino acids as the sole
nitrogen source. It should also be men-
tioned that the pig is able to synthesize
certain amino acids within the body.
Therefore, these amino acids do not
necessarily have to be furnished in the
diet and are termed "nonessential
amino acids." Unfortunately, 10 of the
20 known amino acids cannot be pro-
duced in this manner. These are termed
"essential amino acids" since it is es-
sential that they be present in the
ration.

This suggests another means of
measuring the usefulness of a protein
to the animal, termed "amino-acid bal-
ance," which is the relationship of the
"essential amino acids" contained in
the diet to those required by the pig.
There are several ways of expressing
amino-acid balance; basically, it is ob-
tained by determining the quantities of
each of the essential amino acids in
the protein and then comparing them
with the amounts required by the pig.
A protein would have a perfect balance
if each of its essential amino acids were
present in quantities needed for maxi-
mum growth. Using the chain example
again, one must supply the exact num-
ber of different colored links so that
the entire chain can be assembled to
prescribed specifications, because if one
link is missing the protein chain will
not be complete and therefore the frag-
ments will be wasted.

Biological value. Another common
measure of the usefulness of proteins
is "biological value." Actually, this is a
means of expressing the "amino-acid
balance" on a percentage basis and is
likely to be a more accurate method,
since it is determined by feeding the
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protein to the animal. Biological value
expresses that amount of protein di-
gested which is actually incorporated
into protein tissue. Accordingly, an
ideal protein having a biological value
of 100% is one in which all of the
digested portion is utilized in building
protein tissue. Theoretically, the es-
sential amino acids of this protein are
also in perfect balance. For example,
the biological values of soybean oil
meal and peanut meal are 75% and
56%, respectively.

Net protein utilization. A further
measure of usefulness is ref erred to as
"net protein utilization." This in effect
evaluates overall usefulness of a pro-
tein to the animal, since it is obtained
experimentally by determining the
amount of protein retained by the ani-
mal in relation to the amount consumed
in the ration. This value actually com-
bines "digestibility" and "biological
value" into a single estimate of protein
quality.

Excessive protein intake

While it is highly improbable that
large quantities of protein will produce
toxic effects in swine, it should be
mentioned that overfeeding protein is
expensive and unnecessary. The level
of dietary protein is directly related to
rate and economy of gain only up to a
certain point; thereafter, it is con-
sidered wasteful. This is true, because
after the protein requirements of the
pig are met, excessive protein is uti-
lized as energy and energy can be sup-
plied more cheaply by other nutrients,
such as carbohydrate and fat.

Protein requirements

The foregoing discussion provides
background considerations for deter-
mining the protein requirements of
swine. Requirements for a specific pro-
tein under uniform conditions can be

accurately determined, but, since pro-
teins from different sources vary so
widely in their usefulness to the ani-
mal, no one level can be set to insure
an adequate supply with little waste.
Most recommendations therefore in-
clude a margin of safety to account for
these variations.

The National Research Council's
recommendations on protein needs are
considered the most widely used refer-
ence for the formulation of swine ra-
tions. These recommendations are de-
rived and periodically revised by a
comprehensive study of the more re-
cent research in this field (Table 1).

Factors affecting protein requirements

Energy level in the diet. For any
system in which a single or major end-
product is produced with the greatest
efficiency, there is a close relationship
between each component and all others
in the system. This theory also holds
true when determining the nutrient re-
quirements of the pig. In the pig, how-
ever, energy has been chosen as a
guide, and the requirements of the
various nutrients (protein included)
are based on its content in the ration.
For example, the recommended energy
and protein levels (National Research
Council) for a 100-pound pig on a
finishing ration is 1,500 K cal of di-
gestible energy and 14% protein. If
the energy content is increased beyond
this amount, the protein level should
be stepped up also, otherwise the ani-
mal would tend to produce more fat
and less lean. On the other hand, if the
energy is decreased without a lowered
protein content, the protein would be
used for energy.

An experiment is currently under
way at the Oregon State University
Swine Center in which the energy level
has been increased by the addition of
30% lard to the ration with a propor-
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Table 1. Protein Requirements of Growing and Finishing Pigs and of
Breeding Stock

Growing pigs	 Meat-type finishing pigs

Live-weight range, lbs. 	
Crude protein, percent of diet 	
Digestible energy, K cal 	

10-25	 25-50	 50-75	 75-125 125-175 175-225
22	 18	 16	 14	 13	 12

1,600	 1,600	 1,500	 1,500	 1,500	 1,500

Breeding Stock

Bred
	

Lacating	 Boars

Gilts
	

Sows	 Gilts	 Sows Young Adult

Live-weight range, lbs. 	 300 500 350 450 300 500
Crude protein, percent of diet 	 16 14 15 13 15 13
Digestible energy, K cal 	 1,500 1,500 1,500 1.500 1,400 1,400
Feed consumption, lbs. 	 5.5 6.5 11.0 12.5 6.0 7.5

tionate increase in protein content. It is
hoped that this study will provide an
insight into the energy-protein relation-
ship.

Digestibility of protein em-
ployed. A second factor in determining
the protein requirements of swine is
that of digestibility. Since only the
protein digested by the animal is avail-
able for growth, digestibility can prove
to be an important element in determin-
ing protein requirements. It can easily
be seen that a poorly digestible protein
would have to be supplied in larger
quantities to satisfy the animal's re-
quirements.

Biological value. Probably the
most important factor affecting protein
requirements is the "biological value"
or "amino-acid balance" of the pro-
tein employed. As previously discussed,
however, proteins are somewhat vari-
able in biological value. Protein sources
in most practical swine rations are not
derived from a single origin but from
the mixing of several basic feed in-
gredients. This process poses no new
problems; in fact, it is advantageous
because in most cases proteins from
different sources tend to complement

each other in amino-acid make-up.
That is, while one protein used may
be deficient in a certain amino acid,
others mixed with it may have a more
abundant supply.

It is commonly a good procedure
to use several protein sources in formu-
lating swine rations. This was one

reason why the legendary "triad mix-
ture" was so highly recommended sev-
eral decades ago before amino acids
and their functions were well under-
stood.

Type and age of animal. The type
and age of the animals being fed and
their stage of development are also im-
portant influences on protein needs. It
will be noted that the protein require-
ments given for growing and finishing
pigs in Table 1 recommend a relatively
high early protein level, followed by a
decreasing protein content at certain
weight intervals throughout the grow-
ing and finishing periods. This is rea-
sonable, since the developing pig pro-
gressively puts on more fat in relation
to lean meat. Gilts and young boars
generally require higher protein levels
than sows and older boars, primarily
because these younger animals are still
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growing in body size in addition to
performing their normal reproductive
functions. Rations fed during lactation,
although lower in protein level than
gestation rations, should supply larger
quantities of protein because of in-
creased feed allowances. This can he
readily seen by comparing the amount
of protein stored in the litter and other
tissues of conception up to farrowing
with the amount provided in the milk.
It has been shown that about 3 pounds
of protein is stored during gestation,
while during the average 8-week lacta-
tion period approximately 24 pounds of
protein are secreted in the milk.

New developments in protein nutrition

Amino-acid analysis. One of the
more useful recent developments in
protein nutrition is amino-acid analysis.
Since the amino acids are required die-
tary items, knowledge of their content
in feeds will be a big asset in f ormulat-
ug swine rations. Until recently, amino-
acid analysis has been extremely ex-
pensive and is still too costly for many
applications. However, through new
techniques, average amino-acid content
of most feeds can now be determined
and these will be very useful in future
formulations.

Linear programmed rations. An-
other helpful tool is linear program-
ming, or least-cost ration formulation.
This process formulates a ration to
specified nutrient requirements for
minerals, vitamins, energy, or amino
acids as desired and at the lowest cost,
by feeding the various specifications
through an electronic computer. Most
of the larger feed manufacturing com-
panies are making substantial savings
using this procedure and smaller opera-
tions might conceivably benefit on a
cooperative basis.

As an example, an OSU study has
recently been completed in which 12%
and 18% protein rations were formu-
lated to amino-acid levels recommended
by the National Research Council. Re-
sults of this experiment show that pigs
on the 12% protein ration gained just
as fast and efficiently as those on the
18% ration. There were also no dif-
ferences in carcass quality.

Amino-acid supplementation. Sup-
plementation with synthetic amino acids
also holds promise as a future means
of better supplying the protein needs of
swine. Since many proteins are limiting
in only one or two amino acids, addi-
tions of the deficient ones may be sim-
pler and more economical than balanc-
ing the amino-acid requirements with
a mixture of proteins. For instance,
tryptophan is the limiting amino acid
in meat scraps, lysine appears to be
limiting in linseed meal and cottonseed
meal, and all of the cereal grains are
deficient in lysine and tryptophan.
Workers at the Iowa Agricultural Ex-
periment Station have shown that the
addition of 0.05% lysine to corn-soy-
bean meal diets results in faster gains
with more efficient feed conversion and
leaner carcasses. However, synthetic
amino acids are quite expensive at pres-
ent. They will probably decline in price
as mass production methods become
involved.

Production of superior feedstuffs.
The newest and most interesting de-
velopment in the field of protein nutri-
tion is the recent finding that a variety
of corn can be grown with a con-
sistently high protein quality. It is
termed "opaque-2" corn and has about
twice the amount of the amino acid
lysine and two-thirds more tryptophan
than ordinary corn. First experiments
by Purdue University workers show
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that 30-pound pigs fed opaque-2 corn
alone made gains similar to those fed
a normal corn-soy diet (0.94 vs. 0.93
lb./day), and 130-pound pigs fed this
improved variety, fortified with min-
erals and vitamins, gained only slightly

less than those fed a 13% protein corn-
soy diet (2.29 vs. 2.39 lbs./day). It is
hoped that later studies will show simi-
lar results which will usher in a new
era in which other feed ingredients
high in protein quality can be produced.

Diseases of Newborn Pigs—Preventive Measures

NORMAN R. UNDERDAHL

Stress factors put an added burden
on the physiological systems of the
individual pig and thus can greatly
affect total production. Such factors
include disease, secondary bacterial in-
vaders, parasites, inadequate nutrition,
heat, cold, drafts, humidity, crowding,
and weaning. These factors interact to
lower the resistance, make diseases
more severe, reduce the effect of thera-
peutic treatment, and increase the total
mortality.

Through engineering and good man-
agement, many of these stress f::ctors
can be removed. However, the stresses
caused by disease are the most difficult
to control.

Influence of dependency

Diseases which affect baby pigs are
primarily the same diseases that affect
older pigs; in many cases, the sow
carries the disease agent to which the
pigs are exposed at birth. The disease
in baby pigs is frequently more severe
because the baby pig has a small energy
reserve and must depend on a con-
tinuous supply of sow's milk to main-
tain life. Failure to nurse, vomiting, or
diarrhea deprives the baby pig of this
needed energy and upsets the delicate

N. R. UNDERDAHL is associate professor of
veterinary science, University of Nebraska.

balance of supply and need. Under
these conditions, the disease quickly
gains control and results in death. By
the time the pigs are two to three weeks
old, considerable energy has been stored
and the pigs can withstand longer
periods of nutritional stress. The dif-
ference in severity of disease in various
age groups is clearly demonstrated with
transmissible gastroenteritis ( T GE ) .

In baby pigs it is a severe disease
nearly 100% fatal; pigs three to four
weeks old have a severe diarrhea and
vomiting, but few die; and in mature
pigs some have diarrhea and vomiting
lasting a few days while in other TGE-
inf ected older pigs no clinical signs of
the disease are evident. Many of the
diseases which affect older swine are
delayed in young pigs because of the
protecting antibody received by the pig
from the first milk or colostrum. The
colostrum contains antibodies only to
diseases that the sow has experienced
or those for which she has been vac-
cinated. For all other diseases, the
sow will be as susceptible as her baby
pigs.

In farrowing large litters of pigs, it
is essential that all pigs receive a fair
share of colostrum. Equal opportunity
for each pig can be achieved by keep-
ing all pigs from nursing until the
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sow has completed farrowing. This
method gives late arrivals equal oppor-
tunity to receive colostral antibodies.

The colostral antibodies protect the
pig for four to eight weeks; following
this period, the pig will again be sus-
ceptible to the disease. Some disease-
producing agents may cause the pig to
have a mild infection and make its own
antibodies. However, to control a more
severe disease such as hog cholera, the
pigs must be protected by isolation to
prevent contact with hog cholera-
infected animals, by the injection of
serum antibody, or by stimulation of
the pig to produce its own antibody.
The stimulation of antibody production
can be caused by experiencing the dis-
ease or by vaccination with the disease
agent. The vaccination procedure or
experiencing the disease will result in
a long-term immunity, while protection
from an injection of antibody or serum
lasts only a few weeks.

Important disease problems

Disease problems of greatest im-
portance for baby pigs can be classified
into the following four categories;
(1) enteric infections, or those which
involve the intestinal tract; (2) re-
spiratory diseases, or those which in-
volve the air passages and lungs; (3)
diseases which affect the skin or gain
entrance through the skin; and (4) nu-
tritional diseases, or those which are
caused by inadequate diets.

Enteric diseases. Enteric diseases
in baby pigs are the major cause of
economic losses to the swine industry.
Under the conditions which most pigs
are farrowed and raised they become
infected with a variety of bacterial and
viral agents. Most of these organisms
living in the intestinal tract do not
cause any problems. In fact, many of
the bacteria aid digestion and help

prevent the establishment of other
harmful bacteria in the intestine.

The most important disease-produc-
ing bacteria of the intestinal tract is
Escherichia coli, of which there are
many closely related strains. Many
strains do not produce disease condi-
tions; others produce severe diarrhea.
In many cases these disease-producing
strains become established and cause
infections or scours. The disease is
more prevalent when farrowing is done
over a three- to four-week period in a
central farrowing house. The bacterial
numbers build up under these condi-
tions, and the later litters are over-
whelmingly infected. The pigs stop
nursing, lose weight, and the death
rate may go as high as 50%. Under
most conditions, the older pigs respond
to antibiotic therapy. Younger pigs
without much stored energy will not
respond as well, hence they have a
higher mortality.

Transmissible gastroenteritis (TGE)
is another enteric disease which is
rapidly becoming important in Iowa,
Indiana, and Illinois. This disease is
caused by a virus and when established
in a farrowing house, 90 to 100% mor-
tality can be expected in pigs 10 days
of age or younger. The disease is first
evident by vomiting and a watery
diarrhea, and it spreads r ap i dl y
through the farrowing house. The pigs
appear chilled, stop nursing, lose
weight, and crave water. The sow may
become infected and show the same
clinical signs. Frequently the infected
sow will have a reduced milk produc-
tion, which adds further stress to the
baby pigs.

Once TGE has become established
in a farrowing, there is no effective
treatment. Sows that have not farrowed
should not be moved into an infected
farrowing house but should be far-
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rowed in a different building. With
good isolation and no interchange of
equipment, these sows can be main-
tained free of TGE. Because sows that
have had the infection develop good
antibody protection to TGE, they
should be rebred. Pigs nursing the im-
mune sows will be protected as long
as they nurse these sows.

Hog cholera is not considered by
many to be a disease of newborn swine;
however, it is a disease which can mani-
fest itself in many ways. Sows in-
fected during the gestation period may
abort or farrow large numbers of still-
borns, depending on the stage of gesta-
tion when the sow was infested. The
use of attenuated or modified hog
cholera vaccines has increased the num-
ber of mild cases of cholera. This
milder form does not cause a high
death rate but instead causes diarrhea
and slower growth. Hog cholera in
nonvaccinated or nonimmune pigs is
still a serious disease with a high death
rate. The present program to eliminate
this disease in the United States within
the next few years will reduce the prob-
lems of swine production and will open
new world markets for our pork
products.

Other important bacterial diseases
affecting newborn pigs include clos-
tridial infections, salmonellosis, and
dysentery. The incidence and mortality
rates are not as high with these dis-
eases, as there is some response to
antibiotic therapy.

Respiratory diseases. Virus pneu-
monia of pigs (VPP) and atrophic
rhinitis are perhaps the two most im-
portant respiratory diseases of swine.
In herds in which these diseases exist
the baby pigs are infected shortly after
birth but the clinical signs of the dis-
ease are not evident for two to four
weeks. The death rate for VPP is low,

but economic losses are high; 40% of
the pigs marketed have lung lesions
typical of VPP. Research has shown
that an additional 200 pounds of feed
is required to market a VPP-infected
pig. This, multiplied by 40% of the
pigs marketed, becomes a sizable eco-
nomic loss.

In VPP the first sign of the disease
is a dry, unproductive cough which
may continue for several weeks. In-
fected pigs grow more slowly, there
is a greater variation in size within the
litter, and the pigs lose the "bloom"
usually associated with fast-growing
pigs.

Migration of the large roundworms
(Ascaris) and lungworms increases
the severity of VPP. About 100% of
the farms producing swine have As-
canis and 20% have lungworms. How-
ever, the number of farms involved
with these parasites is decreasing with
the increase in total confinement pro-
grams.

Atrophic rhinitis can be caused by
several different agents. Several species
of bacteria can cause turbinate atrophy,
and these can be controlled with sulfa
drugs or antibiotics. Many investiga-
tors believe there is a viral form which
cannot be controlled by treatment and
appears to cause the more severe type
of rhinitis.

VPP and rhinitis do not stimulate
good antibody production, and this may
account for the long "carrier stage"
of some infected animals and source of
infection for the baby pigs. The low
levels of colostral antibody for VPP
and rhinitis do not protect the pigs,
thus allowing early infection, unthrif ti-
ness, and stunted growth during the
suckling and weaning period.

There are no successful methods for
treating VPP and the viral form of
rhinitis. However, the specific patho-
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gen-free (SPF) program has shown
that these diseases can be eliminated
through hysterectomy procedures and
through continued isolation which pre-
vents reinfection.

Skin diseases. Of the diseases
manifested by skin lesions, exudative
epidermitis (XE), or "greasy pig," is
the most severe. In the one- to four-
week age group the death rate may be
as high as 90 to 100%. The disease
is caused by bacteria that gain en-
trance to the body through breaks in
the skin. Viruses causing blisterlike
lesions can be a predisposing factor to
the bacterial infection and increase
the number of pigs infected.

The first sign of greasy pig disease
is the formation of small red spots on
the abdomen and inside of the legs.
Body fluids seep through these lesions
and make the pig greasy. The breaks
become severe, and heavy crusts of dirt
and fluids form on the body. Lesions
also involve the eyes, ears, snout, and
feet. With the loss of body fluids
through skin lesions, the pig becomes
dehydrated and loses weight.

The bacteria also can attack certain
tissues of the urinary tract, causing ex-
tensive damage. When this occurs, the
pig cannot eliminate the toxic materials
in the blood and death results.

Pigs that have severe signs of the
disease and have kidney involvement
do not respond to antibiotic treatment.
However, treatment with antibiotics
over a period of time will help pigs
that have been exposed but do not have
the severe lesions.

In herds with chronic cases of
greasy pig disease, only a few pigs are
involved. These pigs usually do not
die, but their growth rate is retarded.
These chronic cases can be the result of
a combination of events : the absence
of a viral agent to break the skin bar-

rier; colostral immunity received from
the sow; or the lowered virulence or
disease-producing ability of the bac-
teria.

Infection of the navel, knee abra-
sions, or scratches around the head are
problems which may cause serious diffi-
culties. These early infections may re-
sult in enlarged joints or abscesses.
Jowl abscess, a problem of major con-
cern to the packing industry, can be-
come a herd problem, and the disease
is difficult to eliminate. Treatment with
antibiotics has little effect on the organ-
isms within the abscess. The best con-
trol procedures are to remove the in-
fected animals and to eliminate the
cause of the wound through which the
bacteria gained entrance. Removal of
rough or sharp edges on the feeders or
pens, adequate bedding, clipping needle
teeth, and tying and dipping the umbili-
cal cords can be helpful in reducing
losses from abscesses.

Nutritional problems
Nutrition of the sow involves many

problems which have a direct bearing
on the baby pig. A nutritional imbal-
ance in the sow can result in defici-
encies which will affect the number of
sows settled and the number of pigs
farrowed and may increase the number
of weak or stillborn pigs. Poor diets
may enhance infections, agalactia or
poor milking ability, mastitis or udder
infection, metritis or infection of the
birth tract, or milk fever. Any of these
conditions results in inadequate nutri-
tion and a slower growth rate for the
baby pig.

Anemia caused by iron or copper
deficiency is a common problem of pigs
farrowed indoors. The problem is
greater among faster-growing pigs be-
cause of their increased need for these
minerals. Signs of anemia are a chubby,
overfat appearance; increased breath-
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ing rate and "thumping; " and weak-
ness from refusal to eat. Fat, well-
nourished pigs will die suddenly or
be subject to secondary infections.
Anemia can be prevented by giving
iron and trace minerals orally, by paint-
ing the udders, by injection, or by feed-
ing clean sod.

The goal for efficient swine produc-
tion is to have a good litter of pigs and
get a high percentage of them to mar-
ket in as short a time as possible on a
minimum amount of feed. To achieve
this goal, a producer must have good
breeding stock, provide adequate nutri-
tion, and maintain a high level of man-
agement and a substantially reduced
disease load.

Experiments on breeding and nutri-
tion of gestating sows have shown that
as the average birth weight is increased
the death rate decreases. The death rate
for pigs that weighed under 2.5 pounds
was 36%, for 3.0 pounds it was 25%,
and for over 3 pounds, 17%. Pigs
which lived all grew at the same rate
for the first 15 days, each pig tripling
its birth weight. This weight advantage
continued throughout the growing
period; there was a 5-pound advantage
at weaning and a 12-pound gain at
154 days.

Farrowing problems

Problems during farrowing season
can be reduced by farrowing in clean
sterilized houses, controlling traffic, and
using sanitary measures such as foot
baths, clean boots, and coveralls. Large
central farrowing houses with con-
tinuous farrowing for a three- to four-
week period magnify the disease prob-
lem. Under these conditions the last
litters born in the farrowing house are
subjected to heavy bacterial population

and will have difficulty in adjusting.
This problem is also seen in weaning
or finishing pigs that are grouped.
Younger pigs placed into a group gen-
erally have a setback and do not grow
as fast as would be expected.

Limiting the size of the farrowing
house and number of sows farrowed
per group will help control disease
problems. In a 50-sow herd, five far-
rowing units with 10 pens each could
farrow the herd within a two- to three-
day period. The same condition would
apply to a 500-sow herd with 50 pens
per unit. If a disease condition existed
in one farrowing unit, the unit could
be isolated to prevent the disease from
spreading.

Summary

Good management can reduce or
prevent disease in a swine herd. The
SPF program has shown that the prob-
lems of disease can be controlled with
a few simple rules. These rules can be
applied to non-SPF as easily as to
SPF herds and can be beneficial to
herds that are comparatively free of
chronic diseases.

In summary, the successful produc-
tion and marketing of swine requires
the following :

• Stock which is free of chronic dis-
eases and has a good genetic potential
to produce the carcass quality de-
manded by the consumer.

• Balanced life-cycle nutrition.

• The best management available,
with emphasis on housing, sanitation,
isolation, and traffic control.

• A sound program of preventive
medicine and vaccination.
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