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Abstract:

The results of feeding a commercial antibiotic-vitamin feed supplement, or substituting dehydrated
alfalfa pellets for sun-cured alfalfa meal in two experiments involving 48 sows and gilts and their litters
and 60 growing-fattening swine are reported. The basal ration consisted of the feeds commonly
available to swine producers in this locality, i.e., barley, soybean meal or linseed meal, meat and bone
meal and sun-cured alfalfa. Hand mixed trace mineralized salt was fed and the rations were fortified
with irradiated yeast, riboflavin, niacin and pantothenic acid.

The addition of 0.5% APF-antibiotic supplement to the basal ration for brood sows during gestation
and lactation resulted in a slight improvement with regard to number of pigs farrowed, number of pigs
farrowed alive and number of pigs weaned per sow. The cost of the supplement was justified by the
increase in number of pigs weaned. A highly significant negative result was obtained by substituting
dehydrated alfalfa for sun-cured alfalfa meal in the gestation-lactation ration as judged by the number
of pigs weaned. The extra cost of the dehydrated alfalfa combined with the lower reproductive
performance of the females indicates that dehydrated alfalfa is definitely inferior to sun-cured alfalfa as
a feed component in the rations of gestating-lactating gilts and sows.

By age groups it was noted that the extra weaning weight of those pigs from sows as compared with
those from gilts was highly significant. Those animals mothering crossbred litters farrowed heavier
pigs and weaned heavier pigs than did those animals suckling purebred Duroc or purebred Hamprace
litters. Disregarding rations the Hamprace reproductive performance was superior to the Durdcs..
Though not statistically significant the difference in number of pigs weaned from sows mated to the
two , Hamprace boars suggests that there is sire effect.

In experiment II the addition of 0.5% APF-antibiotic feed supplement to a basal ration containing 8%
meat and bone meal resulted in a slight improvement in feed efficiency. However, the reduced feed
requirement did not justify the increased cost of the ration. The substitution of 0.5% APF-antibiotic
supplement for half or all of the animal protein from natural sources resulted in a lowered feed
efficiency and materially increased the cost per hundredweight of gain. The removal of all the protein
from animal sources with no APF supplement produced a very low feed efficiency and a high cost of
gain. The rate of gain was not adversely affected and presumably the low feed efficiency was in part
due to excessive waste. The substitution of dehydrated alfalfa pellets for sun-cured alfalfa meal did not
materially affect the feed efficiency or rate of gain but the extra cost of the ration increased the cost per
hundredweight gain.
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ABSTRACT

The results of feeding a commercial antibiotic-vitamin B,, feed
supplement, or substituting dehydrated alfalfa pellets for sun-cured
alfalfa .meal in two experiments involving 48 sows and gilts and their
litters- and- 60 growing-fattening swine are reported. The basal ration con-
sisted of-the feeds commonly available to swine producers in this locality,
- i.e., barley, soybean meal or linseed meal, meat and boné meal and sun-
cured- alfalfa. Hand mixed trace mineralized salt was fed and the rations
were fortified with irradiated yeast, riboflavin, niacin and pantothenic
acid.
The addition of 0.5% APF-antibiotic supplement to the basal ration for
brood sows during gestation and lactation resulted in a slight improvemént

. with regard to number of pigs farrowed, number of pigs farrowed alive and

number of pigs weaned per sow. The cost of the supplement was justified
by the increase in number of pigs weaned. A highly significant negative
result was obtained by substituting dehydrated alfalfa for sun-cured
alfalfa meal in the gestation-lactation ration as judged by the number of
pigs weaned. The extra cost of the dehydrated alfalfa combined with the
lower reproductive performance of the females indicates that dehydrated
alfalfa is definitely inferior to sun-cured alfalfa as a feed component in
the rations of gestating-lactating gilts and sows.

By age groups it was noted that the extra weaning weight of those pigs
from sows as compared with those from gilts was highly significant. Those
animals mothering crossbred litters farrowed heavier pigs and weaned
heavier pigs than did those animals suckling purebred Duroc or purebred
Hamprace litters. Disregarding rations the Hamprace reproductive
performance was super1or to the Durocs. Though not statistically signifi-
cant the differénce in number of pigs weaned from sows mated. to the two |
Hamprace boars suggests that there is sire effect.

In experiment II the addition of 0.5% APF-antibiotic feed supplement
to a basal ration containing 8% meat and bone meal resulted in a slight
improvement in feed efficiency. However, the reduced feed requirement did
not justify the increased cost of the ration. The substitution of 0.5%
APF-antibiotic supplement for half or all of the animal protein from
natural sources resulted in a lowered feed efficiency and materially
increased the cost per hundredweight of gain. The removal of all the :
protein from animal sources with no APF supplement produced a very low feed
“efficiency and a high cost of gain. The rate of ga1n was not adversely
affected and presumably the low feed efficiency was in part due to
excessive waste. The substitution of dehydrated alfalfa pellets for sun-
cured alfalfa meal did not materially affect the feed eff1c1ency or rate of
galn but the extra cost of the ration 1ncreased the cost per hundredweight
gain,
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AUREOMYCIN, VITAMIN Bjs. AND DEHYDRATED ALFALFA IN GESTATION-LACTATION

AND IN GROWING-FATTENING RATIONS FOR SWINE

Introductionl
Knowledge of proteins.is a relatively récenf achievément. howeéver
~basic- cognition and theoretical a§pecfé'are of much earlier oriéﬁtation.
Scientific progresé. stimulated by human cqriosityv has aCCompliShed much
toward elucidétion of the nature of food and its uses in the bodyf:

. ‘Beginning with the fundamental work of such scientis@s‘as'Antoine L.
Lavoisier (1?43—1794)..Joseph Priestiy (1733-1804) and others real progress
was made in chemistry at the close of the eighteenth century. Subsequent
- years saw the rapidly expanding knowledge of biochemistry and physiology
play its role in the founding of the science of nutrition and the
establishment of protein as a basic nutritional principle.

’Looking back over the cumbersome and tedious procedures aJailable to
chemists in thé early part of the nineteentﬁ century one is impressed with
the service rendered by the Dutch chemist j. Kjeldahl (1849-1900) . His
method for catalyzed digeétion of nitr6genous materials in su{furic acid to
" produce ammonia quantitatively is of inestimable value to our present day
knowledge of proteins.

Magendie's work with dogs proved that to maintain life animals require

nitrogenous material ih their diets in organic form. Also he is presumably

1 Chapter I, Sayhun, M. (1948) Proteins in Nutrition (Historical)
provided valuable orientation material for this introduction.
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the-first maﬁ to record the:OCCurrenCe of'ophthalmic’symptqms Qf vitamin A
-deficiency. | |

Throughout the last half of the nineteenth century there prevailed the’
unitarjan thepry that protein from whatever source was one and the samé
substaﬁce with all other proteins. Up to ;haf time, there was no substan-
tial reason for beliéviné that proteins differed nutritionall&.

The physiélogically minded workers were. responsible for uncovering a
new fdcet in the protein problem. One after another the amino ;cidsm
simple components of the complex protein molecule. were being dlscovered
The significance of thls protein analysis was probably not realized at the
time; nevertheless, from it, men learned of the great diversity of proteins
which actually exists in nature. ~
| "The multiplicity of prqteiﬂg in nature, the specific component amino
'acidg in them, the theory of peptide linkagéh—all were becoming a part of
the biochemical understanding," (Sayhun, 1948) . It was thus that the
scientists in the early part of this century viewed the protein problem in
all i;s complexity. The newer amino aéid concept aided mate;ially the
knowledge and understanding of the chemistry o: digestidn and the mode by
which proteins from the food became avallable to the organlsm It was
subsequently determined that the anlmal organism obtained for its use, not
the original dietary protein but the units from which the dietary protein .
was constructed.’

Another fine coﬁtribupion-to the knowledge of fhe'nutritive‘value of
protéins was"madé'by-Willcoék and Hopkins, as cited By Sayhun, with their

demonstration that tryptophane is an essential or indispensable amino acid.
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This- ebservation, followed by the discovery of other essential amino acids,
resuited<in=remarkable clarificatién of the position of proteins in nutri-
~tion;, However the problem was not to be simplified SO easil&. as it was
soon discovered that one ﬁrotein had the ability to compensate for the
'defioiencie§aof another. This was instrumental in the development of the
--theory of sbecific‘amiﬁo acids being limiting factors in the nutritive
value of proteins and as determinants of the "pr;tein minimum" necessary
- for optimal growth.

The early ﬁork én the question of biological vélue'of proteins was
done with experimental animals testing mainly the biological value of nat-
urally occurring food materials. It was soon learned that rat growth aé a
criterion was not fully adequate. Broader criteria of biological value
. were indicated and reproduction, fertility, lactation, .and longevity were
enumeratéd as being functions presenting specific demgnds for nutrients.
Work at Wisconsin with dairy cattle indicated thét'milk proteins in ‘the
cows' diet we?g the most efficient for the formation of protein in the milk
secreted. Medical scientists demonstrated that proteins from fresh cows'
milk.were superior to vegetable and cereal proteins in the brqduction of
human milk proteins and in the protecfion of maternai:tissues against
réxcessive nitrogen loss during‘miik produétionn
3 The protein concept w?th.speéific regard togthe nutritioq of the.do~
mestic animal is in essence the result of a gradual development or evolu-
tion of feeding standards. Kellner and-Armsby, the early proponents of
such a system, published feediﬁg staﬁdards designating protein ip'terms of

/
digestible "true" protein. On this continent, the apparent invalidity of
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the- "true' and- "crude" protein concept has'long since resulted in its being
deleted from the literature:. The standaids of MOrriséﬁ which were expanded,
--revised, and re-edited in 1915 expressed'allowances in terms of dry matter,
digestible protein, and totalidigestible nutfients. TheSe standards which
have been more fully developed consistent with the publication of experi-
mental findings, are the most commonly used today.

Depending on the availability of the data fq?'estéblishing recommen-—
dations, allowances are étafed'as digg§tible protein. The energy réquire—
ment of the animal largely governs thé potal feed intake, thus there is
.some advantage in stating protein needs in relation to energy intake: The
siﬁplist pfocedure is to state the protein as a percentage of the total
ration. This Simplification. however, is attended with ihaCCuraciéé‘
because it does not take into account digestibility; For practicai’
purposes, and because of the rather high digeStibility of thOSe~feéd§‘making
up the pigs diet; recommnendations for swine are usually stated in percent
protein of the total feed intake.

{ Many inaccuracies of the early standards have come to light ana'bonf
§i§}ent with the'acéumulation of knowledge have been correéted. Dgubtlesé
the demonstxation. that quality of protein could be fully a$ important as
‘qliantity of ﬁrotein in the ration had far reaching consequéﬁces. Séiénce
has progressed to the extent thatIOur modein concepts demand thaf,éiaiein
be supplied not only in adequate amounts but also that it be of reduisite
biological value. |

Growth being eséentially a process of anabolism of the body tiSEUes

and catabolism of the food material ingested, it naturally demands liberal
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amounts of pretein. The économy and rapidity of growth of swine are largely .

dependent on the protein level of the ration. This level is also affected

. by the quality of the protein. Protein supplements are usually required

to make up the deficiencies in a ration composed of the farm grown grains.

--These~subplements.hold the key to profitable productjon. To obtain supple~

ments which are economical and of high biological Valuefis still a problem

.. confronting the nutritionist.

As it concerns us; swine produc;ion and nutrition are centereg around
the feeding of cereal grains. ' The procein content cf these grains‘Varies
with varie@yb‘season and climatic factors; but the most striking and
consistent feauure is that these-grains are all low in percent of this
nutrient. Also of material consequence ‘i§ the fact that the prote1n they’
do contain is of low biological value.l Generally speaking, however, they
are better than corn with regard to botn qual1ty and quantity of_prote1n_
The need for prote1n supplements supply1ng those amino acids, which are not
present or present in inadequate amounts, becomes self—evldent. Because of
their corrective value those supplemenfs most commonly used.today are meat
meal, tankage. fish meal, soybean meal and linseed meal.

In the absence of milk, tankage andameat meal are the supenior :
supplements. Cdnclusiue evidence has been presented by Morrison‘w Bohstedt
and Fargo (1920) Crampton (1940) and othersv for the super1or1ty of
tankage and meat meal over soybean or 11nseed meal when used as the sole
protein supplément. Even more pronounced results were obtained by using a

combination of supplements representing both animal and vegetable sources.

Conclusions of other investigators are consistent with these in confirming
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thé-generalwbeiief that- proteins .of animal origin are-superior nutritionally
for- swine -to-those-of-vegetable origin.

‘.The general'coﬂsensus,of'opinion indicates the need for the inclusion
of.some prdtein of animal origin. in swine ratioﬁs. No specifications as to
amount are stated but an arbitrary figure of somé 20% of the total prdtein
seems reasonable. 1In the light of the modern knowledge of the role of vita-
mins and hormones in nutrition these recommendations are anything but
uhanimous, The effect of amino ‘acid replacement on subsequent levels of
other acids in determining the protein level, the épparent sparing action
of some vitamins; and other unknown factors undoubtedly confuse the iésueu

To the present time, animal protein concentrates as a general rule
have been relatively expensivg. especially fish mealg The last world war
did have some effect; ;emporarily at least, in rendering some of these
products unavéilable, The question under these cirpumstances is to what
extent vegetable protein concentrates. can be substituted for animal protein
concentrates and what adjustments if any are required. The empirical use
of these animal protein concentrates indicates the vélué'which has been
placedlupon their inclusion, in fact, by many workers they are regarded as
being as essential consituent of swine rations.

The reaéon for the superior results are as yet apparently ﬁndetefﬁined;
The amino acid analyses haﬁe been an aid in that they are fundamental in
the explanation of the "supplementary efféct" of pro£eins,..Howeverv these
.analyses fail to reveal any qualitative‘differeﬁces between animal and
vegetable proteins as they occur in mixtures of -animal and'vegetable feeds..

Mitchell (1943) contends that some of the failure encountered in
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substituting vegetable proteins for animal proterns can be explained on the
differences inacontent of such vitamins as ribeflavin. and nicotinic acid.
In keening with this general trend ef thought, Philips and Hauge, (1925)

indicate ‘an ‘increased requirement for mineral supplements when plant feeds. -

- replace- the animal protein concentrates

Certainly tremendous progress has been made toward an elucidation of
the factors and processes involved in the proper nutrition of farm
animals. The object of.this experihent{was to study'tne value of forti-
fying a balanced ration with a comnercial,animal-bretein factor supplement,
and to determine to what extent, if at:all. a syn%hetic APF-supplement
could replace animal proteins from natural source%, and also to compare
the value of dehydrated alfalfa pellets w1th sun—cured alfalfa meal in a
gestation-lactation feedlng regime. Important cr1ter1a sucl as number of
pigs farrowed, number of pigs weaned and: percentage mortallty were used in
determining the relatlve value of these feeds° The second experlment was
concerned with thé use of an animal protein factor supplement with various
levels of animal protein from naturalleources in a growing-fattening swine
ration. In this case; a comparison of sﬁn~cured alfalfa meal and dehy-

drated alfalfa pellete was also made. For market hogs such as these, rate

of gain and feed efficiency are of paramount importance.
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REVIEW OF LITERATURE

Animal protein factor

«

The fact has long been recognizedlthat differences exist betwgen
protein supplements of animal origin and'those of plant sources; Thése
differences were,uSually attributed to a more complete essential amino
acid pattern ip the animal prétein supplements. ’Hdweverq as it has been
possible to analyse for most of these amino acids, the hypothegis has not
been consistently uphéld. Recent discoveries iq the vitamin field-have
done much to clarify the problem of understanding the reasons fér improved
resulps when certain types of protein Suppleménts are used, particularly
for youné.animals and for reprbducfion: This ied to the postulation of
the "Animal Protein Factor" and the eventua1~di§covery of the nature of

¢

vitamin B12” | | |

‘The cost of proteins of animal origin, e.g. tankage, meat meal, milk,
and fish meal usually inhibits theif uée: yet, "in viéw of the superior
gains obtained with their use in swine and poultry feeding, they have
almost become a necessity. The accelerated growih that these proteins pro-
mote suggests ;hey_supply an essential growth factor for both swine and
poultry.. Thus, for economical swine and poultry feeding, there is a need
for a cheaper source of animal proteins or a substitute for them that will
place the vegetable proteins on a nutritional par with those 6f animal
origin, and at the same time keép the cost within the limits of profitable
production.

"‘jBurkitt, et al. (1951) using’two lots of 27 pigs each, compared a

—— ——

balanced ration containing meat and bone meal with a feeding regime -
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of oniy barley, alfalfa, salt, and bone meal. The rate of gain, feed
required per 100 pound gain; and time to market weighf were in favor of
the balanced, fortified ration. Economy of gain was in favér of the
barley, alfalfa, bone meal, énd salt ration. fhe initial wéight of these
pigs-ranged from 48 to 98 pounds, with an average of 74 péunds.

Presumably, -there would havé been a greater advantage for the pigs fed the

balanced, fortified ration, in regard to rate of gain, feed effidiency;

and-time-to-market weight, if the pigs had been started at weaning weight.
The«}ifewof~a ipig from weaning to 75 pounds is one of the nutritionaily'
critical periods and nécessi£ates an adequately balanced rétionp

The jnhereﬂt growth promoting substance of'pfoteins derived from
animgl,séurces has for some time been spoken of és the "Animal Protein
Factq;",' The term animal protein factoi was in wide circulation long
befbré it was ever used in print. It never had official sanction and it
never:was defined. but in the minds of most investigatars it stéod for
whatever vitamiﬁs swine or poultry required, in addition to those that had_
beenxgecognized at the time. It was called APF because the only known
sources were protein concentrates of, animal origin. It is not a protein
and is not directly of animal origin; hence the name ' is not apprOpriatem
| The Animal Profein Factors denote something,vitamiﬁ in nature. Af
least three vitamins have now been isolated from what is commonly refer-
red to as_APF;° Those generally recognized at:present are vitamin Blz,,the.‘
oneAbest known, the second called the "whey factor”, necessaryAfpr-growth
in chicks, and a third designéted vitamih 814; Vitamin By, is;a member

of the B-complex, and judging from its effect on growth it seems to be oné
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uent of the latter.

"animal origin. Van der Hoorn,

~16-
of the more important constituents of APF. There is sufficient evidence
now- to support the statement that Vitamin‘B12 and APF definitely are not
synonymous:;--but- rather -that Vi@amin“Blz is a separate entity and a cgnstit—
The most recent trend in this particular aspect of nutrition is that

concerning itself with the use of antibiotics. An antibiotic as defined by

Ferrin (1950) is.a product of the activity of microbes which alters growth

or metabolic changés in bacteria and other microscopic forms of life.
Probably the best known of these is penicillin because of its valuable
properties -in curing infections in.humans. Others more inexpensive have
been developed fpr livestock use; the principal ones include aureomycin,

streptomycin and terramycin. The possibilities in this field seem

unlimited, as over 130 substances with antibiotic activity have now been

recognized. ' o
Just one year‘following the discovery of the role of liver in pernic-

ious anemia, Parkhurst (1927) reported that normal hatchability of eggs
could not be obtained unless breeding rations contained some profein of
et al. (1935) reported that crude casein
provided a growth factor for chicks and that hatchability of eggs produced
by hens on an all vegetable protein diet was subno#mal. These and other
findings concerning the use of proteins of animal origin in both swine and
poultry feeding led to thé postulation pf the new "Animal Protein Factor”.

| Hammond, et al. (1944) foﬁnd that not only wﬁs fish ﬁeal effective in

vegetable type chick rations, but also that dried rumen contents and cow

manure promoted growth under much the same conditions as thé sardine meal

1
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they had been using; This certainly was a departure from the conventional
feeding-practice priog to that time. Heuser, et al. (1946) showed that an
unidentified factor present in animal proteins: and liver extract was

~required by chicks fed on a soybean meal supplemented ration. These same
investigators also indicated that a soybean meal ration eupplemented with

»2%-to 3% fieh meal greatly enhanced thé growth rate of chieks. These
results were further confirmed by Nichol (1948) in feeding whole liver
powders and condensed fish solubles, which resulted in ; comperable accel~
erated growth rate of chicks.

Extensive research with ehicks. in eearch for more information
regarding the unidentified factor(s) in.protein supplements of animal
origin led to the’ dlscovery by Rubin, ét al. (1946) that the Cthk growth
factor present in cow manure was also present in the dropplngs of hens. In
as much as the growth—essential was not found in the diet fed to the hens
but was found intthe droppings it is suggested that some synthesis must .
have occurred enroute. |

McGinnis, et al. (1947) demonstrated that the animal prétein factors
\were not present in freshly voided hens feces but upon incubétien at 30°C
for some 72 hours,ihe potential became.actiﬁe andjsuppleﬁented the diet of
the heﬂ. An e100hol liver extraction pfqﬁuced a growth reéﬁ6n§e‘sli§htly
in excess of that p;educed by the incubation of hens feces.' MeGinnis
‘further Euggested that synthesis takee plaee to a large‘extéﬁt aftervthe
voiding of the feces and to ne appreciable degree in the digéétive tract.'

Cary, et ér‘ (1946) found that theré was a factor present in liver

extract necessary for growth and malntenance of 11fe in rats They,
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conclﬁded that the factor was required in amounts in direct'prbportion with
the~pro£ein-level-6f the diet. This was the first indication of any direct
relationship -between utilization and efficiency of the protein ingested.

* From-this, ‘one might contend that thé‘APF concentrate, impure as it is,
contains‘sbme constituent which aids in theé digestion. of protein providing
it ‘be'present in the proper ratio. |

t al. (1942) had presented evidence to the effect that

Johnson,
" casein and liver meal contained a factor essential fof chick grbwth which
was «distinct from vitamin A.fchiam:’me.'r'iboflavin‘7 nicotinic acid,
pantothenic acid, para—aminobenzoic acid,ﬁcholine or pyridox.lipe° " Hammond
(1942).éoncluded that the substance.contributed by the cow manure was not
a protein or any of ‘the chemically characterized vitamins. Rubin and Bird
(1946) showed that the growth factor in cow manure was not identical with

any of the Lactobacillus casei factors (from.liver, yeast or fermentation

10 Bry-

ipyiacin'lactohe, In their attempts to isolate and identify the growth

residues), factors .U, R, or S, vitamins B ' synthetic folic acidv or
" factor(s), Rubin'and Bird (1946) succeeded in extracting and concentrating
the factor(s) from cow manure. This extract'prove& to be heat.'stablev
moderately water soluble, fat insolﬁﬁle and non-dialyzable through cello-’
phane, indicating it to be a large molecule. The concentratioﬁ 6f the
factor(s) was a big step forward as hitherto prohibitive quantitieé of
iiver or other substances used as sburces.of the féctor were required to

supplement the chicks diet.
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12 .
Rickés, et al. (1948) announced the isolation of biologically pure,

“.active crystalline material from clinically active liver concentrates.

.Simultaneousiyl but working independently, Smith (1948) reported the puri~-

\

fication of two amorphous forms of the antipernicious anemia factor from
liver, exhibiting highly similar physical and chemical properties to the
pure crystalline material. Because of its vitamin nature and properties

akin to those of other members of the B-complex it was tentatively desig-

nated as vitamin Bjo. Smith (1948a) in England reported the presence of

cobalt and phosphorous in the crystalline material, a finding which was

simulfaneously confirmed by-Rickes, t al. (1948a) in this coﬁntry.

| ott, _l__i,‘(l948) reported thét the crystalliné vitamin Bjo. when
added to purified basél diets with 40-70% Ssoybean meal as the only source.
of protein.’exerted animal proteiﬁ factor activity in chicks from hens on
all_plént ration such as described by RUbin:;hd Bird. Chicks also
responded to substances kqown to be sources of animal protein factor and

also to vitamin Blé in doses as small as 6 micrograms per kilogrém of diet.

-The optimum growth requirement appeared to be less than 30 micrégrams per -

kilo of diet. Ott and associates hypothesized that since the crystalline
substance induced growth response compérable to those obtained by supple-
mentation with crude sources of Animal Protein FéctorD it was possible that
vitamin‘Bl2 was identiéal with or closely related to this facforu |
Johnson, et al. (1948)'0bserved that antipernicious énemia liver

extracts exerted marked growth response in pigs when added to a synthetic

type of ration containing alpha protein and methionine as the protein
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source. They indicated that the response apparently was not due to any

‘previously described vitamin required by the pig and presumed that this

. growth factor in the liver extract was idéntical to the Animal Protein

Factor.

‘Lillie, et al. (1948) found crystalline B12

chick growth," given either orally or by intramuscular injection. The

completely effective for

results of these Varied forms of therapy are particularly interesting in
view of the fact that this vitamin is a potent bacterial growth factor. It
serves to show that the effect of the vitaﬁiﬁ on the chick is direct and
not medfated through the intestinal flora. Johnson, et al. (1948) observed

that there was no differnce in growth response betwéen pigs injected daily

with 2 micrograms of crystalline B._ and pigs injected daily with 0.1 ml.

12
of antipernicious anemia liver extract or reticulogen (assayed at 19

micrograms B,, per ml.) ‘These findings confirm the work of Ott, et al.

(1948) and Lillie, et al. (1948) and point to By, as being the limiting
factor in the basal diets and is the factor which is being supplied by the
antipernicious anemia liver extract.

Anderson, et al. (1949) with only a small quantity of the vitamin
available made an investigation of the_vitamin requiremenf of the suckling
pig. Because of the age of the experimental subjects, a synthetic diet waﬁ
used. The vitamin fed pigs had smoother and glossier hair coats;vhowever,
it was not until after the sixth week that any difference inlrate of growth
could be detected. A further investigation was made using weanling pigs.

The pigs that received the vitamin B., concentrate or fish meal ate more,

12
grew faster, and required less feed per pound of gain than did those pigs
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receiving no supplement of the animal profein'factor.

«Gﬁﬂhayl_13§1.~(l949}»in an experimentwwith~weanling'pigs-reported an
accelerated rate of .gain of approkimatély 30% as the result of the addition
12 concentrate materially
improved the basal ration but failed to accelerate the growth as much as
the afore mentioned treatment. |

Catfon and Culberfson, 61949) teﬁtatively established the requirements

at 10 micrqgréms per pound of total ration. Neuman, et al.

of v%;am1n B12

fléSO) established the optimum rate.of §iféhin Blé to be fed 'as a concen-
traté to be 50 micrograms per kilogram dry matter. They described the
symptoms of a vitamin Bl2,deficiencf as follows: "hyper-irritability,
dullness, posterior inco-ordination, voice failure, and pain in the reér
quarters. This vitamin deficiency results in the following hématopoietic
manifestations: normacyiic anemia, slight Ieﬁcopenia. high marrow
erythroid count, and either abnormally dry or hypérplaStic marrow.”" There
is also a failure to grow nofmally and is usyally attended by a less
efficient utilization of feed when the animal protein factors are lacking
in the dietiaf the pig. |

The actual mode of action of vitamin B., has as yet not been entirely

12
elucidated but much work has been done. Investigations have been conducted -
to determine the toxicity of the vitamin. It was‘noted that despite thé
potency of the vitamin doses as much as 1600 mg. per kilo bodyweight failed
to produce.toxic effects. |

It is now apparent that both vitamin B12 and folic acid play some part

in the synthesis and metabolism of labile methyl groups and possibly of
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other one-carbon fragments. . Jukes, et al. (1950) showed that the
methionine requirement of chicks could be met with homocystine and
vitamin B12 may play aldecisivé role in the synthesis and util%gation of
labile methyl compounds. Also B12 appears to have some func?ién in connec-

tion with protein metabolism. Hartman, et al. (1949) sﬁggests that

vitamin B12 helps to metabolize protein when the diet contains large

“amounts of protein.. Henry and Kon (1950) showed an increased biological

" value of casein and also indicated an enhanced utilization of amino acids

circulating in the blood, since the amino acid blood levels were lower in
chicks receiving vitamin B12 than in the deficient chicks. Jukes states

that vitamin B12 has some function in connection with the Synthesis of

nucleic acids by bactéria and probably by higher animals.

Because pure vitamin B has been generally available for only about

12

two yéars. it is hardly surprising that its hematopoietic and nutritional

functions are not yet fully understood.

Antibiotics

Thg concept has been widely accepted in recent years that the
bacterial population of the inteétine may supplement the diet of their host'
by supplying cérfain vitamins. An opposite viewpoint, namely, .that growth
may be improved by feeding certain antibacterial.substances. is now coming
to the fore. |

Moore and coworkers (1946) at the Universit; of Wiscoﬁéin féund that

1% succinylsulfathiazole or'0.02% to 0.05% of streptomycin, when added to a

purified diet, increased the growth rate of chicks. The announcement by
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Stokstad and Jukes, April 9, 1950, that the addition of aureomycin to the
ration of pigs increased the rate of groﬁth by as much as 50%,'p:ovided thé
impetus. for nutritionists tp further investiggte the inherent possibilities
of~these~supplemeﬁts. It was suggested phat“Lhe éuperidrity_of certain

APF supplements-over those which-contained vitamin B__-alone might be

12
explained on the Sasis of the antibiotic effect.

Much éreater increases with the aureomycin fraction weére dbtained in'
eXperimen;s with pigs reported by Cunha and coworkers (1949) who used a
diet containing corn and peanut meal and supplemented with minerals,
vitaming A and D, and the usual members of the B-complex. The vitamin 812
produced no increased growth as compared with the basal diet which .was
150% as great as in the case of pigs on the basal, during a five week
period. Catron at Iowa found tﬁe same general trend of results by feeding

aureomycin fermentation products and also observed that the. appearance of

bloody diarrhea which was encountered in other egperimentai groups was

'prévented._ This extra growth response was also obtained by McGinnis, et al.

— ot

(1949) with turkey poults and by Couch and Reed (1949) with broiler chicks.
Bowland, et al. (1950) reporfed over 25% increasé in rate of gain and

a marked increase in efficiency of feed utilization in pigs from weaning to

market weight when the basal ration supplemented with all vegetéble protein

. or mixed vegetable @nd animal protein was fortified with 0.5% Lederle’s

APF No. 5. De Pape (1951) reported that thé addition of small aﬁounts of
penicillin to a linseed o0il meal-APF concéntrate supélemente&vrétion pro-
duced gains equal to those occﬁriing with a ration;in‘which the protein
supplement was composed of fish meal, meat meal and linséed Eeal (the
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conventional "trinity" ration).
Lepley, et al. (1950) conducted a tfial with growing-fattening swine
using dried whole aureomycin mash with and without meat and boné meal. The
addiufbn of aurebmycin’mash ingreased(the average dail& gains s%gnificantly

in drylot and,pasﬁﬁre regardless of the presence of meat and bone scraps.

-

‘The -antibiotic supplemented pigs were more uniform in hair coat, color and

finish as well as having the incidence of diafrhea eliminated. It was
suggested that the aureomycin or other nutr{tional factors present in the
APF supplement prevented diarrhea, ' This control of diarrhea was further .
coroborrated by Cunha and asséciétes. |

Catron, et al. (1950) in trials with growing-fattening swine reported

significaniiy.greater average daily gains as a result of the addition of
aureomycin at levels-of 5, 10. 20, and 40 milligrams per pound of féed.

Pig5'receiving vitamin B._ in addition made significantly greater average

12
daily gains'than those receiving no additional B

lz;,however, in no case was

thexé-a significant difference in feed efficiency. Luecke and coworkers

(1950) reported an increase in average daily gain of approximatély 50% with
the addition of B12 and streptomycin to a basal of yellpw corn and soybean
oii meal.

Ferrin and Anderson (l950)_conducte&la 90 day feeding tfial and found
no harmful effect in feeding streptomycin residues up to levels as high as
87 grams per pound of APF concentrate. Despite it$s potency, thé toxic level
is apparently quite high.

Rather conflicting evidence has been reported by various investigators

with regard to the growth stimulating effect of the different antibiotics
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in swine rations. Cunha, et al. (1950) reported aureomycin and

streptonmycin to be of value in promotingrgrowth but that penicillin was of

" no benefit. These results were further substantiated by Lepley._gi_gi.

(1950), Bowiand, gl_gl. (1950), Catron, et al. (1950) as well as others.

(1950) reported ve;y eignifieant increases in growth rate of pigs fed
either 30 grams streptomycin or 15 grams penicillin per pound of APF fed
at ievelsiof.OaZS% and 0.05% respectively. '

The Quantities of aureomycin, penicillin; and other antibiotics, used
are much smaller than normal therapeutic doses. Just how they exert their

J

growth promoting effect is still a matter of presumptlon One plausible
theory is that antibiotics inhibit the growth of the intestinal bacteria
which may be harmfui. and the results of the inhibition have two possible
egplanations, According to one explanation given by Hogan (1950) when
harmful bacteria are destroyed, beneficial bacteria have a better chance to
grow and they synthesize the Animal Protein Factor. "The other explanation
of the theory lies in the fact that all pigs have:a low grade infection and
this infection is cleared up by the antibiotic. A second theory is thet
the bacteria in the- 1ntest1na1 tract absorb a considerable amount of feed.
Wlth the antibiotlc being fatal to some bacteria it is conceivable that

more feed becomes available to the anlmal It has been suggested that the

suppre551on of Glostrldlum perfrinqens may have a beneficial effect on

growth but it appears that other organisms may also be involved. All
theories seem to- agree however, that when the antibiotics .are effective,

the- feed 1ntake intreases and thls increase explains the more economical
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gains. In the light of the present knowledge it is apparently established

that aureomycin, streptomycin, terramycin and penicillin are all useful in

" rations for swine.

-Reproduction = Nutritional aspect

«Early work using simplified rations containing 82% yellow corn, 11.5%

--soybean o0il meal, 5% alfalfa meal, 0.5% salt and 1% limestone resulted in

«»..failure -of sows to reproduce normally as judged by size of litter and

number éf pigs weaned. Reproduction was greatly enhanced when the alfaifa
was increased to 15% at the expense of the corn. Krider, et al. (1945)
demonstrated the value of alfalfa meal as a praétical source of the water
soluble vitamins by increasing the percént pigs weﬁned_from 13% to levels
as high as 48%, 50% and 83% with'various supplementations. The basal
ration was composed of soybeah meal, tankage, fish meél, minerals, salt

and cod-liver oil but no alfalfa. The addition.df 6% distillers corn

solubles and 4% alfalfa meal or 10%:alfalfa meal to the above mentioned

basal improved breeding efficiency, fertility and strength of the pigs
farrowed. The value of the alfalfa and the solubles was attributed to
water-soluble vitamins, known or unknown, contained in these products.

Ensminger, et al. (1951) indicated that a purified basal diet of

casein, sucrose, lard and minerals, vitamins A, D, E, K, and C and six

B-complex vitamins (thiamine, riboflavin, nicotinic acid, pyridoxine,
pantothenic acid and choline) was nutritionally inadequate for satisfactory
reproduction and lactation for the sow. Some factor or factors, either

one or more of the other known B-complex vitamins not included in the
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purified ration used, or some unknown factor(s) are essential for .repro-
duction and lactation in swine.

Anderson (1949) using a very limited number of gilté showed that

animals on a basal of corn, soybean meal, tankage, alfalfa meal, cod-liver

- -0il, -trace mineralized salt and bonemeal farrowed more and larger pigs than

- those receiving, in addition to the basal, a B12 concentrate or fish meal.

However, tlte gilts in the vitamin Bls

and their litters were heavier at weaning.

and fish meal groups lost fewer pigs

Heidebrecht, et al. (1950) reported that-gilts and sows.fed basal
rations (eséentially corn, soybean and 5% alfalfa) performed as well
during reproduction and lactation a$ did gilts and sows fed the basal

rations fortified with either 10% alfalfa, iodine, vitamin A, or APF

supplement No. 1 and 2 (Merck), or those-injected with liver extract

- (Lederle). 1In a-second trial using APF No. 5 (Merck) the suppl¢hented

group raised more pigs than the sows fed the basal and the pigs weighed
slightly more at weaning, |

Krider, et al. (1946) noted that-under drylot‘cohditions a basal
ration composed of ‘corn, soybean; 5% dehydrated alfalfa meal, fortified
with cod—liver:oil and miﬁeralsAwas nﬁtritiopally inadequate for gestation
and lactation. The addition of either 3% or &% sardine condensed fish
solubles effectively corrected the deficiency (or deficiencies) in that it
raised the percentage survival of pigsléo weaning from 26% to éZ%° In
another trial Krider, et al. (1948) using the same ba;al as above indicated

that the addition of 0.5%, 1.0% or 2.0% of B-Y. a riboflavin supplement,

did not correct the deficiency of the basal ration.
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Carpenter, (1951) using an APF concentrate containing auréomycin
increased the average weaning weight of pigé from 25 1bs. to 36 lbs. and.
greatly reduced phe incidénce of diarrhea. An equal number of pigs
farrowed dead-were -reported in all’groups and almost equal numbers of pigs

farrowedalive: * ‘The-results-indicate that the antibiotic supplement does

- --not-affect litter size nor the number of pigs born dead. ‘The author also-

indicates that the growth stimulation of the weanlings was due to ‘the
auréomycin present in tﬁé APF supplement (creep diet contained 1% of the
supplemént) and not due to any subsfance transferred to the pigs phrough
@Ebmmrlk;

Van Poucke, et al. (1950) by supplementing a basal ration with 0.1%

Merck No. 3, with 5% dried whey, a combination of the two, or wjth’the
combination plus 5% alfalfa meal and 4% meat and bone meal weré.able to
raise the percent pigs weaned from 6.9% to 64.5%, 70.6%;.82.4%.and 88. 4%
resbectively. After actual examination of the basal diet, the reason for
the poor performance of the control lpt becomes quite obvious. The basal
ration consisted of corn and soybean with.no alfalfa and no protein of
animal source. Moreover riboflavin was/fhe only member of the B—complex.

with which the ration was supplemented.-

Reproduction ~ Genetic aspect
The size of the litter depends. partly upon the number of ripe ova
available but far more upon the number of fetuses that survive in the

uterus and are eventually born as piglings. équie;s (1948) indicates that

apart from complete'sterility the sire has little influence on the size of
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litter. .The investigation suggests that the sires' effect on litter size
is directed thrOugh his influence on the 1nher1ted ab111ty of the pigs to
live. Musson (1949) 1§ in complete agreement w1£h this work and points out
what might be~called-a-thre$hold of some width between compLete fertility

and sterility.- However, -the quality of the semen is reflected in the

litter size as well as in the number of sows that settle, according to

- Weaver, et al. (1943). 1In the case wherefthe quality or quantity of the

semen is borderline, there is an obvious advantage in mating more than once

- during the same eétrous'périod° Apparentﬁy‘there is a higher percentage

conception rate with multiple matings and“it follows that there would be a
greater opportunity for moré of the ova-toFbeéome'fe;tilized.

Fetal degeneration accounts for a la#ge percentage of the ova that are
fertilized but do not in the -course of events becomé weanliné‘pigs. This

fetal degeneration apparently is not due to:bacterial‘infection because it

can  and does occur in an entirely aseptic uterus. Rather conflic¢ting evi-

dence is reported on overcrowding as being a cause of fetal mortality.
Anatomically considering the distention capacity of the organ as well as
the fact that atrophy is just.as prevalent in those cases where there are

few fetusésv it hardly seems possible that overcrowding could be of any

'greét consequence. Marshall and Hammond (1947) indicate that the embryo or

fetus atrophies before the embryonic or.fetal membranes, on which its food
supply depends,‘and in some cases before éttachment to the uterine wall,
The most logiéal explanation seems to be as a result éf genetic lethal
factor or factors, a physiological condition or disharmony of of@aﬁization
that in some way prevents the fetus from undergoing normai developmént°

T
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The ability -of 'sows ‘to; farrow large litters anq to raise~£heir~pig$ to
marketage-and-weight is -one of the basic factors of successful swine 5;0—
duction. Stewart (1945) concluded that the litter size increased with an
incfeasing age of the dam. This is oné of the most consistent observations
of men studying the various factors affecting productivity. Apparently the
fertility curve reaches its pesk at about the sow's fourth year of age and
then gradually declines with approaching Seﬁili£y.. Because this charac-
teristid is reasonably heritable, in the neighborhood of 25%, it séems a
logical criterion to use in a sélectidn progﬁam,. Blunn and Baker (1949),
making heritabili@y estimates of sows' productivity.-indicated that the
age of the sows was more important than tﬁeir inbreeding or the inbreediﬁg
of the litters.

The weaning weight has little value as an index of the hereditary
growth impulse but it is a useful measure of the sows' milking capacity.
Within limité. an increase in the size of litter does not result in a
decrease in average weight per pig at weaning. Weaver and Bogart (1943) -
haveqshown that there is a'direct relationship between the weight of the
pig at weaning; the feed lotlperformance after weaning, and consequently
the weight at market age (180 days). It seems a point of good judgment
to select gilts from efficiently producing sows, as they will tend to

inherit their productive ability.

Dehydrated alfalfa

- Some work has been done using dehydrated alfalfa in rations for

ruminants, but for the monogastric arimal, particularly in reproduction
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rations, only a very limited number of reports can be found in the liter-
ature. Two investigations by Krider, et al. (1946) and by Catron,-et al.
(1948) have been previously cited in this paper under the heading - repro-

duction, page 27.

t al. (1947) obtained

In drylot rations with weanling pigs, Krider,
féster growth as well as 13% less feed requirement per 100 lbé, gain with
the addition éf 4% dehydratedralfalfa meal to a‘basal ration of corn,
soybeanrmealv‘meat scraps, ﬁinérals and fortified with vitamin A and D oil.

By. increasing the level of dehydrated alfalfa meal from 4% to 10%, still

- more rapid and economical gains were obtained. Catron, et al. (1948)

indicatéd that the .addition of 10% high quality déhydrated alfalfa meal

as a source of water soluble vitamins, to a plant protein basal rétionv
did not improve“signifiCantly the gestation-laétation perférmance in three
swine experiments. Also the addition of animal protein to the basal

ration fed to the sows during gestation and/or lactation failed to

o/

increase pig livability and growth.
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‘ EXPERIMENT I
METaons AND PROCEDURE
The pigs used in this experiment were of- purebred Duroc and Mentana
No. I breeding. The Montana No. I breed, more commpnty referred to as the
Hamprace. is the result of an original cross of unnelted.Hampshire‘by

Landrace. The breed was developed at the U.S. Department of Agriculture,

- Station at Miles City, Mdntana, and the Agricultural Experiment Station at

Bozeman. Montana. An average figure of 8.1 pigs weaned per litter for the
period 1939~1947 inclusive illustrates the high prolificacy and mothering
ability of this stock, Hutton, k1948). The coefficient of inbreeding of
tne strain at that time was approximately 32%.

On November. 22, ;950. the sows and,gilts were allotted andias near._as
possible equalized according to breed-and past performance as‘judged by

numbérméf“pTQS‘farrowed‘pervs6Wﬂinwprevfbus-Iitters. Equal numbers of

: giltg were put in each lot and they were distributed on the basis of their

dams' reproductive performance The animals were weighea at .the beginning
of the experlment and were fed rations as indicated in Table II. )

‘ The present breeding program. of the Montana No. I breed, is rather
uniqué.rn,that it makes provision to color test all-animals before they
are epﬁéiéered for herd replacements. Any animals that show evidence of
the féd gene are discarded from the herd after they have raised their, first
littgr._”Actually. then, the primary selection of animals is based'on
thei% ﬁerformance in crossbreeding Sews‘and g11ts were ass1gned to boars

equallzlng the number of females per boar per lot, by the number Cross

bred in each lot; prov151on was made to av01d brother—51ster matlngs and




\
A5

-33-

TABLE I

COMPOSITION OF FEEDS USEb IN CALCULATING RATIONS

CaIEium

‘PEBSpﬁzrous

; Crude proteif - .
NS %
Wheat }§.7 _.ig:ﬁo;o4l/ 0.3V
Barley {i.z L 0.06Y 0.37/
Milo feed 11.1%/ 0.3 027
"Wheat bran a.a.. 16.91/ 0.141/ 1.291/'
Linseed 0il meal 37.1 0.43 Of50
Soybean o0il meal 49.0- 0.38 0.40
Meat meal 52.5 3.65 4.25
Sun-cured‘alfalfa‘meal 17.6 . 1.54 0.18
" Dehydrated alfalfa pellets 20.6 '1.40 0.27
Monosodium phosphété - - 22 001/
Calcite | - 38.00/ -
APF (Lederle's Aurofac%é/ 10. O—/ - -

Irradiated yeast - Fidy type 27 F —- 12,000,000 units vitamin D per lb.

"Fortafeed" (Lederle) - 2 gms.
- (per 1b.) 4 gms.
. 9 gms.

10 gms.

Sun-cured alfalfa meal - 8.6 mg.

riboflavin

calcium pantothenate
niacin

choline chloride

carotene per lb.

Dehydrated alfalfa - 77.7 mg._cardtene per lb.

1/ Average figures (Morrison) .

E

All others are analyses by Agricultural
Chemistry Research Department.
%/ Milo feed analyses done by Misco Mills, Bozeman,
/ Guaranteed to contain at least 1.8 gms. aureomyc
1.8 mlg vit. Byo/1b.

Montana
in/1b.
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most if not all dam-son matings.
From a management standpoint, the jncluding of both sows and gilts in
the same lot was not considered the best.procedurembut was done to avoid
the necessity of providing additional facilities. Fighting was ﬁoticed

for, only a short while, and because the breeding herd was fed once daily,

“the gilts were able to maintain fairly good breeding condition. Houses

were provided for shelter during the winter months. The aﬁimals hﬁd
access at all times, to .fresh:water.from a creek.

. Approximately a week prior to the calculated farrowing date the
animals were moved into the barn to'become-accustomed to their farrowing-
quarters. -Not all the offsbring spent an equal length of fime in the
central farrowing house; those sows farrowing first remained in the -barn
until the space was needed. As breeding was started op‘the same day in
each lot, it is reasonable to presume that there were probably aboutjequal
numbers of sows from all lots in-tﬁe barn at the same time. While in the
barn the animals were fed their respective ;atipns‘but no attempt was madé"

to keep records of their individual feed consumption.

Farrowing data were recorded by the herdsman and his assistant who

maintained a 24 hour watch. The birth weight}'sex. and ear notch identi-

fication were recorded for each piglet, in most caseé within 12 hours
after birth and in all cases within 24 hours after the completion of
farrowing. |

The rations were formulated to meet the National Research Council
recommendations given in Table II. The cbmposition of feeds as used in

the experiment are shown in Table I. Lot 1 received the basal or control
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TABLE 11X

PRE-BREEDING AND GESTATION RATIONS FOR SOWS AND GILTS

Ration No. 1 , 2 3

| % R %
Barley o g 60.0 60.0 60.0
Wheat | B 13.0 12.5 13:0
Soybean 0il meal : 7.0 7.0 . 7.0
Meat meal (50%) | 4.0 ~ 4.0 4.0
'Sun—Cured analfa'meai ‘ _ 15.0 | 15.0 ~
Dehydrated alfalfalpellets - - _ 15.0
Salt | | 0.5 : 0.5 0.5
Calcite : 0.5 0.5 ' 0.5
APF supplementi/ - 0.5 N -
Crude protein (percent) . 15.08 . 15,03 . 15.33
Calcium (percent) 0.65 . 0,64 ~0.63
Phosphorous . (percentj‘ ’ 0.50 0.50 0.51

o

1/ Lederle's Animal Protein Factor supplement No. 5

Rations fortified with 750 I.U, vitamin D per lb. of feed ,
Rations fortified with 1/2 1b. per 1000 lbs. ration of Lederle "Fortafeed".
Rations fortified with 10 ppm-Cu, 50 ppm Fe, 25 ppm Mn, and 1 ppm:Co.
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ration which was essentially a barley, soybean meal, meat meal ration With
15% sun~cured alfalfa. The latter was good quélity baled alfalfa reduced
to size By a hammermill so that it could be incorporated into the ration.
Lot 2 received a ration ideptical with that of Lot 1 with the e#cgption
that to it was added 0.5% of Lederle's Aurofac (Animal Factor Supplement
No. 5). Lot 3 ration except for the substitution of dehydrated alfalfa
for sun-cured alfalfa was identical to the Lot 1 ration. As will be noted
from.Tabie II, all rations contained 4% meat énd bone meal..O.S%.trace
mineralized salt, and were fortified with vitamin D as well as riboflavin,
niacin, caLcium ﬁantothenate and choline bhloride.“

The'suckling.pigs were creep fed. The rations'wére of similar compo~
sition as those fed to their mothers. Feed was made available for the
suckling pigs as they reached two weeks of age; and until they were weaned.
Undoubtedly'thefe was some individual, as well as, litter variation in_the
length of time thé.pjgs were creep fed.

The feed was- mixed iﬁ a vertical type mixer, and all mixing wés-
supervised by the author. Batches of 800 lbs. were mixed and stored in’
bunks imﬁediatgly adjacent to the sow pasture lots.

At the onset of the experiment, some difficulty was encountered in
getting the animals to eat the dehydrated alfalfé peilets, Apparently some
of the animals were‘sorting their feed as the pelléts began accumulating
in the troughs. However, this sorting was of 1imited"dﬁration and the
animals seemed to be eating well, and without sorting, b& the time breeding
began.. |

‘The animals were fed once daily a measured amount of feed equivalent
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TABLE III

LACTATION RATIONS FOR SOWS AND GILTS

Ration No. 2 3
% % %
Barley 50.0 50.0 50.0
Wheat bran 15.0 -15.0 15.0
Wheat .10.0 | 9.6 10.5
.Soybean o0il meal 10.0 10.5 9.5
Meat meal (50%) 4.0 4.0 4.0
Sun-cured alfalfa meal 10.0 10.0 -

_ Dehydrated‘aifalfa pellets - - 10.5
Salt 0.5 0.5 0.5
Calcite 0.5 0.5 0.5
APF supplement - 0.5 -
Crude protein (percent) 16.97 17.10 17.08
Calcium (percent) 0.56 0.56 .0.55
Phosphorous  (percent) 0.65 - 0.64 0.65
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to 6 1bs. per head. The weiéht records of the day prio; to the commence-
ment of breediﬁg and the general céndition of the animalsnindiCated the
desirability of increasing the feed allowance. December 13, 1950 the .day
breeding began, the feed was increased to 6 1/2 lbgf per head per day.

A farrowing ration was fed from fhe time the animals came into the
barn until ‘approximately a week_after parturition. The respective
treatments were unaltered but 15%‘brén was incorporated into the ration
and the alfalfa was decreased to 10%. This ration contained a calculated
17% protein,’ |

On April 20, 1951 the stock supply of barley was dépleted; anq only
heévily ergotized barley was obtainable. Rather thaﬁ use this ergotized
barley, milo feed was obtained to ieplace the barley and the ratién was .
adjusted slightly td mainpain the same protein level.

The sows and gilfs were treated for lice during the early part of the
winter. The& were sprayed with,a'gamma isomer of benzene hexachloride

)

twice within a twenty-day interval.




: | TABLE IV
COMPARISON OF EXPERIMENTAL RATIONS WITH DAILXWﬁﬁIRIENTFALLQWANCES RECOMMENDED FOR SWINE
-Preqnant stock Laetetiﬁq stock | 'Experimentai;ratiops
SQEE Gilts Sows _ Gilts Pregnant Lactating
Total feed (1bs.) 7.5 6.0 12.5 . 11.0 6.5 10.0%/
Crude protein (1bs.) 0.90 0.90 1.90 1.65 0.98 1.70
Calcium (gms.) 15.3 15.0. 28.5 28.5 19.2 25.6
Phosphorous  (gms.)  10.2  10.0 195 19.5 14.7 29.3
Salt (gms.) 17.0  13.6 28,5 24.0 14.7. 23.7
Carotene (mg.) 23 18 37.5 32.5 8.4 8.62/
7 4 75.8 77. 82/
Vitamin D (1.0.) 375 300 625 550 4800 4800
Riboflavin - (mg.) 6.3 5.0 10.5 9.2 6.5 10,03/
Niaeinu ' (mg.) 38 30 63 .55 29.2 | 45.0
feed during lactation is an eetlmated figure as all animals were fed accordlng to

1/ 10 1bs.
appetite and condition after farrowing.

only that contained in the dehydrated alfalfa.

2/ Carotene figures represent only that- contalned in the sun-cured alfalfa and the lower figures

3/ These flgures represent the actual amounts of riboflavin and niacin added by supplement1ng

with Lederle's "Fortafeed“
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EXPERIMENT I
RESULTS AND DISCUSSION

The combined fer{ility of the sow and thehboér is represéntéd by the
number of pigs .a sow farrows. This éame‘criterion also re?lécts something
of the quality of manégement>she received to that time...The margin of
profit, however, is not determined by the number of pigs born but rather
in the number of pigs weaned. Variouéﬂestimates have‘been made to denote
whét is expense and what is profit in termg of number of pigs raised. The
figure generaily agreed‘upohlseems to be tﬁat £h§se pigslin a litter over
and above. the first five faised¢ detefmine the exteni of profit contributed
to the enterprise. |

Management has relatively little influence on the hereditary and

- physiological capacity of the sow to produce pigs, but is of paramount

importance in the survival of pigs after farrowing. Annual losses amount

to approximately 35% of all pigs farrowed. This loss varies greatly

" between farms; and'presumabl& a large part of this variation is due to

difference in-management.
In this experiment, the animals were fed daily -a measured amount of

feed during gestation and thereafter according to appetite. Some

difficulty was experienced, from a management standpoint, by running both

sows and gilts together. A raiher~slight margin in feeaing regime was
requiréd‘to ensure ‘adequate nutrition for fetal development and for growth
b& gilts and also to prevent over fatness on the part of the sows. ‘Most of
the regulation was done by visual observation of the dams' condition |

particularly during gestation. Thus, handling of the pregﬁant animals was




-41-
kept to a minimum. .

The basal ration was formulated to meet the nutrient allowances recom-
mended by.the‘National Research Council, The ration could-po§sibly be
criticized w;th regard to carotene content. However; 15% syﬁ—cured alfalfa
in the ration meets ;hé usual recommendations for a legume; preéumably tﬁis
particulaf hay was of low Carotene content. ' The dehydrated‘alfalfa more
than met the standards in this respect;

Teh'gilts and six sows comprised a group. Egch female was hand mated

- to one of the four boars. The actual pairing was pievbesly,described{hin

the event of over use of any one sire in the same day a boar of the same
breed was substituted. This excess-use was a rare océurrence. Inlldt Ia
Durot. sow and a Duroc gilt were removed from the exﬁefiment oﬁ April 25.A
1951 because they had not conceived. These were both pureb;eé matings but
by different boars. In lot 2 a Duroc gilt Qas-remoVedVFébryaiy,17. 1951
and a Hamprace sow Méy 9, 1951 for the same reason. - Ore Hgmprace‘sow was
removed from lot 3 after being exposed -to a Hamprace boar but gppa;ently
failing to conceive. It will be noticed that of the five animal§ tha;féil—'
ed to conceive they represent matings by all four boars used. There.
épparently was no tendency for any one Qroup to have a greater or lesser
number of females farrowing. The pfesumption, then, that the failure'to
conceive was due to éhe inherent infertility of the individuals in question
or purely to chance; and not due to any particular sire or feeding regime
seéms valid. One Hamprace gilt in lot 3 died March 18, 1951, Post-mortem
examination revealed nine apparently normal young; the cause of death was

unknown. This examination also showed an excéssive amount of internal
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hemorrhage with no exblanati&h. Tn thé_célCulatfons of all Criferia with
the exceptioﬁ'of,tbtaéyhumbbr of pigs fér¥OWed;.13 litters will %é consid-
ered in lot 2. Becaiise o}iséme error in recording the calcuiatgﬂ farrowing
date, a Hamﬁr;ce gilt farrowed outside and, conéequently. all pigs died.
She had a litter bf nine biés; their loss was attributed to faulty manage-
ment rather than £5 the effect of any experimentai treatment.

The reproductiveé performance of thé animals was compared on the basis

"of the following criteria: (1) number of pigs farrowed per sow - total

number of expelled fetuses which the herdsman counfed, (2) number of pigs
farrowed alive, (3) number of pigs weaned at 56»days of age, (4) averagé
birth weight of pigs within litters, and (5) weaning weight of pigs -
average within litters corrected to 56 days after the mefhod of Whatley,

et al. (1937).

The unequal numbers of animals within groups resulting from their
removal for failure to conceive complicated the statistical analyses. A
simple test was run éomparing the rations fed the sows as was Léflected-in
the above mentioned criteria. The effect of treatment on the number of
pigs weaned was highly significant. The average number of pigs weaned per
sow of 7.4 on the basal, 7.6 on lhe APF supplemented and 6.0 ﬁsing thé
dehydrated alfalfa is indicative of the trend of their performance. Calcu-

lation of the least significant difference indicated the difference between

"‘the basal and the dehydrated ration to be significant at the 1% level;

however, there was no detectable difference between the basal and the APF
supplemented ration. Presumably there was no difference in management, and

the same sires were used an équal number of timés in each lot. A total of
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2.0

TABLE V -
SUMMARY BY TREATMENTS OF REPRODUCTIVE PERFORMANCEl/
Item 1 2 3
Number of females exposed 16 | 16 16
Number of females conceived 14 14 152/
Number of females farrowed 14 i3§/ 14
Number of pigs férrowgd 132‘ 132 136
Number of. pigs farrowed alive 119 123 117
Average number of pigs per litter 9.4 10.2 9.7
Average number live pigs per litter 8;5 _ 9.5 ‘8.4
TotaI‘birth weight of lit}er per sow 364.4 346.5 . 328.0
Average birth weight of pigs 3.1 2.8 2.8
Number of pigs weaned 103 99 64
Average number of pigs weaned per sow 7.4 - 7.6 6.0
Average weaning weight per lltter4/ ._é15.9 203.5 154.9
Avefage weaning weight per p1g4/ ©28.3 28.2 25.9
Percent pigs farrowed dead _ | 9.8 6.8 13.9
Percent'pigs weaned of total pigs.farrowéd 78.0 75.0 | 61.8
Percent. pigs weaned of pigs farrowed alive 86.5 . 80.5 71.8
.Percent mortality of total no. farrowed to
weaning 25.0 38.2

1/ This table is a summary of all the reproductlon—lactatlon data
appearing in Table X-A, B and C, pages 78-80 of the appendlx

2/ One

pregnant gilt. died March 18, 1951.

3/ One sow farrowed outside and lost all her pigs.

Whatley., et al. (1937).

The loss was attribptéd
to faulty management and hence her litter is not included above. '
.4/ Average weaning weight per pig corrected for age after the method of
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136 pigs farrowed by the sows in lot 3 is comparable to the other lots, .but

14% of these wereée déad at birth. This high fetal mortality coupled with

“either a predisposition to disease of early life or consistent with an

unfavorable uterine environment weighs heavily against the chances for a
sow to wean a large litter. Thé percent pigs weaned of those alive at
parturition as shown in Table V provides an interesting comparison.

General lack of ‘vigor of those pigs from soWs fed dehydrated alfalfa was

. again reflected in the greater percentage mortality to weaning, i.e.,

13.5%, ' 25.0%, and 36.2%.
Upon further apalysis.‘it was found that although differences did

exist in the averages of the groups with regard to the number of pigs

,farrOwed. the number of pigs farrowed alive, birth weight, and weaning

weight none of the differences abproabhed significance. Apparently the
factors affecting the qltimate destiny of the pigs were incapable of
exertiné sufficiéﬂf influence by parturition time. ‘ﬂowevér. by weaning
at 56 days, which actuaily includes gesfation andrlactationv the physio-
logiﬁal response was sufficieqtly large to be signifiéant at the 1% level.
In retrbspect,-a,significént difference is conceivable because high fetal
mortality and poor suckling performance are effects of the same cause.
Table VI‘presents the economics of 'the above differences. The feed
prices used in calculating the cost of a ton of fation are ‘listed in
Table XI. Actuélly they are fairly eipensive rations. These calculations
.are based on the cost of feed only. It includes a two week warm-up period
prior to breeding, gestation, and includes all of lactation. This feed

period covers some 182 .days; so considering a two-litter a year swine
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TABLE VI

RATIONS COMPARED ON THE BASIS OF FEED COST PER PIG FARROWED AND WEANED

; I 2 .3

Ration ' ' Basal . APF-supp.ﬂ Dehy. alf,
S Cost of feed per ton
| 1' Pre-breeding gestation . $47.50 4$51.30 | $53.50
“ Lactation " $49.70 $53.30 $53.70
Feed cost per sow _ - $31.30 $33.81 ‘ " $34.83
: Number of sows farréwing 14 o113 ; 14
Number of pigs farrowed 132 132 | 136
Number of pigs farrowed alive 119 123 117
Number of pigs weaned 103 .99 84
Cost of feed per pig.fairowed‘ , $3.32 | $3u33 . $3.58 -
Cost of feed per pig farrpwed alive $3.68 $3.57 : $4.17
Cost af feed per pig weaned - $4.25 $4.44 $5.61
Difference from basal
Pér’pig farrowed - +$0.01 +$0.26
Per pig farfowed alive - - -$0.11 +$0.49

Per pig weaned — +$0.19 +$1.56




—46-
breeding program the 182 days feeding regime Canrs the eritire feed cost
to weaning.

In the cost of the feed per pig fafrowed, no difference was observed
between those on-the basal ration and the APF supplemented fatlonl but the
dehydrated alfalfa rat1on cost $0.26 extra, per pig farrowed. With regard
to the number of pigs farrowed alive, the APF supplemented group cost some
$0.11 less pet pig than the basal; thls reduced cost per pig resulted
from a reduced fefal mo?@ality of approximately 3.5%. Again the dehy-
drated alfalfa ration was more expensive to the ektent of $0.49 per pig
farrowed aliae. The cost of weaning a pig is the most important of these

factors in a swine enterprise. The extent of the profit will depend on

‘the number of pigs weaned as well as on the cost of weaning them. = The

APF supplementea group weaned slightly more pigs per sow but at an extra
expense for feed of $0.19 per pig wéaned.' However, the most striking
point of this whole eeenomic aspect is the.$5.81 whichirepresents the

feed cost of weaning every pig of the dehydrated alfalfa group. - This

cost per pig weaned in comparison with the basal is an increase of $l 56
per pig. Two factors causing this increase cost are, the h1gher cost of
the dehyarated alfalfa resulting in a higher price per ton of feed (all
lots being kept on an equal feed consumption) and the fewer number of pigs
weaned. Under the conditions of the present experiment, the subStitutlon
of dehydrated alfalfa for sun-cured alfalfa is noa justified. .

‘ .The measurable difference in performance; combined with the economics:
of the feeding regime, should-allow for some postulation as to why these
results weré ebtained. Apart from the-addition of 0.5% APF supplement to

’ ' 1
/ !
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the lot 2 ration, it and the basal rations were identical. Thefe is a
trend in'favor of the.performance of those females receiving the APF
supplement.as indicated by the nﬁmber of pigs farrowed, the number of pigs
farrowed aliﬁg. and'the number of pigs weaned per female, hbwever! the
birth weight' and' the weaning weight_of the litter were greater for those
of the basal ration. Previous reports és ciped in the reyiew of litera-
ture have been rather conflicting as to the benefit of the APF suppleﬁent
in reproductive rations. .This investigation offers no great elucidafion
as the sows weaned 0.2 more pigs pei sow but at an extra cost'of $0.19’
per pig weaned compared with the basal. The APF suﬁplement is valued at
$0.20 per ton of ration cons;med. The actual amount of feed consumed by
the SOWS dhring gestation and lactation was approximately 1300 lbs. per
head. . Therefore, the.supplemént enablingrtheée females to wean an average
of 0.2 more pigs per litter, increased the feed cost per female by

approximately $0.13. Under the conditions of the'eXperiment, the addition

" .of the APF supplement has some beneficial effect though not significantly

50.

In substituting dehydrafed alfélfa for sun-cured alfalfa, on the
basis of the carotene content of the ration, the lot'3 ration was improved .
as indicated in Table IV. Considering the carotene from the alfalfa, only

the basal ration fails to meet the recommended nutrient allowance in this

‘respect.  The actual anaylses of the pellets shows more than adquate

amounts of carotene. All rations were fortified with riboflavin, niacin
and pantothenic acid which have been shown to be required for successful

reproduction by Ensﬁingert t al. (1951). The animals had direct exposure
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"to sunlight as well as having their rations fortified with irradiated :

yeast. JTodized-trace mineralized salt suppliéd 10 ppm coppér, 50 ppm
iron, 25 ppm manganese, and 1 ppm of cobalt. The rations met the estab-
lished protein requirements and approximatély 14% of the protein was from
an animal source. A high percent fetal mortality and a reduced percent of
pigs raised to weaning as a -result of subs£ituting dehydrated‘alfalfa for
sun-cured alfalfa‘seems to point to some altered nutritive value as a

result of the dehydration process. Alfalfa is usually regarded as one of

_the best sources of water soluble vitamins. The question arises as to

whether the dehydration process destroys the activity of some of these

vitamins, renders them insoluble, or produces some kind of a toxin, The

actual mode or mechanism whereby these unexplainable losses are incurred

" is beyond the bounds of this paper.

Using a two variable classification, an analysis of variance was
computéd testing the interaction of trea£ment by type or kind of mating.
In this discussion the treatment refers to the basal ration, the APF-anti-
biotic supplementéd ration, and’the dehydrated alfalfa ration respectively.
The type or kind of mating denoted whepbgf the offspring were the résult
of a purebred Duréé, purebred Hampracé.'or crossbred méting. The cross-
breds represent the Duroc by Hamprace cross as well as the recipEocal
cross. No attempt was made to separate the reciprocal crosses~Becayse of
the resulting small numbers involved. Also it is q&ﬁbtfui that thev
expected hybrid vigor would be matefially affected regérdless of which way
fhe cross was made. Tables.XIV and XV indicate a highly significanf

interaction between treatment and type of mating with respect to the total
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"number of pigs farrowéd and the number of pigs farrowed alive. The APF

supplemented ration whs éuperior to both the basal énd the dehydrated
aifalfa rations forAthg'crossbfed pigs considering number of pigs farrowed
and number of pigs fdrrowed alive per sow. The purebred’Duroc-litters
were not beneficially affected by the APF supplement but were adversely
affected by substituting dehydrated alfalfa for sun-cured alfalfa in the
ration. On the othet hand, the purebred Hamprace litters from the APF

suppleménted ration were inferior to those from the two other rations in

‘number of pigs farrowed and number of pigs farrowed alive per sow. This

beneficial action of the APF-antibiotic supplement in the case of the .
crossbreds is of particular interest. Hypotheses as to the mode of action’
of antibiotic feed supplements.have.begp propounded in.the case of
fattening swine. The goncurrent results wquld almost dictate tha; the
supplement has some‘beneficial effect on the uterine énvironmedt promoting
greater livability.

' By analyzing for seﬁarate cqmponeﬁtsmof vdriance..the number of pigs
weaned was shown to be statistically significaﬂt in favor of the cross-

breds. This then is a concrete example of the phenomenon of hybrid vigor

because the interaction of type of mating and treatment did not approach

'significance,u This hybrid vigor is further reflected in a signifipgnﬁ

difference in birth weight and a high;y significant difference in weaning

-weight in faver of the crossbreds. These increased weights are im

agreement with the proponents of crossbreéding who claim greater produc-

' tivity due to hybrid vigor. From=an,econohic standpoint the greater

weaning weight 'is of obvious advantagé.
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A similar dhalysis ias calculated to determiné the extent of inter-
action betieer treatiierit and &fe. The age is fexrely suﬁﬁiviﬂé& into two
groups: gilts and all other females having had ohe or more litters previ-
ously. In number of pigs farrowed; niimber of ﬁigé farrowed alive, and in

number of pigs Weaned tliere was ho material difference 'in response to

. treatment or by age groups. There was a sighificant inteiraction of treat-

ment and age as reflected in the birth weight of tle pigs. The sows on

the basal or APF farrowed‘thé heaviest pigs; Whereas the gilts on the APF
farrowed the lightest pigs. Théfé ras a consistent trend in a;l treafments
for sows to farrow heavier pigs than gilts. _In furtherance of this birth
weight advantage of the older females, it is’nét difficuit to visualize ‘a
highly significant differehce'in the corrected weaning weight. Apparently
the potential milking capacity becomes more fully developed with an.
increasing number of pregnéhcies up to about the sows' fourth yéar. The
interaction between treatnient dnd dge was significant at the 5% level.

The general.relationship was 36mewhat dltered from that of the birth
weight. The gilts responded more favorably to the basal ration ihan did
the sows but bobrly to the déhydratéd alfalfa ratioi. This response could
poésible be due to sorting by the older sows followed by excessive
consumption of roughage by the gilts.-'The pigs weaned fromﬁthe SOWS on
the APF ration were the heaviest of all. Those weaned from sows on the .

dehydrated alfalfa ration were heavier than any weaned from the gilts or

" sows on the basal. Perhaps a point could be made of the response of the

age groups to the dehydrated alfdalfa. A difference of some 7.5 lbs. in

the mean weaning weight of all pigs weaned from gilts and from sows on
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this ration is economically importaht. Possibly this iﬁcreasé weaning
weight of those pigs from sows indicate§ that the growing animals (gilts)
have a greater demand for some specific factor(s) than the mature animals.
Prior to feeding the.experimental rations, the 48 females involved
received sun-cured alfalfa and/or pasture in their diet. It is conceiv-
able that during the pre-experimental feeding regine only the maintenance
requirements of the growing animals were met, whereas the matﬁre stock
were capable of storage. |

In testing the interéction of the breeds aﬁd treatment, there was no
significanf difference in any of the previously discussed criteria. There
were variations between means .of the classes or sub-groups but none of
sufficient magnitude. Because differences did exist, a further analysis
was indicated testing the effect of treatment on each breed separately.
It was found that the Durocs reacted significantly different to the
various treatments at least in the case of the numbe} of pigs farrowed
alive. Apparently thé APF ration was of material benefit in increasing

the number of pigs farrowed alive from 7.0 per sow on the basal to 10.0

‘per sow on the APF supplemented ration. The breeding females on the

dehydrated alfalfa ration gave birth to an average of 8.5 pigs.per
female. Because the Hamprace showed no detec£able difference in response
to én APF-antibiotic feed supplement, énd the Durocs did there is some
Suggéstion of breed difference. Analysis of variance for birth wejght and
for.corrected weaning weight revealed no material difference.

In the'previous aqalysis; there was no difference in response by age

groups to treatment. "However. taking each group separately-hence within
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group analyses thé gilts ofi the APF ration farrowed a statistically greater
number of live pigs than giits on either of the other treatments.
According to the breeding program as previously outlined, it will be
noticed that of the 27 farrowing gilts 19-zesulted from crossbred matings.
The main impact of the gilt reaction is a COmparativé responsé of hybrid
vigor. These resilts are not surprising in the 1igﬁt-of the Signjficént-
differences obtained in favor of crossbreds in testing type of mating.

Thesé same gilts on the basal ration weaned pigs haviﬁg an avérage
weight of 28.8 lbs., on’ the basal ration which was 4.0 lbs, heavier than
those weéned from gilts receiving the APF supplemented ration and 5.6 1bs.
heavier than Qilts receiving the‘dehydrated élfalfa ration. This iﬁcrease
in weight was significant at the 5% level. The gilts farrowed 2.3 more
gigs pe;'gilt on the APF ration but weaned heavier pigs by 4.0 lbs, on

the basal. The above results are conflicting from which no precise or

" ¢lear cut conclusion can be drawn.

Ignoring all experimental treatment, as the breeds were evenly
allocated anyway, and taking collectiveiy all Durocs and all Hamprace, a
direct breed comparison wés made. The Haﬁprace females weaned 7.65 pigs
per sow which was 1:50 pigs pef sbw more than the Durocs. The Hamprace
were also slightly supérior‘in number of pigs farrowed per sow aid
farrowed slightly heavier pigs. 'Thesg differences became magnified with
age and were reflected in a significant difference in the weaning weight
of the pigé, The Hamprace females weaned pigs averaging 29.1 lbs; as
compared ﬁith 25.3 lb;. for the Duéocs. These apparent breed differences

are to be interpreted with caution. The 18 Durocs that farrowed 39% of
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the litters.weré-the result of crossbred matings whereas, in the Hamprace
65% of the 23 litters that were born weére ;f crossbred matings. Hence?
it is difficult to ascértain how much of the increase in Qeaning weight
was dué to the superior mothering ability of the'ﬂampface sows and how
much was due to the hybrid Gigér of the greater peréentage of crossbred
pigs,

Somg information can be giegned-from the data relative to sire effect.
Both Duroc boars had an average of 7.0 pigs weaned per sow from the
females to,Whicﬁ they were mated. Hamprace boar #16 sired 8.0 pigs as
compared With 6.0 pigs weaned per sow from Hamprace boar #47. ‘First
impressions would indicate that the greater number of pigs weaned from the
H~16 métings were due, at least in part, to the greater number of cross-—
bred matings by this boar. However, analysis of the data reyeals that thé
H-16 purebréd matingé weaned larger litters than the H-16 crossbred
matings, and, furthermore, in H—4f litters, the purebreds equaled the
crossbreds in numbefé.per sow, Presﬁmably the large within group

variation combined .with the small number of animals ipvolved,'obscured the

results as no statistical significance was noted. The limitgd'data

suggéét that théxe'may be siie effect on. the number of pigs weaned.
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EXPERIMENT II
METHODS AND PROCEDURE

The pigs_used in this growing-fattening trial were weaned from sows
and gilts of Durbc and Montana No. I breeding. Tihey were the fall litters
of animals similar to those described in Experiment I.

Six Qroups of 10 pigs each were allotted on thé basis is breed, sex,
weéning.Weight. and litter and were placed in pens in the barn adjacent to
exéréise'lots with concreté floors. 1In these lots.'théy had access to a
self-feeder and a trough of Watef. Ordinary baled wheat straw was used
for bedding. During cold weather, to prevent icing, waterers with
contained kerosene lamps were tried. Little success was attained with
them, .and the herdsman resorted to hand watering.

The pigs were weaned at eight weeks of age and wbrmed at approximately
10 weeks. This treatment consiéted of mixing 1% sodium flouride in the
ration for one day.. This treatﬁent has proven to be adequate in the past
when cdmbined with farrowing house sanitation (as the herd has been ﬁain—
tained with a relatively low worm infestation) .

The rations were essentially barley, lihséea meal and 5% alfalfa to
which were added trace mineralized salt, calcite and/or monosodium phos-
phate as needed to meet the National Research Council rechméndations.

Until such time as the pigs attained an average weight of 150 lbs., the

‘rations were further fortified with Lederle's "Fortafeed" (riboflavin,

niacin, Ca pantothenate supplement) and irradiated yeast. The control
ration consisted of the above mentioned ingredients and 8% meat and bone

meal as shown in Table VII, lot 2 contained all the components of lot I in
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TABLE YII

FEED COMPOSITION OF SWINE GROWING—FATTENING'RATIONS-

Rations - weaning to 15 1bs. liveweight (20%! protein)

5

Phosphorous (%)

0.50

Lot number I 2 3 4 6
Barley 49.0 48.5 461 43.0 43.5 < 49.0
Wheat 12.0 12.0 11.5 11.0 11.0 12.0
Linseed o0il meal 25.0 . 25.0 31.0 37.6 37.6 25.0
Meat and bone meal 8.0 8.0 4.0 - - 8.0
Sun-cured alfalfa meal 5.0 5.0 5.0 5.0 5.0 -
Dehydrated alfalfa pellets - - - - - 5.0
Salt and trace minerals 0.5 0.5 0.5 0.5 0.5 0.5
Calcite 0.5 0.5 0.8 1.2 1.2 0.5
Monosodium phosphate - - 0.6 1.2 1.2 -
APF supplement - 0.5 0.5 0.5 - -

Crude protein (%) 20.14 20.15 20.00 20.02 -20.01 20.29

Calcium %) 0.70 - 0.70 -+ 0.69 0.72 0.73 0.69

Phosphorous (%) 0.71 0:.71 0.68. 0.66 0.66 0.71
Rations - 75 lbs. to 150 lbs. liveweight (17% protein)

"Crude protein (%) 17.13  17.14 17.04 17.24 17.14 17.28
Calcium (%) 0.66 0.66 0.73 0.62 0.62 0.65
Phosphorous (%) 0.69 0.69 0.54 0.51 0.51 0.69

Rations - 150 lbs. to market weight (14% protein) . ,
Crude protein (%) 14.03 14.04 14.01. 14.06 14.05 14.10
Calcium %) 0.59 0.59 0.67 0.58 0.58 0.56

0.60 0.60 0.49 - 0.49 0.60
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the same ratio with the addition of 0.5% APF (Lederle's Aurofac). This

feeding regime was sét up to detérminé whai effect, it any, the addition

.of an APF supplement to a ration containing both plant and animal protein

would have on growing-fattening pigs. Lot 3 was essentially a repetition
of lot 2 with the meat and bone meal‘reduced by half to 4%. Lot 4Ihad all
the animal protein removed and the prote1n level maintained by additional
linseed meal The last two ratioiis were des1gned to determ1ne to .what
extent a commercial APF supplement could be subst1tuted for a natural
source ef animal protein such as meat and pone meal. Lot 5 contained
protein of plant origin only and served as a check on lot 4 which contained
plant protein and 0.5% APF supplement. Lot 6 was set up to determine what

value.dehydrated alfalfa has in comparison with sun-cured alfalfa for

- growing-fattening swine. Apart from the preparation of the alfalfa, the

rations for lot 1 and 6 were identical. Table VII shows the rations
calculated to contain 20% crude proteln from weaning to approximately
75 1bs. liveweigﬁt. 17% protein from 75 to 150 lbs. liveweight and 14%
crude protein from 150 lbs. liveweight to market weight..

The week of December 10, iron strips were put on all feeders in an
effort to reduce feed wastage. The fine consistency of the ration,
because of the high content'of the linseed oil meal, may pave been, in

part, responsible for the rooting out of the feed. December 23, rings were

put in the pigs' noses, in a further effort to reduce feed waste; however

even that did not prove to be entirely satisfactory. Toward the latter

part of the experiment, the strips had to be removed from the feeders, to

1

prevent continued injury to the face and jowls of the pigs. .

'
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TABLE VIII

COMPARISON OF EXPERIMENTAL RATIONS WITH DAILY NUTRIENT ALLOWANCES RECOMMENDED FOR SWINE

----- ' 7 ~  N.R.C. recommendations - '.4" Expefiﬁeﬂtal (basal ration)l/
50 100 200 " uwp to75  75-150 150 plus
Calculated ﬁroteiﬂ level' - B 20.14% 717-13% $14.08%
Total feed  (lbs.) 3.0 . 5.3 7.5 4.13 5.38 9.07
Crude protein (lbs.) 0.55 0.85 1.0 0.83 0.90 1.27
Calcium (gms.) 8.6  14.4 17.0 -  12.13 15.82 24.29
Phosphorous  (gms.) . 5.9 9.6 11.3 T ‘13.31 15.54 24.71
- Salt (gms,) " 6.8 "12.0 17.0 9.37 11,98 20,59
Carotene  (mg.) 2.0 4.0 8.0 1.78  2.29 3.912/
Riboflavin  (mg.) 2.5 4.5 6.3 . 8.26 0.5
Niacin ©  (mg.) 15,0  27.0 38.0 : 37.17 47,528/ —
Vitamin D (I.u)  150,0 265.0  375.0 3097.00  3960.00  6802.00%

1/ Calculatlons based on the comp051t1on and feed consumptlon of the control ration (lot l)

2/ Carotene figures represent only that contained in the sun—cured alfalfa, the dehydrated
alfalfa contained about 10x as much,

3/ Riboflavin and niacin figires represent only-that contained in the B-complex supplement '
(Fortafeed) .

4/ Vitamin D flgures represent only that contained in the irradiated yeast.
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The first wgek of Mare¢h, the pigs were moved out into dirt lots to
make the céntral farrowing barn available for the sows descéribed in
Experiﬁent . Thé groups fétained théir respective self-feeders, had
straw-be&ded shelters, and watér in trdughs; On two occasions some
difficulty was experienced in keeping the pigs separated, as they were
able to walk from one pen into anothér on the snow banks.

At the beginning of the experiment 28-day individual weights and
14-day group weights were obtained.” With the change to the 17% protein
level of feeding, l4-day wéights were taken until the pigs were slightly
over 200 lbs. Thereafter, the pigs were weighed weekly, in an effort to
market them as nearly as possible at a weight of 220 lbs. The pigs were

removed from the lots as they attained matrket weight; hence, the

calculations are made on the number of pig days.

All the feed was mixed in a vertical type mixer in 1000 1lb. batches.
The feed was then weighed into the self-feeders as required. Reécords of
feed consumption were made by periods (i.e. protein levels) for each lot

as well as the total feed consumption for the entire feeding trial.
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g '. EXPERIMENT II
RESULTS AND DISCUSSION

Carroll .and Krider (1950) in their discussion of manégement of
fattening pigs as a factor in the cost of production state that feed takes
iﬁto account'upwards of 90% of the fattening pig costs. Labor, equipment,
and interest on investment are of lesser importance, particularly where.
§elf—feeders are used. The importance of rations that will produce
efficient and economical gains cannot be over emphasized. .

'The value of the pig to man liés in his ability to transform the.feed
he eats into the meat and fat which have a higher food value than the feed

o , . B
that produces them. Obviously, the amount of feed required to produce a .

pound of edible food is of paramount importance to thé hog producer. For

a matter of conveniencé and consisténcy, the usual connotation for feed-
efficiency is the number of pounds of feed required to produce 100 lbs. of
gain. . |

The two main criteria for comparing thé adequacy of a ration for
growing-fattening swine are aveérage daily gain and feed éfficiency. As
herein used, the daily gain is defined as'the'daily‘livewéigﬁt increase
pf the pigs from the beginning:of the experiment to its termination when
the‘animals weighed_apprbximately 220 lbs. Feed efficiency has been
previously defined. . |

Before embarking on any detailed discussion of the actual resul;s at
hand, a few points afe worthy of explanation. The overall feed eﬁﬁiqﬂency

picture, considering the six rations collectively, was adversely affected —

by severél factors. It should be borne in mind that, throughout the
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entire experiment, the hog§ had access oiily to an outdoor self-feeder.
Also during the latter half of the.trial they were penned in dirt lots
covered wi;h é foot of snoW..'Thé hogs did;, howéver, have a dry sheélter.
Méﬁtion in the experimental proceddre was made of iron strips being
put on the sglf—feedefs to reduce waste. These sdme feeders were used in
previous years and were highly récdmmeﬁded. Just why this pafticular
group of hogs insi§ted'on rooting out thei¥ feed is unknown. In lots 4
and 5, the ration did not contain any meat and'bOne meal, neceésifating
the inclusion of a greater pércentage of linseed 0il meal to maintain an
"équal protein lével. For these particular rations, the'resulting fine
consistehcy undoubtedly had some adverse effect through feed wastage.
:?he strips put on the feeders limited the space froﬁ which the animals
could take their feea and conceivably could have affected feed consump-
tion. No attempt was made to determine the amount of feed wasted. C6m=
_parative visual observation, however, tended to point adversely towards
those pigs receiving only plant protein in their diet. The strips had to
be.remoyed from the feeders as the animals increased in size: it was
thought that leaving them on might jeopardize the experiment and cause
serious irritation on the jowls of the pigs.

The basal ration was formulated to meet all the known nutrients
requ}ned in such proéortion as to promote normgl physiological function of
the animals. Considerableé controversy can be found in literature .
pertaining to the protein level of growing-fattening swine rations. The
economy and rapidity of gain resulting‘from a sﬁecific protein level is

iargely determined by the grain-protein supplement cost ratig. 1In
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localities where protein. concentrates ¢ompare favorably, eeonomically.'with

~

~small grains a siightly higher level of protein nutrition is justified. On

the basis of the chemical analyses of the feed componeﬁts. the basal ration
contained 20.14% protein for the initial period, 17.13% protein for 75 lbs.
to 150 lbs. lieeweight and was redqced to 14.03 % for the balance of the
trial. The other five rations deviated very slightly from the percentage
just duoted. Using the average daily feed consumption of thoée pigs in.
lot l; Table VIII shows that the daily recommended nutrient allowances for
protein are adequately mét. In some liveweight ranges, the basal is
materially more than the recommended daily allowances, but in view ef the
variation. in feed consumption by experimental groups this safety margin ie
justified. .

Recent tredds in swine nutrition have emphasized the importance of
protein adequacy in terme of both quality.and quantity. Quantitetive
studies have established the lysine.-fryptophane and methionine requirer'
ments essential for normal growth and development of the weanling pig. Ai
present, no ev1dence is availdble but it seems log1cal to assume that .

other amino acids are also essential for swine growth. The protein of the

.basal ration is 21% derived from animal sources and the rest from several

plant eourceé,' Calculations using the percentage feed composition of the
basal;ratipp in Table VII and the amino acid content of feedstuffs from
Morrison show that the ration more than adequately meets the reeommended
levels for lysine, tryptophane, and methionine,

The specificetions of the National Research Council recommendations

as given in Table VIII are all satisfied by the basal ration.. In addition
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to ‘this so-called balanced ration; the pigs in lot 2 were fed 0.5% APF-
antibiotic supplement. Previous investigations as cited in the treview of

literature have indicated an improved feed efficiency by adding a supple-

" ment. The summary of the weights; gain, and feed efficiency of the.

fattening trial are reported in Table IX. The addition of 0.5% APF supple-
ment increased the feed efficiency to 450.7.1bs..'an improvement of 30 lbs,
per cwt. gain. The separate cOmpOnénts of the analysis of varianée testihg
the interaction of treatmeht (ration) and breed as well as treatment and
sex show no significant difference due to treétment. Despite_the somewhat
improved feed efficiency the APF supplement increased the cost of feed

per cwt. gain by $0.57. -

| The lot 3 ration was formilated to determine to what extent, if at
all, a commercial APF-antibiotic supplement could replace the usually
considered expensive animal proteins of natural sourceg. The meat and -
bone meal was rediced to 4% of the ration arid 0.5% APF supplement added.
The efficiency was -42.5 lbs. per cwt. gain. poorer than the basal and

72.5 lbs. poorer than the 8% meat meal and APF ration of lot 2. Further-

nore the cost increased by $1.98 per cwt. gain compared with the basal

and by $1.41 compared with lot 2. Before drawing any conclusions, lot 4

where the meat and bone meal was eliminated entirely and the APF held

constant, is wOrthy of examination. Here the feed efficiency was not
equal to thgt of the 8% meal meat ration but better than the 4% meat meal,
all three haviqg equal amounts of the APF supplement. The increase cost
of $1.52 over the basél was also intermediate bgtween lots 2_and Sl

Despite the fact that in lot 2 there was a slight increase in feed
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TABLE IX

SUMMARY OF PIG GAINS, FEED EFFICIENCY AND COST

Lot -1 2 3. 4

5 6

8% m.m.l/ 8% m.m. 4% m.m. no m.m. no m.m, 8% m.m.

basal 0,5% APF  0.5% APF 0.5% APF - peliets
Number of pigs | 92/ 10 10 10 9%/ 10
Average initial wt. (lbs.) 22.0 22.3 22.7 22.7 22.6 | 23.3
Average final wt. (lbs.) - 225.9 219.7 . 219.4 220.7 222.4 220.7
Average number of days 170.7 164.3 ‘165.4 - 174.0 171.4 166.2
Average daily gain | _ 1.18 1.21 1.19 | 1.20 1.22. 1.19
fiv, 1bs. feed/100 lbs. gain  480.7 450.7 523.2  505.5 563.2 .482.5
Avel.jag_e,dail'y feed. (1bs.) 5.68  5.44 6.22 5.75 .  6.85 5.73
Cost feed per cwt. gain | $12.99 - $i3;56 $14.97 $14.51 $15.30 $i3.56
Cost ‘in ékcéss bf basai (lot 1) - | 0.57 1.98 - 1.52 2.31 0.57

l/ M:.m, --meat and bdne-méal.zéb%f.u: -
2/ One pig died after 17 days on feed.
3/ One pig died after 7 days on feed.
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efficiency, in all three rations to which the.commercial APFfantibiotiq
feed supplement was added, the cost of feed per cwt. Qaiﬁ increased, the
increase varying from $0.57 to $1.98 per cwt. gain. From this the conclu-
sion seems warrénted tﬁat fhe addition of an APF supplement to a small
grain ;ation adequately fortified with animal protein from a natural
sourcé is not, at present costs, economically feasible. Furthermore, the
substitution-of a commercial APF supplemént for part‘or.éll of the protein
of animal ofigin is not justified under the conditions of this experiment.

The all-plant protein ration of lot 5 is the direct counterpart of
the basal with regard to proiein of animal origin. The pigs were
appareﬂtly in constant search of something fhey were not getting in the
all plant proteih diet. This was particularly observable from the amount
of feed they were rooting out of their feeders in comparison with the
other lots, evéﬁ during the latter part of the experiment with the reduded
proteiﬁ level resulting in a more grgnular‘cOnsistency of the ration due

to the altered barley-linseed meal ratio. Not only did these pigs have

. the poorest feed efficiency of 563.2 lbs. feed per cwt. gain but this gain -

. cost $2.31 more than the basal. With the present day hog prices of about

$22.00 per hundred pounds liveweight an increased cost of production of
$2.31 is of obvious economic importance.

Lot 6 ration was formulated to study the value of dehydratedalfalfa
pellets in substitution for sun-cured alfalfa meal in growing—fattewin%&
swine rations. As in the reproductive triai, some sorting’of fhe feed was
encountered at the beginning of the experiment. The differenée in feed

efficiency as compared With the sun-cured alfalfa ration was negligible.
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The cost of the feed per cwt. gain was increased by $0.57 presuhably due
to the extra cost of the dehydrated alfalfa.

No mention has beeﬁvmade so' far of the average daily gain by groups
on the various f;eatments. The variance between the extremes in -average
daily gain was only 0.04 lbs. and fhus was not influenced, beneficially
or otherwise, by any particular ration.

Table IX also gives figufes for the average number of days on test.
Tﬁis is calculated from the total number of pig days divided by the
number of pigs, thus ﬁaking allowance for those lots wherein one pig died.
Thére'is a différence between the fastest and the slbwest.~of some 10
days, to reach market weight; ﬁowever, if will be noted that there is a
consistent trend for those groups with a greater number of days on test
to have a heévier average final weight. Thus it is assumed that the
difference in length of time on feed.'if compared on the basis of a
constant final weight, would be negligible.

One Hamprace pig'in 16t 5, of an initial weight of 13 lbs.. died a
week after thé expériment started. Dr. Seghetti diagnosed deafh due to
necrotic enteritis. This is not uncommon and presumably hés‘no reflection
on the ration the pig was cqnsuming, Anotﬁer Hamprace pig was removed
from lot‘l, 17 days after initiation of the feeding trial. ~The cause of
death was unknown. |

: There was a highly significant différénce between breeds in average
daily gains, In‘every treatment without fail, the Duroc had a higher
daily gain thaﬁ the Hamprace. A test of interaction of treatment by sex -

indicated a trend for the barrows to gain more rapidly than.gilts.
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. The correlation between feed efficienéy and average daily gain of

groups was found to be 0.38. This figure is relatively low; hence

further discussion seems superfluous. Facilities for individual feeding

and penning were not available; feed efficiency can ohly'bé reported by
grOupéa . |
The correlation between the initial weight and the rate of gain was
0.70. This is rather highly suggestive of pigs with heavier initial
weights Tresponding more favorably to feed. .
- Becausé qf experimental procedure no correlation could be run between
initial weight and feed efficiency. Only group feed efficiéncies are

available, and the mean initial weights of the groups were equalized.
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SUMMARY AND CONCLUSIONS
EXPERIMENT I |
The results of an experiment conducted with_48_sows and'gilts of
Duroc and Montarna No.. l.breeding are reported, 'The experiment was designed
to study the effect of supplementing a balanced ration with an APF-anti- |

biotic feed supplement and of substituting dehydrated alfalfa'pellets for

.sun~cured alfalfa meal in gestation-lactation rations. The basal ration

consisted of barley, soybean meal, meat meal, and sun-curéd alfalfa,
fortified with vitamin D,‘riboflavin; niacin and‘pahtothenic acid. The
number of pigs farrowed, the number of pigs farrowed alive, the biith.
weight, thé number of pigs weaned, and the ﬁeaning weight‘of the pigs were
used in comparing the reprodﬁctive performance of the females on the
various rations.

" Under thé conditions of the experiment the following conclusions
seem warranted: |

1. The differencé in the number of pigs wéaned from the females on
the basal ration, ;he APF supplemented ration, and the dehydrated
alfalfa ration was highly significant. | .

2. The least significant difference calculation indicated that the
reduced number of pigs weaned from the sows fed the dehydrated -
alfalfa ration was significant at the 1% level. |

- 3. The number of pigs farrowed,.the number of piés farrowed alive,
and the number of ﬁigs weaned were increased by feediﬁg an APF-
antibiotic supplement but the birth weight and weaning weight

were inferior.
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The cost of feeding the APF-antibiotic supplement was more than

" justified by the increased number of pigs weaned.

The extra cost of the dehydrated alfalfa ratioh. combined with

the reduced number of pigs'Weaned. strongly indicated that

dehydrated alfalfa-pelleté are not a satisfactory substitute for:

sun-cured alfalfa in swine gestation~lactation rations.

The fetal.ﬁortality of pigs farrowed by females fed rétions
qontaining dehydrated alfalfa'péllets waé 4;1% higher than those .
farrowed by fehale; fea sun-cured alfalfa and'7,l%'higher than
fémalé; fed APF.supplemenf.

No plausible explanation was forthcoming for the poorer perform-
ance by those females fed the dehydrated alfalfa pgileté.

Pigs from crossbred matings were significantly heéavier at birth

‘than those. from purebred matings. The increase in weaning weight

from these same .crossbreds was highly significant.

‘The animals mothering crossbred litters weaned a greater number

of pigs, statistically significant at the 5% level.

Presumably the two conclusions immediately previous are the result

of the hybrid vigor of the pigs in queétion.

There Was a highly significant interaction between treatment
(rations) and type of mating in ﬁumber of pigs farrowed and
number of pigs farrowed alive. |

The sdws expressed their superior milking capacity by weaning

~ pigs whose weights were highly significantly heavier than weights

of pigs weaned from gilts.
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13. COnsidering gilts only, the basal ration was nof improved by the

antibiotic vitamin B__ supplement or by the dehydrated alfalfa

12
substitution as the gilts on the basal ration weaned signifi-
eantly heavier pigs than did those females fed the’other rations.

14. Ignoring all experimental'treatment the Hampraee performance was
superior to that of the Durocs. The difference in weaning weight
of the pigs wes significant at the 5% level,

15. The Duroc breed showed a significant iﬂcrease in number of pigs
farrowed alive when fed tﬁe APF-antibiotic concentrate.

16. There was no difference in the reproductive capacity of the
Duroc sires used in the investigation.

. 17. The females bred to Haﬁprace'#lé weened lerger litters thae

those bred to Hamprace #47, and although the difference was not

“statistically significant, there was a suggestion of sire effect.

EXPERIMENT II

Six groups consisting of 10 pigs each, were fed Qfowing—fattening
rations with vérying levels of animal protein, with and without a commer-
cial APF-antibiotic feed supplement. Also in one ration dehydreted
alfalfa was substituteé-for sun-cured alfalfa. The rations were compared
with a basal of barley, linseed oil meal, 8% meat: and bone meal and
sun-cufed alfalfe fortified with irradiated'yeast, riboflaviﬂ!eniacin and
pantothenic acgd. All aeimals were self-fed and removed fiom the trial
as they attained market weight. Data was obtained on feed efficiency by

lots and average daily gains by individuals.

’
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Under the conditions of the ‘experiment the following conclusions

seem warranted:

1.

10.

An APF-antibiotic concentrate produced a slight improvement in
feed efficiency but the additional cost did not justify its use.

The APF-antibiotic supplement was not a suitable substitute for

"all ot part of the animal protein of natural source due to the

increased feed consumption and cost of the ration.

Some protein of animal origin is required in‘gfowing—fattening
sWine rations for economical and rapid gains. ’

The substitution of dehydrated alfalfa pellets for sunﬁcﬁred
alfalfa meal was not' justified because of the increased cost of
feed per pound of gain. |

The correlation between the initiél Weight and the rate of gain
was 0,70, |

The correlation between the group feed efficiency and the aﬁérage
daily éain of groups was 0.38.

The breed‘differenée'in the average daily géin was highiy
significaht in favor of the Durocs.

The difference in average daily gain of gilts and barrows wés
not significant.

Compared on the basis of rate of gain by the pigs in the various
groups; the ?atipns were of équal quality.

Difference in.feed'efficiency was observed but was not

statistically significant.
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TABLE X - A

SUMMARY OF SWINE BEPRQDUCTION LACTATION PERFORMANCE

LOT 1 - Basal Ration

L

——
Total

Total

Av.

Total

b,

: No. _ ‘Av,
Breed No. Farrow Birth . Birth- . No. Wean, --Wean.
&.N9,~; Age Sire.,. Farrow..  Alive. . Wi. . Wt.. Weanegz.Wt,;{, Wp.
D16 G ngxl 8 8  21.5 2.7 8  264.0 33.0
D 1% ‘ G D20x1 failed to conceive
D42 6 DI3 4 3 8.0 2.7 2 42.0 21.0
D 73 G ﬁ47 7 6 20.2 3.4 3 72.3  24.1
D 47 S Di3 failed to conceive

‘D26 s H16 10 9  34.8 3.9 9  260.T 28.9
D425 S HI16 9 9  32.8 3.6 9 244.8 27.2
H 2 ¢ D8 1l - 11 272 2.5 10 290.3  29.3
H10 6 D20xl 10 8 248 3.1 8 242.4 30.3
H12 6 D20xl 6 5 18.8 3.8 5 156.5 31.3
H 18 6 DI3 9 9 26.0 2.9 9 267.3 29,7
H. 41 G D20xl 12 10 23.3 2.3 8 232.0 29.0
H 53 G Di; 8 8 23.5 2.9 8 252.0 31.5
H 541 S  HAT 13 13 39.0 3.0 12 343.2  28.6

. H589 S H4T 14 12 40.5 3.4 10 315.0 * 31.5
Ho6l3 S HAT 11 8 24.0 3.0 2 41.0 20.5

1/ Average weaning weight per pig corrected for age after the method of
Whatley, et al. (1937). :
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TABLE X - B
SUMMARY OF SWINE REPRODUCTIVE LACTATION PERFORMANCE

LOT 2 - APF Suppiemented Ration

— —

Total No,': 'Total, Av. . Total Av.

Breed " No. Farrow Birth Birth No. Wean. Wean.
& No. Age Sire Farrow. Alive Wt. Wt. Weaned Wtfi/' Wy, 1/
D 2. G D20x1 ' Failed to conceive
'Dlox 6 HI6 11 10 22.2 2.2 9  186.3 20.7
D22 G DI3 7 7 20.2 2.9 7  185.5 26.5
D51 .G D20xl 12 12 26.0 2.1 6  146.4 24.4
D262 S D20xl 9 9 34.5 3.8 4 144.0 36.0
| D388 S H4T 12 11 34.0 3.1 9 2349 26.1
D 420 _' s D13 13 12 31.0 2.6 8 191.5 23.9
L H 11 G D;g 14 12 32.5. 2.7 8 - 195.2 25.2
H 17 G  D20xl 7 7 23,0 3.3 7 211.4 30.2
, H 25 G D20x1 12 pet 25.8 2.3 10  232.5 23.2
¢ H 44 G D13 9 " farrowed 6utside—~all pigs lost
i H57 6 D20xl 11 I 27.5 2.5 11 276.5 25.1
L H8L 6 HI6 9 .9 25:5 2.8 9  211,5 23.5
H 583 S HI16 - ' failed to concéive
H6l0xl S HI6 o 8 21.8 3.5 8 293.6 36.7
H 617 S HAT 5 .4 165 . 4.1 3, ~136.5_45.5
1/ Average weaning weight.per.pig corr;cted for ége after éhe_métﬁod of
Whatley, et al. (1937).
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SUMMARY OF SWINE REPRODUCTIVE LACTATION PERFORMANCE

LOT 3 - Dehydrated Alfalfa Ration

Total Av.

Total

H47

16.8

' VTotal_ No. . “Av.

Breed No. . Farrow Birth Birth No. Wean. Wean.
‘& No. Age Sire Farrow. Alive = MWt. Wt. Weaned Wt.l/ ,thi/
D19 G D13 8 7 235 3.4 2 25.5 12.7
D20x & DI3 .11 9 - 27.5 ° 3.1 7 149.8 21.4
D31 6 D20xl 9 8 19.5 2.4 5 136.0  27.2
D 60 6 D20xl 11 10 18.8 © 1.9 5 99.0 -19.8
D 264 S HI16 9 7 2.8 3.2 7 19.2 25.6
D290 S H16 13 10 24,0 2.4 5 145.5 29.1
D297 S D20xl 14 9  22.8 2.5 5 1355 27.1
H5 G DI3 9 9 255 2.8 9 243.0 27.0
H 15 G  D20x1. died~-~contained nine young

H54 6 D20xl 10 10 27.0 2.7 8 171.2  21.4
HS55 G DI3 9 9 248 2.8 9  212.4 23.6
H64 G DI3 7 7 21.8 3.1 5 151.0 30.2
H8 .6 D20xl 9 9 25.5 2.8 8 206.4 25.8
H 452 S. H47 failed to conceive

H 465 S a7 12 8 28.5 3.6 5 148.5 29.7
H51 S 5 5 8 3.4 4 166.0 41.5

1/ Average weaning weiéht per pig corrected for age after the method of
Whatley, et al. (1937).
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TABLE XI

FEED PRICES USED FOR SWINE NUTRITION RESEARCH PROJECTS 1950-51

FEED PRICE/ CWT.
Barley, ground $ 2.00
Wheat, ground 3.00
Wheat bran 2.35
Linseed oil meal 4.10
Soybean 0il meal 4.25
Meat and bone meal 6.15
Sun-cured alfalfa 1.50
Dehydrated alfalfa 3.50
Trace ﬁineralized salt (hand mixed) 2.30
Todized salt’ 1.70
Limestone (calcite) 1.05
_Monosodiuﬁ phosphate , i4.00
Antjbiotic—Blz‘concentrétegé/ _49000
Fortafeed (B-complex supplement) S/ 1 66.00
Irradiated yeast - 68.00

1/ Cargill, Inc., Conrad, Montana, through Mr. Nelson, supplied linseed

meal gratis.
2/ Lederle's APF No. 5.
3/ Lederle's "Fortafeed"

oil

-
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TABLE XII

ANALYSIS OF VARIANCE 4’EFFECT OF RATIONS

1%

Source of variation d.f. S.S. M.S: F. Ratio 5%
1. NUMBER OF PIGS FARROWED
between means of treat. 2 2.90 1.45 0.22 3.24 -
within means::of treat.. 39 255,22 6.54 - - -
© 2. NUMBER OF PIGS FARROWED ALIVE
between means of treat: . 2 11;52 5.81 1.16 3;25 -
within means of treat. 38 189.95 4.99 - - -
3. AVERAGE BIRTH WEIGHT OF PIGS
befween means of treat. 2 . 0.37 0.18 0.65 3.25 -
" within means of treat. 38 l 10.45 0.28 - - -
4. NUMBER OF.PIGS WEANED
between means of treat. 2 20.68 10.34 9.32%* 3,25 5.21
within means of treat. 38 42.30 1.11 - -= —
5. CORRECTED WEANING WEIGHT OF PIGS
‘between means of treat. 2 57.72 26.36 0.77 3.25 _—
within means of treat. 38 1008.386 34.43 - - -

# Significént at the 5% level
*#* Significant at the 1% level




i

Ar

~83-

TABLE

XIII

" ANALYSIS. OF VARIANCE -~ TOTAL NUMBER OF PIGS FARROWED

Source of variation " d.f. - S.S. M.S. F Ratio 5% 1%
1. TREATMENT BY BREED (Duroc and Hampiaqef
between means of 6 classes 5. 6.47 1;29 0.40 . 2.48 -
between meéps bf 2 breeds 1 0.20 0.20 - 0.11 4.11 -
between means of 3 treat. 2 'i)77 0.89 0.28 '3.26  --
interaction (B x T) 2 4.50 2.25  0.70 3.26  -=
experimental error 36 - 3.19 - - -
2. TREATMENT BY AGE (Sows and Gilts)
between means of 6 classes 5  4.83 . 0.97  0.57 . 2.48  --
between means of 2 ages 1 2.28 2.28 1.33 '4.11 -
between means of 3 treat. - 2 0.13 | 0.07  0.04° 3.26 -
interaction (A x T) 2 2.42 . 1.21 0.71  3.26 -
experimental error 36 - 1.71 - - -
3. TREATMENT BY TYPE OF MATING.(Crdssbred. Pﬁrebred Duroc or Hamprace)
between means of 9 classes 8 26.04  3.26 2.2l 2.25 3.12
between means of 3 matings 2 1.26 0.63 0.43 3.30 5.34 |
between means of 3 treat. 2 0.65  0.32 0.22 3.30 5.34
interaction (M;x T 4 24.13 6.03 ‘4.08** 2.67 3.97
experimeﬁtal error 32 - 1.48 - -- -

. * Significant at the 5% level

e Significant at the 1% level
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“TABLE XIV

ANALYSIS OF VARIANCE - NUMBER OF PIGS FARROWED ALIVE

g ——
= —_

M.S.

F Ratio

Source of variation ‘ d.f. S.S. 5% 1%
1. TREATMENT:OF BREED (Dyiop and Hamprace) | i
between means of 6 classes 5 5.95 1.19° 2.04 2.48 —-
between means of 2 breeds 1. 0.08  0.08 0.14  4.12 -
between means of 3 treat. 2 2.33 1.17 2.10 3.27 ~—
_ interaction BxTD 2 3.54 1.17 3.04 3.27 -
experimental error 35 - 0.58 - - -
2. TREATMENT BY AGE (Sows and Gilts)
between means of 6 classes 5 5.6l 1.12  1.36 2.48 -~
between means of.2 ages 1 0.06 0.06 0.07- 4.12 -
between means of 3 treat. 2 . 1.22 0.6l  0.74 3.27 -
interaction (A x T) 2 4.33 2.7 2.64  3.27 -
experimehtal.érror 35 —-— 0.82 - - -

3. TREATMENT BY TYPE OF MATING (Cfossbred,‘Burebred'Duroc; Purebred Hamp)

between means of 9 classes 8
between means of 3 matings 2
between means of 3 treat. 2
interaction (M x ‘T) \ 4
experimental_error 32

27.02
2.16

2.13

22.73

3.38

1.08
1.07
5.68

1.02

3.31*
1.06

1.05

5.56%% ¢

2.25

-3.30
3.30

2.67

3.12
5.34
5.34

3.97

* Significant at the 5% level
#% Significant at the 1% level
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TABLE XV

ANALYSIS OF VARIANCE —'AVERAGE BIRTH WEIGHT OF PIGS

Source of Variation - d.f. S.S. M.S. F Rakio 5% 1%
1. TREATMENT BY BREED (Duroc or Hamprace)
between means of 6 classes 5 0.25 0.05 1.35 2,48  --
between means. of 2 breeds 1 0.02 0.02 0.54 4.12 -
between means of 3 treat. 2 0.04 0.02  0.54 3.27 -
interaction (B x T) : 2 0.19 0.09 2.43 3.27 -
experimental error 35 - 0.037 —-— - -
2. TREATMENT BY AGE (Sows and Gilts)
between means of 6 classes 5  0.53  0.11  2.53*  2.48 3.60
. between.means of 2 ages 1 0.1  0.11  2.53 4.12  7:42
"between means of 3 treat. - 2 0.06 0.03 0.69 3.27  5.27
interaction (A x T) 2 0.3 0.18 4.14* ~ 3.27 5.27
experimental error 35 - 0.043 | - - -

between means of 9 classes 8
-'be£ween means of 3 matings .2
between means of 3 treat. 2
interaction (M x T) 4
experimental error . 32

0.87
0.67
0.00

0.20

0.11

10.34

1.27
3.93%
0.00

0.06

2.25

3.30

3.30

2.67

3. TREATMENT BY TYPE OF MATING (Crossbred, Purebred Duroc or Hamprace)

3.12
5.34
5.34
3.97

* Significant at the 5% level
#% Significant at the 1% level
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TABLE XVI

ANALYSIS OF VARIANCE ~ NUMBER OF PIGS WEANED

S.S.

Source pf variafioﬁ | d.f. M.S. F Ratio 5% '1%
1. TREATMENT BY BREED (Duroc or Hamprace)
between means of 6 classes 5  6.24 1.25 1.32 2.48 -
between means of 2 breeas 1 3.22‘ 3.22 -3.40 4.12 -—
"between means of 3 treat. 2 2.68 1.3 1.41 3.27 -
interaction (B x T) . . 2 0.34 0.17 0.18  3.27 -
experimental error 35, ~— 0.95 - ~— -
2. TREATMENT BY AGE (Sows and Gilts)
between meanslof 6 classes 5 8.19 1.64 1.69 2.48°  --
between means of 2 ages 1 0.45 0.45  0.46 4.12 -
between means of 3 treat. ~2 3.99 1.99 ° 2.05 3.27T -
interaction (A x T) - T2 3.75 1.87 1.93 3.27" =~
experimental error 35 . 0.97 | - - -
3.- TREATMENT BY TYPE OF MATING (Crossbred, Purebred Duroc or Hamprace)‘ﬂ
between means of 9 classes ‘8 19.80 2.48 1.81 2.25 3;12
_Between means of 3 matiﬁgs 2 10.81 5.41 3.,95% 3.30 5.34 |
between means of 3 treat. 2  5.15  2.57 1.88  3.30 5.34
interaction (M x T) 4" 3.84 0.96 0.70 2.67 3.97
experimental error 32 - 1.37 - -— -—

* Significant at the 5% level
#% Significant at the 1% level




TABLE XVII

ANALYSIS OF VARIANCE - CORRECTED WFANING WEIGHT OF PIGS

Sm—

Source of variation -  d.f.' S.S. M.S.  FRatio _5% _1%
1. TREATMENT BY BREED (Durocvor Hamprace)
between means of 6 classes 5 13.40 2.68 0.54 2.04 3.60
between means of 2lbreeds 1 12,11 12.11 2.43 4,12 7.42
between means of 3 treat. 2 1.03 0.51 0.10 3.27 5.27
interaction (B x T) 2 0.26 0.13 0.03 3.27 5.27
experimental error - 35 - 4.98 - - -
2. TREATMENT BY AGE (Sows and Gilts)
between means of 6 classes 5 68.21 ‘13L64 3.43% 2.48 3.59
between means of 2 ages 1 34.05 34.05  8.56%* 4,12° 7.42
between means of 3 treat. 2 4.42 2.21 0.55 3.27 5.27
interaction (B x T) | 2 29.74 14.87  3.74% 3.27 5.27
.eXpériﬁeﬁtal error | 35 ;— 3,9é - - -
3. TREATMENT BY TYPE OF MATING (Crossbred, Purebred Duroc or Hamprace)
‘between means of 9 classes 8 166.47 20.81 2.80% 2.25 3.12
between means of 3 matings 2 62.33 41.31 5.55%% 3.30 5.3
between means of 3 treat. 2  6.16  3.08 0.4l 3.30 5.34
interaction (M x T). 4 77.68 19.42 2.61 2.67 3.97
experimenfal error 32 - T.44 - - -

* Significant at the 5% level
*% Sjgnificant at the 1% level
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TABLE XVIII

ANALYSIS OF VARIANCE - EFFECT OF TREATMENT ON DUROC PERFORMANCE

. s ettt o

———

——

L

Source of variation . d.f. S.S. M.S. F Ratio ' 5% 7 1%
1. NUMBER OF PIGS FARROWED

between means of treat. 2 28.99 14:45 0.79 3.66  —-

within means of treat. 15 272.63 18.17 - —_— -
2. NUMBER OF PIGS FARROWED ALIVE

between means of treat. 2 27.40 - 13.70 3.76 3.68 6.36

within means of treat. 15 54.60 3:64 - - _
3. AVERAGE BIRTH WEIGHT OF PIGS

between means of treat. -2 1.0l  0.50 1.52  3.68 -

within means of treat. 15 ‘ 4.92 0.33 —_ - -
4., NUMBER OF PIGS WEANED

between means of treat.. 2 13.28 6.64 1.21 3.68 -

within means of treat. 15 82.50 5.50 - - -
5. CORRECTED WEANING WEIGHT OF PIGS

between means of treat. 2  46.24 23.31 0.84 3.68 -

within means. of treat. 15 415.44 _— _— _—

27.70

* Significant at the 5% level
#% Significant at the 1% level
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TABLE XIX

.ANALYSIS OF VARIANCE - EFFECT OF TREATMENT ON HAMPRACE PERFORMANCE

d:f. S.S.

F Ratio’

5%

36.90

Source of variation M.S. 1%
1. NUMBER OF PIGS FARROWED

between means of treat: 2  11.95 5.97 0.8l 3.47 _—

within means of tredt. 21 154.68 7.36 - - -
2. NUMBER OF PIGS FARROWED ALIVE

‘between means of treat. 2 4.74 2.37 0.42 3.49 —

within means of treat. - 20 112.57 5.62  — - =-
3. AVERAGE BIRTH WEIGHT OF PIGS

between means of treaf. 2 0.02 0.01- 0.05 3.49 -

within means of treat. 200 3,71 0.18 — - -
4. NUMBER OF PIGS WEANED

between means of treat. 2 6.36 3.68 0.54 3.49 —

within means of treat. 20 136.86 6.84 - - -
5. CORRECTED WEANING WEIGHT OF PIGS .

between means of treat. 2 7.47 3.73  0.10 3.499 -

within means of treat. 20 739.76 ~ - -—
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TABLE XX

ANALYSIS OF VARIANCE ~ EFFECT OF TREATMENT ON GILT PERFORMANCE

——r

F Ratio

Source of variation d.f. S.S. M.S. 5% - 1%
1. NUMBER OF PIGS FARROWED

between means of treat. 2 16.07 8.03 1;76 3.40 _

. within means of treat. 24 109.12 4,55 - — -

2. NUMBER OF PIGS FARROWED ALIVE

between means of treat. 2 32.93 16.47 4.26% 3.42 5.66

within means of treat. . 23 88.96 . 3.87 - - -
3. AVERAGE BIRTH WEIGHT OF PIGS

between means of treat.. 2  0.44 0.22 1.16 3.42 -

within means of treat. 23 4,36 0.19 —_— —_— —
4. NUMBER OF PIGS WEANED

between means of treat. 2 -19.21 9.60 1.42 3.42 -

within means of treat. 23 155.44 6.76 -= - -
5. CORRECTED WEANING WEIGHT OF PIGS

between means of treat. 2 148.24 74.12 4,82*% 3.42 -

within means of treat. 23 353.82 15.38 - - -

" *®* Significant at the 5% level

**% Significant at the 1% level
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TABLE XXI

- "ANALYSIS OF VARIANCE - EFFECT OF TREATMENT ON SOW PERFORMANCE

Source of variation d.f. S.S. M.S. F Ratio 5% 1%
1. NUMBER OF PIGS FARROWED _

between means of treat. 2 6.40 3.20 0.35 3.88 -

within means of treat. 12 109.20 - 9.10 —_ -— —_
2. NUMBER OF PIGS FARROWED ALIVE

between means of treat. 2 14.54 7.27 1.21 3.86 -

within means of treat. 12 72.40 6.03 - - -
3. AVERAGE BIRTH WEIGHT OF PIGS

between means of treat. 2 0.58 0.20 1.09 3.88 -

within means of treat. 12 3.17  0.26 _— - -
4. NUMBER OF PIGS WEANED

between means of treat. 2 .26.10 13.10- 1.55 3.688 -

within means of treat. 12 101.20  8.43  -- -~ -
5. CORRECTED WEANING WEIGHT OF PIGS -

between means of treat. 2 199.26 99.63 2.75 3.88 -

within means of treat. 12 434.28 36.19 - - -

* Significant at the 5% level
*% Significant at the 1% level




R Yy )

Y

-92~

ANALYSIS OF VARIANCE -~ EXPERIMENT II

TABLE XXII-

AVERAGE DAILY GAIN

. T e e = =
Source of vaﬁiation ’ d.f, “S:S.‘ " M.S. F Ratio 5% 1%
1. TREATMENT BY BREED (Duroc' and Hampracei
between means of 12 classes 1l 0.07 0.006 2.36% 2.00 2.66
between meéns of 2 breeds 1 | 0.04 0.04 15, 74%% 4;05 7.21
between means'of 6 treat. 5 | 0.02 0.004 1.57 2.42° 3.44
interaction (B x T) 5 0.01 0.002 0.79 | 2.42 3.44.
experimental error 46 - 0.0025 - - -
2. TREATMENT BY SEX (Barrows and Gilts)
between means of 12 classess 11 0.02 0.002 0.63 2.00 2.66
between means of 2 sexes 1 0.01 0.01 3.16 4.05 7.21
between means' of 6 treat. 5 0.01 0.002 0.63  2.00 2.66
- interaction (S x T) 5 0.00 0.00 0.00 | 2.42 3,44
éxperimental error 46 - 0.0032 - - -
TABLE XXIII
FEED EFFICIENCY - LBS FEED PER LB GAIN‘
(sum of 3 periods - protein levels) ~
between means of 6 treat. 5 4.97 0.99 -0.74 3.11 -
within means of treat. 12 16.02 1.33 - —_ -
total 17 20.99 2.32 - - —
* Significant at 5% level » ,
** Significant at 1% level ”ﬂVMMW!yMHHVPU]r
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