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THE EFFECT OF THYROPROTEIN ON THE GROWTH,
'FATTENING, AND CARCASS COMPOSITION
OF SWINE

ABSTRACT

Four experiments were conducted to determine the effect of
feedihg different levels of thyroprotein on growth, fattening, feed
effieiency , carcass composition and certain hormone changes in
swine.

Trial I was conducted during the summer of 1948. Forty Duroc
pigs were divided into four lots of 10 pigs averaging hovpounds live-
weight, and were placed in adjacent pens on conerete. Lot I served
as the_control end received a basal ration of the following average
composition: - ground yeliow corn, 63.75 percent; ground wheat, 20
perecent; protein supplement, 15 percent; a simple mineral mixture;

1 percent; and a vitamin supplement, 0.25 percent. Lots II, III,

and IV received, in addition to the basal ratiomn, &, 6, aﬁd_Shgfams

of thyroprotein, respectively, (0.0088%, 0.0132% and 0.0176%) per

100 pound€ basal ration. The cbmplete diet was fed ad libitum. The
three respective thyroprotein-fed lots made average gains of 187, 195,
and 186 pounds as compared to the control group which gained 154 pounds
in the 119-day feeding trial. The groups receiving thyroprotein re- |
quired from‘h to 8 percent less feed Per unit of gain than was required
:by control animals. |

The carcasses from the 10 hogs of the fastest gaining group (Lot
II1) and the carcasses from 9 of the 10 animals of the control group
(iét I - one animel was condemned because of an arth;itic condition)

ﬁére taken for chemical analysis. The animals from the control group



bad the following average carcass chemical composition: moisture,
38.19 percent; protein, 9.48 percent; fat, 51.88 percent; ash, 0.52
bpercent. The carcasses of the anima;s from the 0.0132 percent thyro-
protein-fed group had the following average chemical composition:
moisture, 34.99 percent; protein, 8.85 percent; fat,.55.65 percent; -
ash, 0.46 percent. These difference; between groups were statistically
significant at the 5% level. Howeﬁer,‘when the data were analyzed for
a method to compensate for the difference in éverage liveweight between
the two groups (analysis by covariance), there was no significant
difference between the two groups in moisture, proteih, fat, or mineral
matter content.

For the Winter Trial, 1948=49 (Trial II) fifty weanling Hampshire
pigs wefe divided into five groups and housed in adjacent pené on con-
lcrete. The average individual weight for these animals was 54 pounds.
In this trial the.components of the ration were not mixed together, as
in Trial I, but rather each component was placed in & separate com-
partment 6f a self-feeder. Lot I received the basal ration of shelled
corn, & protein supplement, & simple mineral mixture, and a vitamin
supplement blended with a protein supplement. Lot II received an aver-
age of O.447 gn. thyroprotein per 100 pounds liveweight per day, in
.the protein supplement. An adjustment was made each two weeks in an
' attempt to keep the dosage level constant. Lot III received an aver-
age of 0.426 gm. thyroprotein per 100 pounds livewéight per day in the
protein supplement. In this case only one adjustment was made - that
was midway through the trial. Lots IV and V received the basal ration
plus 60 and 80 graus, respectivély, of thyroprotein per 100 pounds of

protein supplement. The feeding of thyroprotein at the level of 80



‘grams per 100 pounds supplement (0.395 gm. per 100 pounds liveweight)
resulted in a significantly inereased growth rate of 24 pounds more
than the controls. In the 138-day feeding trial contrél animals made
‘an average gain of 179 pounds as compared to 203 pounds for the animals
receiving 80 grams of thyroprotein per 100 pounds proteiﬁ concentrate.
At levels of O.447, 0.289 and 0.426 gm. per 100 pounds liveweight, the
feeding of thyroprotein depressed growth rate from 17 to 21 pounds
less than control animsals. Significantlj greater thyrotropiec hormene
content was found in the anterior pituitaries of animals receiving
0.289 gm. thyroprotein per 100 pounds liveweight per day, and sig-
nificantly less in the anterior pituitaries of the animals réceiving
0.447T gm. thyroprotein per 100 pounds liveweight per day, when cam;
pared-with the anterior pituitaries of the control animals.

TrialVIII was conducted during the summer of 1949 and all animals
fed on Ladino clover-alfalfa pasture. Sixty pigs of Hampshire breeding
and of an average weight of 79 pounds were divided into five lots of 12
pigs each. All components of the basal ration were fed free choice and
included shelled corn, protein supplement, and mineral mixture. Each
lot of 12 pigs was confined to & one-half ecre pasture. Lot I received
only the'basal raﬁion. Lot II was fed‘thyroprotein at a level of 0.363
gm. per 100 pounds liveweight per day in the protein concentrate, One
adjustment was made midway through the feeding trial. Lot III was
handled similarly to Lot II except the level of feeding thytoprotein
was 0.6L44 gm. Lot IV received the basal ration only until the animé}s
reached an average individual weight of 136 pounds at which time the
feeding of thyroprotein at & level of 0,579 gm. per 100 pounds live-

wéight was started. The animals in Lot ¥ received the basal ration



plus 120 gm. thyroprotein per 100 pounds protein concentrate (0.4k2

gm. per 100 pounds liveweight per day). 1In the 98 day feeding trial
the control animals made an average géin.of 154 pounds which was equal-
ed by theréaimals receiving a daily intake of 0.363 gnm. thyroprotein
per 100 pounds livewedight (Lot II). At a level of b.6hh gn. (Lot III)
the feeding of thyroprotein on pésture resulted in a significantly .
-deprgssed growth rate of 35 pounds less than the control animals. At
levels of 0.442 gm. (Lot V) and 0.579 gm. (Lot IV) the feeding of thyro-
protein had little effect on growth rate. AAniméls receiving thyropro-
tein during this trial required from 5 to 15 percent more feed per unit
of gain than control animals which received no thyroprotein.

The fourth trial was conducted during the fall and winter of 1949-
1950. The trial was started on Ladino cldver—alfélfa pasture, but two
weeks later a killing frost reduced the plots to barren lots. Five
groups of 12 pigs each were lotted ‘in one-half acre adjecent lots. This
trial consisﬁed of fwo units. Lots I and II composed one unit in which
&8 complete singie ration was fed. Lot I served as the control and re-
ceived the same basal ration fed in Trial I. Lot II received in
addition to this basal ration, thyroprotein at a level of 0.018% an.
per 100 pounds liveweight per day (8 grems per 100 pounds ration).

Lot IITI served as a control group for the second part of the trial in
which Lots III, IV and V received the components of their ration free
choiece. The-hogs'were given free access to a basal ration composed
of ground'shelled corn and ground wheat (70 - 20), protein supplement,
and minerals. Lot IV was given the same ration as Lot III except that
the animals in this'group received thyroprotein at a lével of 0.487

gm. per 100 pounds liveweight per day. Lot V was given the same ration ~



as Lot IITI plus thyroprotein adjusted every two weeks so that the ration
vcontaigéd‘O.SOO gm. per 100 pounds liveweight per day up to the time the
animals weighed an average of 136 pounds; then the level was dropped to
0.400.ém. until the animals weighed 180 pounds; from that time on, the
level was dropped to 0.300 gm., giving an overall average of 0.341 gm.
per 100 pounds liveweight per day. The feeding of thyroprotein at
decreasing levels as the animals grew lerger (Lot V) resulted in a
significantly increased growth rate of 17 pounds more than the control
animals which received no thyroprotein. In no other case did the

feeﬁing of thyroprotein significantly afféct growth rate in this trial.
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THE EFFECT OF THYROPROTEIN ON THE GROWTH, FATTENING, AND CARCASS

COMPOSITION OF SWINE.

INTRODUCTION

The thyrolid gland is primarily concerned with the regulation of
metamorphosis, growth? and metabolism, and indirectly affects a wide
variety of functions such as reproduction, milk secretion and the car-
dio?vascular, respiratory, and nérvous. systems. This regulatory action
is accomplished through its secretion thyroglobulin, or the amino acid
thyroxin which is contained in the ﬁhyroid gland and which is generally
spoken of as the thyroid hormone. Aféer total th&roidectomy the basal
metabolic rate gradually falls to 45 or 50 percent of its normal value,
oxidative processes in ali tissues are depressed, and body temperature
may decrease slightly. The administration of thyroid substance or thy-
roxin to such atﬁyreotic animals or to normal subjects causes the basai
metabolism to be elevated in proportion to the amounts received.

It might be assumed that the thyroid hormone, because of its action
upon cellular metabolism, would exert important influences upon growﬁh.
Thyroidectomy of the young animal retards general growth. On the other
hand, thyroid sﬁimulation causes the resumption of growth in such ani-
mals and, according to the level of stimulation, may sometimes cause an
acceleration in the developmental processes. However, this is true only
up to a certeain point. Hyperthyroidism may be accompanied by extreme
weight loss and organic disturbances of varying degrees of severity, and
sometimes death.

. Research has shown that other hormones have an effect on growth.

" The endoerine regulation of growth is primerily a funetion 6f the growth



hormone of the anterior pituitary gland. The sex glands likewise have a
.marked effect on growth, especially on the'regulation of skeletal devel-
opment. In fact, all the hormones of the endocrine system are inter-
related in the part played in the phenomena of growth. The role of a
single hormone iﬁ growth and development is hard to evaluate.

Unlike many hormones whi?h are relatively inefficient when admin-
istered orally, thyroprotein exhibits marked thyroid activity when fed.
For this reason it could be readily adapted to livestock feeding prac-
tices if it were shown to produce desirsble economic effects in the farm
animals,

The objectives of these trials were, therefore, to study the effect
of* thyroprotein on growth rate, feed efficiency, and carcass composition

of swine.



FORMATION OF THYROPROTEIN

Investigations on the iodination of proteins date back tc the lat-
ter part of the nineteenth century following the discovery, at about that
time, of iodine in oréanic combination in the thyroid gland. Furthe;
research indicated that the greater part of the iodine in the thyroid
gland occurred in combination‘with thyroglobulin, thus establishing the
fact thét the active substance is actually an iodoprotein. This‘léd to
attempts to iodinate various proteins to bring about thyroid-like
activity. Liebricht in 1897 combined iodine with casein by mixing the
two substanées together in the proportion of 20 grams of iodine to 80
grams of casein, and stirring at 100° ¢. This resulted in a rather
crude form of material designated as periodocasein. It was learned
shortly afterwards that hydriodic acid liberated as a side prodﬁct
prevented the reaction of iodine with protein from going to completion.
To overcome this, the iodination was conducted in a solution buffered
with sodium bicarbonate. By this means the liberated hydriodic acid was
neutralized continuously, permitting the reaction to proceed. It is of
considerable interest that more than fifty years later this method,
with but slight modifications, has been found to provide optimal con-
ditions for the formation of iodinated proteiné with high thyroxine
content and marked thyroidal properties.

In recent work the principal departures from earlier procedures
has been, (a) limitation of the iodine to. optimal level established
for thyroxiné formation, and (bi incubation of the iodinated proteins
at 60° to 700 C. The generalAprocedure is as follows:

Twenty grams gf casein is placed in 700 ml. of distilled



water containing 5 grams of sodium bicarbonate, and is dissolved
by stirring. The mixture is then placed in a water bath held at
38° to 40° C.,'and a total of 317 grams of finely powdered iodine
is added in small portions overla period of 3 torh hoursa the
solution meanwhile being agitated vigorously with a mechanical
mixer. When the requisite amount of iodine has been added, the
solution is incubated at T0° C., with vigorous stirring, for718
to 20 hours. After dialysis, the iodinated protein is recovered
by isoelectrie precipitation, dried, and ground to a fine powder.

In order that levels of administration can be controlled, a quanti-
"tative assay of thyroidal potency is necessary. The bioclogical methods
developed for assay are adaptable , with slight modifications in some
cases, for estimation of thyroidal activity of iodinated proteins,

The biclogical assays are based on the stimulation of metamorphosis in

frog tadpoles, and on the elevation of the metabolic rate and decrgase

in body weight of the common laboratory animals. Also, chemical deter-~
mination of the thyroxine content of thyroactive iodinated proteins has
given results that checked well with biological assays.

By control of the factors now known to influence the formation of
thyroxine in iodinated proteins it is possible to produce consistently,
preparations containing from 3 to 4 percent thyroxine as indicated by
eitherlchemical or biological assay. Although further investigation is
needed to establish unequivocally that all of the material indicated by
thesé measurements is actually thyroxine, comparisons of results obtained
by chemical and bioclogical assays indicate a very close similarity to

thyroxine in both chemical characteristics and biological activity.



REVIEW OF LITERATURE

Many funetions have been attriﬁuted to the-thyroid gland since
Hippocrates and Plato declared its purpose to be that of 1ubrication of .
the phearynx, larynx, and trachea. At the present time not all investi-
gators are agreed on the many causes of altered function of the thyroid
gland or the results of such alteration, but there is agreement that
normal thyroid function is essential for optimum physioclogic activity
of vertebrate organisms,

Tt has long been known that hypothyroidism of the new born, known
as cretinism, is characterized byAretarded physical and mental growth.
Early investigators found that these symptoms could be prevented - or
at least alleviated - by the oral administration of dessicated thyroid
tissue. Moussu, as early as 1899, reasoned that if a”small amount of
thyroid is necessary for growth, larger doses might result in more rapid
growth. Working on the hypothesis of Moussu, a great deal of work has
been done since that time in attempts to bring about more rapid growth
in both laboratory and common farm animals.

Koger and Turner, (1943) studied the effects of thyroprotein on
mice, rats, rabbits, and guinea pigs. In mice the rate of growth was
copsistently accelerated by injecting 0.01 to 0.03 milligrams of crystal-
line thyroxine-sodium daily or by feeding 0.0L4 to 0.32 percent thyro-
active iodbcasein in the ration. Thyroprotein had little or no effect
on growth in rats of the Missouri strain. The growth rate of male
guinea pigs was accelerated by small amounts of thyroprotein for a short
?eriod ofltime but the same dosage was inhibitive in warm weather. The

growth rate of male or female rabbits was unaffected by extremely small



doseé of thyroprotein-and larger amounts caused progressive depression

of growth. Kbger;vHurst,‘aﬁd Turner, (1942, 1943) reported stimulatory
effeets in albino.mice when either crystalline thyroxin or thyroactive

iodocasein was administered.

Growth stimulation in ruminants by the administration of thyro~
protein has not been generally reported. Dinusson, Andrews, and Beeson,
(1Lo48) reported that Hereford calves weighing about 500 pounds whiich
were fed iodocasein did not gain as rapidly as their controls which re-
ceived no thyroprotein. Beeson and Mott, (1948) were not able to accel-
erate the growth rate of steers which were fed thyroprotein, étérting
at an average weight of 550 pounds. However, Millen, Nevens, and
Gardner, (1948) reported that the feeding of thyroprotein at a level
of 1.3 grams per 100 pounds 5ody weight per day resulted in a slightly
increased growth rate in dairy calves.

Considerable variation in the response of dairy cows to thyro-
protein has been reporﬁed. Almost all investigetors in the subject are
in agreement that there is no response when the material is fed to a
fresh.cow. Likewise, very little response is evident duringvthe last
month or two of lactation; as a matter of fact, thyroprotein may teﬁd
to cause a cow to dry up late in the milking period. Most workers feel
that it is in mid-lactation that & response occurs. Usually it is the
good producers which give the best response in terms of increased prod-
uction of milk and butterfat.

Although thyroprotein-feeding can raise the yields of milk and
fat markedly, it can also create a condition of hyperthyroidism with
higher hemrt rate, respiration rate, and body tempersature, and a loss

in body weight. (Blaxter, 1943, 1945, 1946; Booth, et al, 1947; Hibbs



and Krauss, 1947; Kemmerer, et al, 1946; Moore, 1946; Reece, 194k,
1946, 1947a, 1§47b; Reed, 1947T; Reineke, et al, 1942, 1943, 19uk;
Seath et al, 194k, 1945; Swanson and Knodt, 1949; Sykes et al,. 194T;
Thomas and Moore, 1947; Van Landingham et al, 1944, 1946, 194Ta, 194Tb)

It appears that larger chickens do not give much growth responée
to the administration of thyroprotein and that it ié only in the younger
chickens that response may be obtained. Parker, (1943) fed from 0.0?5
to 0.2 percent thyroactive iodocasein in the ration of Rhode Island
Req Chicks. Chicks receiving the lower level made greater gains and
requiréd less fegd per gram of gain than did the controls. Chicks re-
éeiving the higher levels gained more than the controls and were more
fully feathered than thése receiving the lower levels dr‘the controls.
Irwin, Reineke, and Turner (1943) also produced slightly heavier chicks
at twelve weeks of age by feeding thyroacti%e iodocasein. However, they
reached a point where growfh was depressed. These results have been
extended by Turner, Irﬁip, and Reineke (1944} who found some growth de-
pression with 0.1 percent iodinated casein in the diet. The carcasses
of these birds had less’subcﬁtaneoﬁs fat than their controls.

Wheeler, Hoffman, and Graham (1948) fed iO grams of thyroprotein
per 166 pounds feed to Rhode Island broilers and reported & signifi-
cantly increased rate of growth in males but not in females up to 12
weeks of age. ' In thié trial there was no observable diffe?ence in ab-
dominal fat between birds which had received the treatment and those
which had not. Similarly, Quisenberry and Krueger (1948) reported
ipcreased gains and feed efficiency with 800 chicks of the New Hamp-
shire and White Plymouth Rock breeds fed iodinated casein to six weeks

of age.



Glazener and Sheffner (1948) reported a difference in response
betweén breeds of chickens. Rapid-growing strains of Barred Plymouth
Rock and New Hempshire Red chickens were reported to have a higher
thyroid activity than slower-growing strains. Conversely, the slow-
growing Plymouth Rocks showed a greater response te iodinated casein
than the rapid-growing strain.

In the case of swine almost all the work with thyroprotein has
been directed toward studying its effect on growth rate. However,
two groups of investigators have reported a study of the effect of
thyroprotein on milk production in the lactating sow. Reineke and
McMillen (1946) administered thyroprotein at the level of 0.005 per-
cent of the ration to two sows that were deficient in milk production,
as indicated by extreme thinnesé and emaciation.of_their pigs. Lac-
tation improved markedly as judged by improvement in the pigs and
external appearance of the sow's udder. Braude (l9h7) indicated there
- might have been some stimulation of milk production in sows. However,
in Both cases it was very difficult to get a very accurate estimate of
the actual amount of milk produced. Based on the ﬁork with ruminants
it is feasible to believe a stimulation of milk production could be
brought about.

The effect of thyroidally-active substances on the growth rate of
hogs has not been fully established. The findings of some investigators
are in apparent opposition to those of others. Some of the known fac-
tors that undoubtedly affect the response of swine to thyroprotein are
age of the animals at the time of treatment, environmental temperature,
breed difference, and level of dosage. In English work, Braude (1947)

reported seven trials with Large White Hogs to which he had given a



‘constant level of 1.5 gm. thyroprotein per day. He observed increased
rate of respiration, hypérirritability, and retarded rate of growth.
Muhrer, Warner, Paimer, and Hogan (1947) found no growth stimuleation
when pigs were fed iodinated casein for a short time during the fat-
tening period.

Vander Noot, et al (1948) found that thyroprotein had little
effect on growth at levels up to 0.225 gm. per 100 1b. body weight per
day and that higher dosages reduced growth. However, thyroprotein feed-
ing was discontinued when the pigs weighed 125 pounds.

In contrast to the above, several investigators have reported a
stimulation of growth by feeding thyroprotein to hogs. Beeson, Andrews,
ﬁitz, and Perry (1947, 1949) were able to stimulate growth rate in
ﬁeanling Duroc pigs by feeding thyroprotein at fhe level of 0.0088
percent, whereas the level of 0.004k percent had no apparent effect.
Pigs receiving the higher dosage gained 26 pounds more per pig and
required ten percent less feed during an 8k-day feeding trial. A sig-
nificant increase in body length and weight of bellies and pienie
shoulders was reported. Perry, Beeson, and Andrews (1948) continued
this work and in a lOLk-day trial a ration containing 0.0088 percent
was without effect whereas g, ration containing 0.0132 percent thyro-
protein caused a significant increase in gain and also resulted in
significantly longer carcasses with heavier loins.

Wallach, McMillen, and Newland (1947) and Reineke, McMillen, and
Bratzler (1948) found that while eight control Durocs averaged 1.42
pounds per day gain during a seventy nine day pést-weaning period, two

separate lots of seven Durocs receiving 1.4 and 2.8 gm. thyroprotein



10

per 100 pounds feed, respectively, gained 1.54 pounds per day. Simi-
lar results were obtainéd by these investigators with Yorkshire, Chester
White, and Berkshire plgs. Using small dosages of iodinated casein
(0.005 to 0.006 percent of the ration) Reineke and McMillen (1946)
reported a significant increase in the rate of gain and a slight

increase in efficiency of food utilization.
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Experimental

Four feeding trials were conducted in these experiments. The
design of these trials was based on informetion obtained in three
previous trials in which alteration of the function of the thyroid
gland had been brought about by the feeding of thiouracil and Ehyro-
protéin to pigs. The first of the four to be reported was conducted
in the summer of 1948; the second during the winter of 1948-49; the
third during the summer of 1949; and the fourth during the winter of
19&9—50. In the first triai 40 purebred Duroc hogs were used. In
the other three trials a total of 160 pﬁrebred Hampshire hogs were
used. The pigs selected were apparently in good health and as pearly
uniform in age, size, and appearance as possible. 'The'fi;§t two trials
were conducted in drylot on concrete floors, and the third trial was
conducted on Ladino-alfalfa pasture.' The fourth trial was started in
_the fall of 1949 on ladino-alfalfa pasture, also. However, after the
first two weeks a severe frost prevented further paéture growth and
therefore this trial was actuelly conducted on soil with no-green
pasture. Water was available at all times from automatic water
fountains. The feed was fed ad libitum from self-feeders. Duplicate
individual weights were obtained at the beginning and end of each
trial and single individuel weights were taken at 1lhk-day intervals
during the experiment.

The feed consumption of each group of hogs was determined at
lﬁ-day intervals corresponding to the weigh periods. At the end of
each trial the hogs were processed by Kingan and Company, Indianapolis,

Indiana, where the carcass studies were made.
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The date were treated statistically by the methods of analysis

outlined by Snedecor.

Summer Feeding Trial - 1948

Forty Duroc pigs were divided into four groups of ten pigé aver-
aging 40 pounds liveweight. This trial was started on June 28, 1948,
and was completed October 25, 1948, a period of 119 days. The four
lots were housed in adjacent pens with conerete floors in the Purdue
Experimental Feeding Barn.

All components of the ration were blended intc one feed which was
fed ad libitum. This is designated as the basal ration and it was to

this ration that various treatments were added for the lots receiving

treatments.
. Compositien ef the Basal Ration
(Summer Trial - 1948)
June 28 to July 20 to Sept. 6 to
Ingredient July 26 Sept. 6 Oct. 25 .
' (%) (%) (%)
Ground yellow corn 58.75 63.75 69.00
Ground wheat 20.00 20.00 20.00
Supplement Vq 20.00 15.00 10.00
Mineral mixtures 1.00 1.00 1.00
Vitamin Supplements 0.25 0.25 0.00
i. Purdue Supplement V has the following composition - ho% soybean

oil meal, 20% meat and bone serap, 20% fish meal, 10% alfalfs meal,
10% cottonseed meal.

2. Mineral mixture is composed of equal parts of steamed bone meal,
ground limestone, and salt.

3. "NOPCO XX" - 3000 I.U. of A and 400 I.U. of D per gram, fortified
cod liver oil. National 0il Products Company, Harrison, New Jersey.

Because of the relatively small amounts of thyroprotein to be mixed

into the ration at any one time, the material was first mixed with the
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salt by hand and then mixed with 75 pounds of soybean o0il meal. This
mixture was then placed in a mechaniecal mixer and blended with other
constituents of the ration.

The basal ration, as listed in the preceding table, was fed to
21l animals with éhanges being made on the dates indicated to adjust
for the decreasing protein requirements of growing hogs. As may be
noted from this teble this was accomplished by décreasing the amount
of Purdue Supplement V and increasing the amount of ground yellow
corn in the ration.

Lot I served as the control. Lots II, IIT, and IV received, in
addition to the basal ration, %, 6, and 8 grams (0.0088%, 0.0132%, and
0.0176%) of thyroprotein, respectively, per .100 pounds-of basal ration.
The triél was ended when the fastest gaining lot of animals weighed
épproximately 225 pounds each.

The carcesses from the 10 hogs of the fastest gaining group (Lot
III), the carcasses from 9 of the 10 animals from the control group
(Lét I - one animal was condemned because df an arthritic condition),
and three animals from Lot II were taken for chemical anelysis. 1In
order to obtain representative samples from each carcass, one half of
each carcass was skinned, boned out and thoroughly ground and mixed
in a sausége grinder. Bones, skin, and edible carcass were weighed
separately for each animal. A two pound sample was taken from each
ground carcass and each sample was further mized and chopped'in a |
Hobart food cutter before aliquots were taken for chemical analysis.
The chemical determinations mede on these samples were for water,
protein, fat, and mineral matter. The procedures followed were those

outlined by the Association of Official Agricultural Chemists.
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Winter Feeding Trial - 1948-49.

Sixty weanling Hampshire pigs were purchased from the Marsh

Foundation, Van Wert, Ohio. From this group fifty pigs were separated
in%o five lots of ten pigs on the basis of liveweight, thriftiness, and
generel appearance. This trial was started on December 23, 1948, and
was concluded May 10, 1949, a total of 138 days. The five lots were
lhoused in adjacent lots in the Purdue Experimental Feeding Barn. All
pens had concrete floors. The average initial weight for the five
groups was 54 pounds per pig. The trial was completed when the fastest
gaining group (Lot V) reached an average liveweight of 257 pounds.

In previous trials the thyroprotein had been incorporated into a
single complete ration for those animals receiving thyroprotein. In
this trial it was desired to incorporate the thyroprotein into the
protein supplement and let the pigs eat their ration cafeteria-style.
The components of the ration consisted of shelled corn, PurdueASupple-
ment V, and a mineral mixture containing equal parts of steaﬁed bone
meal, ground limestone, and salt. Lot I served as the control and re-~
ceived only the basal ration., Lot II received, in addition to the basgl
fation, 0.447 gm. of thyroprotein per 100 pounds liveweight per day.
The thyroprotein was mixed into the protein supplement. An adjustment
was made each two weeks in an attempt to keep the consumption of thyro-
protein at the desired level. Lot III received the basal ration plus
0.426 gm. thyroprotein per 100 pounds liveweight per day, mixed in the
protein concentrate. However, only was an adjustment made at the time
the average individual liveweights in this lot was 125 pounds. That is,

the level for the first half of the feeding trial was calculated from
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the average of the starting liveweight and 125 pounds liveweight. Like-
wise, the level for the second period was based on the average of 125
pounds and the finish weight of 225 pounds. Lots IV and V received

the basal ration plus 60 grams and 80 grams, respectively, of thyro-
protein per 100 pounds of protein concentrate, mixed in the protein
coneentrate.

At the completion of the trial, the animals were marketed direct to
Kingan and Company, Indianapolis, Indiana. Although some of the thyroid
glands had 5een mutilated in the slaughtering process, weights were ob-
tained on all intact thyroid glands. The hypophysis of each pig was |
recovered and the anterior lobe of each hypophysis was weighed on &
chainomatic balence. The anterior lobes were then frozen until they
were assayed for thyrotropic hormone content. For assay, all the anter-
ior lobes from the hogs of each lot were macerated together with a
mdrtar and pestle. Two ml. of water was added to each 100 mg. of tissue
S0 that 1 ml. of the injected solution contained 50 mg. of tissue. The
methods of Bergmann and Turner (1939), and of Elijah and Turner (1942)
were followed carefully. Dey-old male White Leghorn chicks were in-
Jjected subcuténeously daily for four days with 0.1 ml. of the solution,
containing 5 mg. of the anperior pituitary material. Thus, each chick
" received 0.4 mi. of a solution containing 20 mg. of the anterior
pituitary tissue. The baby chicks were sacrificed on the fifth day
and their thyroids were dissected and immediately weighed on a balance
accurate to 0.1 mg. Each chick was inspected at post-mortem to be sure

that only males were used.

‘Sﬁmmer Féeding Trial - 1949.

Seventy weanling Hampshire pigs were purchased from L. L. Stewart,
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Kirklin, Indiané, from whieh 60 were selected and.divided into groups
‘of tWelve Pigs each., The pigs were maintained on one-half aere plots
of Ladino clover and alfalfa pasture, The trial was started June 29,
1949, and concluded October 5, 1949, a total of 98 days. The.average
starting weight was T9 pounds and the trial was concluded when the
fastest gaining group (Lot II) averaged 233 pounds per animal,

As in the trial just previous, all components of the basal ration
were fed as libitum. The basal ration consisted of - shelled corn;
mineral mixture (mineral mixture consisted of equal parts of steamed
bone meal, ground limestone, and salt); and protein supplement (protein
supplement consisted of equal parts of soybean meal and meat scraps).
Lot I received‘only the basal ration. Lot II was fed ﬁhyroprotein at a
lewel of 0,363 gm. per 100 pounds liveweight per day in their protein
eoncentrate, One adjustﬁent was m;de when the animals averaged 135
pounds liveweight., Lot III was handled similarly to Lot II except that
the level of thyroprotein in this -lot was 0.644 gm. per 100 pounds
liveweight per day. Lot IV receivéd’the basal ration only until the
animals reacﬁed an average.liveweight of 136 pounds at which time the
feeding of thyroprotein at a level of 0,579 gm. per 100 pounds live=-
ﬁeight was started. Ldt V received the basal ration plus 120 gm.
thyfoprotein per 100 pounds protein concentrate. No carcaés studies

were made in this trial,

Winter Trial - 1949-50.
Seventy weanling Hampshire pigs were purchased from L. L. Stewart,
from whieh 60 pigs were selected and divided into five lots of twelve

pigs each, Thé original plan of this trial was that it would be
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conducted on pasture with each group being assigned to & one-half
acre plot. Howevef, after the second week a killing f;ost reduced
the pastures to barren plots. The trial was started October 27,
1949, and was concluded February 2, 1950, a total of 98 days. The
average initial weight of the pigs was T4 pounds and the trial was
concluded when the fastest gaining group (Lot V) reached an average
liveweight of 233 pounds.

Actually, this trial consisted of two separate comparisons. In
one compari#on thyroprotein was fed as a part of a single complete
ration, while in the other comparison thyroprotein was incorporated
in the protein supplement and all components of the ration were fed
free choice. Lot I served as the control for one comparison and re-
ceived only the basel ration of a single complete feed which contained
Purdue Supplement V, ground corn, ground wheat and minerals. (Same
basal as listed in Summer Trial - 1948). Lot II received the basal ration
listed for Lot I with the exception that thyroprotein was incorpor-
ated into the ration at the level of 8 gm. per 100 pounds of feed
(0.0176%). Lot III served as a second control and received an ad
libitum ration of ground shelled corn and wheat (7 to 2), Purdue
Supplement V, and minerals. Lot IV received the same ration as Lot III
with the exception that thyroprotein was incorporated into the supplement
so that the animals received 0.487 gm. thyroprotein per 100 pounds live-
weight per day with adjustments being made each two weeks. Lot V re-
ceived the ration listed for Lot III plus thyroprotein adjusted every two
weeks so that the ration contained 0.500 gm. thyroprotein per 100 pounds
liveweight per day up to the time the animals weighed 136 pounds;

then the level was dropped to 0.400 gm. until the animals weighed 180



pounds; from that time on, the level of thyroprotein was dropped to
6.300 gm. per 100 pounds liveweight per day, giving an overall average
of 0.3&1 gm. per 100 pounds liveweight per day.

No studies were made on the carcasses of the animals from this

trial.

18
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RESULTS - SUMMER TRIAL - 1948

(Growth Rate)

The data summarizing the effects of thyroprotein on growth are
presented in Tables 1, 2, and 6. From these tables it may be observed
that the animals receiving thyroprotein grew at about the same rate as
the controls for approximately 42 days, after which time it became appar-
ent that the animals receiving thyroprotein began to gain more rapidly.
In this trial the difference became apparent when the animals were
approaching 100 pounds in weight. Furthermore, at about the time the
animals weighed 125 pounds (at the seventieth day of the experiment)
the margin between the controls and the treated animals widened very
rapidly. During the 119 day feeding trial the controls gained an
average of 154 pounds per pig while the animals receiving thyroprotein
at levels of 0.0088, 0.0132, and 0.0176 percent, gained 187, 195, and
186 pounds, respectively. The feeding of thyroprotein at these three
levels resulted in gains that were significantly greater (P .05) in
each case than the gains made by the animals in the control group.

The animals in the control group made an average daily gain of
1.30 pounds as compered to daily gains of 1.57, 1.64, and 1.57 pounds,
for the animals receiving, in addition to the basal ration, 0.0088,
0.0132, and 0.0176 percent thyroprotein, respectively.

One barrow from the lot receiving the highest level of thyroprotein
(0.0176%) weighed 216 pounds at the completion of the trial, which com-
pared very well to the lot average of 228 pounds, but developed inebility
to stand on the hind legs. Because this was the highest level of thyro-

protein that had been fed to swine in experiments conducted at this
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Station it was felt there might be a possibility of bone or muscle dam-
age. However, examination of the animal by Dr. L. M. Hutchings, of the
Veterinary Science Department, failed to reveal any gross pathology of
joints or muscles.

Also, one gilt from the same lot (Lot IV - 0.0176% thyroprotein)
gained from the start very similarly to other animals in the same lot
until the fifth weigh period (70 days oh feed). After this time she
barely meintained her weight and at the completion of the trisl her
weight was 138 pounds. She was retained for pathological studies. Dr.
L. M. Hutchings examined this animal at the time of slaughter and was
not able to detect any abnormalities. The!glands examined included the
_pancreas, liver, lungs, heart, kidneys, and thyroid.

One female in Lot I developed an arthritic condition and was con-

demned at time of slaughter.

Feed Consumption

The pattern of feed consumption closely followed the growth
pattern. For the 119 day period the control group had an éverage éaily
feed consumption of 5.4 pounds. This was approximately one pound less
per day than was consumed by the three lots receiving thyroprotein in
their ration. Daily feed consumption of 6.2, 6.7, and 6.3 pounds,
were recorded for the réspective treated lots which received thyro-
protein at the levels of 0.0088, 0.0132, and 0.0176 percent. The
animals in the four lots consumed approximately-equal amounts until
the fourth weigh period (56 days on feed) after which the control
animals failed to consume as much as any of the animals receiving

thyroprotein. (Table 3)
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The feed was fed ad libitum and all ingredients were mixed into a
complete feed., Since the thyroprotein was incorporated into the ration
at a definite level Tor each lot receiving this treatment, the amount of
thyroprotein consumed was fairly closely controlled. Animals in the
group whose ration contained 0.0088 percent thyroprotein consumed an
average of 0.248 gram per day or 0.148 gram per 100 pounds liveweight
per day. The consumption for the other two groups on treatment was: -
‘for the group receiving thyroprdtein at the level of 0.0132 percent,
0.402 gram per day or 0.289 gram per 100 pounds liveweight per day; for
the group receiving thyroprotein at the level of 0.0176 percent, 0.504
gram per day or 0.373 gram per 100 pounds liveweight per day. (Table 4).
It should be noted from Table b4 that the animals in eéch lot receiving
thyroprotein started at a certain level of consumption in relation to
the averagé liveweight, and that this consumption of thyroprotein per

unit of liveweight gradually grew less.

Feed Efficiency

The data presented in Tables 5 and 6 concerning the amount of feed
‘réQuired to produce 100 pounds gain indicate all groups receiving thyro-
protein were more efficient than was the control group. Whereas the
control animals required 417 pounds of ration to produce 100 pounds
gain, the animals in the three groups receiving thyroprotein required
395, 406, amd 405 pounds of feed, respectively, to produce 100 pounds
gain; The animals receiving‘the treatments were, therefore, from three
to five percent more efficient in producing gains.

It is of interest to note that the control animals were, on the

average, more efficient in making gains thgn were the animals on
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treatment up to the time the animals on treatment began to gain faster
than the control animals - 70 days on feed. From this time forward,
all the groups receiving thyroprotein gained more efficiently than the
control animals.

Carcass Composition

As explained in the Experimentél Procedﬁre, 22 of the‘37 carcasses
from this feeding trial were selected for chemical analysis. One-
half of each of these 22 carcasses was skinned, boned, and ground
separately, in a sausage grinder. A two-pound sample was taken from
the resulting portioﬁ of each carcass for chemical analysis by methods
oﬁtlined by the Association of Official Agricultural Chemists, sixth
edition, 1945. For the best comparison of the effect of thyroprotein
on carcass composition it was decided to compare carcasses of the
animals from the control group with those from the fastest-gaining
group (Lot III). 1In addition, the carcasses of three animals whose
liveweights were approximately the same as three animals from Lot T,
and of which there was no similar weight in Lot III, were taken from
Lot II. No Carcasses from the‘anima}s in Lot IV were taken for analysis.

The results of the chemical analysis are summarized in Table 7.
One of the first things that may be noticed from reading this table is
that the sum of moisture, protein, fat, and ash in each case does not
élways equal 100 percent. However, duplicate checks were made on each
analysis indiéating the analyses were not too far from the best result
that could be obtained by our present methods of analysis.

The. carcasses of the animals from Lot III (0.0132 percent thyro-

protein) contained significantly more (P .05) fat than the controls.

The average fat content of the carcasses from the controls was 51.88
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TABLE 6. The Effect of Thyroprotein on Growth Rate, Feed
.Consumption, and Feed Efficienecy of Swine.
(Summer Trial - 1948. 119 days) ‘

Item Unit . Lot Number
I CYIX - IIT Iv
Number of pigs 10 1o 10 10
Initial weight 1b. Lo k1 b1 4o
Final weight 1b. 196 228 236 228
Gain per pig 1b. 154 187 195% 186%
Daily gain per pig 1b. 1.30 1.57 1.6k4 1.57

Daily feed consumed per pig.

Ground corn - 1b. 3.57 4,08 4 40 4.18
Ground wheat 1b. 11,08 1.24 1.33 1.27
Protein supplement 1b. .T1 .79 .85 .82
Mineral mixture 1b. .05 .06 LOT .06
Vitamin supplement 1b. L0l .01 .01 .01
Thyroprotein gle =mmme- .248 402 .504
Total 1b. 5.42 6.18 6.66 6.34
Feed Per 100 Pounds Gain
Ground corn 1.  274.8 261.1 268.3 266.9
Ground wheat 1b. 83.4 T9.1 81.2 80.9
Protein Supplement 1b. 54,3 50.9 52.1 52.3
Mineral mixture 1b. L.2 4.0 ko1 k.1
Vitamin supplement 1b. .5 A A .5

Total 1b. ki7.2 395.5 406.1 hok,7

*Least significant difference for gain at the 5% level is 30 pounds.

Treatments:

Lot I = Control - received the basal ration only.

Lot IT - 0.,0088% thyroprotein in addition to the basal ration.
Lot IITI - 0.0132% thyroprotein in addition to the basal ration.
Lot IV. - 0.0176% thyroprotein in addition to the basal ration.

28
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percent while that of the aniﬁals from Lot III was 55.65 percent. How-
‘ever, the careasées from the control animéis contained significantly
more (P .05) moisture, protein, and mineral matter than those of the
aﬁimals from Lot ITI. The comparative average moisture, protein and
mineral matter content in percent, for'the two groups was as follows:
Moisture - Lot I - 38.19, Lot ITI - 34.99; Protein - Lot I -
9.48, Lot IIT - 8.85; Mineral metter - Lot I - 0.52, Lot III -
0.h6, (Table 7). It should be noted at this point that the average
liveweight for the control animals was 202 pounds whereas the average
liveweight for the animals in Lot‘III was 236 pounds. When the data,
‘'was analyzed by covariance to adjust for the 3k poundé difference

in averége liveweight of the two groups, there was no significant
difference between them in moisture, protein, fat, or mineral matter
content.

Although there was a general trend for lighter animals to produce
carcasses that contained more water and less fat than heavier animals,
there were exceptions. Animal number 16, Lot II, weighed 303 pounds
‘yet the carcass from that animal contained a lower percentage of fat

than those carcasses from animals weighing much less (Hog 6, Hog T).



RESULTS - WINTER TRIAL (1948 - 1949)

Growth Rate

The growth data in tﬁis trial are summarized in Tables 8, 9, and
13. With the exeeption of Lot V, which receivéd thyroprotein at the rate
of 80 grams per 100 pounds of protein supplement (0.395 gm. per 100 pounds
liveweight), none of the thyroprotein-fed groups gained as rapidly as
the controls., During the first 70 dajs of the experiment +the animals
‘in all lots gained at approximately the same rate, whereas after this
time Lots I and V grew more rapidly. The animals in the control group
finished the 138-day feeding trial at an average weight of 233 pounds
“while the average final weight of the animals in Lot V was 257 poﬁnds.
The increased gain of 24 pounds made by Lot V over Lot I was statis-
tieally significantly at the 5 percent level.

The average final weights of the hogs in Lots II, III, and IV
were, 212 bounds, 217 pounds, and 220 pounds, respectively. The appar-
ent depressed growth rate shown by thyroprotein-fed animals in Lots II,
III, and IV, when compared with the growth rate of the control animals,
was not statistically significant although the difference approached
significance.

The daily growth rate of'the Hampshire pigs in this trial in no
case approached the gain of either control or thyroprotein-fed pigs in
previous trials. The best average growth rate recorded was 1.48 pounds
per day for the 138-day feeding period by Lot V which received thyro-
protein at the level of 80 grams per 100 pounds protein supplement.

The poorest average growthyrate of l:lh pounds per day was made by

the animals in Lot IT which consumed O.4lL7 gram thyroprotein per 100
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pounds liveweight per day with only one adjustment being made, made an
average daily gain of 1.17 pounds. The animals in Lot IV were fed 60
grams ofvthyroprotein per 100 pounds‘protein supplement. Their average -
daily géin was 1.18 pounds. <Thé animals of the control group made an

average daily gain of 1.30 pounds. (Table 9)

Feed Consumption

Average daily feed consumption tended to follow the growth curve v

with the fastest-gaining group (Lot.V) consuming an average of 6.2
pounds of feed while the slower-gaining groups- - Lots II, III, and
Iv, consumea 5.3, 5.5, and 5.1 pounds, respectively, per day; Since
the animals in the various groups were not individuvally fed it was
not possible to analyze the difference in feed consumption bétween
groups for statistical significance. (Table 10).

As in previous trials, thyroprotein intake was controlled as
closely as possible. For Lots IT and III it was planned that all ani-
mals would be fed 0.500 gm. thyroprotein per 100 pounds liveweight per
day. This necessitated estimations of the average liveweight for the
next period as well as daily feed intake in order to incorporaté the
proper amount of thyroprotein in the ration. The average daily con-
sumption for the animals in Lot II was 0.447 gm. per 100 pounds live-
weight per day, while for Lot TTT it was 0.426 gm. :

Thyroprotein was added at the level of 60 grams per 100 pounds
protein concentrate in the ration for Lot IV. Since the average daily
consumption.of protein supplement was 0.67 pounds, the daily thyro-
protein consumption was 0.289 gm. per 100 pounds liveweight. The

protein concentrate of the ration for Lot V contained 80 grams
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TABLE 13. The Effect of Thyroprotein on Growth Rate, Feed
Consumption, and Feed Efficiency of Swine.
(Winter Trial - 1948-49. 138 Days)
Item Unit Lot Number
I II IIT Iv v
Number of pigs 10 9 10 9 10
Initial weight 1b. 54 5h 56 58 5k
Final weight 1b. 233 2512 217 220 257 .
Gain per pig 1b. 179 158 161 162 203%
Daily gain per pig 1b. 1.30° 1.14 1.17 1.18 1.48
DAILY FEED CONSUMED
Sheled corn 1b. h.7h h. sk 4.83 h .43 5.43
Protein supplement 1b. .70 ral .65 .67 TT
Mineral mixture 1b. .02 .0k .02 .02 .01
Vitamin supplement 1b. .01 .01 .OL .01 .01
Thyronrotein gm. = —--=- .59 .58 .29 40
Total 1b. 5.47 5.30 5.51 5.13 6.22
Feed Per 100 Pounds Gain
Shelled corn 1b. 365.9 398.2 W24 375.9 367.8
Protein supplement 1b. 54%.0 63.0 55.8 56.5 52.1
Mineral mixture 1b. 1.6 3.5 1.7 1.4 1.0
Vitamin supplement 1b. A .5 LA .5 .3
Total 1b. k21.9 46k, 2 k70.3 434.3 h21.2

* Least significant difference for gain at the 5% level is 23 pounds.

38

Treatments:
Lot I -~ Control - received only the basal ration.
Lot II - O.447 gm. thyroprotein per 100 pounds liveweight per day,

adjusting each two weeks.
Lot IIT - 6.426 gm. thyroprotein per 100 pounds llvewelght per day,
adjusting once.

Lot IV - 60 gm. thyroprotein per 100 pounds protein concentrate.
(0.889 gm. per 100 pounds liveweight per day)
Lot V - 80 grams thyroprotein per 100 pounds protein concentrate.

(0.395 gm. per 100 pounds liveweight per day)



thyroprotein per 100 pounds. The consumption of protein supplement per
day for this lot was 0.77 pound with a resulting average daily intake

- of 0.395 gm. thyroprotein per 100 pounds liveweight. (Table 11)

Feed Efficiency

The animals of the control group (Lot I) and the animals of the
group receiving 80 grams thyroprotein per 100 pounds protein supplement
(Lot V) were the most efficient groups from the standpoint of pounds of
feed required to produce 100 pounds of gain. Thése two groups required
an average of U422 and 421 pounds of feed, respectively, to produce 100
pounds of gain. Lots II, III, and IV were less efficient, requiring
#6#,,h70, and 434 pounds of feed per 100 pounds of gain.

Thyrotropic hormone content

of
Anterior Pituitary Gland

In the normal animal the activity of the thyroid gland is regu-
latea by the thyrotropic hdrmone of the anterior pituitary gland. It
is known that there are species, age, sex, seasonal, breed, and strain
differences in thyrotropic hormone production and that the level of
secretion can be altered by numerous envirommental factors such as temp-
erature, iodine, and goitrogens. When exogenous thyroxine or thyroid-
ally-active substances are administered the thyroid gland ordinarily
reduces its activity and the production of the anterior pituitary
thyrotropic hormone may be affected.

In an attempt to study some of the above effects, an assay of the
thyrotropic hormone content of the apterior pituitary glands of the
swine in this trial was made. (The procedure’as outlined by Elijah and

Turner (1942)) Day-old Leghorn cockerels were injected with suspensions
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of pituitary materials from the five lots of swine. An Assay showed
highly significant differences in thyrotropic hormone content between
lots of animals which had been subjected to the differing treatments.

The anterior Pituitaries of the animals which received the lapgest
emounts of thyroprotein per 100 1b. liveweight - Lots II and IIT - con-
tained the smallest amounts of thyrotropin. The pigs in Lots IV and V,
which received an average of 0.289 and 0.395 grams of thyroprotein per
100 pounds of liveweight had an;erior pituitaries with the largest

amounts of thyrotropin. (Table 14).



TABLE 1k4. Thyrotropic Hormone Assay of Anterior Pituitariés.

(Winter Trial - 1948 - 1949)
. Weights of Thyroid Glands of Injected Chicks
Lot I Lot II Lot IIT Lot IV Lot V
(mg.) (mg.) (mg. ) (mg.) (mg.)
10.0 3.8 10.0 10.0 11.8
5.0 8.0 5.8 5.0 5.2
9.0 6.4 .2 7.8 8.6
6.2 5.4 h,2 7.4 5.h
6.6 6.4 LIS 7.2 8.2
7.0 6.8 ok 9.6 6.8
9.6 7.0 5.4 7.8 9.0
7.0 5.0 5.4 7.8 k.o
6.4 5.6 5.6 6.6 5.8
5.9 5.0 7.8 7.0 . 6.8
6.3 5.2 7.8 9.8 6.8
9.2 - T.0 7.4 8.6 6.2
6.8 y 2 8.0 6.8 8.0
3.6 3.4 6.0 6.8 8.0
5:6 5.8 7.8 6.6 T4
5.2 5.0 T4 7.8 T.4
6.4 5.0 5.0 7.8 Tk
6.0 6.0 7.0 7.8 Th
6.0 3.8 L.8 7.8
5.6 3.6 6.6 9.8
6.68 5.42 6.28 7.81 7.22
Actual differences from averages:
Lots - I and II - l.26% IIT and IV ~ 1.53%%
I and ITII - 0.40 Vand I - 0.54
I and 1V - 1.13% V and IT - 1.80%x
II and III - 0.86 V and IIT - 0.94 .
IT and IV - 2.39%% V and IV - 0.59
Treatments:
Lot I - Control - received only the basal ration
Lot ITI - O.447 gm. thyroprotein per 100 lb. liveweight per day.
Adjust each 2 weeks.
Lot III - 0.426 gm. thyroprotein per 100 1lb. liveweight per day

Adjust only once.
Lot IV - 60 grams thyroprotein per 100 1b. protein supplement
(0.289 gm./100 1b. liveweight per day).
80 grams thyroprotein per 100 1b. protein supplement.
(0.395 gm./100 1b. liveweight per day).

Lot V



RESULTS - SUMMER TRIAL - 1949

Growth Rate

In this experiment the addition of thyroprotein to the ration
had.no.effeét on growth rate in Lots II, IV and V, but signifiecantly
redncgd_the rate of growth in Lot Ii;. The animals in this lot re-
ceived thyroprotein at the level of 0.6#4 gm. per 100 1b. body weight.
The effects on growth rate were observed as early as ha days and the
reductipn in rate of gain’became more evident as the trial progressed.

The average daily gains of the anima;s in this trial compared

£avorably‘with those of other trials. The group receiving thyroprotein

ko

et the level of 0.367 gm. per 100 1b. liveweight (Lot II) and the animals

of the control group (Lot I) made the best gains with é@erage daily
.gains of 1f57 end 1.56 pounds, respectively. These were followed by
Lot Vv (0.kh2 gm./loo 1b. 1ivéweight) with a daily gain of 1.48 pounds,
theﬁ Lot IV (0.579 gm./100 1b. liveweight) with 1.4l pounds per day.
It is appérent'in the case of Lots IV and V that the feeding of thyroF
?rotein to hogs on pasture depressed growth rate. Statistically sig-
nificant growth depression was brought about by the feeding of thyro-
protein to the animals in Lot III which averaged a growth rate of 1.22
pounds per day. (Teble 16)

Three of the aniéals in Lot IIT developed bent and deformed front

legs quite similar to that which ﬁdy'be observed in the case of rickets.

The front legs of these animals curved inward at the knee joint, and
it became difficult for them to walk.

Feed Consumgtion

No marked difference in feed consumption was observed between the
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four lots which gained at approximetely the same rate (Lots I, II, IV,
and V). The animals of Lot III,<probably because they did not grow as
rapidly, consumed 5.6 pounds per day as compared with 5.9 pounds for
the animals in Lot I, 6.2 for Lot II, 6.2 for Lot IV, and 6.4 for Lot V.
(Teble 18)

Thyroprotein consumption was not well governed, probably due to the
fact the thyroprotein was mixed into the protein supplement and the
calculation of the level of fhe drug to blend into}each unit of -supplement
was based on the observation of many fee&ing triéls that pigs on pasture
will consume about three-fourthslof a pound of protein supplement per
day. Very recent results havecindicated, however,lthat pigs on Ladino
clover pasture will consume less protein supplement than they will when
on alfalfa pasture.. It had been planned that thyroprotein would be fed
to the animals in Lot II at the level of 0.300 gm. per 100 1lb. live-
weight per day. They actually consumed an average of 0.363 gm. which
amounts to twenty percent more. Furthermore, Lot III was to‘get 0.500
gm. thyroprotein per 100 1lb. liveweight per day but they actually re-
ceived 0.644 gm. Lot IV was td_get 0.500 gm. and they received 0.579.

Feed Efficiency

The control animals (Lot I) in this trial required less feed than
any of th; other four lots to produce 100 pounds gain. Their average
requirement was 380 pounds of feed per 100 pounds gain. Lot II was next
most efficient with a requirement of 396 pounds, then Lot V with 434 pounds,
then Lot IV with 439 pouﬁds, and finally, Lot III which required 455

pounds of feed to produce 100 pounds gain. (Tables 19 and 20).
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TABLE 20.

Consumption, and Feed Efficiency of Swine.

The Effect of Thyroprotein on the Growth Rate, Feed

(summer Trial - 1949, 98 Days)
Item Unit Lot Number
I i1 III IV v
Number of pigs 12 12 12 12 12
Initial weight 1b. 76 79 77 81 80
Final weight 1b. 230 233 196 220 225
Gein per pig 1b. 154 154 119% 139 145
Daily gain per pig 1b.. 1.56 1.57 1.22 1.41 1.48
DATLY FEED CONSUMED
Shelled corn 1b. 5.35 5.58 4.95 5.71 5.48
Mineral mixture 1b. .02 .02 .02 .03 .02
Protein supplement 1b. .57 62 .58 A48 .55
Thyroprotein grr. —— .57 .88 1.04 .68
Total 1b. 5.9k 6.22 5.55 6.22 6.41
Feed Per 100 Pounds Gain
Shelled corn ib., 3k2.3 355.1 405.7  403.7 395.5
Mineral mixture 1b. 1.3 1.2 1.5 1.9 1.5
Protein supplement 1b. 36.2 39.2 LW7.7 33.8 36.9
Total ib. 379.8  395.5 5h.9  k39.L 433.9

*Least significant difference for gain in weight at the 5% level is

30 pounds.

Treatments -

Lot T
Lot II
Lot IIX
Lot IV
Lot V

Control, received basal ration, omly.
0.363 gm. thyroprotein per 100 lb. liveweight per day.
0.64h gm. thyroprotein per 100 1lb. liveweight per day.
0.579 gm. thyroprotein per 100 1b. liveweight per day.
120 grams thyroprotein per 100 1b. 100 1b. protein

supplement (0.442 gm. per 100 lb. liveweight per day).
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RESULTS - WINTER TRIAL - 1949 - 1950

Growth Rate

Because of the differences obtained between growth rate of pigs
receiving thyroprotein in a complete ration in dry lot and those which
were fed thyroprotein in a protein supplement free choice on pasture,
this trial was designed to compare ﬁhe effects of thyroprotein in bqth
systems of féeding.

Lot I (control) received a complete basal ration and Lot II received
the same ration plus 0.0;76 percent thyroprotein. The pigs in Lot II
gained approximately five pounds more per-head than those in the con-
trol group but this difference was not statistically significant.

The second phase of this trial included Lots III, I¥, and V. Lot
IIT was fed the second basal ration in which ali components were fed
free choice. 1In the 98 days of this feeding trial the animals in Lot
IIT reached an average weight of 216 pounds. Animals in Lot IV, which
received 0.487 gm. thyroprotein per 100 pounds liveweight per dey reach-
ed an average wéight of 213 pounds in the same period. The animals in
Lot V gained significantly more (P .05) than their controls (Lot III)
and gréw to a wéight of 233 pounds during the trial. Lot V was given
the same ration as Lot III plus decreasing amounts of thyroprotein, as
the animals became larger; starting with 0.500 gm. thyroprotein per

100 pounds liveweight per day and ending with 0.3 gm. (Tables 21, 22, 26)

Feed Consumption

Very little difference in feed consumption between Lots I and IT
was recorded. The average daily feed consumption for the animals of

these two groups was 7.3 and 7.1 pounds respectively. However, in the
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Other phase of the trial there was a difference. Lot III, the second
control group, had an average dally feed consumption of 6.2 pounds as
compared to T.4 and 7.6 pounds, for Lots IV and V. This difference
became evident after 72 days on feed. (Table 23).

Thyroprotein consumption by the animals of Lot II was 0.37h gm.,
for Lot IV it was 0.487 gm., and for Lot V it was 0.341 gm. per 100

pounds liveweight. (Table 24).

Feed Efficiency

Lot II which received 0.0176 percent of thyroprotein required
but 447 pounds of feed to produce 100 pounds of gain while the control
group (Lot I) required 473 pounds. In the second phase of this trial the
control group (Lot III) required 429 pounds of feed per 100 pounds gain
which was lower than the figure of 466 pounds required by the animals
in Lot V, and almost 100 pounds less than the 521 pounds required

by the animels in Lot IV.
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TABLE 56. The Effect of Thyroprotein on Growth Rate, Feed
Consumption, and Feed Efficiency of Swine.

(Winter Trial - 1949 - 1950)
98 days -
Ttem Unit Lot number
1 II  III v \
Number of pigs 12 12 12 12 12
Initial weight 1b. T4 T Th T4 Th
Final welght 1b. 224 229 216 213 233
Gain per pig 1b. 150 155 142 139 159% °
Daily gain per pig 1b. 1.53 1.59 1.45 1l.hk2 1.63
DAILY FEED CONSUMED

Ground corn 1b. 4. 73 4,65 L.37  5.28  5.44
Ground wheat ib. 1.45 1.hk2 1.4 1.66 1.71
Protein supplement 1b. 1.00 .96 .37 LAl 40
Mineral mixture 1b. .07 .07 .04 .05 .05
Thyroprotein gm. -—— 568  ~-a- - OT7 .525

Total 1b. T.25 7.10 6.22 7.40 7.60

FEED PER 100 POQUNDS GAIN

Ground corn 1b. 308.3 292.3- 301.4 372.0 33k.1
Ground wheat 1b. ok.6 89.4 99.5 117.1 105.1
Protein supplement 1b. 65.1 60.4 25.2 28.7 24 . L
Mineral mixture 1b. 4.8 k.5 2.9 3.2 2.9

Total 1b. L472.8 4Wh6.6 429.0 521.0 L66.5

¥ The least significant difference for gain in weight at the 5% level

is 16 pounds.

Treatments:
Lot I - TFirst control - one complete ration.
Lot II -. Basal ration number 1 plus 0.0176% thyroprotein.
Lot III - gecond control - components of ration fed free choice.
Lot IV - Basal ration number 2 plus O.L87 gm. thyroprotein per
100 pounds liveweight per day.
Lot V - Basal ration number 2 plus 0.341l gm. thyroprotein per

100 pounds liveweight per day.
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DISCUSSION

In summarizing the data from the four feeding trials reported
here and the deta from current research it appears that the course
of growth and development of swine can be increased by properly con-
trolled administration of thyroprotein. However, the period in the
life of the animal at which the administration of thyroprotein is
made, the length of time it is administered, the level of treatment,
and other items, including environmental temperature, heave an impor-
tant bearing on results obtained. In other words, it appears that
the administration of thyroprotein, within narrow limits of con-
ditions, may be conducive to increased growth. When administration
does not fall within these narrow and rather definite limits there
may be either no effect or & detrimental effect on growth rate,

In all experiments conducted at this Station with Duroc pigs
stimulated growth rate was brought about by the incorporation of from
0.088 to 0.0176 percent thyroprotein in their ration. (Beeson, et al
1947, 1949; Perry, et al 1948, 1950). Reineke, et al (1948) and
Wallagh, et al (1947) reported the$ growing Duroc pigs showed a
growth response when slightly lower levels of thyroprotein were in-
corporated in the ration. In a preliminary report, Hale, et al (1948)
reported that Duroc pigs which received thyroprotein in their ration
were more efficient gainers than their controls. The deta in this
paper indicates a response in growing Hampshire pigs when thyropro-
tein was included in their ration. However, the response was not
nearly as uniform as was that with Durocs. In fact, in the Summer

Trial of 1949, no growth stimulation was brought about by the feeding
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of thyroprotein and in the case of one group (Lot III) a significantly
depressed growth rate was recorded. (Table 15) Similarly, in the
Winter Trial of 1948-49, and in the Winter Trial of 1949-50, one lot of
animals in each trial which received thyroprotein gained significantly
more than their respeﬁtive controls. However, the other three lots of
animals in each trial which received thyroprotein in their rations
gained no more than their controls and in most cases, gained less than
their controls. (Tables 8 and 21) Perhaps there is a breed difference
in response to thyroprotein. Reineke et al (1948) reported a breed
difference in response to thyroprotein. These Michigan workers reported
thet when thyroprotein was fed at the level of 2.8 grams per 100 pounds
of feed to Berkshire, Yorkshire and Duroc pigs, increased growth rates
of 13.7, 15.1, and 11.3 pounds, were made by the three respective
breeds. When Chester White pigs were fed this same level, no increased
growth was shown and more feed was required per unit of gain by the
animals receiving thyroprotein, indicating that a level conducive to
increased growth in one breed of hogs may not be the optimum level

for another breed. Elijah and Turner (1942) indicated there is a
difference in level of thyroxine secretion between slow and fast-
gaining hogs of the same breed. Glazener and Shaffner (1948) re-
ported differing thyroid activity between differing strains of

growing chickens.

In all of the thyroprotein research with swine conducted at the
Indiana Station prior to this trial, thyroprotein was blended into the
ration as & definite percent of the ration - 0.004k, 0.0088,

0.0132, or 0.0176 percent. Since the growing pig consumes decreas-

ing amounts of feed, in proportion to body weight, as it increases



in size, it follows that where thyroprotein comprised a definite per-
cent of the ration, the heavier the animal became, the less thyropro-
tein it received per unit liveweight. In trials with the Hampshire
Pigs some of the levels of thyroprotein did not decrease, in propor-
tion to liveweight, as the pigs grew larger. In these trials it was
observed thet the only instances where thyroprotein-fed Hampshire pigs
significantly outgained their controls was when the level of thyro-
protein decreased in proportion to liveweight as the pigs grew in
size. Reineke et al (1948) with pigs, and Hurst and Turner (1947)
with mice, indicate that it is necessary to reduce the thyroprotein
dosage per unit body weight as growth progresses if growth stimuletion
is to be maintained. Braude (1947) administered thyroprétein to grow-
ing pigs at conetant levels, regardless of body weight, and reported
that lower levels were of no effect whereas higher levels affected
the animals adversely.

Vander Noot et al (1948) were unable to show a growth response
by the feeding of 0.075 to 0.225 gm. thyroprotein per 100 pounds body
weight per day. Higher levels of 0.5 to 4.0 gm. per 100 pounds body
weight resulted in growth depression. One feature of this trial that
may paertially explain the results was that the animals were fed to a
liveweight of but 125 pounds when the trial was concluded. In all of
the work with swine at the Indiane Station it has been observed
that very little difference in growth rate was noticeable between ani-
mals receiving thyroprotein and their controls until the animals
reached an average liveweight of 130 pounds. Another point concern-
ing the New Jersey work was that the level of thyroprotein per unit

of liveweight remained constant and did not decrease as the animals

60
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became larger.

Two of the trials with Hampshire pigs, which did not show toco uni-
form response, were conducted on soil - one of them during the summer
of 1949 was conducted on Ladino clover-alfalfa pastures. There is a
Possgibility that a greater response would be obtained with animals in
dry lot than with animals on pasture. However, this does not seem
like an explanation as the response reported by Reineke et al (1948)
and Wallach et al (1947) was from trials conducted on rape pasture.
there is a possibility legume pasture may contain some unidentified
factor(s) which may be anteganistic to thyroprotein action. Beeson and
Bloss (1950) were unsble to increase growth rate by the addition of
thyroprotein to an all plant ration which had been fortified with Animsl
Protein Factor supplement. However, in adjacent pens, the addition of
thyroprotein to an all-plant ration that did not contein APF resulted
in significantly increased growth.

Half-carcasses from thyroprotein-fed animals had a greater per-
centage of fat and lower percentages of moisture, protein, and mineral
matter then did those from the control group. (Table 7) When ad-
Jjustment was made for the difference in liveweight of the two
groups by use of regression coefficient there was no significant
difference in composition between the two groups. This would indi-
cate that as an animal grows, under normal conditions, the ratio of
these constituents changes. In other words, these differences in
carcass composition between the two groups are due to the difference
in liveweight of the animals from which the carcasses were taken.

The control animals had an average liveweight of 202 pounds at time
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of slaughter whereas the thyroprotein-fed animals selected for caecass
analysis had an avérage %iveweight of 236 pounds at the time of slau-.
ghter.  In one sense it might be said that thyroprotein had an effect
on carcass composition in that in e given time the feeding of thyro-
protein resulted in a more rapid gréwth rate with a resulting car-
cass which is characteristic of the weight attained. This is borne
out by investigations of Blunn and Baker (1947) and Wi;lman and Krider
(1943) who reported there was a highly significant correlation between
liveweight»and such ph&sical characteristies as thickness of back fat,
-area of loin-eye muscle, ané area of lean in the end cut of ham.

Thyrotropic hormone content of the anterior pituitary glands from
the hogs of the Winter Trial of 1948 - 1949 was.assayed by the chick
assay method outlined by Elijah and Turner (1942). The general trend
of the analysis indicated that the faster growing hogs had anterior
pituitaries with higher levels of thyrotropic hormone. The level of
thyrotropic hormone in the various anterior pituitaries bore a relation
to the level of consumption of thyroprotein. Animels which consumed
the highest levels of thyroprotein, per unit of body weight, had the
lowest levél of thyrotropic hormone in their anterior pituitaries.

In reporting the results of the Summer Trial 1949, mention was
made that in the lot receiving the highest level of thyroprotein
(Lot III - 0.64k gm. thyroprotein per 100 pounds liveweight per day)
there were at least three animals with apparent malformation of the
front legs. If this level of thyroprotein was high enough to cause a
rather marked degree of hyperthyroidism the results would be in line
with other research in the field of induced hyperthyroidism. Drill

‘(l9h3) reported that calcium balance during hyperthyroidism may be-
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come negative due to a large increase in fecal calcium. Silberberg
and Silberberg (1940) were able to alter the pattern of calcium metab-
olism in growing mice by the administration of thyroxin.

Feed Efficiency usually followed the pattern of growth stimulation.
In other words, even though the metabolie rate of thyroprotein-fed
animals was accelerated, in the case of those animals in which thyro-
protein caused increased growth there was a smaller percentage of the
daily intake used for maintenance. This usually resulted in a require-

ment of less total feed per unit of gain.
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RESULTS

1. The feeding of thyroprotein at the levels of 0.0088, 0.0132,-

and 0.0176 percent of the ration, respectively (0.18k4, 6.289,
and 0.373 gm. per 100 pounds liveweight per day) to weanling
Duroc pigs for & 119 day feeding trial in dry lot (Summer
Trial 1948) resulted in a significantly incréased growth
rate of from 32 to 41 pounds more than contiol_animals which

received no thyfo@rotein.

2. Animals receiving thyroprotein in their ration required from 11

3.

L.

to 22 pounds less feed than control animals to produce 100

pounds gain during the Summer Trial of 1948,

Half-carcasses from the control animals (202 pounds liveweight)

The

The

contained a significantly smal}er percentage of fat and sig-
nificantly greater percentages of protein, moisture, and
ash, than carcasses from animals which had:received 0.0132
percent thyroprotein in their ration (232 pounds liveweight).
feeding of thyroprotein at the level of 80 grams per 100
pounds of protein supplement (0.395 gm. per 100 1b. live-
weight) to weanling Hampshire pigs in a 138 day feeding
period in dry lot resulted in significgntly increased growth
rate of 24 pounds more than the controls which received no
thyroprotein. (Winter Trial l9h8~l9ﬁ9)

feeding of thyroprotein at levels of 0.hﬁ7 gm., 0.289 gn.,
and 0.426 gm. per 100 pounds liveweight per day resulted

in a depressed growth rafe'of from 17 to 21 pounds less

than control animals. (Winter Trial - 1948-1949)



6. Signifieantly greater thyrotropic horﬁone content was found in the
. anterior pituitaries of animals receiving 0.289 gm. thyroprotein
per 100 pounds liveweight per day, and significantly less iﬁ
in the anterior pituitaries of animals receiving O.447 gm.,
when compared with anterior pituiiaries from control
animals. (Winter Trial -~ 1948-1949)
T. When thyroprotein was fed at the level of 0.64h gm. per 100 pounds
liveweight per day to weanling Hampshire pigs for a 98-day
' feeding trial on pasture (Summer Trial - 1949) a significantly
depressed growth rate of 35 pounds less than control animals
resulted.

8. All animals receiving thyroprotgin during the Summer Trial of 1949
required more feed to produce 100 pounds of gain than did the
control animals. This increased requirement ranged from 16 to
75 pounds more.

9. Thyroprotein fed at decreasing levels, starting at 0.5 gm. at the
beginning of the trial and finishing with 0.3 gm. per 100
pounds liveweight per day (average - 6.341) resulted in a
significantly increased growth rate of 17 pounds more than
control animals in a 98 day post weaning feeding trial with
Hampshire pigs. (Winter Trial - 1949-1950)

10. In all cases in which_the feeding of thyroprotein resulted in a
more rapid rate of.growth the level of feeding started at
a predetermined ﬁeight per unit of liveweighﬁ and graduslly

decreased in proportion to the liveweight of the animal.
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