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INTRODUC TION

Experimental work and rield observations have
indicated that differences among strains of poultry
exist with respeet to various economic qualities, From
the standpoint of broiler production, the poultrymen
18 interested in economy of growth, feed utilization,
and feathering. Sinee the financial return of the com-
mercial poultryman depends upon the production of large
quantities of poultry meat, small differences in growth
and feed utilization are of real economisc value, He is
looking to the scilentiast for knowledge and practices
which may result in more efficient production,

Furthermore, the sclentlst-- geneticist, physlologist,
or biochemist--~ is interested in these same factors, growth,
feed utilization, and feathering, from the fundamental
blological viewpoint as well as their appliecation to com-
mercial practices, He 1is curious to see if living bodles
will respond according to his hypotheses that he has for-
mulated from experimentation and study., Often from his
work the sclentist obteins an indescribable satisfactlon
from the finding and searching for knowledge, scientific
knowledge which in this modern age is rapidly finding its

way into medical and commerclial practices.



Although the author and several other workers
have observed strain differensces in growth and feed
utilization, little information is avallable indi-
cating through whet mechanism or physiologlcal manner
these differences operate, Glazener and Jull (1946)
developed broiler strains $y genetic selection differing
ih groﬁ@h5 feed utilization, and feathering. The present
atﬁd& was rurtﬁ;fed from the standpoint of the endoorine
system, particularly the thyroid gland. This investi-
gation was conducted in an éttompﬁ to learn more about
the following questions: (1) Is it possible to stimulate
growth by the use of the thyroid hormone? (2) Do strains
differ in their response to the hormone? (%) Do strains

of the same breed differ in thyroid activity?



REVIEW OF THZ LITERATURE

Observation has shown that c¢hickens under the
same environment nay vary considerably in body weight,
Funk, Knandel, and Balleﬁbaéh (1930), in a statistical
study of growth in White Leghorns, found that the coef-
'fiaiént of iariability af four weeks of éga in four
different broods varied from 14,6 to 19.4 per cent, Al
though the vaeriability was less as the birds approached
maturity, they found wide differences in individual
welights at 16 weeks of age, Asrmundson and Lerner (1933)
studied the rate of growth from two to eight weeks of
age in 340 wWhite Lseghorn chicks., These workers concluded
that there were genetic differences with respaeot to rate
of growth within the atrain of +hite lLeghorns studied,
and that these differences in rate of growth were deter-
mined by multiple factors. Schnetzler (1936) demonstrated
that it was possible to select for rapid and slow-growing
birds in Barred FPlymouth ocks., From his selected groups
of fast and slow-growing parents, he secured results
which indicated the possibility of developling strains
differing in growth rate,

Since several investigators observed less varia-
bility 4in the length of the appendicular skeletal bones
than in the body weight of the fowl, Glazener and Jull



(1946) developed two strains of New Hampshires and Barred
Plymouth Roeks by family selection on the basis of shank
length, Tho long-shanked strains of both breeds grew more
rapidly than did the short-shanked strains, Jull and Glaze~
ner (1946) found a high positive correletion between body
welght and shank length at ten weeks of age.

luch data are available on fesd utilization from gen-
eral growth experiments, managerisl studies, and nutritional
work. Only a limited amount of data, however, are avalle-
able on feed utilization in the domestic fowl on a family
or strain basls, Morris, Palmer, and Kennedy (1933} with
rats indicated genetic differences in feed utilization, By
nine generations of selective inbreeding, these workers es-
tablished two lines, The low-efficlency line was about 40
percoent leass efficient than the high-efficiency line. Hess,
Byerly, and Jull (1941} demonstrated the variabllity of ef-
ficlenoy between sires, Sires that produced the most effi-
cient purebreds were observed to produce the most efficient
orossbreds, Glazener end Jull (1946a) found that the longe
shanked strains of New Hampshires and Barred Plymouth Roecks
utilized feed better than did the short-shanked strains,
MaCartney and Jull (1948), by further developing the short
and long-shanked New Hampshires into strains A and B, found
the strains to differ in feed utilization,

Although the dats on feed efficlency from the genetis
standpoint are 11m1kad; information on differences in strain



regponse and feed efficiency regarding the feeding of hore
mones to poultry is almost unavailable,

Palmer, Kennedy, Calverley, Lohn, and Weswig (1946),
in a biochemical and physiological study of their low and
high-efficiency strains of rets, fed anterlor pltuitary
growth hormone to males and females of both strains, The
hormone appeared to promote growth and increase feed effi-
clenoy in both strains within inherent limits. Strains of
rats with a lower order of efficiency were affected less
toward the attalnment of higher efficliency level than some
of the more efficient strains, No effect was exerted on
the high~erriaiancy males, Perfo&ic gdm;nistratian of thy-
rold reduced the efficiency of male rats of the more efficient
strains, but did not significantly affect this characteristic
in the less efficlent strain, Combined action of castration
~and thyroid feeding on the efficiency of feed utilization
indicated that castration imposed a twe-fold hardship on the
thyroid-fed rat., Dickerson and Gowen (1947) presented evi-
dence which indicated that the "yellow" gene in mice ré@ueod
food requirement per unit of gain, These workers reported
thet those mice with the "yellow™ gene had better efficiency
because of inoreased food intake and reduced energy expended.
Citing'tha work of a German scientist, Maria Weltze {1940),
these workers suggest that the action of the "yellow" gene

is hormonal, involving altered carbohydrate metabolism,



In the last few years, several workers have reported
on various effects of feeding fresh or desiccated thyroid
to ohickens, Until the last five years, dosage level and
potency of the material have not been standardized; there-
fore, results have been extremely variable, Furthermore,
most of the published work has concerned adult stock, the
effect on feather pigmentation and reproductive processes,

Crew and Huxley (1923) fed dried thyroid to 12 chickens
daily in a wet mash at the level of two grams per bird,
These workers found no difference in weight between the
treated and non-treated lots., The chickens, Rhode Island
Red x Light Sussex, were three months of age, however,
when the treatment started, Crew (1925) pointed out that
during the course of this work that a marked increase was
observed in the rate of plumage growth and replacement.
Cole and Reid (1924) found that the feeding of desiccated
thyroid stimulated the rate of growth of new feathers in
adult males, Radi and Warren (1938) found that the in-
jeoction of thyroxin into the pectoral muscleg of each Rhode
Island Red chick at the age of three weeks resulted in
better feathered birds at seven weeks of age. With respect
to body weight, however, the controls and experimental
groups were very similar,

Koger, Hurst, and Turner (1942) reported improvement
of growth and appetite in nice receiving subcutaneous

injections of orystalline thyroxin., Virgin female mice,



weighing 13-16 grams, were injected with thyroxin in doses
varying from .015 to ,04 milligrams daily. The thyroxin-
injected animals repeatedly gained an average of 28 per-
cont more welght at five weeks of age than the controls,
The difference between the treated and controls was less
after five weeks, The food 1ntako; also, was about 25
percent more in the treated over oontrols. The treated
mice stored more nitrogen and gained more in body weight
per unit of food intake than the controls, After the rapid
gains of the treated enimals subsided, the controls were
more efficient in storing fat than the thyroxin-injected
animals,

Although investigation on iodinated proteins date
back more than fifty years, only in the last few years
have the effects been consistent. Reineke and Turner
(1941) reported that the iodinated proteins prepared in
their laboratory consistently produced thyroidal effects
when given orally to either normal or thyroidectomized
animals., Reinske, Willimson, and Turner (1942) found
thet iodinated protein differed from thyroid or thyroxin
in that no response was produced in tadpoles placed in a
golution containing the material inm the form of a sus-
pension, Metamorphosis was induced, however, 1if the
iodinated casein was given orally or by injection. Further
investigations at the Missouri Agricultural Experiment

Station have revealed that guinea pigs, mice, and rats



respond similarly when injected either with thyroxin or
thyroprotein, These findings greatly facilitated the
standardization of the material, since the 1lnjected-
thyroprotein animasls ocould be compared direotly with in-
Jeoted-thyroxin animels,

Parker (1943) fed iodinated casein in the diet at
the level of 0,025 to 0.2 per cent to Rhode Island Red
chicks until 12 weeks of age., He found the difference in
rate of gain to be of doudbtful slgnificance, although his
data indicated that at the proper level the ilodinated
casein-fed birds might effect a growth rate above the con-
trols, The differences 1ﬁ-ra£e of feethering were highly
aiguifiaant at the highor levels. Koger, Reineke, and
Turner (1943) treatad immaturb vingin female mice with
thyroaetive icdocasein by both oral and subeutaneaus ade
ministration, The treated animels gained more in body
welght and in total length thanftha'uontrols. Irwin,
Reineke, and Turner (1943) reported that thyroprotein, with
8 potency of 3.1 per cent that of thyroxin, mixed in a
basal mash at the level of 36 grams per 100 pounds of mash
produced slightly heavier White Plymouth Rock chickens at
12 weeks of age than the controls, When fed at levels
lower than 38 grams per 100 pounds of feed, the treated
birds 414 not produce gains different from the controls.
Ag the level of iodinated casein increased beyond 113 grams

per 100 pounds of feed, mortality increased and growth was



depressed, These workers concluded that from the standpoint
of both growth and feathering the preferred levels of io=-
dinated casein per 100 pounds of feed were 113 and 36 grams,
respectively, Later, however, Turner, Irwin, and Reineke
(1944) fed thyroprotein to Barred Plymouth Roék cotkerels

at the level of 485 grams per 100 pounds of feed. The treated
birds grew more slowly than 4id the ¢ontrols, and it was
oconcluded that the level (0.l percent of the fesd) was the
upper limit of tolerance for this breed without aagrnaaing
the rate of growth,

Wheeler, Hoffman, and Graham (1948) found that thyro-
protein at the level of 10 grams per 100 pounds of feed result-
ed in a significant increase in body welight of Rhode Island
Red males at 12 weeks of age. The treatment resulted in a
deorease in weight of the teates, sdrenals, thyroid, pituitary,
and comb weight of the males, Troated birds graﬁ faster than
the controls for the first six weeka. At 12 weeks of age, the
treated females were not significantly heavier than the con=
trols, although the treated males were significantly heavier
than the controls, Furthermore, the weights of the treated
males éppaared=mor$ uniform, Although the controls had more
abdominal fat at 12 weeks than the treated, the difference
was not signifieant,

Recent work has indicated that the diet is extremely
important in the role of action of the iodinated casein,
Robblea, Nichol, Cravens, Elvehjem, and Halpin (1948) found
that &8 thyrotoxic condition in the chick, induced by feeding
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desiccated thyroid or icdinated casein, was effectively
counteracted by supplementing the dlet with condensed fish
solubles or a concentrated liver extract. Increased growth
response was obtalned upon the addition of either iocdinated
casein or deslccated thyroid to a ration containing a suf-
ficient amount of fish solubles, These findings may in part
help to explain some of the varying results in use of thyrolid-
active materials at the different experiment stations,

Mueh speculation is in the literature of olden days re-
garding the functlon of the thyroid gland. According to
Schneider (1939), who made a complete historical review of
the literature, the older scholars thought that the function
of the thyrold was to lubrieate the larynx and pharynx., 3Sohiff
{1856), probably published the results of the first attempt
to study the function of the thyroid by the surgical removal
of the gland from dogs., A few of his operated animals lived
for a period of time after the operation. Most of them soon
died, however, with tetany. In all ocages, growth stasis
occurred, Work since the time of Schiff has definitely shown
that the lethal effects of thyroidectomy observed by him were
the result of the removal of the parathyrold glands with the
thyroid,

Greenwood and Blyth (1929) removed the thyroids from
Brown Leghorn chicks from 32 to 80 days after hatching. The
birds were weighed svery two weeks untll 38 weeks old, The
workers observed that the thyrolidectomized birds had lower

welghts than the econtrols.,
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Landauer (1929) reported, in a morphological and his-
tologlical study of a dwarf Rhode Island Red pullet, a
condition whioh‘hs thought was analogous to human myxoedema,
He desoribed the bird as having rugged plumage, d4ry skin.
and feathers, deformed beak and tongue, puffed eyes, re-
tardation in ths’bones of the body, and an enlarged thyroid,
His report included five other specimens revealing the same
type of dwarfism, He concluded that normal function of the
thyroid was necessary in the development of the skeleton
and plumage of the domestic fowl,
| Schwarz (1930), in a study of hypofunotion in Plymouth
Rocks, observed that thyroidectomy in males and females
resulted in a retardation of growth, a diminution in body
weight, and distinet changes in the feather structure, From
these observations, Schwarz concluded that feather pigmen-
tation and growth were dependent upon metabolic rate, He
believed that the hyperfunction of the thyrold caused an
increase in the growth of feathers; hypofunction caused
retardation in feather development.

Salmon (1936) removed the thyroid gland from the rat
on the firat, seventh, and fourteenth day after birth, His
results indicated that ihe earlier thyroidectomises had a
more marked affeot on growth rate than the later ones,
Zalesky and Wells (1937), in a study of the effect of
thyroidectomy on reproductive orgens in males of annual-

breeding gruound squirrel, found the body weight and
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testicle weight much lighter in those animals with no
detectable thyroid tissue., Payne (1944) found the body,
comb, and gonad weights below normal in chicks thyroid-
sctomized when young.

Blivaiss (1947), iu a very complete and detailed study
of thyroidectomy in the Brown lLeghorn, involving 98 com-
pletely thyroidectomized and 154 incompletely thyroidec=
tomlized roosters, observed increased obesity and decreased
feather growth rate in the thyroidectomized birds as com-
pared with the controls, At six months of age, seven
thyroidectomized birds had a body welght of 736,6 grams as
compared with 1564,8 grams for a group of similar controls.
Also, the head furnishings of the thyroidectomized roosters
were considerably smaller than normal at all ages observed.
Although the incomplete operatives never regched the weight
of the controls, they had & higher body weight than the
complete operatives, He found the growth curves of the nor-
mal and thyroidectomized roosters showed an increesing
divergence with inoreasing age, The percentage ratic of
body weights of thyroidectomized to normal decreased from
62,3 percent at one month of age to 47,0 percent at six
months, The ratio increased to 55.8 percent at 12 months
of age. This ratio change resulted from the continued
growth of the thyroidectomized males, whereas, the controls

reached their maximum around six months of age.
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Since about 1940, several workers have made intensive
studies on the effect of varlious drugs on thyroid aotivity.
The compounds which have been thoroughly studied are deri-
vatives of either aniline or thiourea. These éruéa have been
found to prevent the fowmmation of thyroxin by the fhyroid
gland, The thyroid gland becomes enlarged as a result of
the compensatory action of the thyrotropic hormone of the
anterior pituitary. Mackenzie, kiackenzie, and MMecCollum
(1941) observed thyroid hypertrophy in rats fed sulfaguani-
dine, Later Mackenzle and Mackenzie (1942) reported that
the thyroid hyperplasia produced by feeding sulfaquinidine
to rats could be prevented by the administration of thyroxin.
Richter and Clisby (1942) and Kennedy (1942) demonstrated
that phenylthiourea and allyl thiourea produced hyperplasia,
Mackenzie and Mackenzie (1943) reported that the feeding of
sulfaguanidine at the level of two or three percent for
varying lengths of time to two-week snd twelve-week old
chickens resulted in no fhyroid inhibition, Astwood (1943),
in an extensive stuﬂy of the relative effectiveness of 106
chemical compounds in inhibiting the function of the thyroid
gland in young rats, found 2-thiouracil to be the most
effective of the thiourea derivativeé. The drugs were ad-
ministered in the food or drinking water for a period of
ten days, The degree of hyperplasia, gross and microscopie,
provided an estimate of the activity of the drug. Mixner,
Reineke, and Turner (1944) found that 0.1 percent thiouracil
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or thiouraa in the aitz far 14 aaya 1nAWhiem Plymau%h Rogks
resulted in optimal dosagg fbr the production of maxinal
snlargement of the thyroid. When the ochicks were fed
thicurscil for 12 days, mmximuﬁ;ﬁhyrnid enlargement, ex-
pressed as thyroid weight in milligrams per 100 grams of
body weight, was obtained, The females exhibited a greater
thyroid response than did the malas. Nine different breeds
of chickens were given 0.1l percent thiouracil in the drinke
ing water, Thyrolds of the lighter breeds gave a greater
response than the thyrolde of the heavier breeds,

Eempster and Turner (1945) fed a ration containing 0.2
parcent thiouracll for a lé-day period beginning at ten wesks
of age, Orowth rate was unaffected but market grade improved.
When thiouracil was fed for a 38«day period, however, growth
rate was depressed. Andrews and Sohnetzler (1946) fed
thiouracil at various levels in a broiler ration to Barred
Plymouth Rocks between the sixth and fourteenth week of age,
Growth was retarded, OClazener and Jull (1946 b) found that
the feeding of thiocurasil at the 0,1 percent and 0,2 percent
levels in the mash from the second to the tenth week to
Barred Plymouth Rook x New Hempshire chicks resulted in
depressed growth rate, retarded feathering, and redusced comb
and testes size as compared with the eontrols, A sex d4iffer
ence was also observed regarding the thyroid enlargement, the
femalas having the greater response, These workers along with
many othars have obsserved that ﬁhiouraeil had esn effect on
the fowl similar to thyroidectomy,
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Dempsey and Astwood (1943) administered thiouracil and
thyroxin simultaneously to groups of rats kept at different
environmental temperatures. The amount of thyroxin needed
to maintain normal thyroid weight at the different environ-
mental temperatures was considered as an estimate of the
actual thyroxin output of normal animals for that temperature.
Since the gland varied directly with the rate of secretion
of the thyrotropic hormone and inversely with the concentra-
tion of the circulating thyroid hormone, an index of the
degree of thyrold activity was provided by the size of the
gland,

Applying the same method, Schultze and Turner (1945)
determined the rate of 4, l-thyroxin secretion by the
thyroid of the White Leghorn and White Plymouth Rock cock-
erel., The thyroxin sqcretion rate was higher on a body
weight basls for the White loghorn than for the White
Plymouth Rock. The thyroid secretion rate of the White
Leghorn was higher when the growth rate of the two breeds
was approximately the same, However, when the growth rate
of the White Leghorn was lower than that of the White
Plymouth Roek, which oocurred about the tenth or twelfth
week, the thyroxin seeretion of the two breeds on an age
basls tended to become the same, Growth rate and thyroxin
sectetion followed paralled trends up until 12 or 13 weeks
of age in the White Plymouth Rock male and up until 7 or 8
weeks in the White Leghorn male.
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Reineke and Turner (1945) reported that in the chicken
the 4, l~thyroxin is about one-half as effective as the l
form of thyroxin., Thyroxin produced by the thyrold gland
is in the l-form and 1s twice as active as the 4, l-form,

Eixner and Upp (1947) compared the thyroid activity of
hybrid "double cross™ chicks of Rhode Island Red and White
leghorn inbred stook with "single crossed" and lew Hampshire
x Barred Plymouth Rock cross. The ohicks ware started on
thiouraelil and &4, l-thyroxin injections at one day and con-
tinued until the chieks were 14 days of age. The results
secured indicated that the hybrid ohiocks had a higher level
of thyroxin secretion than the single inbred crosses or

the liew Hampshire x Barred Plymouth Rook cross,
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MATERIALS AND PROCEDURE

A rapid-growing and a slow-growing strain of both New
Hamphires and Barred Plymouth Rocks were used in this study.
The strains were chosen on the basls of previous experi-
mentation and knowledge of thelr performance. One strain
each of New Hampshires and Barred Plymouth Rocks had been
developed for bdroiler qualities, The other strain of each
breed had been bred primarily for egg production qualities,
Eggs were secured from the orginator of these strains, The
New Hampshire eggs were hatohed in the fall of 1947 and the
Barred Plymouth Rook eggs in the spring of 1948 at the
University of Maryland, The rapid end slow-growing strains
of New Hampshires were designated as strains A and B and
the rapid and slow-growing strains of Barred Plymouth Rocks
were designated as strains C and D, respestively., The
prodedure from hatching time until 12 weeks of age was
approximately the seme for the two breeds,

At hatching time, the chicks were sexed., The males and
females were handed and the number of sscondary wing feathers
counted on the right wing of the males, The males were divided
at random into five lots, The controls were fed University
of Maryland Broiler Mash; see Teblé I, The four other lots
were fed University of Maryland Broiler Mash and thyroprotein,

whioch is known as ilodinated casein, thyrocasein, iodinated



TABLE I, University of Maryland broiler mash,

Ground yellow ¢Orn---—==-- v ———— 400
Ground heavy oatB-wrswccwecncuwananws=300
Wheat middlingde-—cveoecmecancmmaeneaw"300
Wheat brale-—ec—wmcemommmecne——- amrmeaa B850
Soybvean oil maal~---«--~-~----------*;zoo
Corn glutten me@leccccccccccwwcoveea==150
Alfalfa leaf meal 100

M@at Ml’ﬂp’--’-m—---—'- > —--.---..100

Dried whey

or other milk produdttlec—ecacccnancwwesH0
Rivoflavin concentrate~—ee—-- ————————
Oyster shell or limestone- - e e S

Bone meal or .
defluorinated roek phosphatew~wecvansacw=ll

IOd ized Bal tnn - > - G T - > lo

Vitamin A and D feeding Oll-wmcccmene—ead

Manganese sulfate---—-ceomcccnmcacana." -

Protein : 21 percent 20003
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protein, or commercially as Protamone, The levels of
thyroprotein fed to the four lots were 5, 10, 15, and 20
grams per 100 pounds of faed. These levels were deter-

mined on the basis of previocus work and preliminary studies
made at the University of Maryland, The controls consisted
in each strain of from 40 to 50 chicks, and the thyro-
protein~fed lots consisted of 12 to 15 chicks each, depending
on the size of the hatch, The hatchability was very good

in all strains except strain D, Sexing wes betwsen 80-85
percent acegursate,

The five lots of male ohicks were placed in electrically
heated batteries, Conditions were made as comparable as
possible for the two strains in relation to space and position
in the batterf. Thay were fed their respective diets ad
1ibitun, ,Fegd.eansumption was recorded aopprately for each
lot and strain, Feed westage was kept at a minimum by shields
below the feeders. At six weeks of age the birds were trans-
ferred to growing batteries. All of the chickens were kept
on experiment until 12 weeks of age. No record was kept of
water consumption, Individual weekly welghings were made
to the nearest gram on a Toledo Scale, Fedd consumptian was
calculated at the time of welghing. All chicks were starved
for a short time before weighing in an attempt to have as
uniform conditions a&s possible.

In addition to counting the number of sscondaries at

hatehing time, feather observations were made at ten days,
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three weeks, eight weeks, and twelve weoeks of age. Tail
feather observations at ten days were classified into two
groups: (1) true tail feathers about one-half inch in length,
and (2) no tail feathers. Feathering at three weeks was
classified as (1) feathers, approximately one-half inch wide,
covering the length of the back, and\(ﬁ) no back feathers,
Body feathering at eight weeks of age was classified into three
groups: (1) body fully feathered, (2) back feathered, bare
hips and sides, and (3) bare-backs and bare-sides., At 12 weeks
of age a record was made of all birds having bare-backs, For
illustrations of different feather classifications, see Figures
1, 2, 3, and 4,

At oight weeks of ege the length and width of the combs
of all cockersls were measured,

The females of sach straln were divided into five lots
at three-week intervals, The lots for sach strain were made
a8 nearly equal as possiblae on the basis of body weight at
the boginning of the threso-week period, One lot served as
controls and four lotes were fed thiouracil at the lavel of
0.1 pereent in the feed. Simultaneously, with the feeding
of thiouraeil, ﬁﬁyroxin injections were made daily at four
different levels, Thiocuracil was fed to inhibit the normal
secretion of thyroxin, Thyroxin was then added daily at
four differesnt levelg for a three-week period in an attempt
to determine the relative amount of thyroxin naturally

secreted by each strain at a given age.
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Fienre 1, Wine feathering in a dey-old chick,

The nrimaries (p), coverts (c¢) and the secondaries

(s) at hatchine time,
nivber of geescondaries,

Te atrains differed in the



Figure 2. Feathering at ten days* The chick on the
left has no tail feathers; the chick on the right has
tail feathers.

Figure 3. Feathering at four weeks. The chicken on
the left has hack feathers covering an area about one-
half an inch in width. The chicken on the right has
feathers at the base of the tail, but no back feathers.



Figure 4« Feathering at eight weeks,
(a) cockerel corn'olebel.g feathered, (b)
cnc”"r*ei wthh bach f*eathered bnt bins
bare, (o) cockerel, with both back and
bias bare.

23
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ANALYSIS OF DATA

Analysia of variance technique was used to determine
if the differences in body weights améng the four levels
of thyroprotein-treated lots of mélge were significantly
different at three, six, nine, or twelve weeks of age.

The F and T-testswere used throughout to test for signif-
icances among treatments and strains,

Feed efficiency was calculated as a function of live
weight., Spillmen and Leng (1924) present the idea that
the law of diminishing increment expressed with a high de-
gree of accuracy the relationship between iive weight and
feed consumption in animals, Jull and Titus (1928) modi-
fied the Spillman equation and secured a close agreement
between observed and expected values in the growth of
chickens, Hendricks (1931) rewrote the original Spillman
formula into a simple linear regression, solved by the
method of the least squares.

Hendricks, Jull, and Titus (1932), Titus, Jull, and
Hendricks (1934), Hess, Byerly , and Jull (1941), Glezener
and Jull (1946a), Hess and Jull (1948), and HoCartney and
Jull (1948), have found the principle applicable to feed
efficieney studies in poultry. In using the principle of
diminishing increment, efficiency was plotted as a funotion
of live weight. The equation used in the investigation was
E = C kW,
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In the formula, E_« gain for the period
feed consumed for the period

and W = W3 ~ Wg . in whioch W]l was the weight of the chickens
at the begiining of the week and W2 was the weight at the end
of the week, "C" and "k"™ are constants whose values were
determined by the use of the least squares method, "C"

might be thought of as the theortical maximum efficlency if
no feed were used for maintenance and "k" as the maintenance
requirement per unit of feed.

Rate of feathering was classifled according to the
desoription in the procedure and analyzed on an index basis,
When two classifications were used, the top class was soored
100 and the bottom class 50, ¥When three classifications
were used, the top class was scored 100, the middle class
67, and the bottom class 33, Comb products for the males
were calculated from the length x helght of comb at eight
weeks of age. Jones and Lamoreux (1943) showed that the
product of the length and height of the comb gave higher
coefficients of correlation with comb weight than 41id the
measurement of length, height, the sum of the length and
height, or the square root of the product of the length and
height.

At tliree week intervals, relative thyroxin secretion
rates were ¢ omputed for the females fed thiouracil on the
basis of thyroid weight as a function of the dosage of

thyroxin,
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RESULTS AND DISCUSSION

The experimental results indicate rather conclusively
that differences existed in the strains and in the response
of the strain to treatment., In analyzing the data by the
analysis of variance technigue, differences in body weights
of the four thyroprotein fed lots ( 5, 10, 15, and 20 grams
of thyroprotein per 100 pounds of feed) were not significant
within eny of the strains at three weeks. At six,nine, and
twelve weeks of age, however, significant differences in
body weights among treatments within a strain were observed
in strains B and C. Although in strain A the average body
weight appeared more depressed at the higher level of thyro-
protein feeding, no significant difference among the four
levels of thyroprotein on the basis of body weight was
found. In strein D, thyroprotein feeding appeared to
stimulate growth somewhat, No significant difference weas
found among the various levels in this strain.

By further analysis, no slignificant difference in
body weights was found among treatments within any of the
strains fed thyroprotein at 5, 10, and 15 gram level at
six, nine, and twelve weeks of age, In this investigation
and in preliminary work at the University of Maryland, the
20 gram level of thyroprotein in the ration used here seemed

to have had a depressing effect, This observation probably
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explains the reason for the significant difference in body
weights among the four levels of thyroprotein-fed birds,
as thls difference was removed when comparing the lots fed
at the 5, 10, and 15 gram level.

Since no significant difterenea was found among the
body weights of the lots fed thyroprotein at the lower
levels within a strain, these three lots were combined and
compared wiﬁh the like controls at three, six, nine, and
twelve weeks of age. As Table iI clearly shows, a strain
difference is definitely present as early as the third week,
The New Hampshire strains, strains A and B, differed sig-
nificantly in body welght from the third ﬁhraugh the twelfth
week, as also did the Barred Plymouth Rock strains, C and D.

Thyroprotein freeding seemed to have a depressing in-
fluence on the growth rate of the rapid-growing Hew Hampshire
strain A throughout the l2-week period. As the graph in
Figure 5 shows, the thyroprotein-fed birds appeared some-
what better than the controls during the sixth and seventh
week of age. This difference, however, was not significant,
and from the eighth week untlil the birds were taken off
experiment at twelve weeks of age, the controls appeared
better than the treated,

In the New Hampshire strain B, and in the Barred
Plymouth Roek strain C, the treated birds were significantly
heavier than the controls from six weeks until the end of

the experimental period. In strain D, the treated birds
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appeared somewhat heavier in body weight than the controls,
although the differences were small and not significant,
The graphs, Figures 5, 6, 7, and 8, show the growth rates
of the control and thyréproteiﬂ-fed birds for the four
strains,

In viewing the results, the gquestion naturally arises,
why does strain A eppear to be depressed with thyroprotein
feeding? Why is the growth rate of strein D, not signif-
jicantly inoreased? Probably strain A hes more nearly reached
its optimum physiological limit as far as thyroid activity
is concerned than has strain B, Therefore, the feeding of
thyroprotein ocaused an inorease in thyroid activity veyond
its optimum level of efficiency, possibly resulting in higher
')faad requirement for maintenance, On the same basis, strain
B does not seem to have reached its peak of performance from
the standpoint of thyroid activity. 'I'im feeding of thyro-
protein, therefore, at the proper dosage l:vel resulted in
a signiflicant increase in growth rate over that of the con-
trols, Strain B, however, was not stimulated to the rate
of growth of strain A, The average weights of the controls
of strain A were 487, 996, and 1463 grams at six, nine, and
twelve weeks, respectively; however the average weights of
thyroprotein-fed strain B were 439, 812, and 1221 grams at

slx, nine, and twelve weeks, respectively.
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As Teble II shows, both of the strains that were sig-
niricantly stimulated had very similar rates of growth for
the first nipe weeks, yet neither of them was stimulated
by thyroprotein feeding to equal the controls of strain A,
Strain ¢ appeared somewhat better in response than strain
B, At twelve weeks of age, strain C thyroprotein-fed males
weighed an average of 117 grams more than strain C controls,
and at the same age strain B thyroprotein-fed males weighed
an average of 88 grems more than strain B controls., Thyro-
protein feeding had no significant influence on the growth
rate of strain D,

Palmer, Kennedy, Calverley, Lohn, and Weswig (1946)
found that anterior pituitary growth harmone promoted
growth in their strains of rats, but the amount of stim
lation was limited within inherent limits, They found that
strains of rats with a lower order of efficiency were affected
less definitely toward the attalnment of a higher efficlency
level than some of the mofe ofriaiant.straina. These workers
also reported that periodic administration of desiccated
. thyroid :edﬁsgd thb<§:f1oianey‘and'SKeletgl léngth of the
male rate of the more érrioient strains but axa'ncu sig-
nificantly affect these characteristics in the less

effioclent strain,
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Mean body weights and standard errors for controls
and thyrcprctein—-red cockerels according to strain

Heeks B
Body weights in grams
3 Control 180.5 *4.1 147.4 *4.3 151.2*4,9 130.4 14,8
Treated 179.8 13,6 151,1*2,3 l6l.,2%+4,6 136.1*3.8
8 Control 487,.5% 9,9 385,9r11,1 371.3%f11.7 331.3%fll.4
Treated 504.7%10,4 438,6*10.8 448.2*12,8 345,2%13.4
g Control 996,.2%r29.4 743,2122,0 1779.9%20.8 632,9125.0
Treated 951.1:21,1 812.5820.4 8B60,2*17.5 649,323.1
12 Control 1462,7*33.3 1133.2%29.2 1247.0+29.5 978,5131.4
Treated 1392.5:28,6 1221,0:29.7 1354,5*19,.3 1033,6t28,5
Number per group:
Control (39) (386) (34) {(29)
Treated (39) (34) (33) (32)
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Although thyroprotein feedlng appeared to have a de-~
pressing effect on the growth rate of strain A, fewer of
the treated birds as compared with the controls weighed
below 1200 grams at twelve weeks of age., Llikewise, nome
of the treated waighad'muuh abova'1760 grams; whereas some
of the oontrols weighed over 1800 grama at twelve weeks of
age; see Figure 9. As compared with the controls, fewer of
the thyroprotein-fed birds in the lower classes welighed less
than 1000 grams at twelve weeks. Furthermore, none of the
controls weighed over 1400 grams, Some of the treated birds,
however, weighed more tpan,l§50'grama; sae Figure 10,

Strain C gave excellent response to thyroprotein feed-
ing, DNone of the thiroprotein—rea birds‘weighaaiiiau_tﬁan
1100 grams at twelve weeks o0f age, On the other hdnd, several
controls walghed as law as 900 grems at the same age, In
the upper classes of hd&y;ueight, soms of the treated birds
weighed higher then 1600 grams, Whereas the controls did not
welgh much higher than 1500 grams, In strain D, little
difference was observed in the distribution of weights at
twelve weeks of age; see Figures 11 and 12,

Wheeler, Hoffmen, and Graham (1948) reported signifi-
cantly less varliebillty in the thyroprotein-fed Rhode
Island Red cockerels than in the ocontrols. Thyroprotein
feeding ssems to have particularly eliminated some of the

poor growth in strains B and C in this study., Perhaps low
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thyroid activity is the cause of some of the runts in grow-
ing flocks of chickens, ZEven in the rapid-growing strain
A, the number of birds with the lower body welghts was
less in the treated group than in the controls. On the
other hand, fewer of the treated birds in Strain A were in
the upper classes, Although thyroprotein feeding may
stimulate growth and reduce variability, the response of
a particular strain to ireatment should be aonéidared. The
genetic-physiologlical relationship cannot be overlooked,
The poorer strains seemed to have less central ten-
dency of distribution and less homogeneity than the better
strains. This observation appeared to be pérticularly true
in comparing strains C aﬁd D, Palmer, Kennedy, Calverley,
Lohn, and Weswig (1946) reported that in their strains of
rats there was somewhat more variation among the low-
efficiency satrains of males than among the high-efficiency
strain males when the energy requirement was determined
both on the body weight and on the body surface basis.,
Efficiency for the four strains with the respective
levels of thyroprotein was c¢alculated as & function of
live welght; see Figures 13, 14, 15, and 16, This type
of analysis appeared most satisfactory for analyzing
officiency of feed utilization, Comparing weight as =
function of feed consumption is not satisfactory as it
does not consider the element of time, Winters and liciiahon

{1933) pointed out that the average efficiency obtained in
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gsteers by dividing the gain by the total digestible nutrients
was probably not a satisfactory method, These workers found
that the calf which consumed little feed but continued to
grow showed & satisfactory weight increase per unit of fead
consumed, Although the equation used, E= C - kW, does not
consider the slement of time, Hess and Jull (1948) found
that errieionny values obtained at 500 grams of body weight
were almost identical wiuether the chickens were raised to

a definite weight or & definite time, They also found that
the agreement was still fairly satisfactory at 1000 grams
body weight,

The two strains that were significantly stimulated,
strains B and'c, seomad to respond well to the 5 gram level
of thyroproteln feeding. At 500 grams of body weight, both
of these strains were superlor in feed utilization to their
respective controls, As Table III shows, efficiency at the
500 gram weight dropped as}the amount of thyroprotein was
inereased to the higher levels, Yet, 1t will be recalled
that the average body welights of the birds fed thyroprotein
at 5, 10, and 15 gram levels were approximetely the same,
On the other hand, efficiency at this body weight is
apparently somewhat superior at the lowest level of thy-
roprotein feeding. This emount is8 & lower level than has
been previously recommended for growth, Wheeler, Hoffman,

and Graham (1948) reported that they found 10 grams of
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TABLE III., Values of constants in the formula E = ¢ . kW,
Calculated valuea for E at 500 grams and 1000

thyroprotein c K E when E when

100 1b, = LE)
Strain A 0 .468  ,000203 .367 265
5 .396  ,000153 .320 .243
10 .384 000155 .307 .229
15 .378  .000135 .311 243
20 .384 ,000152 .308 .232
Strain B G 431 .000261 301 .170
5 .445 000256 317 .189
10 .332  ,000111 <277 .221
15 369 ,000213 .263 156
20 .297  ,000096 <249 201
Strain C 0 .464  .000244 .342 .220
5 458  ,000147 . 385 311
10 373 ,000171 .288 208
15 .402  ,000164 320 .238
20 .365 ,000204 263 .161
Strain D 0 .389 ,000259 260 .130
5 .372  ,000357 .244 .116
10 .274 ,000076 .236 .198
15 .428  ,000235 .311 193

20 . 329 » 000158 « 250 171




thyroprotein per 100 pounds of feed to be approximately the
optimum level, Other workers have suggested higher levels,

In looking at the efficiency values for 1000 grams of
body weight in strains B and €, it appears that at the end
of the growing period, some of the lots on the higher levels
of thyroprotein may have developed & tolerance. licore (1947)
reported thet in feeding thyroprotein to cows, the cows dropped
in body welght for the first few woaks‘aftar,raeaing,ishan
had a tendency to gain this loss back after a period of
time if fed sufficliently,

Since, however, efficiency is & negative function of
live weight by formula E = C « kW and since Hess and Jull
(1948) reported that agreement of time and welght was not
a8 clogse at 1000 grams of body weight as at 500, feed
utilization was caloulated at twelve weeks of age on the
basis of gain per unit of feed; sese Table IV, Feed effi-
oiency in strains B and C at 12 weeks of age was better in
the controls than in the lotas fed thyroprotein at the levels
of 10, 15, and 20 grams, Although better growth than that
in the ocontrols may be obtained by feeding these levels of
thyroprotein, probably this inoreased growth is not eco-
nomical on the basis of feed consumption, With the diet
used in this investigation, probably about 5 grams of
thyroprotein per 100 pounds of feed is the optlmum dosage.
For strains A and D, thyroprotein was apparently of little

value, In fact, in strain A the treatment was a definite
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TABLE IV, PFeed utilization at 12 wesks of age according to
strain and treatment,
Grams of thyroprotein per 100 1b.
Strain Control 8 10 15 20
B . 268 «373 +253 «240 239
c + 288 318 « 264 +279 . 261
J3) « 254 .210 +208 « 2289 218
TABLE V., The mesn number of secondary wing feathers at
hatching time acgording to strain,
Mean number and standard error
Strain A 7.73 * ,080
B 5,97 £ ,016
C 5,88 * ,098
D 4,97 * ,011
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hindrance to growth, Although the 15 gram level of thy~
roprotein feeding looked fairly good in strain D, the
results were extremely erratic in all lots of this strain,
Vander Noot, Reece, and Skelley (1948) reported that the
daily feeding of either 0,075 or 0,15 gram of thyroprotein
per 100 pounds of live weight had no influence on gains in
body welght or the amount of feed consumed per 100 pounds
of gain in pigs. On the other hand, the feeding of 0,225
gram did not influence gains in weight, but this level

did increase the amount of feed consumed per 100 pounds

of gain,

At the time of hatehing, the number of secondary wing
feathers in the right wing was recorded., OStralin A differed
significantly from strain B, and strain C differed sig-
nificantly from strain D; see Table V., Darrow and Warren
(1944) and Glazener and Jull (1946¢) showed that the number
of secondaries at hateching time was a good measure of early
feathering,

The ohicks placed on thyroprotein and the ocontrols
were observed for degree of feathering at ten days, four
weeks, oight weeks, and twelve weeks of age., None of the
straeins except strain A had tail feathers at ten days.
Strain B feathered very slowly the first few weeks, Some
of the birds were a month o0ld before showing tail feathers
one-half inch in length. At twelve weeks of age, all strains
were fairly well feathered, Strain A was feathered most

completely.
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As was previously explained, a feather score was used.
When three c¢lassifications were used, birds were scored
100, 67, and 33; when two classificatlions were used, they
were scored 100 and 50, See Figures 1, 2, 3, and 4., Table
VI glves the averags feather indices according to strain and
treatment. Thyroprotein feeding appeared to stimmlate feather-

ing at four and eight weeks of age in all strains except
strain A, The higher levels were most effective in stimilating
feathering at these ages, At twelve weeks all lots within
a strain had approximately the same degree of feathering.,

At eight weeks, the comb areas were calculated in square
centimeters for the cockerels of all strains, Jones and
Lamoreux (1943) reported that length x height of comb gave
& high correlation with comb welght. DBy analysis of variance,
no significant differsnce was found in comdb areas among the
four levels of thyroprotein-fed lots within a strain. The
different lots were combined and analyzed for comb arsa
approximately the same as for body weight.

The rapid-growing strain of sach breed had a much larger
comb than that of 1ts respective slow-growing strain, Probably
the birds of the rapid-growing strain had a higher gonadal
activity, Jaap (1947) reported that the combined weight of
the testes of day-o0ld chicks varied from 2,0 to 28,7 milli-
grams, Large testes size appeared to be an embryonic meni-
‘festation of early sexual development and was associated
with rapidity of growth rate in the early post-embryonie
period,
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TABLE VI, iean feather indices at ten days, four weeks and
eight weeks in cockerels according to strain and

level of
thyroprotein Ten days Four weeks Eight weeks
per 100 1b, 4 ,
Strain A 0 98 96 82
5 97 97 78
10 84 100 77
15 100 100 78
20 90 90 74
Strain B 0 g — 58
5 - - 62
10 - —-— 87
15 - - 67
20 - —-— 67
Strain ¢ 0 - 66 64
5 - 82 76
10 - 83 70
18 - 79 78
20 - 86 87
Strain D 0 - 54 50
5] -— 59 50
10 - B9 5]
15 - 60 60
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The comb areas of the treated lots of strains B and
C were significantly larger than the oomb areas of the
controls of these strains; see Table VII, Wheeler, Hoffman,
and Graham (1948) reported that thyroprotein-fed Rhode
Island Red cockerels had a significantly smaller comb weight
than did the controls. These workers, however, recorded
comb welghts at twelve weeks of age and raised their chickens
under environmental conditions different from those 1in the
present experiment,

To further study the relative thyroid activity of the
various strains, the technique of feeding thiouracil and
simultanecusly injeoting graded dosage of thyroxin was
employed. Dempsey and Astwood (1943) reported that in rats
the technique of feeding thiourecil simultaneously with the
injecting of thyroxin resulted in hyperthyroidism for the
first few days. The rats not only had the thyroxin that was
injected, but alsc that from their own glands, as thiouraelil
did not stop the natural secretion immediately. To overcome
this weakness, in this experiment the first lot of New
Hampshire pullets was [(ed thiouracil for three weeks bafore
starting the injections of thyroxin, This procedure was
not found satisfactory, however, Irobably a few days of
pre-treatment with thiouracil would have been satisfactory,
but three weeks was too long. Dempsey and Astwood (1943)
reported that with an assay period as long as two weeks,

this early error of hyperthyrcoidism had a tendency to correct
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TABLE VII, Mean comb areas for coockerels at«aight woeks

i ac acrdin k g e A bt oL e < e .h...., et i e ,L-; o)
om
( 8q. om, )

Strain Controls Treated
A 10,15%0,.6 10.,19*0.6
B 30?81003 4:«491’0;2
c 10.7210.7 11.81%0,6
D 3.58%0,3 3.27+0,2

TABLE VIII. Relative daily thyroxinl! secretion rate for

JLlhree agsay perioda ip four strains of females,
3-6 wk. 6-9 wk. 9-12 wk.
{ amnma ( gamma ) gamma
per bi _..{per bird) , (per bird)

A (85)%  aeaa (285) 23.4 (12) 27.1

B (25) - (25) 18,8 (11) 26,0

¢ (25) 18,9 (25) 26.6 (22) ——

D (21) 13,4 (25) 23.0 (17) ——

lsgcretion rate caloulated on the basis of Crystalline
d, l-form, which is only one-half aa active as the l-form
produced by the gland,

2Refers to the number of birds per lot.

B e e
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itself, Rats that had been allowsd a period to exhaust
their natural supply of thyroxin d4id not differ signif-
fcantly from those simultaneously fed thiouracil and
injected with thyroxin for the two-week pericd. Sehultze
and Turner (1945) employed & similar method in determining
the relative thyroxin secreting rate of White Leghorns and
#White Plymouth Rocks.

Five comparable lots of approximately five females
each were selected from each strain at the beginning of an
assay period., One lot served as the control, and four
other lots were fed thiouracil and injected thyroxin at
four levels. Assays were made over the following three-wsek
periods: 3-8, 6-9, and 9~12 weeks., At the end of the assay
period, the sixth, ninth, end twelfth week, the birds were
killed and their thyrolds extracted and weighed., The weight
of the gland in milligrems per 100 grams of body weight was
then plotted as a function of the level of thyroxin dosage.
The amount of thyroxin necessary to maintain the gland at
the aize of that of the control was considered the relative
amount of thyroxin naturelly secreted by the females of
thet strain. The amount secreted was calculated by means
of the least squares method., The 3-6 week period for the

two strains of New Hampshires was lost because of the long
pre~treatment period with thiouracil, and the 9-12 week
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periocd of Barred Plymouth Rocks was lost because thres
dosage levels given were too high. The dosage levels
had to be established for eash thres-week period by
speculation and interpolation from the previous period,

Table VIII shows the relative amount of thyroxin
secreted by each strain for the three periods., Since the
assays were at different times of the year and were uged
with different solutions of thyroxin, comparisons should
only be made between strains of the same breed.

As Table VIII ghows, the rapid-growing strains had a
relatively higher daily level of thyroxin secretion than
did the slow-growing strains., This result seems logilcsal,
as Turner and Schultze (1945) found that growth rate and
thyroxin secretion rate followed parallel trends,

Since thyroxin secretion was calculated on the basis
of thyroid/body weight ratio to dosage of thyroxin, the
question arises: Is the greater body weight of the rapld-
growing strains the result of more active thyroids, or is
the greater thyroxin production the result of the greater
body size of the rapid-growing strains? Which is the cause
and which i8 the effect? To partially answer this question,
the average body welght of the slow-growing strain at nine
weeks was figured as a percentage of body weight of the
rapid-growing strain., Strain B was found to weigh 88 per

cant of strain A, and strain D was found to weligh 91 percent
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of strain C, If the strains were seoreting entirely om

the bhasis of body size, strain B should have secreted 88
percent as much thyroxin as did strain A, and strain D Ql
percent as much thyroxin as strain C, If this were true,
strain B should have secreted 20,7 gamma of thyroxin per
day, and strain D should have secreted 24,1 gamma of thyroxin
per day. These two strzins, however, secreted less than
this amount of thyroxin; see Table VIII, These results seem
to indicate a higher thyroxin segretion in the females of
the rapld-growing strains, At twelve weeks of age the two
Hew Hampshire strains were practically equal, The standard
error of the.ecetrieient‘bf regressidn was determined in

the least squares equation,Y = a - bX, and the differsnces
in the coefficients were found not to be significant at

this age.

Although the thyroid gland probably does not naturally
release a single output of thyroxin as was done by the
injections, the method employed did give the relative amount
of thyroxin required daily, allowing comparison between
strains in a breed., This measurement may be an indication
of the activity of the anterior pltuitary as well as of the
thyroid gland,



SUMMARY

A rapid-growing and a slo g strain both of New
Hampshires and Barred Plymouth Rocks were used in this ex-
periment. The cockerelas were fed thyroprotein at the levels
of 5; 10, 18, and 20 grams per 100 pounds of feed., OGrowth
rates, feed efficiency, &nd rate of feathering were measured
in all lots of each straln until ths birds were twelve woeks

of age. Comb measurements were made at elght weeks, Data
woere analyzed by statistical proocedures,

The females of the rapld-growing and slow-growing strains
were simultaneously fed thiouracll and Iinjeoted with various
laevels of thyroxin for three-week asssy periods., The thio-
uracil was fed to inhibit the normal thyroxin secretion, Thy-
roxin wes then injected daily at four differant levels to
dotermine the relative amount naturally seoreted by the gland,
The females woere killed at the end of the assay period and
their thyroid glands extracted and weighed, The amount of
thyroxin necessary ¢to maintain the gland at lts normml size

was used as & measure of the relative dally seoretion rate.
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CONCLUSIONS

1. The rapid-growing strain of New Hampshires was
depressed in rate of growth by feeding thyroprotein.

2, The lots of slow-growing New Hampshires and rapid-
growing Barred Plymouth Rocks fed thyroprotein at the lower
levels were significantly heavier than their controls from
the sixth through the twelfth wesk.

3, Five grams of thyroprotein per 100 pounds of feed
was optimum for growth and feed utilization for the ration
used,

4. The poorest strain from the standpoint of broiler
qualities, Barred Plymouth Roocks, was not significantly
stimulated by the feeding of thyroprotein at any of the
levels used.

5. Thyroprotein feeding, particularly at the higher
levels, stimulated feathering at the ages of four and eight
weeks, in the slow-growing New Hampshires, and in the rapid-
growing and slow-growing Barred Plymouth Rocks.

6, Nelther the slow-growing New Hampshires nor the rapid-
growlng Barred Plymouth Rocks was stimulated to equal the
normal growth rate of the rapld-growing New Hampshires,

7. Inherent limits appeared to control the amount of

stimulation posslble within a strain.,
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8. The females of the rapid-growing strains had a
higher level of thyroxin secretion than did the slow-
growing strains during the growing period.

9. The difference in rate of seoretiocn of thyroxin
of the two New Hampshire strains wes less at twelve weeks
of age than during the earlier growing period,

10, Tha results indicated that each strain has a
physiological optimum level of thyroid agtivity for growth,
feed utilization, and feathering.
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