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ABSTRACT

The effect of feeding broiler breeder hens, 0, 5.5, and

16.5 g. of thyroprotein (ru¡ per 100 kg. of ration for L96
consecutive days (ZZ to 50 weeks of age) was studied to as-

certain if any response \^/as elicited relative to egg production and weight, body weight gain, feed efficiency, fertility,
hatchability, length of hatching period, viabiliEy of progeny,
mortality and certain aspects of thyroid function. The Hycel
Protein Bound Iodine (p¡f) and a modified Tetralute method
\^7ere

used to determine plasma levels of thyroid hormone(s) in

the hens and their day-old and two-week old progeny. As a
segment

of this study experiments were conducted with broiler

replacement pullets from 8 to 22 weeks of age to determine if
TP feeding could reduce their mature adult body weight. In

conjunction wiËh this, comparisons \^/ere made with similar birds
on a lysine deficient ration and a TP free conËroI.

At all levels used, broiler breeder hens fed

TP produced

significantly more eggs, and utilized their feed with greater
efficiency than did the controls. At both levels of TP feeding
body weight gain and egg weight was lower than for those on the

control diet.
all levels.

Livability

responded positively to TP feeding at

However, it had no influence on yolk weight, shell

thickness or hatchability.

On

the other hand, only the high

level of TP feeding (f0.S glL00 kg.) increased fertility.
Eggs from birds fed the L6.5 g. level required from 6 to

L2

hours longer to hatch than did eggs on the other treatments.
The body weight

of day-old chicks from TP treated hens was not

significantly different from chicks on the control ration.
However, after being fed a commercial starter diet f.o'r 2 weeks

immediately post hatching, chicks from the dams that had been

fed the 16.5 g. TP level weighed significantly less than did
chicks from the hens that rúere fed the 0, or 5.5 g. levels of
TP.

The TP dietary levels imposed between 8 and 22 weeks

of age did not influence total feed intake, mortality,
weight gains of the birds.

ration

consumed more

the birds on the lysine deficient

feed than did the controls or the TP fed

groups. In the lysine deficient group during the
the birds

body

consumed more

same

period

feed than the controls or the TP fed

group but their body weight gain and mortality levels

showed

no significant differences.
Throughout the laying period, the plasrna PBI level of

birds on the control ration tended to parallel their rate of
production. Birds that received either level of TP \,vere found
to exhibit plasma PBI levels hígher than and not in phase with
the rate of lay.

0n the other hand the plasrna thyroxine-iodine

(T4-I) levels for birds fed both levels of TP did not follow
the egg production pattern but they rrere also constantly

above

the T4-T plasma levels present in birds on the TP free diet.
Plasma PBI and TO-I values

treated hens
when these

\^7ere

for day-old chicks from

TP

consistently higher than the controls but

levels were measured at two weeks of age they

closely approximated the control values.
Thyroprotein fed to broiler breeder hens at the rate of

5.5 g/100 kg. diet enhanced egg production, lowered mortality,
reduced adult body weight and produced no detrimental effects

on fertility,

hatchability and viability

of offspring (to

L4

days of age). It should be noted that hens fed TP at L6.5 g.

per 100 kg. of diet

showed evidence

of delayed hatching time

and the progeny at 2 weeks of age weighed less than the con-

trols.

rn other respects they responded similarly to the

on the lower level of TP feeding.

hens
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INTR.ODUCTION

Dietary thyroprotein has had limited experimental

use

as a means of stimulating egg production with commercial strains

of Leghorn hybrids. The results have not been consistent" It
has been hypothesLzed that total egg production may be related

to the level of thyroid activity and thyroxine secreted by the
hen.

Broiler breeder females have long been noted for their
obesity, short production cycle, high incidence of broodiness
and low egg yield per bird.

Virtually no experiments have been

conducted with broiler breeder females that measured their
response to dietary thyroprotein.
The study herein reported was conducted with heavy

breed birds in an attempt to evaluate Lhe effect of dietary

thyroprotein on egg weight, fertility,

hatchability and haEching

Ëime, feed consumption, feed efficiency, body weight gaLn, via-

bility

of the progeny from thyroprotein fed hens, mortality

and

certain aspects of thyroid gland function.
As an adjunct to but Ímmediately preceeding the trials

with broiler breeder layers, a study was conducted to determine
whether dietary Ëhyroprotein could be usefully employed to con-

trol the mature Ìveight of broiler breeder pullets prior to

and

following Ëhe onseË of production.
thyroprotein a low-lysine diet
old pullets as a
comparaËive data.

means

was

In addition to dietary
also fed to 8 to 22 weeks

of limiting body weight and providing

LITERATURE REVIEI,I

%

of the Thyroid Gl4nds in Chickens
several researches have studied the role of the thyroid
gland in growth and egg production in the domestic fowl
(!'linchester, Lg39; Tayror and Burmester, Lg40;
Rol-e

r,rinchester,

Comar, and Davis, L949; ilinchester, and D¿r¡is,
LgsZ; Win_

chester and Scarborough, 1953). procedures used by these
workers involved thyroidectomy (either having the gland

re_

moved anatomically

or destroyed radioactively) and reprace_
ment therapy through the injection of thyroxine.
The results
were conclusive., Levels of circulating thyroxine play
a
definite role in the growth of the chicken, although
Ëhe

absence of it was found to exert no effect on body
weight
changes of fully groT,rrn hens. Thyroidectomy caused

a decline

in egg production and replacement therapy as described
by
I.linchester and his associates was effective in ::estoring
egg
production to the control level.
rn the early nineteen twenties and thirEies, desiccaËed
thyroid Lissues of mammals rùere often uËil Lzed in thyroid
function studies in chickens (Crew and Huxley, Lg23;
Crew,
L925; cole and Hutt, TgzT; Asmundson, 193r; Asmundson and
Pinsky, 1935). crew and Huxley (tgzs) faite¿ ro demonstrate

4

any appreciable increase in egg production in hens which

administered small ouantities of desiccated thyroid for

vüere

a

period of 4 weeks. Later, Crew (tgZS) described a remarkable
rejuvenescent effectr': on several f ive to eight year,- old hens
and cocks. However, in the studies of Cole and Hutt (LgZ7),

no comparable response

\,vas

observed. According to

.Asmundson

and coworkers, when considerable amounts of desiccated thyroid
were fed to laying hens, a depression in egg production and
body weight gain

\,.üere

noticed.

The Development of a Thvroactive Material

The introduction of thyroportaÍ.n (fe¡, also known as

iodinated casein (trade name, protamone) in L942 (Reineke
and Turnsr), enabled a more precise and meaningful compar-

ison in thyroid function studies from different researchers.
This thyroactive material was developed by the iodination
of casein and the subsequent oxidative coupling of diiodotyrosine molecules in the protein. The thyroxine content
present in this material was first estimated to be about 3%
(Reineke et al . L945). This was based on the application of

the n-butanol-soluble iodine as an index. Reineke (tgS+) made
use of radioactive isotope dilution technique in a group of

7 preparations and found

L.04%

of true thyroxine which was

present in an estimated 3.24% of thyroxine in the butanol-

soluble fraction.

This preparation was then standardj-zed

5

bi' the manuiacturer to contain

L%

l-thyroxine.

Hydrolysed

TP may contain at least ten iodinated compounds including

monoand dÍiodotyrosine, diiodo and triiodothyronine as well

as thyroxine and certain inorganic iodides (Friedberg
Reineke

and

, L95Z).

e of Thyro

Eein in Poultry Feeding Tests

tests carried out involving Tp yielded contradictory resulËs. More definitive results from Missouri
Numerous

to warrant the use of Tp in poultry feeding to enhance egg producEion in Leghorns (Turner et â.r. L945arb;
r
seemed

Turner et al., 1946; Turner and Kempster, Lg47; Turner,
L948c; Turner and Kempster, Lg4g, Lg4g). Their results
T¡/ere

drawn from a 7 year study on the same group of hens.

oloufa G954) reported a signif icant increase in egg production from Fayoumis, especially in the first two months
of production. Recently, proverbs (fgZf) reported that the
response of broiler breeder hens to Tp administration

was

manifested by greater egg production.

Gutteridge and co-workers reported a negative effect of
TP on egg prodrrction in short term feeding trials (Gutteridge
and Pratt, L946; Gutteridge and Novikoff, Lg47). In addition,

according to Hutt and Gowe, lg48; htheeler and Hoffmann, rg4gb;

Godfrey, Lg4g; Lillie

eE al.,

Lg5Z; Oloufa, 1953, Tp had no

effect on egg production" using Tp in poultry feeds at revels

6

higher

Ehan 22 9/100

kg. of feed, was discouraged by

some

re-

searchers (Hoffmann and I,,lheeler, L948; Berg and Bearse, 1951;
Savage

et al., L952).

Conflicting conclusions concerning the effect of

Tp

on egg weight have been reported by different investigators.

Turner er al. (t945a, b; t946); Hurr and Gowe (rg+s); Hoffmann
and Vrlheeler (1948); Turner (fg+ga); Berg and Bearse (feSf );
Savage

et al. (tgSz)

showed

that Tp had no effect on egg

weight. However, Proverbs Íglt)
\^ras

reported that egg weight

reduced when TP was fed at levels greater than ll g/Lo}

kg. feed during the later part of the laying cycle. Gutteridge and Prarr (tg+6), Gurreridge and Novikoff (tg+l) observed an increase in specific gravity of eggs and stronger
egg shell from hens fed TP during the summer months. Im-

proved shell quality was also obtained by Hoffmann and
Wheeler (1948), when Rhode Island Red pullets l{ere fed 22 g.
TP/100 kg. feed from June to october. I¡Iilson (tg+g) reporred

a decrease in egg sLze but an increase in egg shell thickness.
Berg and Bearse (1951), Lillie er al. (tgsz), oloufa (1953),
obtained a similar response. However, Savage et al. (L952)

reported a slight increase in shell quality.
Thyroprotein feeding may or may not elicit
body weight and mortality.

any effect

Turner and co-workerc (r945a, b;

L946, 1948) found no appreciable effect on body weight

and

on

7

mortal-ity oÊ hens ',vhen Tp rvas administered at levels between
1l ano 22 g. per r00 kg. of feed. This was in agreement ryith
the results'reported by other worke::s (Hutt ¿nd Gowe L94g;
,
GoCfrey, L949; Oloufa, 1953). Horvever, Hoffmann and l¡lheeler

(rg+a) reported a significant ross of body iveight in hens
fed
TP. Lillie et al. (tgSZ) observed contradictory effects of
TP on body weight in their feeding trials.
savage et ar.
ogsz) were abre to demonstrate that Tp fed hens weighed less
throughout the year than hens fed the control diet but found no
significant differences in mortarity. A marked decrease in
body weight gain was found only when zz g. Tp/r00 kg. feed
was
fed during the laËter part of the layÍng cycle (proverbs, L|TL).
No differences in mortality \,,/ere found between the control
group and those receiving various levels of Tp, âs reporEed
by the same investigator.
Literature revierved did not contain any reports of the
effect of feeding thyroprotein on the efficiency of converting
feed to eggs though l/heeler et al. (fg+A), Berg and Bearse
(195r) claimed a higher feed efficiency based on body

weight

gain in TP feC groups. Godfrey (tgqg) using the
erion was not able to uncovs¡ âny similar effect.

same

crit-

rt has

been

suggested that the inconsistency of the results of various
experiments may be due to the fact that adipose tissue de-

postion is different in different strains of bird.
L97L)

.

(proverbs,

8

Thyroprotein adminisËration at a level of 22 9/100 kg.
feed to Barred Rock roosters was found to have no effect on

the volume or concentration of

semen

although fertility

tesËs carried out by Shaffner (1948) showed a reduction in
semen

quality.

On

the other hand, work done by Huston and

I,'lheeler (L949) , in which the same level of TP was fed to
Rhode

Island Red cocks, did not reveal a decrease in

quality.

semen

A retardation in the onset of egg production from

the 20th' Eo 25Ëh week was reported by l,{heeler and Hoffmann
(ß+A) who also noticed significantly higher testes weights
in treated males. Continuous feeding of TP (++ g¡f00 kg.
diet) to pullets from hatching was found to have no effect
fertility

of eggs laid.

on

However, hatchability was markedly

increased provided sufficient hatching time was allowed
(I,üheeler and Hoffmann, 1948b). In contrast, Godfrey (L949)

found no effect on hatchability when TP was administered at
22 g. per 100 kg. of feed.
McCartney and Shaffner (ßqg, 1950) discovered that

the eggs of TP fed hens required L2 hours more incubation
tíme than those of the controls.

This

phenomenom \^ras

suggested in Proverbs recenË work (f971).

reported that ferËility
when TP was

also

He further

in broiler breeder hens was depressed

fed at a leve1 of 22 9/100 kg. of feed,

however,

a more severe effect was not obtained when a higher level

was

used. Hatchability was not in any case found to be affected
by dietary level of TP except that on the initiation

of the

feeding, a depression in hatchability was observed by the
above researcher but this was described as a temporary

effect.
Thvroid Metabolism in the Chicken
The function of the thyroid gland is governed by the

level of the circulating thyroid hormones and the effects of
the pituitary release of thyrotrophic hormone (tsH) (smelser,
1938; Adams and Beeman, L942; Dvoskin, L947; and Shellabangat,

L954). The ability of

TSH

to increase the formation and re-

lease of thyroid hormones and to influence iodine uptake has
been observed by many investigators (Rawson and Salter, L940;

Keating et ãL., L945; Larson et al., L945; Shellabargar

and

Godwin, L954; and Frey and Flock, 1958) although the mode of

action of
yet

TSH

on thyroid gland at the cellular level is

as

unknown.

Ma (fg6S) demonstrated that the hypothalamus which has

been shown to play a role in the secretion of rsH Í-n

mammals

might not be necessary for the feedback mechanism to function

in chickens. This investigator, when studying the effect of
exogenous thyroid hormone on the uptake of 1131 6t the thyroid

glands of hypophysectomLzed cockerels wiËh adenohypophyseal

autotransplants, found Ëhat both thyroid weight and 1131 uptake

10

by the thyroid gland \^7ere decreased by the exogenous thyroxine
and that the decreased 1131 uptake by the thyroid gland

was

roughly proportional to the level of thyroxine injected.
Information on thyroid hormone synthesis in avian
species is lacking although the synthesis is assumed to follow

the

same

route as demonstrated in most mammals. This involves,

1) the concentrating of iodide within the thyroid (io¿i¿e
trap) against a concentraËion gradient over that of blood,
2) the conversion of the iodide to TZ and 3) the conversion
of iodine to I* in order that iodination of Eyrosine can be
accomplished. Chromatographic analysis confirmed the presence

of both monoiodotyrosine and diiodotyrosine in chicks (Taurog
et al., 1950; Frey and Flock, 1958) and in adult birds

(V1i3m,

1958). The conversion of tyrosine to thyroxine and triiodothyronine is stimulated by TSH (Frey and Flock, 1958)

and

these two thyroid hormones have also been isolated radiochromatographically from thyroid extracts.

That only L-T+ and 1-T¡ are present in the blood

of chicken have been

shown

sËream

by Shellabargar and Pitt-Rivers

(1953) and trrlentworth and Mellen (1961). The latter investi-

gators also demonstrated that both T3 and T4 found in the
blood of chickens, turkeys and ducks is present at the ratio

of

60%

T4 Lo

40%

Tr.

In most mammals, ân alpha-globulin

plays a major role as a carrier of TO in the blood circulation

ll
(no¡Uinsret ãL., 1961), whereas, in chickens and ducks,
serum albumin and

to a lesser extent T.-binding prealbumin

aTe considered to be the major carriers.

No

T'-binding

globulins have ever been discovered in chickens, turkeys,
and pigeons (Farer, Robbins, Blumberg, and Rall, L962).

Tata and ShellabaTgar (tgSg) reported that the biological

half-lives of T, and TO are identical in birds and this is
apparently different from that in mammals. Triiodothyronine
has been reported Ëo be 3 to 7 times more potent that

TO

in prevenËing goiter in rats (nobbins et aL., L96L) Uut t,
\,ras found

to be no more potent than TO in chicks (Shella-

bargar 1955). As an antigoitrogenic substance in the chicken
and as counteracting agent in reducing thyroid-stimulating
hormone TSH

secretion,

Newcomer

(L957), Mellen and !üentworth

(tgSg) reported that TO is more potenE than T, in this respect.
However, the former investigator (Newcomer, L957) was able to
show that 1-TO and

1-t: are equally active in influencing

oxygen consumption, suffocation time, heart rate, feather

lengËh in thiouracil-treated chicks. These phenomena which

differ from the responses noEed for

mammalian species \,üere

parËly explained on the basis that in

globulin has a 4 fold affinity

mammals

the T4-binding

for T* as compared to T, where-

as in avian species an equal protein-binding affinity

of T:

and T4 for albumin and TO-binding prealbumin exists (Tata and

L2

ShellabargaT, L959).
Data in Ëhe literature

on the PBI present in Ëhe circu-

lation of birds lvere limited.
reported a

mean

Bumgardner and Shaffner (L957)

value of L.L2 ug. % f.or PBI, with no line

differences when studying 4-week old

New Hampshire

chicks of

2 lines differing in response to thiouracf_l. Mellen and Hardy
(tgSl) disclosed a mean value of about l.l3 - L.ZZ ug. % in
8- and 20-month old chickens but were unable to alter pBr
levels by either cold stress or thiouracil treatment. Apparently, these values are far below those for mammalians.
this was explained on the

same

basis that has been discussed

earlier that the absence of a specific thyroxine binding
globulin in avian blood may contribuËe to the result. Thus,
invesËigators (uellen and Hardy, L957; Bumgardner and shaffner,
L957) questioned the sensitivity of this method to evaluate

the level of the thyroid circulating hormones. rt
a further study is needed.

seems

that

RestricEed Feeding of Growing Pullets

rn the past 40 years,

many

investigators have studied

the feeding and management of pullets during the rearing
period with the object of reducing feeding cosËs and improving
laying performance. Lee et al. (L97L) reviewed this type of
research and classified the treatments into the following basic
4

management procedures

that retard body weight and delay

l3
se)çual-

naturity:

1- Limiting the time of birdsl access to feec (vonclelL,Lg43i
couch et aL", L957; Arbor Acres Revierv, 1965; Harms
et aL. f 968) .

?-" Quantitative feed restriction (Milby ano shervuood,
L953; sherwood and Mirby L954; singsen
Hor,¡es

3.

and

Cottier,

L964)

et al.,

L954;

.

of low energy diets (singsen et al., L954;
Schneider et aL., 1955; Couch et al., Lg57; Isack
The use

eË â1.

aL.,

, 1960; Howes and cottier , Lg64; l,Iardroup ec

1966).

4. Dietary protein resEriction (including the use of a
diet low in certain amino acids e.g. lysine; Harms
and waldroup, L96z; singsen

et âr., 1965;

trrraldroup

et al., L966; Couch, L966; Couch, L967, 196g;
shenvood et ãL., L96g; couch and rrammell, L970;
Lee et ãL., L97L).
of these 4 najor methods, the use of a diet low in lysine under
titl-e 4, will be reviewed in greater detail.
Singsen et al. (tgî+, 1965) reported no effect on body
weight at 2l weeks of age when birds v/ere fed a normal ration
r.or 4 weeks or longer and later changed to the lysine-deficient diet (0.65"/"), but when the lysine-deficient diets rüere
given from one day of age up to zL weeks of age, there

was

L4

a marked retardation of body weight gain at 21 weeks. These
investigators, however, indicated that the growing treatment

did not appear to have any influence on the cumulative total
egg production, adult mortality, body weightr egg size and
haËchability of fertile

eggs.

couch (t900) te¿ a simplified purrer deveroper (0.6%

lysine) to birds from day-ord to 26 weeks of age and reported
that the average weights of the pullets of the low lysine fed
group at L6 and 24 weeks of age

Ì^7ere

lower than those of the

controls.

rn a second study (L967), the lysine levels used
ïvere varied from 0.32 to 0.64% and the feeding of these diets
com.menced

at 7 and 9 weeks of age. It was found thaL an advan-

tageous effect on retarding body weight gain and delaying sex-

ual maËurity could be achieved more effectively if the lysinedeficient diet was administered earlier (l weeks of age).
Couch and Trammel

(tglt) reported a similar response in-

dicating that restricted pullets

consumed

less feed during the

growing period than ad libitum fed pullets and thus a srrlaller

pullet

vüas

produced.., It is noË clear from the literature

reports available if a diet deficient in lysine is to be preferred.

Horüever,

the limited evidence as reporËed by these

investigators suggests that the introduction of deficient diets
at one day of age would possibly be of more value for the reduction of live-weight gain wiËh resulting delays in sexual
maturiËy.

15

From the foregoing review, it would appear that feecing
TP at a level higher than 22 glloj kg. of feed to either egg

or meat-type birds is definitely undesirable. Dietary supplementation by TP below this level could effect a method whereby
more satisfacLo,ty economical returns may accrue to producers

eithbr through increased egg production
feed utilLzatLon.

and

for more efficient

similarly the hope would be that Tp will

not exert an adverse effect on fertility

and hatchabí.lity.

addition, the viability

of the offspring produced by the Tp
fed hens must not be impaired. All of these considerations

constitute the foundations of success for flock owners in
general and in particular for the broiler breeder industry.
Hence, a study was designeC to evaluate the use of Tp at low

levels in the ration, of broiler breeder hens.

rn
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EXPERIMENTAL

Eg

A. Phase I (O - 8 weeks of
Seven hundred and

age)

fifteen day-old Peelst broiler type

chicks, comprising 93 males and 622 females, \dere allocated
into 3 floor pens provided with electric heating brooder units.
All birds were fed a commercial chick starter (ZtZ protein)
and water ad libitum to 8 weeks of age.

B. Phase II (g - 22 weeks of

age)

At 8 weeks of age all female birds \rere randomized into
3 treatment groups. Each group \,vas assigned a different diet
with one group receiving a control diet, one a low-lysine diet
and the remaining group a thyroprotein (fe¡ supplemented diet.
The low-lysine diet (table 1)

r,üas

prepared to contain 0.45%

(calculated) lysine which represents approximately 50% of the
lysine requirement for growing chicks (NRc, L97L). supplementation of the low-lysine diet with 0.45% of crystalline

lysine-HCl constituted the control diet.

The Tp diet was pre-

pared by adding TP (f0.S 9/100 kg. dier) to the control ration.

At 12 weeks of age pullet chicks from the 3 treatment groups
\,rere divided randomly within each treatment into I subgroups
of approximately 26 pullets in each. They r,íere distributed

L7

Table 1. composition of Grower Dietl, 2used in phase rr

of the experiment.

Ingredients

Amount (%)

Barley (9.7% Prorein)

45.25

!üheat (t+Z Protein)

26.75

Corn distillers with

dried solubles
QIZ Protein)
Alfalfa meal (tlZ prorein)

20. 00

s.00

Defluorinated rock phosphate

1. s0

Salt

0.50

ptemix3

Vitamin pre*ix4

1.00

lcalculated analysis of diet: Crude protein, L4.55%;
Metabol LzabLe energy (Kcal/kg), 2726.5L; ciude f iber, 4.7L%;
Lysine

0. s8%.

,

0.45%; Methionine, 0.30%; Calcium, 0.7%; phosphorouá,

2control and rP-supplemented diets vüere prepared
by
incorporating 0.45% of Lysine-HCl, with the exceþtion that
only the laEter contained 0.0165% of rp at the e*pense of

wheat midlings.

3s"1t premix supplied the following per
kilogram of
digt: Manganese, 80.85 mg; zjtnc, 11.45-mg; sodium chloride,
4.72

gm.

4vitamin premix supplied the following per kilogram
of diet: VitaminA, 8,250 I.U.; Vitamin D3,-818.45 i.C.U.;
vitamin E, 25.3 mg; vitamin BLz, ll mcg; Ménadione, 1.1 mgj
Riboflavin, 2;8 mg; Choline, ï32.S mg; Niacin, g.3 mg;
Pantothenic acid, 5.5 mg; Santoquin, 250 mg.

l8
evenly according to weight within their respective groupings
and housed in floor pens in the laying house. The pullets

fed the diets specified at the beginning of phase rr of
the experiment (table 1). The average weight of the pullets
at 12 weeks of age was determined by weighing 80 birds selected

\,vere

at random from each treatment group. Thereafter, l0 birds
from each pen riüere randomly weighed when the pullets reached

L6, 20, and 22 weeks of age. Throughout this entire l4-week
period the males r^7ere housed separately and fed the low-lysine
diet.
C. Phase III (ZZ-50 weeks of

age)

At 22 weeks of age arl birds

\^7ere

weighed and a routine

culling procedure carried out. Three breeder diets (4, control;
B, control supplemenËed with 5.5 g. Tp/100 kg. diet; and C,
control supplemented with L6.5 g. Tp/r00 kg. diet)

r47ere

prepared as indicaEed Ín Table 2. The birds in each of the
phase rr treatment groups \,vere each in turn randomly divided

into 3 subgroups. These subgroups lrere further divided into
24 pensr so that 9 pens of birds received diets A and c
respectively, while 6 pens of birds received diet B. There
!'üere 25 females in each pen and, in addition, 2 maLes ïvere
placed in each of the 24 pens.
The birds !,rere housed ín a windowless insulated and

fan ventillated building having thermostatically controlled

3

L9

Table 2.

Comoosition of Broiler Breeder Control Diet
usêd. in Phase III of the experiment.

^L,2r
Ingredients

Amount (%)

Barley (g.lZ Prorein)
lrthear (t+Z protein)

40.00

Soybean meal (++Z ProËein)

14.00

30.00

Fish meal Q0f Proteín)

2.00

Alfalfa meal (tlZ prorein)

2.00

Animal tallow

3.00

Limestone

5

Defluorinated rock phosphate

2.50

Mineral premix3

0.50

Vitamin premix4

r.00

lCalculated analyses: Crude protein, L5.68%;

.00

Crude

fiber, 4.55%, MetabolizabLe energy (Kcal /kÐ, 2,7óf .Za;
0.8"/"; Methionine, 0.32%; Calcium, 3.0%; phosphorous,
lylll",
0.88%.
2Di"t" B, and c !íere prepared by incorporating 0.0055
and O.OL65"/" of TP respectively at thá expense of wheat midtings.
lqineral premix supplied the forlowing per kilogram of
digt: Manganese, 80.85 mg; Zínc, 44.19 mg; Sodium chloride,
4.8 e.

4vitamin premix supplied the following
per kilogram of
diet: VitaminA,7,L50 I.U.; Vitamin Dq, 818.45 I.C.U.;
vitamin E, 24.95 ng; vitamin B12: ll mc!; Riboflavin, 7'.7 mg;
Pantothenic acid, 2.2 mg:' Niaciñ, 3.3 mg; Choline, 5.5 mg; -Santoquin, 250 mg.
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temperature maintained within the range of 68 to 70oF. At

the beginning of Phase III the daily light interval

was

increased by one half hour per week until a total light exposure time of 13 hours per day was attained.

It was main-

tained at this level until one month past peak production.
This was followed by an increase of light interval at the

rate of 15 min. per week to 16 hours daily.

this level of

lighting was maintained until the completion of the experiment.

All birds were weighed at the beginning of Phase III.
Thereafter, l0 hens r^7ere selected at random from each of the
24 pens and weighed at 28-day intervals.

Throughout the

laying period, egg production and mortality were recorded
daily and all dead birds autopsted by the Provincial Veterinary Laboratory. The recording of feed consumption data
and efficiency of feed utilization

was calculated for eaeh

28-day interval.
Egg weights r,ì/ere recorded during

the third, fifth,

and

seventh 28-day periods. In the third period, l0 eggs r,rTere

taken at random from each pen to ascertain whole egg and

yolk weightr âs well as shell Ehickness. Thickness of shell
\^7as

measured

with an Ames micrometer after the shells

r,reïe

water-soaked overnight, washed and shell membranes removed.

In the fifth

and seventh periods only egg !üeight

Ì,.las mea-

sured. This was accomplished by weighing daily, for

3

2L

consecutive daysr oD a pen basis all of the normal eggs

produced. Abnormal eggs (double yolked etc.) were rejected.
To study the influence of treatment on fertility

and

hatchability, eggs !.üere collected at various stages throughout the production cycle. The first

lot was incubated

when

the hens r47ere in about 50% production, and this was followed
by 3 weekly settings made at peak production, 3 more weekly
settings

made

just subsequent to peak production and finally

2 settings were

made toward

the terminaËion of the production

cycle (declining egg production). Eggs for incubation

r47ere

collected for 3 consecutive days just prior to each setting
Eggs slightly

soiled

eggs collected daily

Ì.üere hand-washed and wiped
T^7ere

dry.

stored at a temperature of

.

The

50oF.

trn selecLion of eggs, each was individually candled and those

of low quality (cracks, misplaced air cell etc.) rejecËed.
Ultimately 10 eggs from each pen vrere selected.
Eggs \47ere placed in incubator trays and allowed to
\,varm

up to room temperaËure before being placed in the in-

cubator. on the twentieth day, incubated eggs r^7ere candled
and the infertile
\^7ere

and dead embryos removed. The live embryos

then transferred to the hatching unit until the twenty-

second day, at which time all unhatched eggs r^7ere broken out
and examined for mal-formation or cause of death. The number

of chicks hatched was obtained for each group set and per cent

27_

fertii-ity

anC hatchability rüere

anC fetLility

calculatecl. The hatchability

data r'/ere calculated according to total

number

of eggs set.
To determine if chicks hatched from eggs laid by hens

treated rvith the various levels of rp exhibited any carryover effects of such treatments, the chicks were reared for

a

2-week period. out of the totar 9 settings of eggs hatched.-::.

throughout the laying period only 7 rvere useC in this viability

study (first

and the last settings rüere noL included). These

chicks, individually v/eighed and wing-banded at hatching, !ì7ere
placeC in a brooder house equiped with electric brooding units
and were fed a commercial chick starter ad libitum.

The

general appearance of the chicks during the 2-week rearing
period r¡/as observed and body weight recorded at the termi-nation

of the period.
A check on hatching time was made in 3 out of the g
hatching studies. The time of hatch for all eggs was followed
at 3 hours intervals

commencing

9:00 a.m. on Lhe twenty-firsL

day of incubation and continued until the late morning of the
twenty-second day- Number of chicks hatched Curing a specified

tirne interval for each treatment group ü/as expressed as a percentage of the total chicks hatched in that treatment group.
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A- Laying hens: Blood samples (S m1.) vrere obtaineci
from
each of 5 randomiy serected hens of each treatment
group

by

puncture of vena cutanea ulnaris"

The samples rüere taken prior

to the onset of egg production, at about r0% production,
at
about 50% production, at peak production and during
the
de_

cline of egg production. The brood samples, dravøn
inËo
syringe r.üere immediately transferred to centrifuge

a

tubes

containing ethylenedíaminetetraacetic acid (gOte).
These
tubes hrere prepared by evaporating 0.5 ml. of
a 10% EDTA
solution. Plasma \ras obtained by cenErifugaËion (3rOOO
rpm for 20 min.) and the samples \,fere sËored (-zzoy)
for
Iater analyses.

B. Progeny: Blood samples (approx. 4 ml.) ú/ere
collected
from day-old chicks by severing the left jugular
vein with a
scalpel- Each blood sampre was allowed to drip
through a
funnel into a viar- (s mt. capacity) containing EDÏA.
These
vials \'^zere prepared as described above. since iE
was found

to be diffícurt

to get a rarge enough vorume of blood from
each day-old chick, pooled btood samples from
2 chicks were
used' At least 4 pooled blood samples were secured
from each
treatment group. Brood sarnples from 2-week ord
birds rrrere
collected (at least 5 from each treatment group) by
the same
procedure as described above for day-old chicks
except that

2¿+

individual rather than pooled samples
I4zas

\^7ere

obtained.

Plasma

obtained for all samples by centrifugation and stored

as

indicated above for subsequent analyses.
Thvroid Hormone Analvses

A. Hycel cuvette Protein Bound rodine (p¡r) Determination:
The PBI in plasma samples lvas determined using 0.1 ml.

of plasma. A diluEion technique was used for samples where
the PBI value \^ras found Ëo be particularLy high. Iodine of
inorganic origin was removed through the action of an anionicexchange resin.

Plasma

treated with resin was set for diges-

tion in a cuvette at 230 t 5oc for 6 min. with the addition of
2 mL. of a stable perchloric reagent (o.ozsz vanadic acid in
perchloric acid). The digestion was performed in a fumehood by inserting the cuvettes into wells (t x Z,r) in a heating
72%

block especially designed for this procedure. The digested
sample was then removed and allowed

to cool to room temperatllre.

Following digestion 2 ml. of ceric reagent (0.6% ceric

ammon-

ium sulfate in 27% sulfuric acid) \,vas added to the tubes followed by Ëhe addition of 2 mL. of arsenious reagent (o.gz

arsenious trioxide in 8.2% sulfuric acid).
\,úere

The cuvettes

then placed in a water bath for incubation at 37oc for

20 min. after which Ëhe effect of catalysis was determined

photometricarly (+zo - 450 mu. ) with a coleman spectronic
rr20rr

spectrophotometer. Protein bound iodine values

\,vere

25

determined by comparison with a standard curve.

B. Tetralute Method çL25,

Column T4 Test):

This analytical method involves the use of a miniature
sephadex G-25 column which serves as

a secondary binding agent.

The column is prepared in a small plastic syringe barrel with

a porous disc resting on the bottom. The Sephadex G-25 (+SO
mg.) is suspended in 0.1 N NaoH solution.

The syringe barrel

holding the sephadex column is capped both at the top and at
the bottom with removable seals (fig. 1). For the determination of thyroxine-iodine (T4-I) the top cap

\,vas removed

from all columns and 0.1 N NaoH was poured off into a plastic

tråy. Vüith the aid of an Oxford pipetter (0.5 ml.), 0.5 ml
of t25t-T4 (which would give an initial count of 34,000 cpm)
in 0.1 N NaoH solution was added to each column. A standard
or test-plasma (the latter should not exceed 0.4 mL) r^7as then
added to the column and shaken gently.
column was then removed and

The bottom cap of each

the column allowed to drain. Ap-

proximately 4 ml. of barbital buffer, pH 8.6 was then delivered

to each column and the columns again allowed to drain.

These

columns \,vere blotted dry at the Ëips and recapped before re-

cording the initial

radioactivity in a well-type

tector (Nuclear Chicago DS2O2 Zlrr x ZZ,t crystal).
determination of the initial

gamma de-

After

radioactive count the bottom
caps \,vere again removed prior to the addiËion of I ml. of

26

Porous Disc

Sephadex G-25

--Porous Disc

Fig. 1. Structure of

Column.
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eluting reagent. Al1 columns \rere allowed to draÍn for a
critical period of 5 min. Then, barbital buffer (4 mi") \.¡as
cielivered to each of the columns ivhich vrere allorved Eo drain,
blotted dry at the tip, recapped and set in the gamma werl
counter for final counting. The percentage of retention
of
L25I-To was calculaLed by the
formula:
_Final- cprn x
lvv
Initial
cpn ¿L 100

A standard curve rvas prepared by plotting concentration
of
standards in microgram per cent versus the respecËive per
cent retention.

Test sampre determinations were compared

with the standard curve
rt had been shovm that copper-free water shourd be
used for all reagents preparation. rn the determinations
reported herein, a Eriple-distilled (millipore) water was
used. Due to the low plasma T4 levels of chickens as is
also
true for the fish, the eluting reagent source ü/as
made from

a 1:30 dilution of

human serum

with barbiEal buffer.

This is a modification of the procedure used for human thyroid
hormone determination (Bauer et a1_, LgTO). Another
modification involved the time interval employed after drainage
of the eluting reagent (fgC) before eluting wiËh buffer.
This change of timing is criticar at reast for T4-r deter_
mination in fish prasma as reported by Higgs and Eares (unpublished data).
5 mins

The time limit was extended from 2 min. to

28

The regeneration technique for the used columns as

adopted by Higgs and Eales (unpublished data) lvas followed.
They reported that if columns vrere washed with NaoH (pHlr)

within 24 hours of use, virtually all radioactivity could
removed. rt has also been found that no limit as yet has

be

been reached for the number of times columns may be regen-

erated. rn regeneration of used columns, approximately 50 ml.
of 0.1 N NaoH was diluted to a total volumen of 2r2oo mL. with
triple-distilled

water. The columns r^/ere washed and the radioactivity determined until the residual ratioactivity in the
column was about 300 cpm or

1ess. Then each column was re-

equilibrated to tiHl3 by the addition of approximately 40 ml.
of 0.1 N NaOH.
Statistical Analyses of Data:
Data

Ì,r7ere

tested by analysis of variance for unequal

observations as described by Snedecor (fgSO) and multiple range
i:

comparisons \^7ere perf ormed according to

Duncan ( f gSS)

.

rl
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RESU],TS
.

Phase II of the Experiment
Body weight gain, feed conversion, and mortarity rate

of birds during the growing period were not significantly
(pto-05) influenced by gro\.{er treatment (table 3). The Tp
fed group consumed a similar quantity of feed as did the lowlysine group which was shown to consume significantly
more feed than the control group (fable 3).

(p<0.05)

A. Egg Production
The gro'¡i'er treatments employed seemed to have little

influence on subsequent per cent hen-day egg production of
the hens except in period 1 where hens that had been fed 16.5
g- TP per 100 kg. of gro\^7er diet showed a slightly lower egg
production as compared with the control (Table 4) . However:
this
effecE did not persist throughout Ëhe laying cycle. A1though no influence of gror.rer treatment on onset of egg pro-

duction was found statisticaLLy, pullets fed the Tp diet came
into producti on 2 days later than did pullets fed from the
other treatmenL groups" The effect of Tp feeding during the
laying phase on egg production for all treatment groups over
the seven 28-day periods is presented in Table 5 and Fig. z.

3ü

Table 3.

Inf luence of gro\rer diet on f eecl consumption,
body weigirt gain, ieed conversion and mortality
of broiler breeding pullets"

Treatment*

'Iotal feedl Body weight Average feed MortConsumption gain
conversion ality
(t<e/¡ir¿)
(g/bird)
(g feed/g gain) (%)

Control

13.64

L845

4.2

2.9

thyroprorein3 13.9b
Low Lysine4
l4.ob

L796

4.4

3.8

L7g3

4.4

1.9

Control

+

lM."rr" with

(ptC"05).

same superscript are not significantly different
See Appendix Table 1 for Statistical analyses.

2Control diet was prepared by adding 0.45% of. supplemental lysine-Hcl to the low lysine diet described in footnote 4.
3Contro1dietsupp1ementedwith0.0165%ofthyropro
te

in,
/,

-Low lysine diet was prepared to contain 0.45% (Cat
culaËed) of lysine which is approximately 50% of. the recommended requirement (National Academy of Sciences, lþL, Nutrient Requirements of Poultry, 6th revised edition, L97L).

*Actual analysis revealed 0.72%, 0.80% and 0,44% of
lysine for the control, control * thyroprotein, and low
lysine diets, respectively

15.5
19 .1

Control + Thyroproteinl

Low Lys irnez

63.3

63.1

63.1

.8

67

.2

66.L

67

64.7

6s.0

6s.9

4

(%)

60.

1

60.5

s9.7

52.7

52.0

51. s

.>

46.3

46 .6

43.4

for each 28-day period

lThyroprotein, 16.s
9/100 kg. of feed.
'Lysine, 0.45% (calculated). Sample analysed contained 0.44% of lysine.

L9.7

Control

Period

Effect of grower diet on hen-day egg production
Ehroughout the laying cycle.

Grower TreatmenË

Table 4.

L^)

Ê

analyses.

63.6

64.2

62.L

67

.8

69.7

64.s
0

66.3

68.

62.2

6L.9

6L.9

57 .2

57

.8

50. s

50.4

See

45.7

44.6

4s.8

superscript are not significantly different (ptO.05).

Appendix Table .2 Í.or statistical

same

L9.5

L6.5

c

with

18.9

5.5

B

Means

16.1

0

A

(e/100 ke)

Period

54.2b

å3¿b

5L.2"^1

duction

Pro-

Overall

Effect of level of thyroprotein feeding on hen-day production (%) of broiler
breeder hens illustrated for each 28-day period throughout the laying cycle.

Level of
Treatment TP in Diet

Table 5.
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Fig. 2. Egg production (% Hen-day) of hens fed various
levels of thyroproËein.
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A significant increase (P<0.05) in egg production
when supplemental TP was included

r^/as observed

in the diet (Treatment B and

C). The producrion rates for treatment B (S.S g. Tp/lOO kg.
of diet) and c (r6.s g. Tpl100 kg. dier) were 53.9 and 54.2%
respectively while that for the control was 5L.2%. The advantage in laying performance of the hens in treatment B

and

c over that of the conËrol group appeared to be consistent
(except period 7).

No difference \,úas observed between treat-

ment groups B and C.

B. Plasma Thyroid

Hormone

Levels of Broiler Breeder

Hens:

A homogeneity of variance test was performed according
Eo the method of Bartlett (tgzl) for the ptsr and ro-r data.
These data \,vere found not to be homogeneous (Appendix Table

3) and hence an analysis of variance to detect treatment differences was not performed. However, anlaysis of variance
wâs performed with Ehe PBr and TO-r data from the control to
deËermine Ehe influence of stage of egg producEion on these

two plasma parameters.

Protein bound iodine in the plasma of the laying

hens

receiving the control diet rose significantly from the onset
of egg production, peaked at the highest level of egg production, and declined thereafter (tabte 6 and Fig. 3). However,
such a pattern was not evident in Ëhe same group of control
hens for plasma T4-T (table 7 and Fig. Ð. Both pBI and TO-I

0

5.5

L6.5

A

B

c

+1.40

+0.L2

13.81

+2.0L

.63

+1.38

7

6.78

+0. 11

r.75bd

3.97

+0.08

0.734

10

+0.40

LT.62

+,0.90

4. 80

+0.20

2. Ogbc

50

+1.00

L4.7L

+1.59

s.93

+0. 17

2.62c

70

Approximate Level of Egg production

.22ad

50

+L.32

L3.77

+0. 86

8. 87

+0.29

L

(%)

lM".rrc with same superscript are not
significantly different (p" o.os).
See Appendix Tables 3 and 4 for statistical analyses of data
from control group.

(e/100 ke)

Level of
TP in Diet

Effect of thyroprotein feeding on the plasma pBI level (ug% + S.E. )
of broiler breeder hens illustrated with respect to approximate level
of egg production.

Treatment

Table 6.

(¡t

(,

i
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L6.5 9/100 kg.

ñ
ò0

p

10

Ê

.ri

s.s 9/100 kg.

o
H

't"i

d

o
H

€Ë

5

po
I
H

.rl
c)
+J

o

$r
Ê1

Control

l0
Stage

Fig.

3.

50
of

70

Egg Production

&)

Plasma PBI level of broiler breeder hens

fed various levels of thyroprotein.

L6,5

c

Lhe

3.72
+0.72

+L.44

+0. 19

+0.38

4.s3

L.9L

10.04

10.08
1.10

0.44

0.46

10

+0.49

4.3s

+0.50

50

+0. 84

3.36

+0.24

1.19

+0.08

0.51

(%)

analyses of data from the

+0.23

3.54

+0. 14

L.96

t0.09

+0.08
1.39

0.45

70

0.47

50

.)

of
approximate

(.tg % + s.e

Approximate Level of Egg Production

'See Appendix Tables 3 and 4 for statistical
control group.
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plasma levels of the treated hens (treatrnents B and c) !{ere
markedly higher than those of the control group throughout

the laying cycle- rn addition, plasrna revers of thyroid
hor¡nones (pnf or T4-I) rùere higher in hens fed 16.5 g,
as
with those fed 5.5 g. of Tp per 100 kg. diet.
Horvever, the pBr and ro-r plasma levels of the treated
compared

hens

revealed nc consistent pattern with respect to stage of the
laying cycle.
C.

y Weiehr Gain:

Thyroprotein feeding throughout the laying cycle of the
broiler breeder hens did not seem to have a marked influence
on feed consumption, although there v/as a trend toward

a

higher feed consumption by the tryo Tp treated groups relative
to the control (tabte 8). The average total feed intake per bird
during the seven 28-day perÍods was 30.5, 30.g and 31.3 kg.
for treatment groups A, B, and C respectively.
The efficiency of feed utilization

(kg. feea requirec to

produce one dozen eggs) throughout the laying cycle:
ês shown
in Table 8, appeared to have been improved in the z rp treaËed

gïoups (q-sO and 4.zL kg/doz., for treatments B and c, respectively) when compared wirh rhe control (+.AO kg/doz.). This
would indicate an increase of approximately 1l and 6% (treatments B and c respectively) in feed uEilization over the
con_

trol.

However, this improvement in feed uEilization was not

30.8
31.3

5.5
16.5

B

L,O24al

4.60

30.5

0

A

820b
805b

4.30
4.27

.5b

.ga

4.2b

3

7

(%)

Mortal ity

lM..rr" wiEhin the same column not having Ehe same superscript are significantly
different (p.0.05). See Appendix Tables 2 and 5 for statistical analyses.
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Effect of level of thyroprotein feeding throughout seven 28-day laying
periods on total feed intake, feed efficiency, body weight gain, and
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statistically

significant (ptO.05) .

The effect of TP feeding on the body weight gain for

the seven 28-day periods is presented in Table 8 and is
illustrated in Fig. 5. Hens fed 5.5 g. and 16.5 g. of Tp per
100 kg. of feed \,üere shown to gain significantly

(p<O.OS) less

body weight than controls.

D. Mqrtality:
The effect of dietary TP during the laying cycle on the

mortality rate is presented in Table 8. Livability,

as

shown

by the presenË data, Ìvas improved significantly (e.O.Ot, when
either level (s.s or 16.5 g/L00 kg. of feed) of rp \^7as fed
to broiler breeder hens.
E. Egg l¡rleight. Egg Yolk l,Ieight and Thickness of Egg Shell:
Egg laid by hens fed either 5.5 or 16.5 g. Tp per 100

kg. diet

vüere

signif icantly lower (P<0.05) in weight than

those laid by control hens (rabte 9).
\^zas

However, no difference

found between the 2 TP treated groups. Apparently, this

reduction in egg weight appeared after the egg production rates
started to decline as
a statistically

shown

by the data in Table 10 although

significant layer treatment x egg collection

period interaction was not evident. Egg weighË was also found
to be affected by grower treatment (Appendix Table 6). The
groups fed L6.5 g. of rP per 100 kg. of diet during the

ing phase had a

mean egg

grov,r-

r¡/eight of 61.56 g. which was signi-
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Table 9.

Treatment

Effect of level of thyroprotein fed to broiler
breeder hens on egg weightr egg yolk weight, and
egg shell thickness.

Level of
TP in Diet
(e/100 ke)

Eggl
Iiüeight

(e)

Egg Yolk
Íüeight

(e)

Egg Shell
Thickness
( mm)

A

0

62.77 a

L6.96

0.325

B

5.5

61.80b

L7 .OL

0.333

c

16 .5

61.93b

16.80

0.331

lM"rrr" with same superscript are not significantly
different (P rO.05). See Appendix Table 6 for statistical
analyses.
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Table 10.

Treatment

Effect of level of thyroprotein feeding on egg
weight illustrated with respect to period of data
collectÍon.

Level of
TP in Diet
(e/100 ke)

Period of Egg Collectionl
3rd

5rh

7iLh.

A

0

58.87

63 .58

65. 88

B

5.5

s9.24

62.7

3

63.94

c

L6.5

58.47

62.90

64.4L

lnggs were collected during the 3rd, 5th, and 7dn
28-day experimental periods.

_
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ficantly (e<0.05) lower than Ëhe control and the low-lysine
treated group which r,,lere 62.46 and 62.62 g. respectively.
since a significant (P<0.05) grovrer treatment x egg collection
period was not evident (Appendix Table 6) this effect of
grovùer

diet persisted through the entire laying cycle.

Observations on egg yolk sLze during the third 28-day

period (peak production) indicated no differences among
treatments (lable 9). Similarly, no differences in shell
thickness lrere observed among treatments although shell

thickness of Ehe eggs laid by boEh TP treated gïoups

\,vas

slightly higher than that of the eggs laid by the control
hens.

F. Fertility

and Hatchability:

The data presented in Table 11 and L2 indicate that

fertility

r,ras improved (P <0.05

) by rhe high

( f 0.

S g/LO} kg.

level of TP feeding during the laying period although the
gro!üer treatments were shown to have no influence on

level of fertility.

Ëhe

The layer treatment x grower treatment

interaction (Appendix Table 7) is difficult

to explain.

No differences were found among treatments when hatch-

ability (% of total eggs set) \das studied.
G. T'ivability of GoiËerous-chicks Hatched from Eggs Laid bv

Broiler Breeder Hens Fed Various Levels of

TP:

)
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Table 11. Effect of thyroprotein feedÍng on fertility
and
hatchability of eggs from broiler breeder hens.

Treatment

Level of
TP in Diet
(e/r00 ke)

A

0

B

5.5

c

L6.5

FertiliËy
(%)

Hatchability
(%)

g5 .3 1a

79.5L

g7

.4La

80.7 4

92.LOb

81.60

lM"".r" not having the same superscript are significantly
different (pto.05). see Appendix Table 7 r.or statistical
analyses.
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Table L2.

Effect of grower treatment on fertility and
hatchability of eggs from broiler breeder hens.

Level of
TP in Diet
(e/100 ke)

Treatmentl

Control

Control +
Low Lysine

TP

Fertility
(%)

Hatchabil ity
(%)

0

89.31

8L.94

16. s

87.78

79.58

88. 06

80.26

0

lchemical analyses of the diets
showed that contro1,
control I TP, and low-lysine rations contained 0.73, 0.80
and 0.44% of lysine respectivery. see Appendix Tabie 7

for statistical analyses.
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As shovm in Table 13, the average body weight of the
day-old chicks hatched from eggs laid by the broiler breeder
hens fed various levels of rP did not differ

significantly

(eto.ot, from each other. However, at 2 weeks of age, af.ter
being fed comrnercial starter diet (ZtZ protein), the average
body weight of chicks from hens fed 16.5 g. Tp/100 kg. diet
weighed an average of L32.3 g. which was significantly

lower

than chicks from either control hens or hens fed 5.5 g. Tp/
100 kg. diet.

The average body weights of these latter two

groups of chicks were not significantly
from each other.

(p>0.05) different

rn addition, there was a significant

(e<0.05) effect attributable to grower treatment in that the
gror,rer diet containing L6.5 g. TP per 100 kg. diet was shown

to result in smaller chicks but onry at 2 weeks of age (Appendix Table 8). Results also indicate a difference in mean
body weight of day-old chicks among different hatches which
lvas a normal response resulttng from a gradual increase in
mean egg T/üeight

within each treatment group through the

laying cycle.

H.

Plasma PBr and

ro-r levels in Day-old and rwo-week old

Chicks:

Data illustrated

in Table L4 and Fig. 6 represent the
influence of the diet fed to hens on the pBr levels in chicks
hatched from eggs laid by the hens at different stages of
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egg production; onset of peak production (hatch Z), peak

production (rratch 4), and creclining production (iratctr 9),
The results for all three hatches indicate that day-old
chicks from
treatment c had a mean pBr level that was significantry
(p.o-05) higher than that of chicks from treatment
B which, in

turn, wâs significantly

(p<0.05) higher than the value for
control chicks (treatment A). The significant (pcO.0S) hatch

x treatment interactíon would indicate that the magnitute of
these differences rÂ/as somewhat different for each of the
hatches (Appendix Table 9). A similar result was obtained
with regard to prasma T4-r revers (Table t5 and Fig. T)
although the diferences !'ere noË statistically
(p'o . os) .

significanE

I^Ihile the pBr revels of chicks hatched from eggs laid
by hens receiving Tp were found to decrease to the control

level 2 weeks after placing the chicks on a commercial starter
diet, the PBr levels of progeny of the control hens r,,/ere found
to íncrease slightly.
This response was responsible for the
highly significant (p<0.01) age effect and age x treatment
interaction (Appendix Table 9). In addition the magniËude
of
the differences in pBr levers betr¡een the chicks of different
ages

not the

for all hatches as indicated by the
significant (p<o"os) age x hatch interaction. rn alr hatches,
the PBr levels of the 2 weeks old chicks of arr groups \À/ere
hTas

virtually

similar.

same

The T*-r data of alr 3 hatches appear

Eo
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Table 13. Body weight of chicks hatched from eggs of
broiler breeder hens fed various levels of
thyroprote in.

Treatment

Level of
TP in Diet
(e/r00 ke)

Bqdy !üeieht (g)
Day-old
2-week-old
Chick
Chick

A

0

39.8

L37 .La

B

5.5

40.0

L3g.2a

c

L6.5

40.0

132.3b

lM""rr" not having the same superscript are significantly different (P. 0.05) . See Appendix Table 8 for

statistical analyses.

1
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Table L4^ Plasma PBI level_s \ug

/o + S"E") at day of age and
tv¡o weeks of age in the progeny of broiler breecjer
/at

hens fed various levels of thyroprotein,
Hatchl
Second

Fourth

,

r reacmenË'2

Day-old Chick'k

2-week old Chick*

A

0.98 + 0. 16

2.0L + 0.30

B

4.7

6

t

0.24

2.96

c

2L.82

.l-

3.82

3

.32 +

0.61
O.Z9

A

2.46 + 0.13

3.69

!

0.44

B

7

.47 -r 0.53

4.46

+_

0.59

2.2L

4.88 + 0.41

A

T.s2 + 0. 16

2.39 + 0.26

B

s.43 + 0.48

2.24 + 0. 19

c

L7.73 + 3,82

3.00 + 0.43

C

Nineth

t

t-Eggs for the

r5.09

+

second, fourth, and ninth hatches were
collected approximately at the
onset, of peak productíon,
peak production, and declining egg productior r""p"àtively.
2a,, denotes chicks hatched from
eggs laid by control
-hens; B and
c, denote chicks hatched fiàm eggs laid by hens
fed rP at 5-5 and L6.5 g. per 100 kg. diets respectivery.
*For statistical analyses, see Appendix Table 9.
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Table 15" Plasma T4-I-levels (ug % + S"e") ar day of age
and trvo weeks of age in the progeny of broirer
breeder hens fed various tevãrs of thyroproiein.

Hatchl
Second

Treatment2 Day-oid Chick^"
A
B
C

Fourth

+ 0.04

0.58 + 0.04

t 0.03
0.99 + 0.13

0.72 + 0.05

o.54
0.52

0.59

+ 0.06

c

+ 0"04
0.s3 + 0.10
0.91 + 0.16

0.53 + 0.03

A

0.48

+ 0.08

0.51 + 0.05

B

0.74

+ 0.10

0.50 +. 0"09

C

1.39

+ 0.13

0.83 + 0.06

A
B

Nineth

2-week old Chickx

0.48

0.56 + 0.09
0"67 !o.L4

lngg" for the second, fourth, and ninth hatches
rùere
collected approximately at the onset of peak production,
peak production, and declining egg productior i"speätively.
chicks hatched. from eggs laid by control
.hens;'!,B denotes
and c, denote chicks hatched fiàm eggs laid by hens
fed rP at 5-5 and 16.5 g. per r00 kg. diets respecrivery.
*For statistical analyses, see Appendix Table g.
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2.00

Control
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9rh

Ta-I levels (ug %) at day of age
and two weeks of age in the progeny of broiler
breeder hens fed various levels of thyroprotein.
Plasma

.ff

reveal a trend that Trr-t rever from the progeni- hatcirecl from
the'eggs laid by the control hens increased slightly after
placing them ior z iveeks on commercial chick starter diet,
An oppcsite trend rvas observed for progeny from hens receiving
16.5 g. TP/100 kg" ciiet which showed a decrease in To-r level

2

rv'€eks

after.

No consistent trend was observed in chicks

from hens fed rower level of Tp (s.s g. Tp/r00 kg. diet).

I.

Studies on thq Effect of Tp Feedi
on the Hatching Time:
observations on hatching time for eggs from each treat_
ment group indicated that eggs raid by hens fed 16.5 g
TP/100 kg. diet (treatment c) required Lz hours longer
to

hatch than contror eggs (Fig. g). However, the delay in
hatching time could have been less than LZ hours as observed
because some of the chicks from this late hatching group
showed

relaËively dry

feathers when examined at 9:00
a.m. on the 22nd day of incubation. rn order to make a more
precise and accuraLe study in hatching time, one more obsen¡dov¡n

ation at 3:00 a.m. in the morning of zznd day of incubation
was scheduled in the 8th setting of the fertility
and haËch_
ability

study.

this was doner. it \das found that chicks
frcrn group c (from hens fed 16.5 g. Tp per 100 kg. dier)
required at least 6 hours more but definitery less than Lz
trrrhen

hours in hatching time than chicks from the contror group
(pis. 9). This find.ing was corroborated by the
observation
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made

in the 9th setting of the fertility

and hatchability

study in which an additional observation time was scheduled

at 12:00 mid-night between the 21st and 22nd day of incubation (rig.10). rn all cases studied, the incorporation of
5.5 g. of rP into 100 kg. of feed which fed to breeder hens
had little

or no influence on hatching time.

6.ü

DISCUSS IOh]

Phase II of the Experiment

Thyroprotein feeding ar Ëhe rare of 16.5 g/r00 kg. diet
did not seem to influence body weight gain and mortality raLe

(table 3) during the growing period of this gronp of broiler
breeder pullets. However, their significanEly higher (pco.05)
feed consumption contributed to less efficient feed conversion
(rable 3) compared with the control. The rational for feeding TP during the growing phase was that an alteration in

efficiency of feed utilization

as a consequence of the exogenous thyroid hormone treatment might result in lighter and

less obese birds aE the onset of egg production. As this
result was not obtained, it can be suggested that Tp feeding
is probably not a useful technique to use for reducing weight
gain in growing broiler breeder pullets. rt is, however,
possible thaË higher levels of Tp might have been more effective but due to the possible detrimental effects of high levels
Qz g/r00 kg" of feed or higher) rhis is probably not feasible.
No differences were obtained in body weight gain due
to loiv-lysine treatments (table 3).
to ihe results reported by

Couch

This finding is contrary

et al. (tSly)

but agrees

with that of singsen et al. (tgø+, Lg65). The latter investi-

6L

gators indicated that when chicks

\^7ere

of time, ofl the normal diet and later

fed for any period

changec

to the deficient

diet (0.0s% of the diet) no effect on body weight at 21 weeks
of age was found. couch and co-workers were able to show that
pullets fed (l-zz weeks) diets containing 0.42% lysine grer,r at
a: slower rate than did controls. The difference between
resulEs reported herein and those of couch and associates
may

be attributed to the fact that in the present experiment

birds on low-lysine diet

consumed

significantly

(p.O.OS)

more feed than did the controls, which is contrary to the

rezults obtained by couch et al.

The data seems to coincide

with that reported by Lee et al. (L97L) who indicated Ëhar
daily feed inËake would tend to increase if lysine intake
falls below about 0.65 g. A similar effect was also well
illustrated by other workers (Berg and Bearse, l95B; Berg,
L959; \iüaldroup and

, L962; Lillie and Denton, Lg66) .
rt is likely that birds on lysine-deficient diet \,vere able
Harms

to overcome the limiting barrier presented by the low-lysine
diet by consumirlgr moÍê feed.
Phase

III of the Experiment

A. Egg Production:
The data indicating a 6% increase in egg production

in response to TP feeding as observed in this study are in
agreement wiËh Ehose reported by Turner and his associates
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(Turner et al., L945a, b; Turner et aL., L946; Turner

and

Kempster, L947; Turner, L948a; Turner and Kempster, L948,

L949); Oloufa G954) and more recently proverbs (Lg7L)

.

However, the data are in disagreement with those of Gutteridge
and Pratt (L946), Gutteridge and Novikoff (L947), Hurt and
Gowe

(rg+s), Litlie

er al. (tgsz) and oloufa (1953). This

discrepancy of results as reported by these investigators
may

be explained on the possible basis that a particular

strain of birè would tend to have a particular inherent
degree of thyroid activity

of productivity.

to cope with its genetic potential

This could be directly or indirectly related

to Lhe effect of higher or lower rate of general body metabolism or Ëo the body fat deposition. this latter effect
is important since it will pose a physiological andfor
physical problems or barrier in terms of optimum egg production to the bird during its production cycle.
Since the feeding of TP at these two levels (S.S

and

L6.5 g/L00 kg. diet) to broíler breeder hens resulted in an
approximately 5 Eo 6% increase in egg production over controls

it

may

be suggested that the thyroid hormone(s) released into

the blood stream in thyroid gland in the control hens might
not have been adequate to cope with the maximum production

potential inherent Eo the hens. The effect might have been
through a direct influence on the reproductive system, interaction between Ëhe pituitary anterior and the ovary or through

arj. increase

in metaboiic activíty per se.

B" Thyroid

Hormon.es

in Lhe Blood Circulation oi Broiler

!_fg-e!es

Hens Fed Various Levels of Thyroprotein:

Since a homogeneity test of variance (Bartlett,

L937)

indicaEed that the PBr and T4-r data for broiler breeder hens

fed various levels of TP T,iere not
Table 3), no atiempt

statistically.

I,,/as made

homogeneous (Appendix

to detect treatment differences

However, in absolute terms, both PBI and

T4-T plasma values of the treated hens (treatrnent B and
qTere

C)

markedly higher than those of the control group through-

out the laying cycle. Also, the PBI and T4-I were higher
in hens fed L6.5 g. TP per 100 kg. diet.
duction of thyroid hormones would

seem

Endogenous pro-

unlikely in these

two TP treated groups since the plasma levels of the hormones

observed should have presumably been adequate to inhibit

the relevant production of rsH in the anterior pituitary
which in turn v¡ould have suppressed the endogenous ,output of

thyroid hormones. This might also be held responsible indirectly , for the flucEuation observed for PBr and rr*-r levels
(fig" : and 4) with the two TP Ëreated groups or the variation observed ivhich might have been due solely to an occasional uneven distribution of the TP incorporated inÈo the
respective diets.
A one-way analysis of variance r,vas performed on PBI and
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14-T data for controls (Appendix Table 4).

The data indicate

that PBr in the plasma rose significantly (p<o.os) from the
onset of egg production, peaked at the highest level of egg
production, and declined thereafter (table 6, 7, and Fig.
and 4).

No consistent variation patËern

\^7as

3

evident f or

T4-r throughout the laying period. The data would

seem to

indicate that the changes in the concentration of t: instead
of. To had developed

during the laying cycle. This is

based

on the fact that Hycel PBI method would theoretically account

for all protein-bound iodo-hormones in question.

However,

this supposition would be invalid unless a test has

been

performed to verify that all inorganic iodine is presumably

in the anion-exchange process, that is,
that no inorganic iodine would compete with the

Erapped and removed

to

assume

iodohormones in binding to the specific proteins (albumin,

prealbumin etc.) concerned. rt is in doubt that T3

\47as

the

only component that varied in concentration in the blood
circulation of the hens in this study. rt is suspected that
inorganic iodine might indeed be able to compete for the
specific proteins that bind the iodohormones and that not
all of them \¡rere being removed during the anion-exchange
process. Therefore, further work is required to elucidate
the exact

compounds responsible

for the effect noticed for

PBI levels in response to stage of egg production.
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Feed Consu¡npti-on

Feed Efiicienc

Bod

lleight Gain

and

Mortal i ty:
Feedir:g of rP to broiler breeder hens did. not influence

feed intake (tabie B). These data are in agreement with
those of Berg and Bearse (fgSf) and proverbs (tglt) but at
variance with those of Godfrey (L949). Since egg production
Ì,/as improved and feed consumption was
provemenE

in feed utilization

relative to control

not affected an im-

of the two Tp treated groups

observed. This improvement of
approximately 9 .4 and, g.}KB and C respectively) over the conËrol
would imply a greaËer economic return which is definitely
\^zas

highly desirable to broiler breeding industry. As has been
mentioned elsewhere in the literature

of expressing feed utilization

review, this criterion

has not been reported in the

earlier work on TP feeding except by proverbs (tglt)
findings corroborate that reported herein.

and his

Data on body weight gain reveated that hens fed either

level of

TP were

significantly lighter in weight than controls

throughout the laying period. This disputes the daËa reported
by Turner and his associates (t945, A; L946, Lg4g), Hutt and

(1948), Godfrey (tg+g),Oloufa (rgs:) bur corroborares
those of Hoffmann and Wheeler (fg+g), Lillie et al . (]OSZ) ,

Gowe

and savage et aL. (Lgsz). proverbs (tglt)

showed

that

22 g. of TP \.üas incorporated per 100 kg. of diet, and

when
was
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fed during the latter part of the laying cycle, a
decrease in body weight gain was observed.

marked

It is apparent that the loss of body weight (approximately 200 g. less than the controls) in the birds receiving

the TP supplemented diets was noË due to a reduced feed con-

sumption. rt is possible that the difference in body weight
gain observed, may be explained on Ehe basis fundamentally
attributable to the effect of TP on the increase of general
body metabolism. Adipose tissue deposition may have been

altered and hence a relatively lighter bird produced. The
possibility that feed energy absorbed was selectively utilized
for more efficient egg production rather than general body
weight gain in those birds receiving TP also might have

contributed to the body weight reduction. This reduction of
body weight is not necessarily detrimental since an abiliËy

to control body weight gain, as a measure to prevent birds
from becoming too obese and subsequenËly affect the laying
performance during the laying cycle, is desirabre. This is

particularLy important in broiler breeding stock since in
Ëhis case the birds in question have been intensively selected for high meat yield; they have a tendency

greater fat deposition, and at the
potential has been sacrified.
A better livability

same

Ëoward

time egg production

was observed for TP fed groups in
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this study (taUle 8). Turner (1948), reported that the

degree

of hyperthyroidism exerted by feeding 22 g. TP/100 kg. of
diet did not overstimulate any glands or organs to result in
a detrimental effect.

This assumption T,ras further extended

to include a higher leveL (44 9/100 kg.) of TP feeding in
another study without detrimental effects (Proverbs, L97L).
In addition, data reported by other investigators (Turner
et aL.,I945a, b, L946, L947; Turner, L948; Hoffmann and
Vrlheeler, L948) also illustrate

this similar supposition.

D. Egg and Yolk !üeight and Thickness of Egg Shell:
The data (table 9) showed that a reduced egg weight

was

observed when hens \,vere fed either 5.5 or 16.5 g. TP/f00 kg.

of diet during the production cycle. This detrimental effect
of TP on egg weight does not agree with the data reported by
Hutt and Gowe (194s) and Proverbs (tglt).
However, it seems
likely that the degree of reduction of egg vreight might become
more pronounced toward the decline of egg production. The

periodical differences (values

\^rere

in ascending order, i.e.

egg \,veight increases as tÍme lapses) in egg weight were

normal phenomenom (Appendix Table 6).

a

In addition, the

influence due to grower treatment would further substantiate

the discouragement of the use of TP fueing the growing stage
of birds.
The obse'rvation that yolk weight was not influenced by
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TP feeding (Table 9) is at variance with the cata reported

by Asmundson and Pinsky (rg:s).

These researchers v/ere

feeding high levels of desiccated thyroid which was not
characterLzed chemically although it may be assumed that

it containeC a

higher level of thyroidal substances than
those present in the diets here reported. Hence, the signmuch

ificant reduction in yolk weight which was claimed to be due
to a reduction in the rate of secretion of yolk material as
a conseguence of the hyperthyroid condition produced by the
desiccated thyroid treatment might have been expected under
their set of conditÍons but not under the conditions of the
experiment reported here. Due to the fact thaL no differences

r,rzere

found in yolk weight in the present study, the

differences observed in egg weight

\,,üere

likely due to differ-

ences in egg albumin (presumably the water content)

among

treatment groups. This assumption \¡ras further substantiated

by the fact that no differences

\^7ere

observed in egg shell

thickness in this study (taule 9). This finding with regard
to the influence of rP on egg shell thickness is in agreement

with the data reported by Hutt and Gowe (fg+A) and proverbs
(rgzr). other investigators (Gutteridge and pratt, L946i
Gutterridge and Novikoff , L947, Hoffmann and ldheeler, Lg4B,
lrlilson, L949, Berg and Bearse, 195r, Lirlie and others, Lg5z,

oloufa, 1953), however, have detected a significant increase
in egg shell quality in response to Tp feeding. savage et al.
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(rgs:) reported

sríght increase in shelr thickness.
Proverbs (rgzr) explained chis inconsistency of the
resurts
of different researchers on the basis that different strairs
ä.

of

birds might differ in thyroid gland activity" rn corroboratíon
of ihis, a difference in thyroxine secretion rate oi different
strains of chickens has been reported (nietrier et ar,,
Lg57,
Premachandra

8.

et aL., L957, 1958, pipes et al., Lg57, 195g).
,

Fertility

data revealed that Tp administered aE the
high level (ro.s 8/LOO ke.) rended ro improve ferriliry
(table tl), thus, Tp fed at this level might
be beneficial in
improving the fertility
of the broirer breeder hens. This
could have been due to the fact that Tp treated males
and/or

females might have tended to be more active than
the contrors
and also the excess abdominal fats in the latter (about
ZO0 g.
more) may have interferred wiËh the normar mating
process

especially in the femares. These resurts would tend to
agree wirh those reported by l,,Iheeler and Hoffmann (rg+au)
were not able to demonstrate any ill-effect

who

on fertility

through TP feeding from rhe day of harching (++ g.
Tpl100 kg.
diet) - However, these investigators did report a significant

increase in fecundity for Tp fed breeding birds as compared
with that of conrrol birds. prdberbs (tgll) reported
that
no ill-effecr was observed when a low (ll g. Tp/100
kg. diet)
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level of ÎP was used. The observation by Proverbs (L97L)
that either the age of hens aË the time

when

ÎP was fed or

the length of time for which it was fed might be associated
with a decline in fertility

\,vas

not in agreement with the

results as described in this report.

rt should be pointed

out that no similar test involving a two-way reciprocal
cross by using vühite Leghorn cocks and hens as the other
group, \^rere run on the fertility

capacity of

semen

from

Tp

fed and control males in this study.
Hatchability results (table fl) do not indicate that
TP feeding was detrimental.

This is not in agreement with

the work reported by Proverbs G97L) . there

\,vas

no effect

which could be traced to the groT,rer treatments. These results

corroborate those reported by Godfrey (tg+g) Huston and
!üheeler (t7+S); McCartney and Shaffner (1950) and Savage

et al. (tgSZ), and dispute the finding as reported

by

Proverbs Q97L) that TP feeding to hens at 26 weeks of
was

age

detrimental. The so-called adjustmenE period of the birds

to adapt physiologically to the TP described by Proverbs
was noE observed

F. viabilitv

in this

sËudy.

of chicks Hatched from Eggs Laid bv Broiler

Breeder Hens fed various Levels of

TP:

Vrlheeler and Hoffmann (1948b) found Ehat chicks hatched

from eggs laid by hens fed TP (ZZgltOO kg. ) contained en-

7L

larged thyroid glands. This

phenomenom \,vas

also noted

McCartney and Shaffner (tg+g) , and Godfrey (L949) .

by

I,rlheeler

and Hoffmann (fg+S¡) also reported that when the goiterous

chicks \,rere placed on a standard chick starter diet at the
time of hatch, their thyroids became reduced in síze to

within the normal range in about 15 days. rn the present
study, ûo attempt was made to dete:rnine the size of the
thyroid glands of the chicks. However, the data on chick
plasma T4'T and PBr levels aL day one and 2 weeks of age

(table L4 and 15; Figs. 9 and 10) would suggesr that a
change at least in thyroid function if not thyroid size
occured in the 14 days post-hatching. rt is possible that

the PBr and ro-r level of chicks from eggs laid by hens
receiving the high level (re.s g/100 kg.) of Tp would have
gone down still

further relative to Ehe control if the

growth period was extended. These results would explain

the observation
the chicks had

made

by Hoffmann (fgAA¡) that the thyroids of

become reduced

in size to within the normal

range in about 15 days.
The depression of body weight (table 13) at 2 weeks

of age of the chicks hatched from eggs laid by hens receiving
the high (fA.S e/L00 kg.) level of TP could be caused by
Ehe considerable amount

of the thyroactive materials being

transferred to Ëhe eggs. These

compounds would

be ingested
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by the chicks and could result in an accelerated metabolism
during the two-week post-hatching period. The fact that the
mean body

weight of chicks at 2 weeks of age, hatched from

eggs laid by hens fed lower level of Tp (S.S gILOO ke.)

\,vâs

comparable to that of control chicks at this ãgê, indicates

that TP fed to hens at this level does not exert a detrimental carryover eggect on the chicks.
The significant (p 0.05) effect attributable to the
gror/üer treatment revealed

at 2 weeks of age, which was mani-

fested by smaller chicks, relative to the control in the Tp
fed group is difficult to explain. rt is not likely a carryover effect because a period x groüler treatment interaction was

not evident and hence may be an artifact.
The fact that a difference among rayer treatments in

chick weight at day of age was not evident is also difficult
to explain in light of the significant response at 2 weeks of
age. rt would seem logical to expect that the chicks hatched
from the eggs suspected to contain the thyroactive substance
would have been lighter in weight than the controls.

The

rationale being that any material that accelerates general
metabolism should result in a reduction in hatch weight.
one of the possible ansers to this might be that embryonic

tissue of chicks during incubation might be less sensitive
Lo the action of thyroactive substances. However, the possibility

that inorganic iodine was deposited in considerable
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amounts in the eggs should not be overlooked. The presence

of inorganic iodine would tend to inhibit the TSH production
in the anterior pituitary and €licit a negative feed-back
reaction thus preventing the endogenous production of thyroid
hormones. This would suggest that the To-r detected in the
day-old progeny from TP fed hens was of exogenous origin.
Embryologically the thyroid of the chick has been shown

to concentrate radioactive iodine at 7 days of incubation,
although by this time, flo follicles or colloid are discernible. 0n the 9th day of incubation, droplets of colloid are
visible and the radioiodine accumulated was found to be
protein-bound. Abrupt increases of radioiodine accumulation
in the thyroid upon injectianof 1131 *." also observed
(l,rlaterman, L959) . secretion of thyroidal hormones starts
after 10 to 11 days of incubation (Hansborough and Khan,
1951). An even greater radioiodine uptake was observed
just before hatching (Rogler et al., L95g). These latter
authors also reported thaE hens could concentrate radio-

iodide in the yolk in the ovary although only a small amount
of this radioiodine was protein-bound (okonski, Lg6L). The
iodide was thought to be utilized by the developing embryo
(l^lollmann and Zwilling , L953, Okonski et al. 1960) .
,
lüatermann (tgSg) reported that both in vitro and in vivo

studies of the thyroid reveal the

same 1131 concentration

pattern and the thyroid gland was reported .to be able
to
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develope morphologically and functionally in chorioallantoic

grafts or in vitro.

This would suggest that the thyroid

gland of the embryonic chick possesses an intrínsic abÍlity
to develop, autonomously. The result obtained in the present
study that a significantly

(p<0.05) higher pBr and ro-r

levels observed in day-old chicks from the Tp fed hens might
then be explained on Ëhis basis. rn this case, the funcË-

ional differentiation

of the embryonic thyroid gland would

not be related to the elaboration of thyroid stimulating
hormone produced

by the anterior pituitary.

Therefore,

the thyroid gland of embryonic chicks might have been at
least relatively insensitive to the TSH but continued to
accumulate and evenËually produce thyroid hormones by

utilizing

the resources available in the embryonic eggs.
Further studies are necessary in this area to clarify the
various hypothese.s.

G. Effects_of TP Feeding on Hatching Time:
Approximately L2 hours of additionar hatching time

r,ías

reported by McCartney and Shaffner (tg+g, 1950) to be neces_

sary for the progeny of the hens fed 22 g. Tp/100 kg. dier.
This phenomenom \^/as also noticed by proverbs (tglt) though
no detailed study was undertaken. rt can be concluded from

the present study (Figs8, g, andlo) that 6 to L2 hours of
additional hatching time are required for the progeny of hens
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fed 16.5 g. TP per 100 kg. diet as compared with controls.
However, this dÍd not apply to the lower level of Tp feeding (S.S 9/100 kg. diet) where litrle
hatching time \,ras required.

or no additionat

rt is wiËhout doubt thaË delay of hatching time \,vas
the result of TP feeding (at 16.5 g. level). However, which
component(s) of the thyroactive substances being transferred

to incubating eggs \^ras (were) responsible for the effect
is not clear at the present time. A delayed hatching time
is consistent with a slow rate of metabolism rather than
a rapid rate of metabolism and hence this result is aË
variance with the observed high pBr and TO-r levels noticed

in the chicks. However, the fact that the eggs laid by the
hens fed rhe high (f0.S 9/100 kg. dier) level of Tp ü7ere
lighter than those of the other two treatment groups but
the weight of the chicks at hatching did not differ is consistent with a lower rate of metabolism. rt is also possible

that the differences in egg weight were due to differences in
water content of the albumin (Kondra and sell, unpublished
data) and hence a difference in chick weight at hatching
would not be expected. Further work is required to solve
these discrepancies.
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GENERAL DISCUSSION AND CONCLUSION

An experiment was conducted to study the effect of

feeding thyroprotein at three different levels (0, 5.5,
and 16.5 9/100 kg. of diet) to broiler breeder hens through-

out the seven 28-day laying periods. One level of TP (f6.S
9/100 kg. of diet)

\^zas

also ernployed as a

means

in conErolling

mature body weight of one group of broiler breeder pullets

during their growing stage (S - 22 weeks of age). Concurrently, a low-lysine diet was fed to another similar group of
pullets to act as a possible control in addition to another
similar group fed a standard control diet.

The Hycel PBI

method and a modified TeEralute method \,üere used to evaluate
plasma levels of thyroid hormones in both the hens through-

out various stages of egg production and their progeny at
day-old and 2 weeks of age. The results obtained in this study

are summarized as follows:
1. Grower treatment (A - 22 weeks) did not influence
the mature body weight, feed conversion, and mortality rate

but pullets fed Ëhe low-lysine diet r^/ere shown to consume
significantly (P(0.05) more feed than the concrol and rp fed
groups. This increased feed consumption may have accounted
for the inability
weight gain.

of the low-lysine diet to restrict

body
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2" Thyroprotein feeding had a favorable effect in
enhancing egg production throughout the seven Zï-day laying
periods. An increase of approximately 5 to 6% in hen-day
production over the control rvas obtained lvith both levels
of TP feeding.
3. Feed intake was unaffected by either revel of rp
f eecling.

4" Feed utilization

data (kg. feed required to produce

one dozen of eggs) indicated that Tp treated hens tend to

utilize

feed more efficiently

than do controls.

Treatment

B and c (s.s and 16.5 9/100 kg. diet, respectively) represenr

an increase of 11 and 6% in feed utilLzaELon over the control.
5. Thyroprotein feeding resulted in a reduction of
body weight gain of about 200 g. per hen over the seven 2g-day
periods

6. Reduction of egg lreight was observed in those
fed either 1eve1 of rP during the raying period but no

hens

influence on egg yolk weight or egg shell thickness \,ras noted.
7. No detrimental effects on ferËility or hatchability
\^rere

noted with either level of TP feeding

8. Additional hatching time of 6 to 12 hours was required for eggs laid by hens fed rhe high (fO.S g. Tp/100 kg.
of diet) level of TP. A normal hatching time was observed
for the eggs from hens fed 5.5 g TP/100 kg. diet.
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9. Thyroprotein feeding was shown to have no influence
on the body weight of the day-old chicks but when these chicks
I/r7ere

placed on a commercial starter diet, a lower body weight

gain than the controls was observed for chicks hatched from
eggs laid by hens fed 16.5 g. TP/100 kg. of dier. A similar

effect was not noted for chicks hatched from eggs laid by
hens fed 5.5 g. TP per 100 kg of ration.
10. The PBr level of the hens receiving the control
diet rose,:significantly (p.o.os) from the onset of egg production, peaked at the highest level of egg production
declined thereafter.

and

11. Both PBr and ro-r plasma levels of the Tp fed hens
üzere markedly higher (in absolute terms) than those of the
control throughout the laying cycle.
L2. The PBr and ro-r levels in the day-old chicks from
TP treated hens r^7ere markedly higher (except T4-I in haEch
the level for the chicks from Tp treated hens on 5.5 g.
level was comparable to the controls) than the controls, with

lþL

essentially no difference at 2 weeks of age.
13. Af ter placing these birds f.or 2 weeks on a commercial
starter ration, a marked decrease in pBr plasma level f.or
chicks hatched from eggs laid by Tp fed hens was observed.
The same trend was observed in To-r level only from chicks

hatched from hens fed 16.5 g. TP/100 kg. of ration.

However,
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piasrna T4-T level from chicks hatched from hens fed lower

level of rP (s.s g/r00 ke") did not reveal a definite trend
in these three hatches observed
L4. A trend was observed in both plasma pBr and rrr-r
level from the progeny hatched from the control hens that

,

:

increased slightly 2 weeks later.
Thus, the results indicate that Tp when incorporated

into a standard broiler breeder diet at 5.5 g. per 100 kg. of
diet can result in increased egg production without detrimental
effects on fertility

or hatchability.

Thyroprotein fed at

this1evelrvasa1soeffectiveincontrol1ingbodyweight
gain throughout the laying cycle. The fact that no additional hatching time was required for these chicks to hatch is particularly desirable. Moreover, the mean body weight of the
2 weeks ord chicks from this group of Tp treated hens

virtually

was

comparable or slightly heavier than the controls

..

,l

.,,,
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APPENDIX

Source of
Variance
Treatment
Time

Error

Table l.

Analysis of variance of total feed consumption, body weight
gain, feed conversion, and mortality obtained with broiler
breeding pullets fed three different gro\,ver diets.

Degrees of
Freedom

Mean

Feed

Consumption

Body Ideight
Gain

10. 5*

1, 403

607 . g*

696,033*

L.7L

lsignificantly different (*)
at

309

Squarel
Feed

Conversion

Mortality

0. 055

0.23

0.002

2.09x

0.05r

0.28

p<0.05.

oo

\o

L9.48

33.1r

L4.27

L7 .96

ZO.LL

1.58

0.99

0.02

L.23

FC

Mean Square

lr2

8l

0.49

0.29

1.39

0.

FE

l{ne¡, egg production & hen-day); (fC), feed consumption (t<g);(f'n), feed efficiency.
2S
igniticantly dif ferent (*) ar P<0.05.

15

24

LxGxP
l5

L2

GxP

105

L2

LxP

Error

4

LxG

,L02.52*

6

Periods (P)
7

6.43

2

EP

Treatment
Grower Phase (G)

FE

L7L.92*

FC

Treatment
Layer Phase (L)

EP

Degrees of Freedoml

Table 2. Analysis of variance of egg production, feed consumption and feed
efficiency data obtained wíËh broiler breeder hens fed various
levels of thyroprotein Ehroughout the laying cycle.

Source of Variance

APPENDIX

\o
O
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APPENDIX

Data

Table 3.

Chi-quare values obtained with
PBI and T4-I data.

Degrees of Freedom

Chi-square

PBI

48.7**

,4-t

7

Statistically

2.9**

significant (**) at P<0.01.
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APPENDIX Tab1e 4.

Source of Variance

Analysis of variance of plasma PBI and
Tt-I data obtained with broiler breeder
héns fed the control diet throughout the
laying cycle.

Degrees of Freedom
PBI

Level of

T,4 -I

Egg

Production

Error

lsignificantly

4

4

2L

15

different (*) at p<0.05.

Mean Squarel

.I

PBI

T,

2.99x

0. 003

0.L7

0.030

4
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Source

of

Analysis of variance of body weight gain
and mortality data obtained with broiler
breeder hens fed various levels of thyroprotein throughout the laying cycle.

Table 5.

Degrees of Freedoml

Variance

Mean Squarelr

BI^TG

Bü]G

2

M

Treatment,

Layer Phase (l)

z

L27

,934.06*

94.L¿,.*

Treatment,
Grower Phase(G)

LxG
Error

z

2

4

4

15

15

l(gwc), body weighr gain
2S

and

LL,494.98

26.00

,43L.07

3s .9s

L6,485 .97

24.98

3

(M), mortality.

ignificantly different (*) at

P<0.05.
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Table 6.

Source of Variance

Analysis of variance of egg r^reight, egg
yolk weight, and egg shell thickness data
obEained with broiler breeding hens fed
various levels of thyroprotein.

Degrees of Freedoml
EI/ù

lreatment in
Layer Phase (L)

EST

EYI^]

2

2

2

2

Treatment in

Grower Phase (G)

Collections(C)3

2

LxG

4

LxC

Mean Square2

2

6.87*

0.10

t.4s

2
-

7.85*

0. 18

o.46

0.25

L.26

0.20

0.97

4L7 .7 6*

4

L.97

GxC

4

-

0.05

LxGxC

8

15

1.13

Error

4s

l(ew),

e1g

15

weight; (nvw),

eBB

xto -4)

EYI¡'l

4
-

4

EST(

EI4I

2.07

L.37

yolk weighr; (EST),

shell thickness.
2Significantly different (") at P<0.05.
3tgg" lvere collected at 3rd, 5th, and 7th periods
throughout the seven 28-day laying periods.

eBB
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Table 7.

Source

of Variance

Analysis of variance of fertility and
hatchability data obtained with eggs of
broiler breeder hens fed various levels
of thyroprotein.

Degrees of Freedoml

Mean Squatelr2

F

Treatment,
Layer Phase (L)

2

2

Treatment,
Grower Phase (G)

2

2

47 .69

L06.02

Setting (s)3

8

8

89.01

320.95

LxG

4

4

282.02*

287 .LL

LxS

T6

l6

s

0.48

105 .34

GxS

L6

L6

82.06

L97 .L6

LxGxS

32

32

77 .33

L02.3L

135

135

8L.23

L92.59

Error

967

.67*

89.90

'l

-(f),

fertility and (H), harchabiliry .
2Significantly different (*) at P<0.05.
3orr" setting was made at about 50% hen-day production,
3 settings (weekly) at peak production, 3 more wàekly settings
just subsequent to peak producEion and z settings at decline
of egg production.

Table 8.

T2

L2
24

LxH

GxH

LxGxH

different (*) at P<0.05.

105

24

L2

L2

4

6

2

2

6

1.53

0.82

1.68

L,37

L.64

tL3.23*

2.84

0.7

2*

7

2.L

73.L

8

L.8
54.

7

34.6

6L6.7*

33 8.

682.L*

2-week old

Mean Sqqarel

Day-old

2O.r,
of a total of nine different settings of eggs throughout the laying period, only
seven \,\7ere used in Ëhe viabiliEy sËudy (the firsE and last setting were not included.

lsignificantly

4

LxG

105

6

Harches2 (H)

Error

2

2

TreaEment in Grower Phase (G)

(L )

Day-old

Degrees of freedom
2-week old

Analysis of variance of the average day-old and two-week old body
weights obtained with chicks hatched from eggs of broiler breeding
hens fed various levels of thyroprotein.

Treatment in Layer Phase

Source of Variance
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Table 9.

Source of
Variance

Analyses of variance of plasma PBI and
T4-I level data obtained with day-old
and 2-week old progeny of broiler breeder
hens fed various levels of thyroprotein
throughout the seven 28-day periods of
egg production.

Degrees of Freedom
PBT

T

Mean Squarel

4-T

PBI

T4-r

2.27

0.L2

Hatch (H)

2

2

Ase (A)

1

t

7

L2

.27**

0.47

Treatment (T)

2

2

477

.L4**

1.09

HxA

2

2

28.7L**

0.23

HxT
AxT

4

4

L4.93*

0. t5

2

2

13 . 22**

0. 51

HxAxT

4

4

L.47

0. 01
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70

5.31

0.52

Error
L^.
-Signif

6

icantly different (*) at P< 0.05
significantly different (**) at P<0.01.

and highly

