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The o3̂ gcn requirements of the ohiok embryo have been found 
to inorease by at least lOQ̂  during ha tolling# This rise is 
probably a result of ventilating the newly funetionix̂  lungs and 
maintaining the body temperature at its pre-hatohing level. 
Sustained homeothermio %responses become evident only at the moment 
of escape from the shell membranes.

There are two essential phenomena in the termination of the 
embryonic eadstonoe. The first is the initiation of pulmonary 
respiration mdiioh appears to result from a high partial pressure 
of oaxbon dioxide in the blood stimulating the respiratory 
centres. Active hatching is the seoond essential phenomenon and 
is probably stimulated by an increase in the rate of thyroid 
liormone secretion.

The body temperature of the ohick rises after hatching, and 
is probably a result of the progressive replaoement of the yolk 
with actively metabolising tissues. There is also a rise in the 
metabolic rate at this time.

Both the absolute oxygen requirements ond the metabolic 
pattern of the growing fowl may be affected by the diet#
There is a difference in the response to the diet aooording to 
the sex. A period of almost constant oxygen uptake was 
consistently noted and appeared to be virtually independent of 
the diet although high levels of dietary protein tended to reduce 
this depression in the metabolism.
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At 4 weeks of age a large fall in the metabolic rate was 
found, especially in RH x IS chickens. The significance of the 
fall is not known, but a fundamental change in the physiology of 
the fowl is indicated.
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Studies on the physiology of the avian cnhxyo are greatly 
facilitated by its separate existence Aron the parent# In spite of 
this, however, eoaparatively little work has been oaxried out upon 
this most complex phase of ontogenesis# Only a few of the ĵ ysio- 
logical changes that ooour at hatching in the domestic fbwl, 
alius Aallus doBestious (L), have been determined# It is known lhat 
the metabolic rate doubles and that the newly-lk.tohed cliiok, if not 
a complete homeothum, is at least an advanced heterotherm# But the 
factors involved in the termination of the einbryonio existence, the 
time at which thermoregulation appears and the oause for the greatly 
Increased metabolic rate have not been füUy investigated#

Similarly the body temperature of the ohiok has been shown to 
rise after hatching, but the cause of this rise is not known, nor 
has it received much attention# Little is Kmown of the effect of 
temperature or diet on the gaseous metabolism of the fowl, especially 
for the period between hatching and sexual maturity#

In this thesis the pr^lems outlined above have been investigated 
using oaygen intake as the basis of these investigations# In the 
section dealing with the hatched fowl, woî  has been limited to the 
unstarved bird since there has been cm3y one investigation in recent 
years into the oxygen requirements of the fowl in this nutritional 
state#
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Vew or sors rigorous definitions bavo been required in dealing 
with ̂  hatching embryo# The tendnation of the esteyonic 
oxistenee, oemmonly termed batohing, may he eatisfaotorlly divided 
into several olear out periods, oharaoterisGd by oertain ohanges:
1# full-term enbrvo

This term is used to describe the ohiok eshzyo mhloh is ready 
to hatch but which has not begun to breathe# Sinoe all edbryo- 
logloal divisions have taken place the term foetus may be sid»stituteu 
for *edbryo”, although by convention the latter is most ocmmoniy usea.
2. Parafoctal period

This is the period in the life history of the chick when it is 
dependent upon both the ohorlo-allantois and the lungs for gaseous 
exohange# During this period the ohiok raoy be termed the parafoetus* 
(This definition is an extension of that put forward by Romijn A 
Rocs, 1938#)
3. Pipping

Movements of the heed of the ohiok lead to the fracture of the 
shell at one point# If this fTaoture is followed by a quiescent 
period ( see below) then the action may be termed pipping#
4# Quiescent period

The qpiesoent period is that period between pipping and the 
onset of active hatching when the Chick exhibits little or no 
movement#



Days o f
i n c u b a t i o n _ _ _

Event
Pul resp 
begins

■ E M B R Y O  (F O E T U S ) -

Pips Q u iescent Pqrafoeta i A ctiv e  H atch es
period begins period enas h a tc h  begins

■ P A R A F O E T A L  P E R IO D  -

Q U IE S C E N T  P E R IO D

I-H A T C H E D  C H I C K ------------

Fig# 1# A diagramnfttio representation of the major physiological 
events that ooour during the termination of the esbryonio 
existenoe# The times are approxinate#
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% Active hatching
The guieeeent period le terminated vAnan the ohiok oommenoee 

to break down the shell in order to esaoĝ  from it# This phyaioal 
act is defined as active hatching#

The sequsnoe of these d^lned events is shown diegraceatioally 
in fig# 1#

In expressing the oxygen consiŝ tion of the fowl the term 
metabolic rate describes oaQrgen iqytake In millilitres per gramme 
per hour (ml#Og/g:/hr) whilst absolute o icrrm  requirements refers to 
oxygen uptake In millilitres per hour (al#0^hr)#
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4.

hi
wtAbpllam of tlie der̂ ‘*Tf*niT T^MI lifT

a) a««a*gwrott<>o Md e«»oo Wmia.
It is gmwally recognised that 1h# sln̂ l# egg is the best 

eaqperinwotal unit fCr studies on the gaseous netabolisa of the 
hatching eshzyo, sinoe if more thon one eobryo were used, 
fuBOdsmental changes In the metabolism of one loight be masked by 
a different metabolism of another. However, at the beginning of 
inoubatlen, when the absolute volumes of gases involved in 
respiration are very ssmll, gross inacouracies must be espeoted 
wless very sensitive teohniques are used,

Baudriaont A Martln^aint-Ange (1847) showed that the ehiok 
embryo required osygen for development. They measured osygen 
uptake, oaxbon dioxide and watw produotion of the enbxyo at several 
stages of inoibstion, but their results, like those of Baurnggurtnw 
(1861), proved subsequently to be quite inaoourate and are therefore, 
of historioal interest only, Pott A Preyer (1802) conducted 
similar experiments, calculating the ojqngcn consumpticm Indirectly 
and obtained figures of the same order as those of later wortoars 
(t«d>le 1), Their data show that the oxyg@i uptake and carbon dioxide 
productioo rose rapidly between the tenth and thlrtewth day and then 
beoame fairly constant from the seventeenth to the twentieth day of 
inocbation, Pott (1883), Bohr & Hasselbaloh (1900) and Haaaelbaloh 
(1900) confirmed these findings, whilst tl» latter author showed that
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the respiratory quotient during gre&ter im jct of the inoid>etion 
period was indicative of a fat metabolism# He found that oaxbon 

dioxide produotion during the first three days of inoiimtion fell 
progressively# Romijn (1962) has shown that this is duo to the 
evolution of physically bound carbon dioxide from the shell itself#

The caxt>on dioxide production ourve for the whole period of 
incubation was re-examined by Atwood A Weakley (1924)# Th^ found 
that there was no change in the rate of production up to the 
sixteenth dcy but confirmed the findings of earlier authors that the 
produotion of caxbon dioxide was oonotnnt from that time to the 
twentieth day# The results of Murray (1929a) refuted those of 
Atwood ê Veakley (1924) and confirmed those of Bohr ̂  Hasselbalch 
(1900, 1905) by showing that tiiere was a ucfinite inoî jase in the 
rate of cazbon dioxide evolution from the eleventh u&y of incubation# 

Lussana (1906) was the ilrst author to note that there was a 
large increase in the oxygen consumption of the hatcliing embryo# He 
found that it trebled or even quadrupled between pipping and the first 
day after hatching end was accompanied by a rise in the rospiratoiy 
quotient from 0#68 to 0#84# Romanoff (1941a) oonfinsed that the 
o:iQrgen consumption of the chick doubled at hatc'ilng# whilst Giaja 
& Jovancic (1990) found that there were two distinct ports to ttds 
rise, one at pipping and the other at the time of the escape from the 
shell# According to Romijn & Lokhorst (1996) the rise at pipping 
- from 56#1 ml/hr to 36#8 ml/hr - was insignificant but Viosolwdijk



ml/hr

10 -

5 ID IS 20days

?lg. 2# The ejQngpm requlmseats of the devblepimg chick m bryo, 

Data from Romijn à lo kb o ra t (i960) and Romijn (1961).
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(1962a) oonflnaed that there «as a dlatioot rla# in the easrgen 
requlreDeate of the ohiok following pipping (table 2)# Vieeehedijk 
further noted that there was a alight inoreaae in uptake when 
pulmonary respiration was initiated#

The oiQrgen requirements of the developing embryo are, aooording 
to RcKBijn (1^1) and Romijn & Lekhorst (I960), greater tiian other 
wofkers have found (see tables 1 and 2). It will be noted that the 
ojQgem requirenents are similar for the four breeds that have boen 
examined and therefore this diserepenogr oannot be of genetical origin 
but poiiaps it ie a result of employing more sensitive teohniques*
The osQrgen î tato ourve of the eshryo is shown in fig* 2, the elate 
for wfaioh have been taken fTom Romijn Jb Lokhorst (I960) and Romijn 
(1961)# The essential features of this ourve have oertainly been 
known from the beginning of this century* It will be seen that the 
rate of oŝ ygen uptake first increases at the tooth day of incubation# 
Oxygen uptake beoomee relatively oonstant between the fifteenth and 
nineteenth dcy and then doubles within a day during which time the 
ohiok hatches* As the respiratory quotient is virtually oonstant 
tliroughout incubation, the curve for carbon dioxide production will 
be similar*
b) The tobanlw aontromm tb» #ham»> to fum om  m%aboU tm

The increaee in the rate of oxygen uptake by the «aSsryo at about 
the tenth day of incubation has been shown to be due to the oonmenoe- 
ment of the seorwtion of thyroid hermimes (Sun, 1932f Honsborou^ &
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Khan, 1951; Romijn, Fung A Lokhorst, 1952; Stoll à Blonq̂ ot,
19531 Carpenter, Beattie & Chasbers, 1954; Maraud, Stoll, Maoario 
* Blanquot, 1954)#

Changes in the metabolism after the fifteenth dgy of inoubatlen 
are re ry imperfeetly isiderstood# In spite of a oonstant omygsn 
iqptake the embryo oontinuss to grow during this period (tlumor, 1925b; 
Romijn A Lokhorst, 1951) although the growth rate is rsdueed (Romanoff, 
1929; 1941a; 1960)# The observations of Romijn et al# (1952) 
suggest that otxy&m iQxtako at this time nay also be influenced by 
the tbyroid gland, sinoe embryos treated with thyroxine were not 
found to exhibit this oharaeterlstie levelling out of oxygen 
oonsunption# This is stgiported by the work of Beyer (1952), although 
he found that there was a tendenoy for the oxygen owsumption of 
es&xzyos treated with thyroxine to beoome aiproximtely constant from  

the seventeenth to nineteœth day#
Another explanation for the constant oayg«n uptake may be that 

the ojygen requirements of the esbryo are equal to, or even exoeed, 
the volun» of osygcm that can diffuse aoross the shell# Although 
Hufher (1P92) made some measuremmts of the diffusion rates, the only 
accurate work has been carried out by Romijn# He found, (Romijn, 
1950a), that the permeability of the shell increased during 
incubation# Calculations from his data show that at the beginning 
of incubation, at a tenperature of 30% and at a pressure gradient 
of 100 mm water, about 0#12 ml oxygen can diffuse across the 
membranes of the whole egg each hour, whilst on the twentieth dHy,
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under the sane oonditions, this inoreaeee to 126 m^hr# He 
suggested that about three-quarters of the oxygen required by the 
eabryo on the twentieth day could be supplied through the shell 
oovering the air space, and than eonoluded, erroneously, that "at 
least 80 per oent of the total respiratory metabolise is established 
hy the small part of the shell, vis# that area covering the air spaeer # 
Further work, (Romijn, 1954a), showed that the permeability of the 
shell over the air spaoe was greater than that of the rest of the 
shell throughout the inoubatlen period# It is not olear whether this 
differenoe is real, for Romijn did not state whether he had removed 
the inner mesbrane from the oaloareous shell* This membrane is net in 
oontaet witli the shell over the air spaoe and failure to remove it trtm  

the rest of iShe shell would males the two parts Inoomparable# During 
the first seventoen dcys of ineubation he found that the volume of 
oxygen that oould diffuse aoross ̂  air spaoe inereased from 
0#71 w3/om^/hr to 50*08 mVonVbr at a temperature of 30% and at a 
pressure gradient of 100 mm water, idiilst over ttm rest of the shell, 
under the some conditions, the volume inoreased from 0*06 sVom /far to 
32*24 ml/om^hr# Thus on the seventeenth day approxinately 
2400 ml#0^hr oould diffuse aoross the shell# Sinoe the pressure 
gradient is much greater in the living ayotes (probably up to 64 ms of 
oerouxy) the volume of oxygen that oould roach the enbzyo would be 
inoreased by a factor of nine# The maximum requirements of the 
full-term ecbryo are unlikely to exceed 40 nl#Og/hr, therefore the



permeability of the shell is no barrier to the supply of oxygen to 
the embryo at say time during the Ineidmtion period#

The oauses of the final rise in the oxygen oonsumption are not 
precisely understood# The rise which ooours at the onset of pulnonaxy 
respiration (table 2) may be partly due to the inoreased muscular 
aetivi^# The same eiqplanation cannot be advanced for the second rise 
which occurs during active hatching since the metabolic rate 
(sl«0^gB/hr} is maintained even when the bird rests or sleeps 
(Giaja A Jovanoie, 1950). These authors have sû êsted that the 
emergence of thermoregulation, which ooours at this time (Pembrey, 
Gordon A Warren, 18%); Giaja, 1925; Romijn, 1954b; Romijn A 
Lokhorst, 1955) mey be a oause of this rise# Sun (1932) has shown 
that the iodine content of the thyroid gland increases dramatically 
during the first six hours after hatching, suQ'esting that the thyroid 
mif^ be involved#
l#3#ii The termination of the embxyonlo existence
a) The initiation of polmonary respiration

The change from d̂ iorio-allantoio respiration to pulaonaxy 
respiration is oomplez, involving changes in the vasoular system and 
the removal of the fluids filling the respiratory tract# The nature 
of %e pulfltonaxy stimulus is net known, and the work that has been 
oarrled out is somewhat ocntrodictoxy.

Under natural conditions pulmonary respiration is net initiated 
until the nineteenth or twentieth day of incubation# However it has 
been established that embryos are able to exhibit respiratory movements
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from the thirteenth day (Kue A Shen, 3937| Windle A Baroroft, 1938)# 
ByerlyA Olsen (1931) suggested that "air hunger", l#e# anoxaemia, 
was the main stimulus, but pointed out that pulmonary respiration oould 
not begin until the fluid in the aaniotic aao and the respiratory 
passage had been absorbed#

The removal of the asniotio fluid b^ins on the sixteenth day 
of inoubation (Romanoff A Heyward, 1943f Kugler, 1945) as a result 
of aotive absorption by the embryo (Wisloeki, 1921; Vzbitoh, 1924; 
Taylor A Saens, 1949)# Kuo A Shen (1937) found that true respiratory 
movements did not ooour until the fluid had been removed and that 
injections of isotonic saline into the asniotio sac depressed the 
respiratoiy rate# They concluded that the removal of the fluid, 
resulting in the drying of ths skin, was main stimulus, but 
suggested that oaxbon dioxide mi#Kt also be involved, for they found 
that the blood flowing thieu^ the chorio-oHontols progressively 
oazkencd in colour from the flftemith or sixteenth day of inoubatima#
It may be owoluded therefore, that this gas rdght act through the 
respiratory oentres to initiate pulmonoxy respiration#

Carbon dioxide, in moderate oonoentmtiona, (0#B - 1#6̂ ), was 
found to initiate respiratoiy movements in the full-term chick embryo 
by Kindle A Barcroft (1938)# Windle, Scharpeŝ urg A Steele (1938) 
suggested that hypoxia and byperoapnia were responsible f<nr the 
initiation of pulmonary respiration because respiratory movements were 
increased when the diffusion rates aoross the shell of the air space 
were reduced by waxing# They concluded that oarbon dioxide exerted
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itfl eff̂ ot through the reaplr&tozy oentree. Hororor, Romljn (l%8) 
proMBited that the rospirotory centres of the full̂ tera
eifhiye sal the perafoetcui were lasenaitlWB to gaseous dhauges. Re 
found that the respiratory rate of the parafoetus was unaffected even 
when It was breathing an atmosphere containing 4. IQ oaxton dioxide.
FurthMwore* the respiratory rate of the chick loaadlateiy after

?
hatching* «hen placed in an atmo^Aere containing Jfî carbon dioxide*
1^ csQf̂ QQ and 03^ nitrogen* was eisdlarly unaffected. A ohiok one

?
day old was found to rapidly develop dyepncea #&en placed in the same 
atacsphere. Recently* Visaohedijk (1962a) threw dodbt on Rcmijn's 
results Vy ahowi% that the parafoetus is sensitive to oaxhon dioxide 
and respwds by activity of the cervical mueoles which resulted in 
pipping.

If carton dioxide is iim»lved in tim  initiation of pulmonary 
respiratieai* it seems that the air space may be involved in producing 
the necessary partial pressure in the blood. The ohanging concen
trations of carbon dioxide and oasysim within the sir space have been 
neasured by Aggassotti (1914)# Romijn d Rocs (1938)* Roos & Rondin 
(1941) and Romijn (1954a)# They found that the concentration of 
carbon dioxide increased progressively from the third day of 
incubation to reach about ISPt on the nineteenth day# On the twentieth 
there was a sharp rise* the conoentr̂ tien often maohing In
contrast* the oxygen concentration fell during incubation from to 
13**1SP̂ on the nineteenth day* and then to 9*13̂  during the twentieth. 
The relatively high oonoentration of carbon dioxide would be more than
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suffloient* in Windle and Baroroff s view* to initiate pulmonary 
respiration. Indeed* if a maximum of oaibon dioxide is required* 
then the enbryo ought to begin air breathing on tlie thirteenth day of 
inoubation at the latest.

Both Noyws & de Fiesselle (1939) and Romijn (1948) found that ' 
ombiyod with perforated air spaces still hatched normally. This shoes 
that the intaot air spaoe is not at all essential for the completion 
of development and therefore* if caibon dioxide is involved in the 
initiation of pulmonary respiration* any necessary partial pressure 
in the blood must be realised by other methods.

A state of confusion exists over the nature of the pulmooazy 
stimulus. At present tec theories emerge* altliough they mey be 
oomplementaryi

1. î yperoapnia and possibly hypoxia stimulate the respiratoiy 
oontrod which in turn initiate pulmonary respiration.
2. The removal of the aondotio fluid Abm the respiratory 
tract stimulates pulmonary respiration* possibly through the 
drying of the skin.

b) The pippina stimulus
A stimulus for pipping has recently been demonstrated and mey 

be distinct from the pulmonary stimulus. Visaohedijk (1962a) sWeed 
tiiat the time of pipping could be altered by varying the ooi^sition 
of the gas mixture in the air space. This treatment was without 
effect tgpon the time of the onset of pulmonary respiration. He found 
that a hi|̂  concentration of carbon dioxide* and to a lesser extent*
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0 6-12 7 7 7 2
0 0.025 1.0-1.5 •M- +- 44 4
0 2-16" +— ? 4— ? 5
0 0.1 1.0 7 44 6

Ofl7 2 ♦ 2-4* ♦ 7 7 ? 5
5 0.025* 7 **— 44 44 1
8 0.013-0.1 7 ? ■fV 3
15 1.0 +- ? ? 4- 6

<M> deAaite aooeleration 
* slight aooelerotion 
•—  definite retardation

^ no effect 
? not measured

1* Hanan (1928)« 2# McCartney * Shaffher (1949)# 3# Honijn*
PuDg A Lokhcrst (1952)# 4# Beyer (1952). 5# Rogler et (1959b)# 
6. Fertet (I960).

^jf'thypcxlne#

Table 3. The effects of exogenous thyroxine upon the ohiok erbxyo# 
It has been assumed that the 1-isoner was used.
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a low ooaoentratlon of oxygon* atimulatod pipping. The eîdok in the 
parafoetal period must thezwfore be sensitive to oeibon dioxide 
(of. Romijn* 1943)• I'urtheraore* the neoessaxy oonoentration of 
gases must* in part* be realised throu^ dliTuaion insuffioienoies of 
the shell of the air space* 
o) Thfc hatching stimulus

No direct work has been carried out on tlie nature of the hatching 
stimulus* It seems likely that the thyroid is involved for several 
authors have demonstrated that this endocrine gland is particularly 
active at hatcttiẑ  (Sun* 1)32* Blanquet# Stoll* Ksraud A Capot*
1953# kogler* Parker* Andrews A Garrick* lŜ 9a)#

The effects of excgooous thyroxine on the growth and metabolism 
of the Qidbiyo have been investigated by several workers (see table 3) 
but few have specifically noted aqy effects on the time of hatching* 
and those results available are somewhat oontradictcxy* moreover#
Beyer (1952)* in contrast to Romijn et (1^2)* found that develop- 
neat was accelerated and that hatching was advanced by up to one and a 
half days even though both used similar quantities of thyroxine*
Rogler ^  (l^9b) found that hatching oould be advanced only 
giving a second injection of thyroxine on or about the seventeenth day 
in addition to one on the first day.

Fortet (I960) found that the injection of 0*1 jjtg of thyroxine 
before inoid>&tion led to an incrê ioed rate of metabolism* which was 
accompanied by accelerated development and earlier hatoldng. If* 
however* 1 ̂  of thyroxins was injected at fifteen days* none of these
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Ia o i
0 2*0 2*5 — 44 7 6
8 0*5-l#0 44 7 7 2
8 0*25 44 4— 7 4
8 2*5 5.0 ? 7 7 4
10 1*0 3.0 7 44 7 1
11 2*0 >7 7 44 ? 5
11 3#0 7 100 7 5
11 5#0 7 100 ? 5
11 10*0 ? 100 ? 5
7-17 1*0 10 7 44 7 1
14 0*5-2*0 44 4— 7 ? 3
17 1*0 1.0 7 7 7 1

44 definite effect 
—  definite retardation

►- no effect 
? not measured

1# Groasovios 2# Adame A Bull (1949). 5. Adams A
Buss (1952)# 4# Romijn gt (1952)# 5# Romanoff A 
Laufer (1956)* Rogler et al* (1959&)#

Table 4# The effects of thiouracil and thiourea upon the 
developing ohiok exabiyo#
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effects oould be detected. The published results have been sisanarised 
In table 3*

Ccitrogenio substances have given mere consistent and oonelusive 
results* Grcsscwlos {1% 6) found that If thiourea wore injected into 
the uninotbated egg hatching was delayod by up to ten days* One milli
gramme of this Bibntanoe delayed fu.tohing by one If injected on the 
seventeenth day of inoibation* vbsreas h&tohJĵ  oould be delayed by 
three days if the same amount wore injected on the tenth day* He 
further noted that 10 of thyroxine oo%>leteIy noutralised the action 
of 2 mg of thiourea when both were Injected on the seventoenth day* 
idtuss A Bull (1949) fb\ssd that thiouraeil delayed hatohing* whilst 
Adams A Buss (1952) noted that propyl thiourpoil had a suWi greater 
delaying action \xpon hatching than methyl thiouraeil* Roaijn e| al* 
(1952) found that tiiioizraoll reduced the metabolic rate markedly between 
the tenth and the sixteen^ day of incubatiozi* that it bed no signifi
cant effect upon the growth rate and dcl̂ rod hatching by up to five 
days* Rogler et (1959b) fOund 2 wg of thiouraoll delayed hatching 
by 2 days when injected before inwAstlon* and Rmaanoff à Touifer (1956)* 
also using 2 mg thiouraoll* found a delay of 4 d̂ ys if it were injected 
on the eleventh day (see table 4).

It is Importent to note tlmt thyroid activity is regulated by 
t!u» pituitary gland* Little work has boen carried out on the pituitaxy- 
thyroid Interrelationship in birds* Voodaida (1937) and Aron (1939) 
showed that administration of thyrotro#]lc horrrone to the developing 
embryo resulted in an intense activity in tho %iyroid gland* Woodsids
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(1937) did not state whether the time of hatching was affected when 
20 day old embryos were treated* Fugo (1940) however* was able to 
show that the final development of the thyroid did not occur when the 
embryo was hypophysectomiaed*
I*3*iii The development of homeotlierqy and

a constant body température
a) Homeothemgr

Animals that are able to regulate their heat produotion over 
a wide range of environmental oonditiona hereby maintaining a constant 
body temperature are said to be homeothermic. Romanoff ( 1941b)
incorrectly defined the phenomenon as "the increase in body temperature 
above that of the environment*. Homeo therms may be classified as 
preoooial or altrioial# depending upon the time that the homeo thermic 
response emerges* In the former group, of which the domestic fowl is 
an exaiq>le. some degree of bomeothenqy is developed at hatching; in 
the latter group, homeo thermic responses are lacking at hatching but 
gradually develop later, e.g. the wren. Troglodytes troglodytes 
troglodytes* (Kendeigh. 1939).

Pembrey et ̂ * (1895) found that the chick embryo was poïkilo
thermie until the twentieth day of inoidzation* After this time they 
found that lowering the wvironmental tesgzerature did not affect the 
metabolic rate of the eabzyo and therefore termed this phase a "neutral 
oonditionT. As soon as hatching had taken place the homeothermic 
response became evident, and was well developed by the first day after 
hatching* Giaja (1925) confirmed the existence of the neutral 
condition in the pipped egg* Henderson A Brody (1927). Henderson
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(1930) and Romanoff (1941b) suggested that homeothcrzny developed 
gradually from the mid-point in the incubation period* Both 
Henderson & Brody (1927) and Henderson (1930) found that after the 
fifteenth day. changes in the environmental t̂emperature had little 
effect upon the growth rate, and therefore oonoluded that the homeo- 
therndo response appeared on the fifteenth day* Romanoff* a work has 
been invalidated by an incorrect definition ( see above) and the 
techniques of Henderson and Brody cannot be accepted as valid*
Horeng & Philips (1950). with no justification whatever, stated ■ > 
that " . the baby ohiok behaves like a cold-blooded animal" •

Romijn (1954b) and Romljn A Lokhcrst (1955) showed that drastic 
cooling of the nineteen day old embryo (from 58®C to 26̂ 0) resulted in 
a rise in the respiratoiy quotient, although the heat production still 
fell* This they termed "chemical shivering"* They were unable tc 
demonstrate the neutral condition, but found that immediately after 
hatching, althou^ the ohiok was still wet. the homeothermic response 
was well developed*

Hoffkann A Shaffher (1950) noted that the thyroids of chicks 
incubated at 36̂ C were larger than those of ohioks incubated at 39̂ C. 
suggesting that there was some response to cold* TixiezHTidal (1957) 
carried out a more detailed examination of the thyroids of full-term 
embryos which had been subjected to cold (27̂ -28®C) for two or three 
days and found that the thyroid responded in the normeil way by an 
increase in the epithelial cell height and a decrease in the amount of 
oolloid* Although this physiological response was not sufficient to
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Increase the metabolic rate, it may be consistent with the elevated 
respiratory qiiotient observed by Romljn A Lokhcrst (1953) • That the 
thyroid is active in ohemioal thermoregulation is contrary to the 
findings of Stahl. Pipes A Turner (l96l)« These authors reported that 
the hatched bird had to be subjected tc at least 10 days of continuous 
cold stimulation before any changes in the thyroid secretion rate oould 
be detected*

Complete homeothemy is certainly developed in the domestic fowl 
by the end of the first week after hatching (Kleiber A Winchester. 1933; 
Romanoff. 1941b# Randall. 1943# Romijn. 1934b# Romijn A Lokhcrst.
1955).

The consensus of opinion, therefore, is that the homeo thermic 
response emerges in the fowl at some time during hatching and is 
completely developed by the end of the first week of post-embryonic 
life*
b) Body temperature

From about the tenth day of inoubation the body temperature of 
the embryo exceeds that of the environment (Penjonsohkewitsoh A 
Retanow. 1934# Romanoff. 1941b# Romijn. 1954b# Romijn A Lokhorst. 
1955. 1956)* At hatching the body tenq)erature is about 40̂ 0. as 
compared with a normal incubator tenqperature of 38̂ C* During the days 
following hatching the body temperature rises progressively and finally 
becomes constant, at about 41̂ C. on the fifth day according to Lamoreux 
A Hutt (1939) and Hutt A Crawford (I960) but on the tenth dsy 
aooording to King (1956). Lamoreux A Hutt (1939) found that the
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températures of White Leghorns were significantly hi^er than those 
of Rhode Island Reds at the end of the first fortnight* There is no 
sexual difference In the body tenq>erature during the first fortnight 
of post-embryonic life (Card. 1921# Lamoreux A Hutt. 1939) ♦

The rise in body temperature siay not be progressive, for the data
of Card (1921). King (1956) and Hutt A Crawford (I960) show that there

' ;is a transient fall between thé fourth and fiftli days after hatching* 
The cause of the rise has received little attention, but it has been 
suggested that it is a result of the mass of the bird increasing at a 
greater rate than its surface area (Kendeigh A Baldwin. 1928j Baldwin 
A Kendeifdi. 1932j Randall. 1943) •

A diurnal rhythm in body temperature was first reported by 
Hilden A Stenback (1916)* They found that the variation was 
0*95̂ C/day* Heywang (1938) confirmed this and suggested that the 
diurnal rhythm of the environmentsl temperature might be the cause of 
this variation* By maintaining a constant environmental temperature. 
Wilson (1948) was able to reduce the rhythm to 0*17̂ C. althou^ he made 
no mention of the photoperiod* Hildsn A Stenbaok (1916) found that the 
rhythm could be reversed simply by reversing the photoperiod* More 
recently Bajpai (1962) showed that the diurnal rhythm was unaffected by 
daylengths cf either 16 hours or 8 hours, but that t\m group receiving 
16 hours* daylight had a significantly higher body temperature* It 
seems more likely, therefore, that it is the degree of physical activity 
which affects the body temperature*
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I.3#iv Gaseous metabolism of the hatched ohiok
The oonfusion arising from the application of Indirect 

oalorimetry to avian material is discussed more fully in section 
I.3.V (page <2W)« Much of the early work was of this type and the 
failure to publish the formulae used to transform gas volumes into 
units of heat makes the work less valuable. ?/here the formulae were 
given the data have been reconverted to their original state,
a) Factors affecting gaseous metabolism

Aooording to Mitchell A Kelley (1933) there was a "dearth of 
data" available on oaygen consumption, carbon dioxide production and 
water metabolism of the domestic fowl. Since that time more data have 
become available but they are often of limited value through the failure 
of the authors to record the precise conditions of their experiments.

Both the nutritional state of the animal and the environmental 
temperature have a great influence on gaseous metabolism. Mitchell 
A Haines (1927b) and Dukes (1937) showed that the basal metabolic rate 
is realised only after some forty eight hours* starvation. The birds 
said by Barott A Pringle (1946) to be in a basal state had been starved 
for only twelve hours and had therefore only reached the post-absorptive 
state (Hillman. Kratser A Wilson. 1953). Precise control of the 
temperature is necessazy if the data on gaseous metabolism are to be of 
any value. In the work of Mitchell A Haines (1927s) the wvironmental 
temperature was usually about 21^0. but occasionally it rose to 34^0. 
Again if the times of temperature changes during the experimental 
period are noted valid comparisons of the published figures are Ihen
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possible.
In view of the possibilily that the diet nay affect the gaseous 

metabolism of the bird (see page <*Ajet seq) it would also be 
e.dventageous if the formula of the diet were given*
b) The aones of thermal neutrali-ty

In work upon respiratoiy metabolism knowledge of the zones of 
thermal neutralily is of paramount importance* Mitchell & Haines 
(1927a) determined the lower critical temperature of the adult fowl̂  
but Barott A Pringle (l94l), in a re-examination of the data, were 
able to show the extent of the whole zone* The findings of workers 
in this field have been summarised in table 3* It is probably
important to note that all the determinations were made on birds that 
had been starved for at least twelve hours*

Benedict, Landauer & Fox (1952), Romijn (1950b) and Romijn A 
Lokhorst ( 1961a) have pointed out that feathering is an important 
factor in determining the zones of thermal neutrality: the zone for
the poorly feathered bird is narrower and shifts into higher 
temperature ranges.
o) The basal metabolism of the fowl

Mitohell A Haines (1927b) found that forty eight hours* 
starvation was neoessaxy to bring the fowl to its basal condition*
This was confirmed by Mitohell A Kelley (1955)# Henry, Magee A Reid 
(1954) and Dukes (1957).

Mitohell, Card A Haines (1926) investigated the basal metabolism 
of the fowl during the first month of life and found that there was
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little difference in the oiygen roquiremcnts of hile eghoms and 
White Plymouth Roolte. This was oonfimod by Mitchell A Kelley (1955)# 
breed differenoes were first noted by Niobita 6 Miroea (1955) (see 
table 6). In a more complete slaidy of the metabolic pattern,
Mitohell, Card & &ilnes (1927) found that the basal metabolic rate 
(EùUO^gp/hr) of viMte Leghorns reached a maximum on the eighth day 
after hatching although the oj^en consumption in millilitres per 
square metre of the bo^y surface continued to rise until five weeks 
after hatching# Thereafter tiie netebollo rate fell and became 
constant from the tenth week. They also found that the adult mole 
hod a higher metabolic rate than tlie adult female, and that castration 
led to a reduction in the rate, although not always immediately#
Mitohell A Haines (1927b) and Romijn (1950b, d), however, were unable 
to confirm th/it males liad a higher metabolic rate then non-laying 
females. Gerharts (1934), Mitohell A Haines (1927b) and Dukes (1957) 
found that the laying hen had a hl̂ ier rate than the non-laying hen# 

Studies on the gaseous metabolism of the fowl under aoourately 
controlled environmental conditions were initiated by Barott and his 
aosociatoo. Barott, Byerly A Pringle (1956) determined the oxygen 
consuB̂ tion, carbon dioxide and heat production of unfed ohioks during 
the first five days after hatching# At the point of thermal neutrality 
(55̂ C) the metabolic rates of the ohioks were constant throuj^ut the 
period, whilst those whose yolk sacs had been surgically removed showed
a gradual decline in tlieir osygen requirements# Barott, Frits,

*
Pringle A Titus (1958) determined the basal metabolic rate of the
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growing fowl during the nineteen weeks following hatching, and found 
that the rate rose progressively to the fifteenth day but then slowly 
declined, reaching a constant level by about the hundredth dey.

Per^ A Sulman (1945), in an examination of the thyrogenic 
theory of moulting, found that whereas there was little seasonal 
variation in the metabolic rate, it was elevated in the TOulting hen.
It must be pointed out, however, that a higher respiratory intensity 
in the moulting hen is no proof that there is an increase in thyroid 
activity. Benedict et (1932), Romijn (1950b) and Romijn A 
Lokhorst ( 1961a) have shown that the higher metabolic rate of the 
poorly feathered bird is a result of the reduced insulation.

The above findings are summarized in table 6. It will be noted 
that the results are extremely variable,
d) The resting metabolism of the fowl

Little attention has been paid to the metabolism of the unstarved 
fowl. Brody (1930) measured the oxygen uptake of two breeds during 
the four weeks after hatching and showed that the metabolic rate rose 
until the body weight reached 60 gn (10 days old) and then remained 
constant for the rest of the period of observation. Kibler A Brody 
(1944) extended this study to include the adult fowl employing more 
precisely controlled environmental conditions. They found that the 
metabolic rate during the first month after hatching was virtually 
constant, but when the birds had attained a body weight of between 
300 gp and 500 gm there was a marked, progressive fall. Thereafter 
it fell less rapidly. They suggested that there was no signifioant
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sex difference in oxygen requlremente# Bro^, Funk Sk Kampster 
(1932) had previously reported that adult males consumed 2^ more 
oxygen per unit time '̂ lan adult females, and this was eonfirmed by 
Romijn (1950c),

In a recent study, Beattie & Freeman (1962) compared the 
oxygen requirements of two broiler strains, the first (strain A) had 
a metabolic rate not unlike 'Uia.t of the If hi te Leĝ ioms studied by 
Brody (1930) but the second (strain B) had a much higher metabolic 
rate throughout the period of observation. They fouM that the meta
bolic rate increased progressively until the birds weighed 60 gm 
(strain A) or 70 gm (strain B) and then became virtually constant for 
both strains during the rest of ̂ e observational period of a 
fortnight. This oonfirmed the findings of Brody (1930), Brody et 
(1932) and Barott et (1938).

Examination of table 7 shows that the only complete study is 
that of Kibler A Brody (1944).
e) The effect of the diet on metabolism

Much work has been carried out on the effect of different diets 
on the growth rate (e.g. Davidson, 1956; Baldini & Rosenberg, 1957; 
Combs, Romoser & Suppléé, 1957; Combs, Suppléé, Quillin, Blambexg, 
Donaldson, Romoser A Helbaoka, 1958; Rand, Scott A Kummerow, 1958; 
Mras, Boucher A McCartney, 1958; Norris, Dam, Nelson A Hopkins, 1959; 
Beilhars & McDonald, 1959, and Marion & Edwards, 1963) but more 
fundamental work on the effect of the diet upon the metabolism is 
limited.
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Brody et ̂ .(1932) eiaadned the effeots of varylzg protein 
levels on the heat production of the growing fowl and found that 
whilst a diet oontaining 30̂  dried skimmed milk (total orude protein 
18.9̂ ) gave the best growth rate and the greatest overall heat 
production per unit time, a diet with ̂  dried skimmed milk (total 
crude protein 12.é̂ } led to the greatest heat production per unit 
weight during the first 45 days after hatching but then assumed the 
lowest rate by 65 days. - -

Singh A Shaffner (1950) found that birds fed a high energy diet 
had slightly higher oxygen requirements compared with those of birds 
fed a low energy diet# Kellen, Hill A Dukes (1954) confirmed this 
for male ohiokens and found that the increase in the metabolic rate 
was statistically significant* They further observed that the diets 
were without effect upon the females* Mellon and )iis co-workers were 
unable to detect any changes in the thyroid weiglits of either sex* 
However, the work of Singh A Shaffner (1950) and that of Mellen et al. 
(1954) has been criticised by Maroh A Biely (1957) on the grounds that 
the low energy diets were sub»optimal and offered a low plane of 
nutrition*

March A Biely (1957) found that supplementation of a basal 
diet with either 12̂  tallow or 12̂  herring oil led to differwit 
responses by the fowl. Tallow produced a depression in the thyroid 
weight, but had little effect on the growth rate and no effect on 
oxygen uptake, whereas herring oil depressed the growth rate slightly, 
but had little effect on the thyroid weight or oxygen uptake*
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Treat, Fergiiaon, Davies A Cough (I960) foimd that a diet supple
mented with 1̂ ' rice oil led to a reduction in the weight of both 
the tiiyrold and adrenal glands within 8 weeks#

A differenoe in metabolic response aooording to sex has been
noted by Mellen ̂  (1954) and similar differenoes can be seen in
the work of Konnolly ê Maynard (1955)# The latter authors found
that the males had a hî jhor growth rate if fed a diet oontaining a
high level of fat, whereas tlie females showed no such increase.
I#3#v The application of indirect oalorinetrio

techniques to the fowl
The use of indiroot oalorimetry with avitm material has been 

questioned by several authors (Richardson, 1929; Mellen â Hill, 1955 
and King, 1957) mainly on the grounds that theorotioally impossible 
respiratory quotients are oharaoteristlo of the developing wnbryo 
(Hasselbaloh, 1900; Bohr A llasselbaloh, 1903; Lusaana, 1906;
Romijn A Lokhorst, 1951» I960) and of Ibe starving fowl (Mitchell, 1927; 
NioMta A f̂ iroea, 1933; Henry et al.. 1934; Benedict A Lee, 1937; 
Dukes, 1937; Romijn, 195Cb, d; Mellm A Hill, 1955; Romijn A 
Lokhorst, 1961a). Calculations of the heat production by the standard 
equations are therefore made diffioult.

It has been suggested that these low respiratory quotients 
are a result of either protein oatabolism (Heniy ̂  al.. 1934) or 
oertain biochemioal reactions ̂ Thereby endogenous oxygen is formed, 
or oxygen is absorbed without production of any carbon dioxide 
(Adams ê, Poultcm, 1932, 1935; Foulton, 1938a, b; Romijn A Lokhorst,



26.

1961b) t
«•g* 3 ^  ̂ 1^36^2 * ^ 2

King (1957) ahowed tbat the reaplratoxy quotient im tho production 
of chiokon urine «ao 0.735 (based on data from Coulaon à Hug^o,
1930) but the latter authors* data were «ritioised by Stux^ ie (1958) 
on the grounds that the degree of diuresis had not been assessed. 
Henry et al. (1934) Ibund that the respiratory quoti^t of a starving 
fowl fed albumen fell from 0.69 to 0.65 * 0.66 when oatabolism was 
at its most intwse.

In spite of the problem of respiratory quotients below the 
theoretioal minimum, some workers have used direct end indirect 
methods of oalorimetry simultaneously in experimental studies. The 
embryo has been studied by Bohr d Hasselbalch (1903). Barott (1937) 
and Romijn A Lokhorst (1960s 1962). Bohr and Hasselbaloh obtained a
j^^d correlation between the tenth and sixteentii day of inoidxition but 
Romijn A Lokîiorst (I960) found a good correlation only to the twelfth 
day. Thereafter both authors reported large disorepfmoie# - actual 
heat production exceeding calculated heat production (Bohr and 
Hasselbaloh). the calculated figure exceediz^ the actual fl# ure 
(Romijn A Lokhorst. I960). However. Romijn A Lokhorst (1962) found 
that a good correlation for the wixole period of Intubation oould be 
obtained by maintaining the relative humidity of the environmf nt at

An explanation of this finding has yet to be offered. The 
data obtained by Barott (1937) sWwed a very poor correlation
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1-5 6.00 5.84 —2.7 Barott et ̂ .(1936)
1-7 5.50 5.88 +6.9 Barott & Pringle (1946)
14 6.25 6.52 44.3 Barott A Pringle (1946)
15 6.20 6.50 +4.8 Barott et (1938)
35 5.95 6.29 +5.7 Barott A Pringle (1946)
56 4.97 5.37 +8.0 Barott A Pringle (1946)
84 3.90 4.18 +7.2 Barott A Pringle (1946)
200 3.30 3.50 +6.7 Barott et (1938)
365 2.75 2.87 +4.4 Barott A Pringle (1946)
Adult 3.00 3.05 +0.2 Barott A Pringle (1941)

Table 8# ▲ oeopariaon of the observed and calculated iieat 
produotion of the starving fowl. The respiratory 
quotient was above 0.707 in all experiments.
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throu^out. This appears to have been due to experimental 
insufficiencies. The results from the hatched bird are ooopared in 
table 6, and it will be noted that the oorrelation is only fair, in 
spite of the faot that the respiratory ̂ otients were always above

i

the theoretioal minimum.
It seems that where information on the heat produotion of the 

fowl is required it should be obtained direotly, but idiere the two 
techniques are used sinultaneously then special features of the 
metabolism mey come to light (e.g. the suggested oonversion of fat to 
carbohydrate (Romijn A Lokhorst, I960, 1961b)). Indirect calorimetry 
appears to be unsatinfaotory at other times and the oonolusion of 
Deighton A Hut^nson (1940) is still valid that "there is clearly 
much to be disoovered about avian metabolism before indirect methods 
oan be oonsidered Iblly satisfactory for oalorimetrio work with birds" .
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The work has fallen into four sections; two concerned mainly 
with the embryo and two with the hatohed ohicken.
a) Eabryonio respiration

The oxygen oonsustption and oaibon dioxide produotion of the
(  i

developing embryo have been very well investigated, but little is 
known of the metabolio changes that oocur at hatching. Giaja A 
Jovancio (1930) have indicated that research into the ohanging oxygen 
requirements of the hatching embryo is necessary. Their paper has 
been taken as a starting point, and an attempt has been made to provide 
more detailed knowledge of the ojqygen requirements of the hatching 
embryo.
b) Factors oonoemed with tlie termination of the embryonic existence

The factors oonoemed with initiating hatching are substcmtially
unknown# There appears to be a pulmonary stimulus, the nature of 
which is a subject of some controversy. It is not known whether this 
stimulus is also responsible for the escape from the shell membranes.
An attempt to determine the nature of the stimulus or stimuli which 
lead to hatching has been made.

Whilst work was being carried out on this topic Vissohedijk 
(1962a) published a vezy full aooount of a "pipping stimulus". His 
work had been oonduoted along very similar lines to the present 
author’s, and although the letter’s investigations were not so well 
advanced, similar oonolusions had been drawn. In view of this publi
cation researches into ihe nature of the pipping stimulus per ae
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were dlsooatinued.
o) Develomeat of the boneotbeitelo vem^ome and the constant bodjsf

^ E c a p e M P f t t u r c    ^  " ‘ .............  '................

It 1# well known that the doeestlo fowl is preoooiotiB in its
development of hoiaeothemy, but the exact time at which the reapcmae
appears has not been determined. This has thei^iore b e w  investi-

Î «

gated.
In view of the disparity between the results of Lanoreux A 

hutt (1939), Hutt A Crawford (I960) ond Kiog (1956) as to the age at 
which the body toepereture of the hatohed chick beeooes constant, the 
whole matter has been reinvestigated, ond attempts have been made to 
correlate the rising body temperature with oxygen consumption, 
d) Oxygen aetsbolism of the unstarved ohiokon

The gaseous metabolism of the fully fbd (Aickem has reoeived 
very little attention and in those studies tnat have been published 
rigorous control of the experimental conditions has been generally 
lacking.

Here the effects of the diet on czqrgcn metabolism of the 
unstarved fowl during its period of rapid growth have been investi
gated. All the diets used in these studies were fbrmulated to 
ensure that they were adequate in all nutritional requirements. At
the sane tine the growth rate, food consuroption, thyroid and adrnnal*
weights were determined in an attempt to eluoioate how the diets 
might be affecting the oxy&m uptake.

The environmental temperatures at which the consumption
were determined were always controlled to within ̂  0.1%. However,



30.

the sonee of thermal neutral!^ for the young unstax*ved obioken 
are unknown and therefore had to be determined in order that the 
adverse effects of temperature on the metabolism oould be eliminated*
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Îî§

I#5#i Anlffi&la and their m&naKcncnt
a) Birds

A atandardiged and representative souroe of animals is neoessary 
for all physiological mork* Therefore for each breed examined, a 
small group of hens (a minimum of 13 but up to 60 hens in later 
experiments) was selected at random from a larger flocic* Two cocks 
were similarly selected* Work was carried out on a commercial laying 
strain, a broiler strain. White Leghorns (WL) and a Rhode Island Red - 
Light Sussex cross (RH. x IS)«
b) Management
Incubation techniques and embryos

Eggs were collected daily from the groups and stored for periods 
of up to one week at lOP - 12® C« They were incubated in a forced 
draught incubator at an environmental temperature of 37*?*+ 0*2®C 
and a relative humidity of 47 + 2̂  until 7P̂  of the embryos had 
pipped* The relative humidity was then raised to about for
24 hours and finally reduced to the original level about 6 hours
before the chicks were removed from the incubator* The eggs were
** turned" hourly during the first 18 days*

Embryos required for the experimental work were usually taken on 
the eighteenth or nineteenth day* Those required for investigations 
into oxygen metabolism were placed in the respirometers and maintained 
at 37#7̂ + 0*1®C and a relative humidity of about 6C|̂ whilst those used 
for experiments on the termination of the embryonic existence were
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Ingredient Ib.
Ground, wheat 33
Ground barley 10
Ground oats 10
Middlings 13
Flafaasal (66̂ ) 10
Sograbaaa meal (41̂ ) 10
Dried grass meal 3
Uhextraoted dried yeast 2*3
Skimnilk powder 3
Limestone flour 1
Manganised flour 0*3
Choline ohloride 0*1

112*1
Vitamin A 4» i*u*/ton
Vitamin 1 mg/Ib
Vitamin Im i*u*/ton

Estimated orude protein content 21*Cÿi
Estimated metabolisable energy 1163 koal^lb

Table 9# Formula of the standard diet*
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kept In a still air inoubator at 37#7^ 0.2̂ C at a relative
honidiiy of 62 ̂
iatohed bird»

All ohiokeas were reared in epeeially designed wire-floored 
oages. The room tes^rature was maintained at 1?^ 1«0̂ C and 
supplementary heating was supplied to the chicks during the first 
three weeks by iafnwred heaters (150 watts). Food and water were 
available ̂  libitum. The daylsngth was 14 hours*

The fbraula fbr the standard ration is given in table 9* It 
was a ration witli an estimated orude protein content of and with 
a metabolisable energy content of 1163 koalf/lb* Where special diets 
were used, the formulae are given in tbe relevant section*
I*5#ii Experimental teohnioues
The determination of oxmen oonsumption

The classical gravimetric method of dete%minli% the oxygen 
consumption of an animal is that of Haldane (1Ô92). The method, 
however, is time consuming without any compensatory increase in 
sensitivily* Carpenter (1928) showed that the minimum period of 
observation for the adult fowl was two hours, and the period would 
therefore have to be proportionately longer ibr yoiŝ ger birds*
Keoently developed techniques have aimed at p̂oed and simplicity 
(e.g. Strite d laoowits, 1956$ Chaikey d Thornton, ^9) but tbese 
do not inoorporate accurate control of the environmental temperature, 
and are therefore of limited value* Perhaps the boat method avail
able is that developed by Bargetcm & KrwmMfïeiler (1949) Wiioh is
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ST # Salaotor tap; T » Ciroult typ&aa#



33.

both Tollable and accurate.
Â submersible diaphragm pump (p) activated by an auxiliary pump, 

moves air round the closed circuit apparatus (see fig, 3). The rate 
of flow is controlled by varying the speed of the auxiliary pump.
The resulting pulses of air are converted into a oontinuous flow by 
directing the air through a column of glass wool.

The air passes into the animal ohaüâ>er and then through a carbon 
dioxide absorbent (sodî lime) and back to the pump. Two seoondary 
cirouits are derived from the animal ohamber, Eaioh is connected to 
an oxygen storage tank and a manometer, the otlwr arm of which is 
open to the atmosphere. Only one oxygen tank is connected to the 
main circuit at any time, the other is in communication with an 
external souroe of pure oaqrgen. The tanks are alternately brought 
into the main circuit by turning the selector tap (ST) through 18CP, 

The carbon dioxide produced by the animal is absorbed by the 
soda-lime. As oxygen is consumed there is a gradual and progressive 
fall in the pressure of the system, end this is registered on the 
manometer which is in circuit, Oiqygen is displaced from the oxygen 
storage tank into the main circuit by forcing water into the bottom 
of that tank. When the pressure of the system returns to normal 
(l,e, atmospheric) the flow of water is stopped. The volume of water 
forced into the storage tank is measured by a burette and is equal to 
the volume of oxygen absorbed by the animal. This volume is 
oorreoted to standard temperature and pressure (STP),

The second oxygen tank is in connection with an external souroe
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of pure oxygen. This tank can be refilled with oxygen simply by 
withdrawing the water from the tank into the burette. Since there 
is a temperature gradient between the room and the experimental 
environment a certain time must be allowed to elapse before using 
that tank.

The d\q>lication of the oxygen tanks makes it possible to deter- 
mine oxygen consumption continuously. When one tank is depleted, 
the other is brought into circuit and the depleted one is refilled 
with oxygen. If determinations are to be made intermittently whilst 
it is desirous to keep the material in the respirometer, then the 
external source of oxygen can be brought into direct connection with 
the main oirouit by turning tap (T),

The environmental temperature is oontrolled during the deter
minations by submerging the whole apparatus in a constant temperature 
water bath. This is oontrolled to within ̂  O.IPC,

Two models of this respirometer were used. The smaller model 
was designed to take animals up to a wei^t of 300 gm live weight, 
whilst the larger apparatus accommodated animals up to 3 kg. Here 
a centrifugal air pump replaced the diaphragm pump and obviated the 
need for a "flow smoother" tube.
The technique for determining oxygen consumption

The whole apparatus was brought into approximate equilibrium 
before the animal was placed in the ohamber. Once this was done, 
the chamber was sealed and the apparatus returned to the constant 
temperature water bath, Squilibration took from 3 to 30 minutes
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depending upon the material used and the temperature gradient 
between the respirometer and the atmosphere. During this time the 
oxygen requiremoats of the bird were met by direct diffusion from the 
external souroe of oxygen. When the equilibration was complete, an 
oiqrgen tank was brought into oonneotion with the ohamber by turning 
tap T. Each oxygen tank was in oirouit for a fixed time - from 3 to 
30 minutes depending upon the material used. The figures for the 
oxygen oonsumption of the bird were averaged and the liourly reading 
determined. The barometric pressure, environmental temperature, age 
and wei^t of the bird were noted.

All determinations were carried out in daylight.
The embryo

The times of pipping and hatching were recorded for each 
embryo. After hatching had taken plaoe observations were continued 
for another hour before the weight of the chick was determined. This 
weight was taken to be that of the full-term embryo; in this way the 
metabolio rate of the embryo could be calculated. No allowanoc for 
the weight of the yolk sac and its contents was made, in spite of 
Needham’s (1932) finding that it is virtually "dead weighif.
The hatched bird

Birds were observed singly. After being weighed to the nearest 
0.1 or 1.0 gm, depending upon sise, the bird was plaoed in the chamberi 
No attempt was made to restrain the bird, and it was free to adopt 
any postural position, since Bartlett (1959) has shown that restrained 
guinea pigs have a higher metabolic rate than unrestrained, and
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Bartlett, Helmendaoh d Inman (1954), Bartlett, Bohr & Inman (1955), 
Bartlett & Qidafey (1958) and Hahn & Koldovsky (1958) have shown that 
restraint leads to a fall in body temperature in the rat and oat. 
During the equilibration period the bird usually settled down and 
often slept, especially if the environmental temperature was within 
the zone of thermal neutrality. No food or water was available 
during the period of observation: thus the resting metabolism was
measured.

In experiments on the development of homeothermy, no ohiek was 
used BK>re than onoe sinoe exposure to a low environmental temperature 
might affect the subsequent metabolic behaviour of the chick (of, Hahn,
1956).
Calculation of oxygen consumption

Environmental temperature « T®C,
Barometric pressure « P mm of mercury.

Let each oxygen storage tank be used for n minutes.
Them
Average vol. of HgO forced into the tanks « average vol. Og absorbed

= a nü/n minutes 
Og oonsuaption = 60a m]/hr

0. consuBption at STP = .ÉSS % ml/hr2 n 273 + T tS3

Histolofiical||aĝ|(|||||jfton of the thyroid glands
The bird was killed by cervical dislocation. Embryos were 

killed similarly after they had been removed from their shell. The
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thyroids, lying at the base of the neok olose to the carotid 
arteries, were disaeoted out and cleared of parathyroid ozad fatty 
tissue. Formol sublimate was used as the fixative# Seoticns were 
out from paraffin blodcs at 5 p, and stained In haemotooQ̂ lin and 
oosln#
ortau» .Biflhta

In some experimmta the weights of the thyroid and adrenal 
glands were determined# The tiiiekaos were killed by oervioal 
dislocation* The thyroids were prepared as fo r histological 
examination* The adrenal glands were removed and cleared of apy 
oonneetive tissue# Glands wore then blotted on filtw paper, and 
weights determined on a constant lead balance (Pettier)#
The determination of surface area

The surfaoe area of the egg was aoa&ured directly by tracing 
centimetre squares on to the shell*

Hatched birds were killed with ether and the skin out along the 
udd-ventral line from the vent to the base of the skull# The two 
flaps of skin were opened out, care being taken to prevent stretching, 
end the outline traced on to squared paper#
«9^%. W  <wg»tlng tH>

7)ie eggs were candled end the limits of the air space maziosd# 
Waxing was carried out by quickly dipping the shell into molten 
paraffin wax (UP 3^C), care being taken not to cover aqy part of the 
chell over the oliorio-allantois*

Perforation of the air space was carried out with a dental drill
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Fig* 4# Apparatus fbr the ventilation of the air space of the 
embryo# The ges from the reservoir passes through the 
putq» P and aster M into the humidifier H and thenoe to 
the egg# The eater tray W maintains the environmental 
humidity at approximately 62̂ # Egg 1 » ventilated air 
spaeei 2 » normal control} 3 » perforated control#
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at the apex of the egg.
The following apparatus was devised for the aeration of the air 

spaoe. A small pump P, delivering approximately 10 1/min was 
oonneoted through a wet gas meter (m) to a humidifier unit (h) 
maintained at a temperature of 39*0. From this humidifier six 
separate tubes were derived, eaeh passing into the air spaoe of an 
embryo, and sealed there by paraffin wax. The apparatus is illus
trated in fig. 4#

A second hole in the air spaoe of the eBd>xyo allowed the gases 
to escape into the incubator. Assuming the volume of the air space 
to be 10 ml, the ventilation rate was 160 changes of aii/embryc/hr.
Th. Injeetlan of drm» Into th. of the fuU-tem u b m

The volume of fluid injected into lAie air spaoe was standardised 
to 0.2 ml. No attempt was made to maintain aseptic conditions, sinoe 
it was found in preliminary trials that the percentage hatch and the 
course of the termination of the esbryonio existence were unaffected. 
All solutions were brought to approximately 39*0 before injection. 
Injection was through a small hole made witli a dental drill, which was 
then sealed with paraffin wax.
Triiodothyronine and thyroxine* Sodiua-l-triiodothyroninê  or 
3odium-l-thyroxinê  was dissolved in a small volume of N sodium 
hydroxide, and then diluted to the required oonoentration with 
physiological saline.

1 Glaxo Laboratories Ltd., Greenford, Middlesex.
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Tidouraoili 2-thiouracil̂  was dissolved in N sodium hydroxide and 
saline ad̂ ied to give the required dilution# Control oobzyos were 
injeoted with the same solvent#
Ihyrotro#ie hormone: Thyrotrophio hormone, of bovine origin̂ , was 
dissolved in saline.

pqlnooaRf_%^Wtion.  pipping ^battling
The time at «diicA the ohiolc (par&lbeius) rosponded by oheeping 

to a slight seehanioal shock was taken to indie&te tWit pulmoaey 
respiration had been established.

The single, point fraoture of the shell is oharaeteristio of 
pipping and was readily observed#

Hatching was judged complete when the cblàk had eso<̂ ped ftm  the 
shell membranes#

remoW, of the yolk sac from the ohiok 
This technique was originally described by the term "deutectony** 

by Adamatone (cited by Sloane, 1936). This term is net aooepted, 
the term leoithectoqy being preferred (l̂ dLtiios » yolk, ek # out, 
tomes « out).

No standard teohnique fbr the removal of the yolk sac has yet 
been devised. Pazkcr (1929), Sloans (1936) end Harvey, Parrish d 
: anford (1933) operated throu#i the right side of the chick, idiilst

1 Light d Co* Ltd., Colxdsrook.
2 "Thytropex̂ . Armour Phsrmaoeutieal Co., ü̂ astboume, Sussex.



Plate 1. LcolthcotGBgr of the ohiok -  exposure of the 
yolk see.
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Menge, Moreng & Combs (1931) operated through an enlarged umbilicus.
The technique described here is broadly that of Harvey ̂  al. 

(1933), but several modifioatioDs have been found to be advantageous.
The ohiok was lightly anaesthetised with ether and the down 

feathers on the right side of the abdomen up to the umbilicus were 
removed by plucking. The chick was placed on the operating board on 
its back, with its legs fastened down to its side in order to keep the 
body wall taut. Deep anaesthesia was then induced and the operative 
area swabbed with TOgS aloohol. An incision about one half inch long 
and one half inch to the idght of the mid line was made. In this 
region the peritoneim is thicker and therefore makes subsequent 
suturing easier. The incision was not made on the left side as this 
is almost completely filled by the gizzard. Slight haemorrhage may 
occur, for there is a small blood vessel running transversely across 
the area, but this oould normally be avoided as it is visible Ihrou^ 
the skin.

When the peritoneum was out - this wound was less than one half 
inch long • the yolk sac could be recognised by its yellow or 
greenish-yellow colour. Often it protruded slightly (plate 1).
The sac was seised with blunt foroeps and pulled through the wound, 
care being taken to free the sac from the umbilicus. When the yolk 
stalk was exposed, a ligature was applied with surgical thread. The 
stalk was then severed (plate 2). The wound was closed with two or 
more sutures. Care was taken to ensure that the edges of the peri
toneum were drawn together.



Plate 2* Leoltheotoey of the chick -  llg a tic c  and severance 
of the yelk sac s ta lk .
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The ohiok was plaoed onder an infrarred heater whioh helped to 
reduoe post-operative shook. Later 10,000 units of streptoiyoin 
were injected into the thigh muscle to help combat infeotiion. The 
biid usually recovered within two hours of the operation# The 
percentage mortality was low, not greater than 
Determination of body temperature

The problems of determining the body tenperature aconxrately, 
with good repeatibility, have been fully discussed by Lamoreux & 
Hutt (1939). The technique used here satisfied the requirements 
they listed.

All temperatures were determined between the hours of 11 a#m. 
and 11.43 a.m. A gradient in the environmental tempermtiM was 
maintained in the cages thereby allowing the ohiok to maintain its 
optimal body temperature. The room tengperature was maintained at 
17*1

A olinioal half-minute thermometer was used; the depth of 
Insertion was standardised to 13 mm by a tape stop. Insertion into 
the cloaca and reotum was facilitated by lubrioatlng the bulb of the 
thermometer with liquid paraffin. The thermometer was regularly 
sterilised to prevent the transmission of infection to the oloaca.

The birds were selected at random each day. Birds less than 
one week old were held in the hand in a crouching position and then 
inverted to allow the thermometer to be inserted. The legs of the 
birds more than one week old were allowed to hang freely in order to 
prevent respiratory distress. The body temperature was determined
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to within 0*1®C and where neoessary the sex was recorded.
Analysis of fbod . ,

Analyses of food samples to give the crude protein, fibre 
oaloiim, phosphorus enà moisture content were carried out profession
ally. •; , , .
Oil content: 3 ga food samples were wei^ied out in duplicate. Each
was plaoed in a thimble and subjected to the Soxhlet. method of ,
extraction with petroleum ether (4Q^60).

Extraction was carried out for a minimum of 3 hours. The 
solvent and the dissolved fatty material were transferred to a weî ied 
flask and the solvent was evaporated off and the oil weighed.
Pentosans I .The offioial method of analysis of the Association of 
Official Agrioultural Chemists (I960) was used.
Reagents! Dilute (li2 v/v) HCl,

0.7̂  (V^) phlorogluoinol In dll. HCl.
5 gm of the food sample were distilled with 100 ml dilute 

hydroohlorlo aoid. When about 30 ml of distillate had been ooUeoted, 
30 ml of dilute acid were added to the food and distillation continued 
in this way until 360 ml of distillate had been collected. A solution 
of phlorogluoinol was added to give a final volume of 400 ml. The 
solution is allowed to stand overnight to ensure complete precipitation 
of the phlorogluoide. The precipitate was collected in a weighed 
Goooh crucible and washed with distilled water. After drying at 
lOOPC for 24 hours the weight of the precipitate was determined.
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Caleulatlon
Weight of phlorogluoide » o gm

Pentosans « (a + 0.0052)0.8066 gm
Indigestible organio matter -

From the data on protein, oil pentosan end fibre contents of
the diet the indigestible organio matter oould then be determined
by the following formula:-

lOM a (Crude protein % ♦ Crude fat + Pentosans % + Fibre %
10

Ctatistioal methods 
Signifioanoe test

The signifioanoe of the difference between two means and 
determined by the *t“ test as given by Chambers (1958).

The distribution of t was taken from the statistical tables of Fisher
♦ V

& Tates (1933). The lower level of signifioanoe was taken to be 
P = O.C^
Standard deviation

The standard deviation of the mean was calculated from the 
equation:

8.D, = IÊÜZ1 -■*2;.D, B  I M l T -

Analysis of variance
This was carried out by the method of Snedocor (1933)* 

Calculation of regression equations
The method of least squares was used, as given by Johnson (1930)
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to give the equation form;
y a a 4- bx

where y » oxygen consuaqption in wH/hri a = a oonstanti b =
regression coeffioienti x = body weight in gm#
From this the logarithmic form was derived;

by » ax .
This equation was adopted as the standard form of expressing oxygen 
oonsumption#
I#3#iii Experimental designs
Erabiyonio respiration

Whilst many embryos exhibited the same trend, not all the 
results were suitable for inclusion in graphs. Tliis was usually 
due to inoouplete figures, or the inability to determine some point.
At least six embryos have been used to determine each phenomenon.
At all times the single egg has been used as the ejqmrimental unit, 
thus removing the possibility of the responses in one embiyo being 
masked by others.
The termination of the embryonic existence

Each experiment involved a minimum of six embryos per treatment, 
but up to 36 embryos were often used. The time at idiioh the onset of 
pulmonary respiration, pipping or hatching was exhibited by of 
the embryos of each treatment was taken as the representative time 
for that treatment. The experiment was repeated until a minimum of 
24 embryos was subjected to each treatment to ensure repeatibility.
The mean time was calculated and used in si&sequent comparisons.
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Jŝ
o

nu
nu0 “

%o
o \
o

rv)
Oo o

o
o 0 “

CM
C7"

nu
o ÔO- o



45.

The eggs within any experimental block were distributed at 
random, by numbering each egg as its state of development was 
cheeked, and then distributing the eggs in a randomised number 
pattern. The treatments were determined by a Latin square of the 
appropriate dimensions. A typical experimental block is illustrated 
in fig. 3. In this way any positional effeots were reduced to a 
minimum.
Respiration of hatched birds

A minimum of 12 birds from a single hatoh was used. Larger 
groups were oooasionally made up by amalgamating the chicks of two 
or more oonaeoutive hatohes from the same parents. In the experiments 
concerned with the effect of nutrition upon oxygen oonsimption, each 
pair of experimental groips was obtained by dividing at random the 
chicks from one hatoh into two equal groiqps of approximately equal 
weight.
Effeots of diet on the metabolism and certain endocrine glands

Food oonsumption was measured weekly* A number of birds from 
each group was seleoted at random at 3, 5 or 8 weeks of age and the 
weights of the tliyroid and adrenal glands were determined.
1.3.It  ' Presentation of oxygen consumjtion data
Embryonic respiration

Preliminary studies showed that it was not possible to plot the 
results of the oxygen oonsumption of the embryo against the body 
weight or the time of incubation if pooling of the results were to be 
oarrled out. The Allowing technique was therefore developed..
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The times of pipping and hatching were noted, and 1 hour after the 
ohiok had hatched its body weight was determined. No oorreoüon 
was made for the weight of the yolk sac. This * hatching weight" 
was assumed to be the weight of the ohiok throughout the period of 
observation. The o:̂ gen oonsumption of the ohiok in m]/hr and 
m]/gq/hlr was then calculated and plotted against hours before pipping 
and after hatching. The period between pipping and hatching was given 
a variable time soale, i.e. the times at which the two events 
ooourred were fixed reference points on the graph. The distance 
(time interv£ÛL) between pipping and hatching was equal to the average 
time between these two events for the embryos used in that experiment.

This technique allowed the results of several embryos to be 
plotted together with a good correlation between them (see fig. 6 
(page As)).
Oxygen consumption of the hatched bird

The oxygen oonsumption (y) was plotted with referenee to the 
body weight (x) in most experiments. Where three or more figures 
were ooUeoted for any partioular weight the average was taken and 
used in subsequent calculations• This enabled the bulk of the data 
to be decreased with little effect on the value of the regression 
coefficient.

Methods of expressing oxygen uptake have been extensively 
discussed (Tanner, 1950} Kleiber, 1950} Chiu & Hsieh, I960).
Chiu and Hsieh, in a study of the metabolism of the rat, oonoluded 
that basing the oxygen, oonsumption on body weight (kg), "metabolio
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size" (Kg or kg surfooe area (m̂ ) - the latter
three generally ocuLoiilated from body weight - oould lead to errors, 
espeolally when comparisons of the oxygen oonsumption of rats of 
different weights ?fore made. The problem is diffioult to resolve, 
nnd in the sections dealing with the oomparisons of metabolic rate 
as affected by the diet, both oxygen uptal̂ e based on weight and 
metabolio rate related to age have been used.

In most of the experiments on oxygen uptake there were more 
data than oould be conveniently inoludod in a table in the text.
It was felt, however, that these data should be available. They 
;?ere therefore brought into as owoise a tabular form as ijossible and 
plaoed together in a separate section - Part V. These tables are 
identified in the text by Roman numerals; tables necessary to the 
text hove boon given Arabic numerals and appoar in the relevant 
part of the text.

All oxygen oonsumption data were corrected to STP.
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I3h» I4h I2ti ♦ ♦

ml/qm/hr

10

ml/hr
— 12
 13
 14

I ai■7 3 ♦3 ♦5 *7 *13 *15 *175 *99 *11

Pig# 6# The nxyge» iqptake of the hatching White Leghorn efâ»x7o# 
m) al#0̂ gp̂ lir| b) ml#Og/hr, The ordinate gives the 
time in hours before and after pipping (P)* h indicates 
the time of hatching#
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Giaja & Jovanolo (1930) have shown that the rise in oxygen 
consumption at hatching can probably be divided into two distinct 
parts, correlated with the stage of hatching. These findings have 
been re-investigated in greater detail in the following experiments 
by determining the oxygen consumption of the chick from a few hours 
before the onset of pulmonary respiration until about six hours 
after hatching.

White Leghorn (WL) and Rhode Island Red x Light Sussex 
(RIR X is) embryos were used. During the periods of observation 
the eggs were not turned.
Results
a) Wliite Leghorns

The oxygen requirements of three typical embzyos are given in 
table I and shown graphically in fig. 6. Fig. 6a shows the 
respiratory intensity of the embryo in m̂ gxŷ hr with reference to 
pipping, and fig. 6b shows the oxygen uptake per hour for the same 
embryos. By standardising the period between pipping and hatching 
(fig. 7) the similarity of the metabolic patterns of these three 
embryos can readily be seen. The pattern is as follows;- oxygen 
oonsiuBption begins to rise 3 or 4 hours in advance of pipping and 
continues for several hours before levelling out again. Just before 
active hatching commences, a second, rapid rise in oxygen consumption 
is initiated, and continues until 1 hour after the chick has hatched. 
The level reached 1 hour after hatching is very similar to that of the
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netabollo rate after the enact of breathing (A)*
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Fig, 10, The post-hatAlng rise in the mtabolic rate of RUtxIS chicks
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diQr̂ ld chick#
There was slî tt evidence to suggest that, immediately 

followix̂  the izdtiaticm of pulmsnary respiration, the o:̂ gen eoa- 
stjuption falls until pipping takes place (fig# 8)# This may possibly 
be due to the diversion of blood from tiie ohoxiô ollantois to the
lungs* Since the o:Qrgan content of the air space is below 1^ at

}

this time there would be a reduction in the oxygen available to the 
chick#
b) Rhode Island Red % Light Sussex

Similar results mere obtained with this strain# The metabolic 
curve of a typical embryo is given in fig# 9, and the data in table II# 
In this strain there mas a tendency for the oxygen eonsuRptlon to 
rise with the oormenoemcnt of active hatching and then to fall 
transiently at the moment of hatching# This was in contrast to the 
Wl* chicks wbwe the rise was uninterrupted» KeasuroDfmts of oâ gen 
consuDption were tlierefer© continued for six hours after hatching# 
During the first iialf of this period the rate of î rtake increased 
îreatly and then became relatively constant during the remaining 3 

hours of observation# Results are given in fig* ID end table III# 
Although the ohiok exhibited little physical activity during the 
observational period, its oxygen consumption rose ffos an average of 
0*90 w H /^ b t half an hour after hatching to an average of 
1*22 ml/gn/hr 3 hours after hatching# After t)iis the metabolic rate 
became relatively constant#
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Dijoussion
Tî)he rise in oxygen oonausption begins before pipping* This 

would appear, at least in part, to be a result of ihe ooomenoement 
of pulmonary respiration, since ventilation of the lungs is an active 
process and extra energy must therefore be expended* However, the 
lungs do not immediately become tlie sole site of gaseous exoliange 
because the ohorlo»allantois continues to function for several hours 
(the parafoetal period). It may be expected that as the eliiok 
becomes more dependent upon its pulmonary circulation, oxygen con
sumption will rise proportionately* Such a relationship has been 
demonstrated by Visaohedijk (1962a)*

There is little evidenoe to identify the stimulus which actually 
initiates breathing* In these experiments there was a mortality of 
about 'JOfi and it is significant that over 3^1 of these embryos died 
after pipping* Macrosoopio examination showed them to be normal 
with no visible lesions and no evidenoe of malpositioning* Since 
the method of determining the oxygen consumption was one employing 
closed circuit principles, it seems likely that oafbon dioxide may 
Iiave been a oontribuboxy factor to the stimulation* Whilst the 
shell is intact the partial pressure of carbon dioxide within the air 
space will increase progressively* Pipping, however, removes the 
barrier to free diffusion and since the partial pressure of carbon 
dioxide within the respirometer itself is zero, there will be a rapid 
disappearance of carbon dioxide from the air space* A fall in the 
partial pressure of carbon dioxide in the blood would therefore be



Breed a H + Ihr H + 5hr
WL 5 l*l%p.06 —
m  X IS 8 0.93±0.10 1.22+0.09

Table 10# The metabolic rates of two breeds 1 and 3 hours 
after hatohing. Pigures in rsH/gi^hr 3D.
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expected as a result of breathing an atmosphere free of this gas#
The lowered partial pressure of oafbon dioxide in the blood might 
well be sufficient to reduce or even lose, the stimulatory effeot 
of the gas upon the respiratory centres# Beoause of the high 
tolerance of the parafoetus to oafbon dioxide (the partial pressure
in the air space may reach 70 mm of mercury) only a small reduction'
may be necessary for the failure of the respiratory movements#

Since the second rise in the oxygen iq)take of the W#L# chick 
was initiated before there was any increase in physical activity,
it seems likely that the rise was due to an increase in the secretion

, »

rate of a metabolio-aooelerating hormone# The post-hatching level 
of o:qrgen consumption was very similar between both individuals and 
breeds (see table 10)# This finding supports ibe view that a hormone 
is responsible for the rise# The thyroid hormones seem to be the 
most likely to be concerned in raising the metabolic rate and the 
findings of Sun (1932) that the thyroid gland is particularly active 
at hatohing is in agreement with this conclusion# Furthezvore, 
sinoe the rise in oxygen uptake preceded the onset of active hatching 
the hypothesis is advanced that active hatching is initiated by an 
increase in the rate of thyroid hormone secretion#

Giaja A Jovanolo (1950) have also suggested that the rise in 
metabolic rate may be î rtly linked with the emergence of homeothersy# 
Aooording to Pemin*ey ̂  al# (1895) the homwthermlo response is 
developed during hatching# However, little regulation of the body 
heat production would be expected when the environmental temperature



52.

Is within the zone ef thermal neutralily* Therefbre, l̂e seoosd 
rise nay he associated with some other unknown pfaysiologioal 
phenomenon#



m l/h r70

60

50

40

50

20

-10 8 -6 4 2 P+l
hours

Fig. 11. Thm osQrgon requirements of the normal hatching £IR x IS 
embryo at an environmental temperature of 37*7̂ C. The 
time soale betveen pipping (P) and hatohinc (h) Is 
variable. Results obtained from 12 embzyos, caoh point 
being the oaygen ig>take of one embryo at that time.



Age
hrs Og uptake

Full-term ehbryo 2if«0
Parafoetus 1 24.0

• 5* 38.0
Hatched chick 1 38.0

5 59.0

Table 11# The oxygen requireaents of the RIR x LS 
ehldk during the termination of its 
anbryonlo ezlstenoe# Figures (in 
■1/hr) calculated from fig# 13 (.
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iiêS ŝjgssteawtt J&a
The time at which the homeothenalo response is developed is 

not known precisely* The metabolic rate of the hatching ohiok has 
already been shown to be variable, and this makes it difficult to 
determine whether a rise in the rate is linked with the hatohing 
process or is a response to a lowered environmental temperature.
The normal metabolic pattern must therefore be aoourately determined 
for the whole period of hatching in order to clarify this point*

In these experiments RIR % 18 embryos and chicks were used.
The normal environmental temperatures were 37# 7^ 0.1®C for ihe  

embzyo and just hatched ohiok, and 35^ O.l̂ C for the day-old chick. 
All experimental temperatures were realised within 10 minutes.
After each temperature change one hour was allowed to elapse before 
the determinations of oxygen consumption were recommenced, thereby 
permitting the apparatus to come into thermal eq̂ dJibrium with the 
environment.

All measurements were carried out on single chicks and eaA 
cliiok was used once on]y.
Results
a) The oxygen requirements of the hatching embryo

The metabolio pattern and mean oxygen requirements of the 
hatohing embryo were determined by pooling the results from twelve 
embryos (fig. 11). The mean oxygen uptoJce of the chick just prior 
to the onset of pulmonazy respiration, 1 and 3 hours after the onset 
of breathing, and 1 and 3 hours after batching, has been computed
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Fig* 12. The effeot ef lowering the environmental temperature upon 
the 19 à a j old eebiyo. The reaulte from 2 individuals are 
given. Note the ali^t. transient homéothermie response* 

Fig. 13. The response of the parafoetus to sold. In spite of the 
transient rise in oxygen oonsumptlon. the parafoetus is 
essentially poikUothermio.
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Pi&# 24* If the fall la mnrlrcmmeatal temperature la less than 
3̂ 0 than the parafée tus exhibits little ehange in 
ojgrgan oonauaption* This oorresponds to the neutral 
oondition first desoribed by Pwtbrey ̂  (1895)
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from this figure and tha results are given in table 11*
An jjiorease in oxygen oonsusption above the appropriate normal

figure in response to a reduction in the environmental temperature
was taken to be indicative of a homeothermio response*
b) The effect of temperature on the oxygen oonsuiaption of the 

f̂ll«.terffi and hatohing embryo
i) Full-term embryo* 19 days

On reduction of the environmental temperature from 37.7̂ C to 
33̂ C there was a slight, but transient, homeothermio response* 
Thereafter the oxygen consumption fell* A definite lag was found 
between the re-establishment of the normal environmental temperature 
and the restoration of the initial metabolic rate (fig* 12)*
ii) The parafoetus

The pattern was very similar to that shown by the 19 day old 
embryo* After a transient homeothermio response, the rate of 
oxygen consumption declined progressively (fig* 13). On returning 
to the normal temperature, this rate increased, but did not attain 
its original level until 1^ hours had elapsed*

The degree of response appeared to be related to the amount of 
"stimulation”* If the environmental temperature was reduced by 
2*7̂ 0 (to 35̂ C) there was very little change in the metabolic rate 
(fig* 14). This is similar to the neutral oondition first described 
by Pembrey et al* (1895).
iii) The hatohing ohiok

The metabolic rate changes rapidly with the onset of active 
hatching* In fig* 13 the results from two chicks idiioh hatched
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Fig# 15# The ohiok during the period of eotive hatohing ie eoen 
to be still a polkilothenm# 2 individual records#

Fig# 16. The ohiok escaped from the shell neobraaes during iSs» 

oold stimulation# A sustained homeothermio resî onse is 
evident#
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Fig* 17. The homeothermio reeponse ie developed in the ohiok ae 
it esoepos from the shell* This eof^eats that the 
response is mainly peripheral and probably nervous*
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during the observational period are shown* The metabolism of the 
ohiok that hatched first appeared to be relatively usaffeoted by the 
decrease in temperature, but the second enAryo ahoered a transient 
homeothermio response and then the poikUothermio response*

The results obtained at a slightly later stage of development 
are shown in fig* 16* After reducing the environmental tes^rature 
to 30̂ C the oxygen consumption of the ohiok rose by some 47̂ 5 within
1 hour* At this point the ohiok hatdied* One hour later oxygen

)
consumption was 60 ml/hr or about 4^ above the normal requirement*
This was a sustained homeothermio response and the interpretation is 
further supported by the fact that the metabolio rate fell dramatioally 
after the environmental temperature had been returned to normal*

That the newly hatched ohiok is able to give a sustained 
response to temperature changes is again demonstrated In fig* 17*
Upon reduction of the environmental temperature to oxygen
consumption rose to 83 ml/hr within 80 minutes and fell to 69 ml/hr
immediately the normal temperature was restored* When the
temperature was raised to 40̂ C the oxygen consumption fell to
62 ml/hr* Thus, the response to a lowered environmental 
temperature was more marked than for a similar Inorease in the 
temperature* 
iv) The hatched ohiok

The ohioks examined were 24̂ 30 hours old* The response to 
a fall in temperature was rapid, though the inorease was not so great 
as for the just*hatohed shiok (fig* 18)* Tliis was probably due to
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Fig. IB. Tha âcQT̂ old ohiok i« # homootharm and it will be seen 
that the response is immediate.

Fig. 19# The effeot of a hot environment the day-old ohiWc. 
It will be noted that the rising oxygen oonsuiaption 
continued after the temperature had been returned to 
normal. Thus hyperthermia was developing. It appears 
that the young ohWc is better able to deal with a oold 
environment.
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the improved insulation of the dried down feathers.
The ohiok was fbund to be able to regulate its heat produotion 

at high environmental temperatures less well (fig. 19). The ohiok 
was subjected to a temperature of 41̂ 0 • that is above < the son# 
of thermal neutrality. The rate of oaygen uptake rose as eoqpeoted, 
but this rise continued after the environmental temperature. had 
been returned to normal. This suggests that the homeothermio . 
response had been completely broken down, and that hyperthermia 
was developing.

The bird develops the ability to regulate its heat production 
for long periods at the moment of hatotiing, thou^ it appears that 
the response may be partially developed during the latter stages 
of inoiAation. The rapidity of the development is quite striking. 
The emergence of the response ooinoides with the second,rise in the 
oxygen oonsumption and this fact lends support to the suggestion of 
Giaja and Jovanolo (1950) that they are related*



FuH-tenn embryo 23
Parafoetus (5hr) 11
Hatched ohiok (3 hr) 18

Bü/ïtr

25.0
34̂ 9
55.6

Table 12# The oxygen requLreoents of the HIR x 13 fowl 
during hatohing#

Bgg

Chiek

OB

50

10

67.9

92.8
Parafoetus
Hatched

mO/omyhr
1537
0.51
0.60

Table 13* The surface area of the egg and the hatoliing 
ohiok, and the relationship between the oxygen 
uptake and the surface area.



57.
l lû  ^=SëlSteS^=ISS?geB=âl=llM§aili=l8i,ISSUS

It has been pointed out (page S# ) that the ability to regulate 
heat produotion per se may not be responsible for the rise in oxygen 
oonsumption at hatohing sinoe the observations were oarried out in a 
thermally neutral environment. Dawes & Mott (1959)# however, found 
that there is a relationship between the surfaee area and the meta* 
bolio rate of the newborn sheep and it was decided to investigate 
whether a similar relationship existed In the fowl. Full-term 
embryos (RIR x 18), ohioks in the parafoetal period and three hour 
old ohioks were used in this experiment. The number of individuals 
used are given in table 12.
Results

The average ojygen requirements in m l/h r are summarised in 
table 12. The surface areas of the egg and ohiok, together with 
the computed oxygen oonsumption in wH/om /hr, are given in table 13. 
It will be seen from this table that the ojqygen uptalce of the para
foetus and the hatched ohiok were of the same order, but that the 
figure for the full-term embryo was muoh lower.

That there is little correlation between the oxygen consumption 
per square centimetre of the full-term embryo and the hatched bird 
lends support to the conclusion that the rise in oxygen oonsumption 
associated with the establishment of pulmonary respiration is linked, 
at least in part, with the provision of the extra energy required to 
ventilate the lungs.
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It is not surprising that the correlation between the o^gen 
uptake of the parafoetus and the hatbhed ohiok is not exact sinoe 
the hatched bird is more active and is probably in an environment 
where the temperature is slightly above the upper eritical 
temperature of the ohiok. However, it may be oonoluded that the 
rise in ojqrgen oonsusqitlon (measured in ml/hr or m]/gn/hr) is a 
direct response by the ohiok to msdntain its body temperature at " 
its pre-hatching level.



ml/hr
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Pig# 20# The osygon oonauBtption of Individual ohioko during 
hatohing and the flrat too daye of post-omhiyonio 
life#0 a pippedi O « hatohed| 3 = 1  day old;
0 » 2 days old; # = normal ohioks from "day^ld". 
With the exoeption of no# 11 the oxyg^i intake was 
fairly constant although the body weight fell# When 
22 days old (2 days after hatohing) the 0̂  t̂ take
was in the normal range#Aleo see text#
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(u^Sauent.tiD dsis

Th* hatching ohiok has largo (3 go or more) food stores in 
the form of yolk. Yolk is metabolioally inaotlve and the yolk sao 
Itself oontributes little to the total oxygen requirements: 
aooording to Needham (1932) it is responsible for less than 2̂  of 
the total oxygen oonsumption of the fuU*term embryo. The yolk 
sao and its oontents are virtually "dead weight" and the oaloulated 
metabolio rate (ml/gg/hr) will therefore be depressed. Here this 
faotor has been investigated using the parafoetus* newly hatched*
1 and 2 day old ohiok. Neither food nor water were available 
during the experiments. The ohioks had to rely upon their yolk 
reserves to supply their energy requirements.

The ojgrgen oonsumption of the same breed (Wl)* whioh were 
hatched oonourrently* were determined from the 22nd day after the 
oommenoement of ineid>ation i.e. "day=old* ohioks to the end of 
the first week after hatohing. These data provided the normal 
oxygon requirements of the growing ohiok. The standard diet and 
water were available aj libitum.

All the embryos used in this study hatched after 20 days of 
Inoubation,
Results

The results of the normal growing ohiok are given in table 17 
and are shown in figs. 20 and 21. It is evident that the oxygen 
iq>take increased at a greater rate than the body weight during the



m l/q m /h r
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40
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Mg# 21# The metebelio rate of the ohiok during hatching and 
the first two days of post-onbryonio life# Synbola 
ae fo r fig# 20# It will be seen that the lose In 
weight (through the utilieation of yolk) was sufficient 
to bring the oetabolio rate into the norsal range 
of "daŷ old" ohioks, i#e# after 22 days Inoubatlon*
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period of observation • tbs equation of the regression line was 
ooloulat4td to b« 7 - 0.0005*^*^^.

The 03Qrgen requirements of individual oiiioks from pipping to 
2 days after hatohing are given In table 34 and in figs. 20 and 21. 
It will be seen from the data of individual ohioks that* in general* 
the ooygen oonsisnption of the hatohed bird remained fairly eœmt mt 
when measured in m]/hr* but that the netabolio rate (iù /g x ^h r) rose 
progressively.

Umaminatlon of the two figures shoes that the progressive fall 
in the body «eight resulted in the oaqygen oonsuaption moving# by the 
22nd day# into the normal range eaqpeoted for the "day-old* ohiok. 
Thus it may be oonoluded that tho yolk sao and its oontents oause 
the oetabolio rate to be artifloially depressed# the degree of 
depression being progressively roduoed with the gradual absorption 
and utilisation of the yolk. The rise in the metabolio rate at 
this time may therefore not be real.
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In the seotlon dea3Jng «1th the exygen requiremente of the 
hatohing eabxyo the hypothesis «as advanoed that the initiation and 
maintenance of pulmonary respiration and the aet of pipping depend 
on tho stimulatory effeet of a high partial pressure of carbon 
dioxide in the blood and that active hatching is stimulated by a 
hormonal agent# possibly from the thyroid gland# The evid̂ ioo for
this hypothesis may be summarised as follows:-

i) Pulmonary respiration and pipping
a) Over of the deaths ooourred after pipping when 
the partial pressure of the oaxbon dioxide in the atmos
phere was vesy leer (approaching 0 am Hg)#
b) The air space of the full-term smbxyo contains 5 ^  ^  

carbon dioxide#
o) Cartxm dioxide# in moderate concentrations# is a 
respiratory stimulant#

ii) Active hatching
a) A rise in -the oxygen consumption was detected# at least 
for White Leghorn ohioks# before there was aqy increase
in ̂ ysioal activity#
b) The metabolic rates of individual chicks were very 
similar after hatching#
o) The thyroid gland is active iinmediately after hatching#
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The effect of altered diffusion rates across the shell of the air
mss,

k certain partial pressure of oasbon dioxide in the blood 
appears to be neoessaxy for the initiation and maintenanoe of 
pulmonary respiration and for pipping# Tliis nay therefoxe be called 
the critical partial pressure* If this partial pressure# normally 
aohieved on about the twentieth day of incubation# can be realised 
earlier# then# assuming the embryo is competent to respwd at this 
earlier time# pulmonary respiration and pipping will be brought 
lorward# Similarly# if the realisation of the critloal partial 
pressure can be delayed# then breathing and pipping may also be 
delayed# From such findings it may be inferred that the stimulus 
for both breathing and pipping is gaseous in nature# At the same 
time# if auoh exgperimenta have no effect on the time of hatching# 
then it «ill be reasonable to Bupyoae that active hatching is . 
initiated by a stimulus of a different nature#

Firstly# the effect of changing the diffusion rates across the 
shell of the air space «as investigated# using eabxyos from a 
RIR X IS cross# The diffusion rates «ere altered at IB^days* 
Incitation by:

a) «axing the shell of the air space to reduoc the rates 
and so accelerate the changes in gas concentrations | 

or# b) perforating the air space to allcv free diffusion between 
the space and the inmdxator environment# thereby preventing#
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or substantially delaying# the realisation of any oritioal 
concentration*
Observations were made hourly to determine the times of pipping 

and hatching*
F'eaulta

136 ofsbryos# divided into six grouq̂ # were used* The results 
are given in table 15. P̂ nbryos with waxed shells pipped in advance 
of the controls by an average of 14 hours# whilst pipping by the 
enbryos with perforated air spaces was retarded by 8 hours* The 
time of hatching was not affected by either of these treatments*
The period between pipping and liatohing was quite variable 
consequently# which suggests that the two events are not related*

It may be oonoluiied therefbre# that the pipping stimulus is 
gaseous in nature and is probably a hi^ partial pressure of carton 
dioxide# although the low oxygen tension within the air space mo^ be 
a snail contributory factor*

It was observed that as soon as the shell had been fractured# 
the d^ok became quiescent suggesting that pipping is only a reflex 
response to hyperoflqnia# and of little importance in the hatcliing 
process*
The effect of ventilating the air space with ataaosoberie air

It has been suggested above that pipping may only be a response 
to a noxious atmosphere and therefbre cannot be regarded as a true 
ontological phenomenon# but the onset of pulmonnzy respiratlwi is# and 
may well be a better criterion on which to measure the effects
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of envlronaental changes on the termination of the eabzyonlo 
existence# In these eiqperiments the effeots of ventilating the 
air space on the onset of pulmonary respiration# pipping and hatching 
were determined*

RIR X LS embxyos aged 1% days were used* There were two 
oontrol groups - normal intaot embryos and embryos with perforated 
air spaces*
Results
a) The initiation of pulmonary respiration

Examination of table 16 shows that whilst the times of pipping 
were substantially delayed by both perforation and ventilation of 
the air space# the onset of pulmonary respiration was not signifi- 
oantly altered*

Pulmonary respiration was delayed by only 1 hour in the 
aerated embryo# even though the gas mixture in the air space was 
quite dissimilar to the norm (about 9̂. caxbon dioxide and 13̂  oxygen)* 
This suggests that the composition of the gases in the air space do 
not influence the time of the onset of pulmonary respiration*
However# pipping was advanced by an average of 13«7 hrs. in the waxed 
embryo (table 15) lAilst the period between the onset of air breathing 
and pipping was found to be 6 hrs. for the normal bird# suggesting# 
indirectly# that an elevated carbon dioxide tension in the air spaoe 
may advanoe the actual time of air breathing by about 5# 7 hours*
b) Pipping

Pipping was delayed by an average of 7*8 hours in ohioks with
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perforated air spaces and by 9.8 hours in those with aerated air 
spaces (table 16)# The mean time interval between the onset of 
pulmonary respiration and pipping in normal esd>ryos was 8 hours 
(see table 17)# It is apparent from tables 16 and 17 that the 
action defined as pipping (page 2) was almost completely inhibited 
in embryos which had aerated air spaces and in several ezBbiyos it 
was observed that pipping did not occur although hatching was not 
impaired or delayed. Therefore it may be concluded that pipping is 
not essential to the hatoliing process and is only a reaction against 
a noxious environment#
o) Active hatching

The time at which hatching was completed was little influenced
by the treatments (see tables 16 and 18) thus confirming the findings
of the first experiments. Since all the ohioks hatched at a similar
time# and the metabolic rates wore very similar between individuals
(see tables 10 and 14) it seems likely that the hatching stimulus is
hormonal in nature. Furthermore# since the period between the onset
of pulmonary respiration and hatching was fairly constant (table 16)#
it may be possible that the pulaonaxy stimulus is# after all# hormonal.
The effect of waxing the shell of the air apace upon the tine of
initiation air tiMatklng

The onset of pulmonary respiration is only sli^tly delayed by 
perforating or ventilating the air space# but indirect evidence has 
been presented to suggest that waxing the shell# thereby causing a 
rapid increase in the tension of carbon dioxide in the air space#
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may oauae pulaonaxy respiration to be itiitiated at an earlier time. 
This has been investigated further using l8g day old embxyos.
Resjâtg

The results are summarised in table 19. It mill be sew that 
although pulzBonexy respiration was initiated en average of 5.3 hours 
in advance of tlie oontxx>ls# the tine of hatoliing was not signifi
cantly affected. This agrses vezy well with the figure of 5.7 hours 
obtained by indireet means (see pege 64).

These results Indioate# therefore# that the pulmonary stimulus 
is probably a high partial pressure of oaxbon dioxide in the blood 
acting upon the respiratory oentres whidi in turn initiate piiliaonaxy 
respiration# A hormonal stimulus seems auoh less likely.
U.5.Ü The hatoliing stimulus

Whilst the work of the above section was directed cainly at 
elucidating the nature of the pulaonaxy stimulus# some infomation 
was obtained from these experiments to strengtlien the hypothesis 
that active hateliing is stimulated by a hoxmone# These salient 
points are:

i) The lm%th of the inoubation period Is very constant 
(table 16).

ii) Alteration of tlie gaseous enviroiuvjnt witliin the air 
spaoes was without effect on tl» time of Imtcliing#

The hormone site may well be the thyxx>id (see page 6i )# 
Tlterefore the effeots of the thyroid hormones# a goitrogen and the 
thyroid stimulatix% hormone of the pituitary on the time of hat<̂ iing



I
.8i
I
%

%

s

P
VJ!

u»
Cm

V J 4

G
Cn

8O

B G B B

g g g
+M

o o H A

A A A

B B B

8 B 8 G

i

G

G

G



67.
have been determined# The tines of the onset of pulmonary 
respiration have been noted oonourrently to determine whether a 
hormonal stimulus might be involved#
The effeet of e»genous thyroxine or triiodothyronine on the 
t̂ nainatlon of &e emkrvowZ^ exjatenee

In this series of experiamts# the effeots of injecting the 
sodium salts of 1-thyroxine or 1-triiodothyronlne into the air spaoe 
of the full-term embzyo were determined# It must be emphasised 
that in these experiments# the hormones were administered to the 
normal and fully developed dhiek embryo (idjr dxys old)# and not to 
the young embryo where the metabolism and subsequent development 
would be grossly affected# The aim of these ê qperiments was to 
"trigger̂  normally developed meohanisma or precipitate natural events 
in the foetus# These hormones were considered to beoooe active very 
shortly after injection since FaoLagan# Sprott à Wilkinson (1952) 
have shown that the latent period of both drugs la 3 hrs. in the rat. 
Kesults

Four groups# each of 106 eggs# were examined and the results 
are summarised in table 20. The time of the onset of pulmonazy 
respiration was only very slightly affected# whereas the time of 
hatching was advanced by an average of 4.0 hours by the 1-thyroxine# 
and 5.3 hours by the l-triiodotl̂ rronine#

The thyroid hormones did not affect mortality.
At first sight it might be thought that l-triiodothyronine had 

a slightly greater effect on the chick embryo than JL-thyroxine.
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However# this is probably not so for sodluB-Ĵ thyroidne has five 
Boleoules of eater of orystallisation whilst sodiua-l-triiodo- 
tlyronine is anhydrous. Thus 1 )ig sodiua-jL-thyroziiie is equivalent 
to 0.87 1,-thyroxine end 1 p% sodiua-̂ -triiodothyronine to 0.96 /ig
1-trllodothyronine. Therefore these two hormone» have a similar

V ;

potency in the embryo# oonfimlng the work of Shellabarger (1955)# 
Hewoomer (1957) and Tata d Shellabarger (1959) •

There was no significant effect vapon the time of tî<e initiation 
of pulmonary respiration. Since the hormones were injected into 
the air spaoe at least twenty-two hours previously# the oonolusion 
that the thyroid is not involved in the stimulation of pulaonaxy 
respiration would appear to be valid. The advancement in the time 
of hatching was brought about entirely by a reduction in the time 
interval between the onset of aix—breathing and active hatching.
Thus it may be oonoluded that the thyroid gland probably provides 
an essential factor of the stimulus for the onset of active hatching 
in the ohiok embzyo.
The effect of 2-thiouraoil on the termination of the eĝ ryonio 
existence.........................

There is some doubt as to whether the inhibitory effect of the 
goitrogena is completely specific to the thyroid gland. 8ome 
evidence has been presented to show that the thiooarbaaide drugs can 
affect the general metabolism of the cell. In order to validate 
conclusions based upon any positive results it is necessary to reduce 
or neutralise that effect by emei&aoxm thyroid horaones. Here the 
efiects of 2-thiouraoil have been investigated# 2 mg or 4 mg being



Io«•
MH»
<9
3*
B
cr
»

&

oo«♦

i
I0
1 
ç

I
3«

î
Gî
&
S«*
%
Y

I I

%  

% î

I
0

1

N5
8
lu

§ a

ï

h
ï s 
• %

ph
8

SI

O

V#

è
-u

h
Vji

y
VM

g

■nJ

H  M  M•>J ON

B ?  8

A A o

O  lÔ M

% G G

S?

lI
lo
ïî

ro

g
3

09 *8
?
r



ï ?
? 31% P< « • uI
I
y

%

î

î
9

B

s %
fo g
N
lu
1 ONr.) M1f*
Kf 09
C lU
%*
f
n
f"
B y0%
ru
AyH*
g
3o
p«••

Ho Mo8«♦
R
POM H»< lu•8r»>
Q
&
s• B

M  M  M-si <Tv VJ1

G) R S

%  %  31 ^

V*

G G vn

\w M

I
■SR 

o  g=5.Î

lu

4



09<

injected into the air space two days before the expected onset of 
pulmonary respiration. Some eidnyos treated with 2 mg 2-thiouracil 
on the eighteenth day were also Injected with 2 pc sodiua-l-thyroxine 
either at the same time or 1 day later# In an attempt to reduce 
any positive effect the goitrogen ndght have, 
e) The effect of 2—thiouracil

Three groups totalling 264 embryos were examined» The results 
are given in table 21. Although the time of the onset of puliacnaxy 
respiration was not sigiifloantly altered by either dose level of 
thiouraeil# the time of hatching was greatly delayed. The larger 
dose of thiouraeil caused the greater delî  in Iiatoinn*:/.# The 
p rœntoge hatch was calculated twenly-four hours after 50̂  of the 
control embryos hod hatched. The figures are given in table 22.
It will be seen that whereas the majority of the oontrol eiabzyos 
had hatohed by this time# only half of tbs thiouraeil treated 
embzyos hod completed their development# whether 2 mg or 4 mg hod 
been administered. Mortally# however# was not affected (table 22).
b) The effect of a mixture of 2-thiouracil and 1-thyroxine

The time of the initiation of pulmonary respiration of the 
treated embryos was not affected in either gro q* (sec table 23). 
Hatching in both groups also occurred at the some time as the oontrol 
group. Thus 2 pg aodiua-l-thyroxino (equivalent to 
1.74 pg ĵ thyroxlne) completely neutralised the effect of 2 mg
2-thiouracil.
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Disousaion
No goltrogen appears to Influenoe the release of stored 

hormones. This mey eiqilain the variation in the results» Thus in 
groi;̂  13 2 mg of thiouraeil delayed hatching by only 6 hours as 
oompored with one day aooording to Groaaowios (1946). But over 
the next 18 hours only a further ITT of the thiouraeil treated 
e bryos hatched# whilst another of the controls completed their 
(ItTvelopoent. 3crne esbxyos# thereioro# may have sufficient stored 
tiiyroid hormonos to allow hatching to take place at the normal time.

It has been consistently found that goitrogenic drugs# if 
injected belbre the seventeenth day of incubation# cause a marked rise 
in Qortalily (Orossowics# 1946; Adams k Bull# 1949; Adams & Buss# 
1952; Romanoff & Laufer# 1956; Rogler et al»# 1959b)» This is 
not 30 if the drug is adsdnisterod after this age (see table 22)»

That exogenous thyroxine reduced the effects of the thiouraeil 
on tlie termination of the embryonic ezistenoe sliows that the 
interpretations of the results obtained when tliiouraoil alone was 
injected 5nto the embryo are valid.

The time at vdiioh pulmonary respiration ims initiated was not 
significantly affected by any of these treatments. Again this 
supports the hypothesis that the pulaonazy stimulus is not hormonal.

Since the thyroid gland is not a Wiolly autonomous gland but 
oontroUed by the anterior lobe of the pituitoxy gland# it must be 
supposed that active hatching is ultimately under the oontrol of the 
pituitary. The effect of the tliyrotroî o hormone on active battling
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Dome i.u. n Pul.remp Hatch

0#005 56 0 +2
0#05 56 0 0
0.5 40 +1 -1
1.0 80 +0.5 +5.5
2.0 80 +0.5 +4.0

Table 2$. The effect of tbyrotrophic hormone upon the 
termination of the embzyonic existenoei the 
effect of dome# Figures in hours; + = 
advanoement; - = retardation#



(a)

, V 4'̂
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(o)

?ig« 22# The thyroid gland of the hatching ohiok and the effect 
of thyrotrophic hormone upon ita activity# (a) 19 day 
old enbxyot little epithelial activity# much ooUoid#
(b) 1 hour old chick: little increase in epithelial 
activity and seme less of ooUoid# (o) 1 hour old ohiok 
treated with 1 i#u# T3H at 10$ days: epithelial aotivity 
slightly greater than (b)# also inorease in vaouolation 
of the ooUoid#
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was therefore investigated*
T^e|g|^p^^^^^rptropliie hormone oa tbs terslnstioii of the

« «

Embiyos aged IB̂  days were used# The hormone was given at the
following levels: 0.0Q5# 0.05# 0.5* 1*0 end 2.0 i.u.
Results

The oritioal dose level was found to be 1.0 i.u. Neither 
1.0 i.u. nor 2.0 i.u# had any effect on the time at which breathing 
began# but advanced the time of hatching by 3.5 and 4 hours respeoV 
ively. The results are summarised in tables 24 and 25#

In spite of the demonstrated hypcrscnsitiviiy of the ohiok 
thyroid gland to ̂ lyrotrophic hormone (Martindale# 1941}» no response 
could be elicited with doses of below 1#0 i.u* and little increased 
aotivity in the thyroid gland was evident (fig. 22). However» the 
results did confirm that the thyroid is intimately concerned with 
the onset of active hatching# although ultimately# it oust be the 
anterior hypophysis that supplies the stimulus. The pulaonaxy 
stimulus was again confirmed to be of a different nature.



•11

■> ■ ‘‘ •t •■■4 . , -F''.S',»A _.l̂ "̂ 4 ■’ ,,; ■; -I
>i'̂  • >'

. r - - - - 5  • " ;' . /"d/
V X

, !

; v ,

T T '
■r

r:iA
4

1-- 
.1 *ii ■

-.V '/

. Jr" '

>■><

U

;■ ' \r
• -  ■ i . 'i ' I - ' ■ /.' I , -■ .' -.

•̂ f:

# g S # \ K
il"*' (:. % / '̂ c;-. ■



Group 1st* léatabolio phase 2od* Metabolic phase

A y « 0»0138x^*^^ y » 3#684x̂ *̂ ^̂

B y « 0,0383x *̂̂ ^̂  y • X.760x̂ *°̂ °

C y • 0.0960x *̂®®® y » 2.073x^*°^

D y « 0.0297x̂ *°̂  ̂ y » 7.473x°*̂ ^̂

Table 260 The calculated regression equations for the 
curves sheen in figs. 23 - 26.
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Sî=Ssl=^i^^sf=$yS:^S22^s,iyi
The oxygen oonoimptlon of three strains of domestic fowl,

Rhode Island Red z Light Sussex, a oomisercial broiler strain and a 
oommercial laying strain, has been measured in order to determine 
whether ^e reported rise in the metabolic rate following hatching is
a general phenomenon* The effect of the diet on the metabolio

1 .  *  *pattern and the absolute oxygen requlrmaents of the laying strain 
during this period have also been investigated, by substituting for 
the standard ration a oommeroial broiler ration containing 23̂  crude 
protein and with a Calculated metabolisable energy content of 
1300 koalg/lb# All the conditions were otherwise identical*

No signifioant difference in the oxygen requirements of the 
male or female chicks could be detected and therefore no attempt was 
made to separate the results*

»Oxygen consunq>tion was measured at an environmental temperature 
of 35*0 for the whole period*
Results

The data on oxygen consumption are given in tables V - VIII# 
The equations of the regression lines are given in table 26, and the 
growth curves of the groMpa are given in fig* 27*
i) Rhode * Sussex strain: Group A

The oxygen requirements were found to increase at a greater 
rate than the body weight until the latter had reached 80 gm (see 
fig* 23)# At this weight a definite change in the metabolism oould
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Figs# 23̂ 26% Osygon oonsuoption of thres broods during: the first
*

fortnight of post-enb^nio life, 
fig# 25# Hm X L3» fed the standard rations grot̂  A#
Fig# 24# Broiler strain, fed the standard ration: group B. 
fig# 25# Laying strain, fed the standard ration: group C# 
fig# 26. Laying strain, fed the broiler rations group D#
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Ft# Standard diet Broiler diet 
(gm) (groupe) (groupD)

40 75 76
60 155 168
100 247 248

Table 27* A oospariaon of the oaqygen requirenenta of chi^s 
of a laying strain fed either the standard diet or 
The broiler diet. Figures in ml/br at STP.

Wt. Age
Oroup (^) (days)

A 80 9
B 6} 7.5
G 57 8
D 65 9

Table 28. The body weights and ages at which the metabolic 
rates of the three breeds became constant.
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be detected, the rates of growth sad increase in osygen uptake being 
approxiaateiy equal thereafter#
ii) Broiler strains Group B

The metabolic pattern is shown in fig# 24# Two phases oould 
be oleariy defined, firstly, a rising metabolio rate (b » 1#951) 
extending from hatohing to a body weight of 63 gn, whilst the second 
phase was oharaoterised by an almost constant metabolism#
iii) Laying strain: Group C

Again two fAasee were differenldated; oaygen tytake rose at a 
greater rate than body weight to 57 gm and then beoaoe almost 
directly proportiwal to the latter (fig# 25)#
iv) Laying strain; Group D

This group oome fiem the same parents as ̂ Pcup C. Its diet, 
however, was a broiler ration and not the standard ration# Examin
ation of fig# 26 shows that the metabolic pattern was unaffected#
v) The effect of dimt on tW oxygen requirements and metabolic

pmttem of the laying strain
There was no significant difference between the ojqrgcn require» 

ments of the two groiqm (see table 27)# The metabolio pattom was 
little affected# The regression ooeffioients of the group fed the 
standard ration (groiqp C) were slightly higher (table 26), but this 
may have been due to the fact that there were fewer observations for 
Grot^ D#

There was also a slight differenoe in the growth rate (fig# 27)#
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Fig# 26. Gwqmrlson of the metsbollo rotes of tï)o throe
breeds# For further e^lanstion see legends for figs. 
23-26.
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vl) A «owarlMa f  mÊÊ^iU ratw «od cet.twnw a» iitfla»iMH>a 
^  »»**»
The metabolio rate# of the three strains hare been qompared in 

fig* 28# It will be seen that the body «eights at idiioh the 
metabolio changes ooourred were variable (see also table 28) but the 
a£,es at which these ohang.es ooourred were einilar (table 28)•
Discussion

The 0]̂ yEcn require»» nts of the fowl inoreaoe at a greater rate 
than the body weight (i«e# the metabilio rate inorcr.see) for some 
time after hatching. It will be seen in figs# 23 - 26 and 28 that 
tlio weight at which the metabolic rate become constant* althot̂ gli 
precise within the group# was vtjriable between oaoh group#
Reference to table 28* however* shows that the age at which the 
metabolism become oonstfmt was similar and it is ihereiore concluded 
that the rising metabolio rate is related to the age of tlie bird 
rather than its body weight#

It has already been shown thiit the yolk sac and its oontents 
are **dead wel^t" * and ocDuie a depression in tlw real notabolio rate. 
Tills depression progressively decreases to the fifth day ̂ tihsxi yolk 
absorption is completed (Virchow, 1891; Romanoff d Romemcff* 19335 
i ntenman* Lorens & Chaikoff* 19W5 Romanoff* 19t»4). ITuis the overall 
rise in metabolio rate night not be real at the cellular level.

The pcst-hatching rise in the body teiqwràture might be 
explained as a result of a rise in the metabolic rate. However* 
sinoe it has been suggested above 'Uiat there may bo no real rise in
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the metabolio rate aome alternative explanation must be Bought.
The suggestion of Kendei^ & Baldwin (1928) and Randall (1943) that1 \ , i i
the mass of the bird inereases at a greater rate than the surface 
area might resolve the problem.



Age
days)

1
ê 9

2
a a 9

3
6 A 9

Mean
4 6 9

1 40.48 40.49 39.89 40.32 40.23
2 40.69 40.55 40.35 40.42 40.46
3 40.77 40.77
4 41.00 40.91 41.00 40.85 40.94
3 40.83 40.78 40.58 40.95 40.78*
6 40.96 41.04 40.91 40.95 40.95
7 41.01 41.08 40.84 40.97 40.95
8 40.92 40.99 40.30 41.05 40.94
9 40.90 40.94 40.97 40.95 40.94
10 40.93 40.96 40.95
11 40.89 40.90 41.19 40.97 41.02
12 40.95 40.97 41.10 40.94 41.00
13 41.01 40.93 40.95 40.99 40.97
14 40.87 40.92 41.00 40.93 40.94

* Signifioant fall between k and 5 days (P e 0,05).

Table 29. The body temperature of three consecutive batches of 
RIE X IS chicks from the same parent stock during the 
first fortnight of post-embryonic life. Group It each 
figure is the mean of 6 observations) groups 2 and 3; 
mean of 12 observations.
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Pig# 30# The metabolio rate and the body temperature of ohicks 
during the first fortnight# Batoh 1| mean of 12 birds,



76.

, S 8 a C 3 !

RIR X L8 ohloks wsre used# Three oonseoutive batches of 12 
ohicks were used to determine the normal body temperature ourve during 
the first fortnight after hatching# The metabolic rate of the first 
batoh was determined ooneurrently at an environmental tenperature of 
35®C.

Another gro\q> of &IE % Ifi ohloks, 33 in number, were used to 
determine the yolk sao and body weights, the **active ease" (defined 
here as the body weight minus the yolk sao weiglit) end the surface
area. 3 ohloks wore used daily.

The s t a n d a r d  d i e t  w a s  a v a i l a b l e  ad l i b l t u E . 
results
a) Body temperature end the metabolio rate

The mean daily temperatures of the three batohes are given in 
table 29# The results of batch 1 confirmed that there Is little 
or no dlfTercnoe between the body temperature of the male and female
ohiok during the first fortnight after hatohing. In view of this
finddLr̂  the sex of the bird was ignored in the other two batclies.

In both males and females of batch 1 and in batoh 2 there was 
a fall in the body temperature between the fourth and fifth clays. 
Combination of all the results • to give mean Values for 36 ohloks 
(fig. 29) * shows that the body temperature of the ohiok became 
oonstant from tlie sixth day after hatohing. The fall in the
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k. r e t i e ,  j a i l i i î j m .

bod) weight

250

= 2.00  5

2 43 5 6 7
days after hatching

Tigm 31* The relationfihip between marfaoe area* bo4y wei^t or 
active maeo and age. Aotive aass le defined ae body 
weight Binue yolk veigbt. Eaoh point le the mean of 3 
obeervatlons. It «ill be aean that the aotive maea of 
the (Alok inoxeasea at a greater rate tlian the surface 
area# «hllst body «eight and surface area are alnost 
proporti<mal throughout the period of observation.
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temperature on the fifth day was signifioant (P » 0«Q5).
The daily metabolio rate and the body temperature of batoh 1 

are shown in fig# 30# The fall in the body temperature on the 
fifth day mas paralleled by a fall in the metabolic rate# This 
probably coincided with the ê dmustlon of the yolk reserves and with 
a change from an essentially fat metabolism to a mixed metabolism#
It will be seen that the two curves are very similar, suggesting that 
they are related#
b) Surface area and mass

The results are summarized in table 30 and illustrated in 
fig# 31. Whereas there was only a slight fall in the ratio of 
surface area to body weight (ourve b), there was a definite and pro
gressive fall in the ratio between surfaoe area and active mass 
(ourve a). This indicates that the aotive mass rather than the 
body weight, increased at a greater rate than the surfaoe area#
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Fig* 32» The dally metabolic rate of lecitbeotozBlzed and normal
ohloks* BakCh point is the mean of the dally determinations*

F

106 0106 0

41041 0

105 0105 0

104 0104 0 4 0 04 0 0

5 10
aqe in doyioqt In dnyt

'F

106 0106 0

41 041 0

105 0

104 040 040-0

5 10
oq< In 4ioys

Fig* 33# The effect of lecithectomy on the body temperature of 
k oonseoutive batches of ohloks*
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In the above ezperlment it vas suggested that the fall in the 
metabolio rate on the fifth day might be due to a change in meta
bolism brought about by the exhaustion of the fat store. The 
effect of leoithectosy upon oxygen uptake was therefore investigated. 
EIR X IS ohicks were used; 26 birds# from four oonseoutive batches 
from a single mating were leoitheotonised on the first day- after 
hatohing. Another 26 normal birds# hatched at the same time# acted 
as oontrols.

The temperatures at which the oxygen consumption was determined
were as follows#

Weight range T̂ C
to 100 gms 35
100 • 150 33
150 - 200 31
200 - 250 29
250 - 27

Results
a) The metaî lio rate and body temperature during the first 

Tortnighk ^

Both grotgps showed a rise in the metabolio rate to about the
eighth day# that of the leoitheotomised group was slightly greater
up to the fifth day# but not significantly greater at any time
(fig. 32). Leoitheotomy did not affect the growth rate (fig. 35a).

The body temperature ourves of the four batches are given



Age
(dsya) laoitheo. Normal

1 40.48̂ 0.50 40.48+0.50
2 40.32j.0.34 40.27+0.31
3 40.53±0.34 40.50+0.33
4 40.52̂ 0.28 40.61+0.18

3 40.62̂ 0.27 40.75+0.25
6 40.52̂ 0*39 40.83+0.26
7 40.60+0.25 40.78+0.24
8 40.74+0.28 40.80+0.15
9 40.79+0.26 40.85+0.15
11 40.90+0.24 40.85+0.23
12 2*0.90+0.16 40.90+0.20
13 40.99+0.15 41.00+0.19
14 40.99+0.15 40.99+0.13

Table 31# The effect of ledthectoey upon the mean body
temperature of 26 birds during the first fortnight 
of post-embryonic life. Figures in *C + &D.
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Pig# 34# 03qrg«n requlrwwntB of leoithaotonlsed and normal Wrda 
during the first month of post̂ mibryonio life# 
m » leoitheotomised; b » normal ohicks#
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Metabolio phase 
1 2

Leoitheotomised y • 0.504%̂ *̂ *̂ y « 4*789x̂ *̂ ^̂

Nonul y « l.OJSx^*^® y » 4.500x°*®̂ ®

Table 32. Regression equations for the osgrgen oonsumption 
ourves of leoitheotomised and noxval R2R x LS 
ohioks. See also fig. 34#
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separately In fig. 33 and the mean values In table 31# It will be 
noted that the inter group variation was quite large# but that the 
intragroup variation became progressively less with age. The 
abnormally high body temperature on the first day may have been due to 
slight hyperthermia as body temperatures were determined immediately 
after the ohioks were removed from the incubator* It was noted in 
a previous section (see also below) that the upper critical température 
of the hatched bird is 3̂ C below the temperature of the incubator 
and consequently hyperthermia may well have resulted.

The body temperatures of the leoitheotomised birds# although 
similar throuf^ut the whole period of observation# did fall below 
those of the control chicks between the fifth and eighth days after 
hatohing* The difference was signifioant (P < 0.Q3) on the sixth 
day only.
b) Effect of leoitheotomy on the oxygen requirements and jgrowthi

Group E
The results are shown in fig. 34 and are given fully in table H. 

The regression equations were similar (table 32) showing that 
leoitheotomy had no effect on the absolute osygen requirements during 
the month of observation. The metabolio pattern was also unaffected# 
as was the growth rate (fig. 35b). In both groups the metabolic 
rate became oonstant on about the thirteentii day after liatehing.

It seems likely# therefore# that the yolk is not an essential 
source of energy after hatching. Furthermore# the rise in metabolio 
rate# althou^ accentuated by the progressive reduction in the amount



Fig* 35a.
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Pig. 35b.

qms250
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0 3 4

Pig. 35# Groath ourves of leoitbootomlzed and normal chicks, 
a) 0 - 2 weeks, b) 0 - 4 weeks.
It will be seen that the growth rate was unaffected 
by leoitheotomy.
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of yolk, would appear, from these results, to be a definite 

phenomenon since it was not abolished by leoitheotofly.

-1-
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2 00
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25 30 35 40

Pig# )6# The effect of temperature upon the oetabollsm of 
the growing fowl (0*4 wê ce)# Kaoh point 
represents the mean of a variable number of 
observations (see table 33)* The rise in metabolio 
rate during the first Ibrtni^t is evident in this 
figure#
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Prom a praotloal husbandry point of view it seems likely that 
the greatest changes in the sone of thermal neutralily ooour during 
the first month after hatdilng) pid)llahed data, however, show that 
tiie 20ne of thermal neutrality alters little# The fdiole matter 
Was therefore reinvestigated* The standard ration was available 
^  libitum# Tlie ohicks (RIR x LS) were kept in brooders with 
supplementaxy heating so placed to maintain a temperature gradient 
within the cages, allowing the birds to place themselves in their 
optii al environment#
Results

The results are summarised for the five age groups in 
table 33 and illustrated in fig# 36#

The sone of tliensal neutrality for the doy^ld chick was found 
to be very narrow# The rise in the raetobolin rate between 35̂  and 
37̂ 0 was highly signifioant (P<0#01) but thrt between temperatures 
of 35̂  and 33̂ 0 was not signifioant# However, a highly significant 
rise between 35*̂ and 31% suggested that the lower critical 
temperature was certainly not less than 33%, and, allowing for the 
fairly liigh degree of variation at this age, even closer to 35%#

At 1 week of age a rise in temperature from 35̂  to 37% 
resulted in a highly signifioant rise in the metabolic rate (P<0#01) 
and a lovjez*ing of the temperature to 33% gave a similar result, 
although the degree of signifioanoe was slightly reduced#
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▲ge Zone

1 day 35
1 week 34-35
2 weeks 31-35
3 weeks 30-33
4 weeks 26 » 32

Table 34# The sones of thermal neutrality of the 
fUlly fed fowl during the first nonth 
after hatching* Figures in ̂ C*



B2*

The variation in metabolissi within the groups of 2 week old 
ohicks at 35*, 33* and 31*C was much greater than the variation 
between the groups* ' Therefore the statistioally signifloant 
difference (P< 0*01) between groups was not thought to be biologi- 
oally significant* ' ; j • ?

The lower critical temperature of 3 week old birds was 
certainly between 31* and 29*0» irtiilst at 4 weeks it was probably 
a little below 27*0* Intragroup variation in birds of this age 
was considerably smaller than in younger ohicks* *

The sones of thermal neutrality fbr the age groupa considered 
arc given in table 34*

The rise in the metabolic rate during the first week or so was 
also evident (fig* 3&)* The metabolic rate» when measured at 
temperatures within the sones of thermal neutrality» was virtually 
constant from 2 to 4 weeks of age* It will be noted that the 
metabolic response to temperature decreased with age*
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The only work on the oaygen requirements of the unstarved 
fowl tr im  hïtohlng to sexual maturity has been oarried out by Kibler 
& Brody (1944)# Unfortunately they failed to desoribe tl&e exact 
parameters of their exp^iments* Here the x̂ quiremeots of a 
oon meroial laying strain have been determined using three 
different feeding programmes in order to detensine the effect, if 
any» of the diet upon respiratory metabolism#

Tlnee groups» totalling 87 birds» were used in these esperi* 
monts# Except for the difference In the diet» experimental 
oonditions were the same for all the grotps# The results for each 
sex have been recorded separately# Food was available ̂  libitum# 

The tô&pex̂ turcs at whioh the determinations uero carried out 
were based on the roeommemded figures of Russian rrorkers for 
general husbandly (Gordon, I960):

 r e t g f a t  w n m ________________________________________________r*c  _ _

to 150 ga 29
150 • 900 27
300 - 21

The diets were quite different in oompositiwu one was the standard 
ration (for formula see table 9, pege3l)| the other was a 
oomnsrclal broilw* diet with an estimated eruto protein content of 
23̂  and a metabolisable energy content of 1300 kcslc/lb# The 
exact formulation» however, was not available# The broiler diet
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Fig* 53* Oî sen requirement# of femelee of a laying strain fed 
the broiler ration; grotqp F»



iX

and the standard diet were fed throughout the period to group# T 

and G reopootlwely, whilst with group H the standard diet was 
substituted fbr the broiler diet et the beginning of the third week*

All the d&tft are inoluded In tables X* XI and ZH*
a) The broiler diet; Grot® P (56 birds)

A rise in the metabolie rate during the first week after 
iiatohiag was still evident in spite of the low environRentml 
temperature* is no signifloant difference in the require!* nis of 
the sexes at this stage oould be detected» the results have been 
amalgamated* During the second metabolls phase* when the metabolism 
and the growth vere proportional (see table 53 for the regression 
equations) the sales reqidred progressively more oxygen than Uie 
females* At a body weight of about 130 gm it was found (stalls- 
tioally) that the metabolism of the females began to fall at & 
slightly greater rate# This ohange oould not be dett̂ oted In the 
CLoles although there was some suggestiwi of a reduction in oxygen 
ijnitake at about 200 gm (fig* 57)# At a body weight of 500 gs the 
rate of oxygon uptake* compared with the growrWi rate* was greatly 
reduced in both sexes (see figs* 57 (uad 53)# This third metabolic 
phase continued to the of the observations*

The growth curves are given in fig* 45b*
b) The otsuadard diet: Group C (13 birds)

Again the metabolic rate rose immediately after îiatoliing*
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strain fed the standard rations G.
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During the aooond phase the rate was approximately constant for 
both sexes# At 200 ge body weight (3 we^) (see fig# 43a) a 
third aetabolio phase was initiated# The rate of oŝ gen uptake 
fell draaaticaliy fbr both sexes* espeoiaXly for the males# This 
phase for the males was* however* transient# Reference to fig# 39 
shows that it was soon superseded by a fourth and final metabolio 
#iaae* when the rate of ojygen uptake inoreased again# In the 
fbmi\les the third metabolio phase persisted to the end of the 
observational period (fig# 40), There were no sî aifloant sexual 
differences in absolute oxygen requirements in the weight period 
200 • 300 gm although weight differenoes oould be detected from 
300 gm#
e) The broi^r rat:Wn follewed bar the standard ration: 

gjg^jrgg„b
The results are shown In figs# 41 and 42# The metabolio 

pattern was found to be esswtially the same as tliat of birds fbd 
the broiler diet fbr the whole bbseanmtional period (group F)* even 
though this diet had only been fed fbr two weeks# The tliird
metabolio phase was initiated at a body weif̂ t of 400 gm in both 
sexes#

The course of sexual divergence in oxygen requirements was 
similar to that shown by group F# It was sli^t until the third 
phase of metabolism had begun#
d) A eoapariaon of the alsolute oxygen requirements at different

The oxygen requirements have been oalouli'ted for different
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body weights from the regression equations and are included in 
table 36. There was no significant differenoe between the require* 
ments of the three groins during tW first aetabolio phase. 
Differenoes began to appear when the body weight exceeded 100 gm.
In groiqp H, where the standard diet was substituted at 210 gm for the 
broiler diet* oxygen requirements remained similar to those of the 
birds fed the broiler diet alone (group 7) until about 400 gm body 
weight. During the third metabolio phase group 7 required more 
oxygen than group d, idiilst group H males took an intermediate 
position. The females of group H, however, fell below the females 
of group G by about IQ̂ .

' - r . '  M.  , • V *



Ingredient H.B.% N.S,

Oat feed 17.5
Ground oats 20.0
Ground sheet 47.5 25.0
Ground maise 20.0
Sqyabean meal (44%) 20.0 25.0
fish meal (66%) 5.0 5.0
Grass meal 2.5 2.5
Uneztraoted dried yeast 2.5 2.5
Minerals 2.5 2.5

Vitamin A 4m i#u«/ton
for both diets#

Vitamin la i#u#/ton

AnalYtt*»! data
Crude protein % 22.9 23.5
Metabolisable energy koals/lb 1354 1000
Oil (ether extraet) % 2.3 1.5
Crude fibre % 3.5 4.9
lOM % 11.4 17.6

Table 37# Formulae of the high energy (H.E.) and normal 
energy (R.E.) diets#



Age (days)
1 - 7  35
8 * 14 33
15-18 31
19-21 29
22 - 28 27
29 - 35 23
36 - 49 23
50-56 21

Table 38# Temperature# at whioh the resting metabolism
mas detezminsd in experiments Ill.é.i, ii and iii,

Phase Hi^ energy Normal energy

1 y - 0.0232x̂ *°®̂ y » 0.0049x^*^^

2 j . 3.591xP'7*7 y » 2.l65x°*®®°

3 y - 59.494*°*^^ y ■ 200.2x°*°®̂

4 y -  2.776c°'=79 y -  2.532x° * ^

5 y .  29.171x?'5°* y -  9.238x°*^^^

Table 39# Equations for the regression lines for group I 
(figs. 44 and 45)#
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71g* 44. Th# metabolio pattern of RIR % 18 fed a hi^ energy 
diets gro^ I.
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Fig. 45* The aetabolio pattern of RIR X Ï& SS fed a normal
energy diets group I. Note the oisiilarity of tide pattern 
to that of birda fed high energy diet (fig* 44}.
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II1.6.1 The off00% of the calorifle oopteot of the diet* Ofcngg I
In the above expérimenta It waa found that the diet had a • 

pronoineed effeot tqpon both the absolute vnluae of oxygen required 
by the bird and tho metabolio pattern. Furthermore the aezeo 
behaved differently.

Tiie dietary faetora, protein, fat and metabolisable energy 
content mere therefore investigated singly in order to determine the 
effect of caeh upon oxygen omisumptiom of the groving male ohloken. 
Here the latter factor was investigated.

Day«-old ohicks (RIR % 18) mere divided into two groiqpe of 
twelve. Groiq) k was fed a hi^ energy diet wiiilst group B was fed 
a normal energy diet. Food and water were available ad libitum.
The formula and the analytical data of these two diets are set out 
in table 37.

The temperatures at which oxygen requirements were determined 
are given in table 38.
Results

The data of ô Rygen consumption are given in table XIH and are 
shown in figs. 44 and 45. On analysis it was found that the nota» 
bolie pattern was wt significantly influenoed by the oalorifio 
content of the diet# Five metabolio phases oould be differentiated 
for both groups. During the first phase oxygen t̂ take inoreaoed at 
a greater rate than the body weight. From 60 gm to «d>out 150 gm



Age High energy diot Normal energy diet
(days) a ■VsB/br+SD a ml/gx/hî +SD

1 3 1.51 + 0.20 3 1.57 1 0.31
7 7 1.91 + 0.20 7 1.98 + 0.17
14 3 1.92 + o.a 4 2.09 1 0.12
21 8 1.94 4.0.30 7 1.79 1 0.16
28 8 1.35 1 0.15* 8 1A5 * 0.17"
35 9 1.35 1 0.17 9 lAî  + 0.29
42 8 1.16 + 0.15 8 1.23 X 0.06
49 6 1.02 + 0.14 6 1.09 i 0.07
56o 7 0.99 1 0.05 9 0.88 i 0.02

■ p< O.Olj *■' P<0.001.

Table 40# The effect of age and the oalorifio content of the 
diet upon the metabolio rate of the growing £IR x 
LS i  fbwl.



Age
(weeks)

High energy
Pood Wt. 
Intake (gm)

Normal
Food
intake

energy
Wt.
(gm)

0 43 39
1 110 55 105 51
2 343 98 292 93
3 658 167 500 164
4 1003 273 701 283
5 1415 464 1026 442
6 1975 637 1656 663
7 2553 835 2246 851
8 3227 1031 2980 1060

Table 41. The effect; of the oalorifio content of the diet
upon food oonsunqptlon and growth rate during the
8 weeks after hatchings group I
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body weight both the oxygen oonsu^tlon and the body weight 
inoreaeed propwrtlonately. There then Iblloved a short period 
of appro xisately oonstant oxygen uptake from 170-23X) gn for the 
normal energy grouç and from 190*250 gs for the high energy group. 
The rate of uptake increased greatly again until a weight of 500 gm 
had been attained in both groups. Finally tîiere was a phase of 
a reduced rate of oaQrgon uptake. The equations of the agression 
lines are given in table 39.

The influence of age and diet upon the metabolic rate is 
shown in table 40. The pattern was little affected by the diet, - 
the only difference being a signifloant fall (P< 0.05) in the rate 
between the second and third weeks in birds fed the normal energy 
diet# Both groups showed significant weekly falls in metabolic 
rate from the third.week, with the exception of the fifth week and 
at 7 and 8 weeks in the high energy group.

It is interesting to note that the group fed the normal energy 
diet should have a consistently, tlioû i not sigaifioaatly, higher 
Mkf tabolio rate during the greater part of the esqperinental period. 
Only at 8 weeks of age was a signifloant differenoe measurable 
(P<0.Q5) when the high energy gretp had the higher metabolio rate.

In spite of a somewhat greater intake of the hl^ energy diet, 
the two groups had almost indistinguishable body weights throughout 
the ̂ xpmrijDmntB (see table 41).

The very significant fall (P <0.001, high energy group; 
P<0.01, normal ener^ group) in the metabolic rate between the



Ingredient H.F. % N.F. %

Ground wheat 34.0 47.5
Ground maise 10.0 20.0
Middlings 11.5
Soyabean meal (44̂ ) 20.0 20.0
Fish meal (66̂ ) 3.0 5.0
Unextraoted drie<i yeast 2.5 2.5
Fat (stabilised tallow) 12.0
Minerals 2.5 2.5

Vitamin A 4m i#u#/ton
for both diets

Vitamin In ieU^ton

Analytical data
Crude protein % 21.8 21.7
Metabolisable energy koal«/lb. 1347 1354
Oil (ether extract) % 6.8 2.3
Crude fibre % 4.5 3.2
XOM % 13.7 U.3

Table 42# Foraulae of the high fat (H.F.) and normal fat 
(N.F.) diets#



Phase Hié̂  fat diet Normal fat diet

1 y m 0.0195i^*^® y m 0.320x^*^^

2 y . 5.314.0'^ y « 2.822x°*^^

3 y • B 7.)TQ x°'^‘* y - 89.894x°‘̂ 5

4 y o 0.0017x̂ *°“ y . 0,0l39x̂ *°̂ ^

5 y . 240,9x°'̂ ^̂ y « 37.585x°'^^

Table 43# Regression equations for the ojgrgen oonsimptlon 
ourves of group Jt see figs* 46 and 47*
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Pig* 46# The oaQrgen oonsusptlon ourve of RIR %18 46 fed a high 
fat diet: groiQ) JT«
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Pig# 47# The oxygon oonauB^ion ourve of RIR % 18 43 fed a 
normal fat diet; groxxp J#
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third and fburth week is of groat interest but oannot bo oxplainod*
A défini to pt^lologieal ehango is oertainly Indioatod#
Iïl*6,ij Tho off opt of the fat oontont of the diet: Group J

Two levels of fat were oonqparod in this exporiaent OhiXat the 
nctaholisablo ener^ and protein leyols were 'ttie sons (table 42)#

Tho high fat contest was realised by using a spoolaX stabilised 
fora of tallow# The analytical data of the diets arc also given in 
table 42, Food oonsuciptlon was dotenained weekly#

The ton̂ eratures at whioh the resting oagrgen uptake of the 
36 RIR X IS Dale ohicks was detominod are given in table 38#

The weights of the thyroid and adrenal ̂ -lands wore determined 
at 3, 3 6 weeks from birds seleoted at random from each group#
results

The data are presented in table XI?# The aetabolio patterns 
of the two groi^ are shown in figs# 46 and 47* and the equations 
of the regression lines are given in table 43# It will be noted 
that the fat content of the diet did not have any effect upon the 
metabolio pattern and had only a slight effect on the absolute osQrgen 
requirements during the latter phases of the experiment# Growth was 
not oonsistently affected (table 44) althouf̂  the birds on the hi^ 
fat diet consumed about 1C|̂ more food during the 6 weeks (table 44)# 

Apart from a signifloant (P<0«01) fall in the absolute thyroid 
weight of the hi#i fat group at 3 weeks* there was no other measurable 
effeot on either thyroid or adrenal wei^t (see table 43)#

The effect of age on the metabolio rate is summarised in



Hl|^ fat diet Normal fat diet
^  Food Wt. Food Wt.

(weeks) (m ) (@m) (gm) (»»)

0 42 41
1 44 56 40 57
2 175 88 167 101

3 352 148 336 163
4 704 280 612 257
5 1162 393 1001 409
6 1778 614 1541 601
7 2568 800 2305 832
8 3352 992 2921 1045

Table 44# The effeot of the fat oonteat of the diet upon the 
aooumlatiwe food oonsumptlon and growth of the 
HIK X LS male ohiokt group J.
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A&e
(we#kg) n

Hl|(b fat 
vs l/fft/h r^ SD

Nonaal fat 
n ml/w^hi^D

1 4 1.73 + 3*18 4 1.99 1 0.29
2 4 1.99 1 0.35 4 2.05 1 0.13
3 8 2.12 + 0.27 8 1.83 + 0.24
4 4 1.66 + 0.23 5 1.55 1 0.18
5 7 2.01 i 0.36 7 1.66 + 0.36
6 7 1.52 + 0.70 7 1.71 + 0.11
7 7 1.29 i 0.22 7 1.34 + 0.32
8 5 1.13 i 0.24 5 1.32 1 0.18

Table 46. The effect of dietary fat upon the metabolic
rate of the growing fowl ( m  ak LS »



Ingredient H.P. % K.P. %

Ground wheat 20.0 47.5
Ground maiee 40.0 20.0
Soyabean meal (44̂ ) 15.0 20.0
Fish meal (66^) 17,5 5.0
Uneztraoted dried yeast 2.5 2.5
Grass seal 2.5 2.5
Minerals 2.5 2.5

Vitamin A i#m i#u,/too
for both diets

Vitamin Im i.u^ton

Crude protein % 26.1 21.7
Metabolisable enerc koals/lb 1357 1354
Oil (ether extract) % 3.7 2.5
Crude fibre % 3.1 3.4
lOM % 11.1 10.0

Table 47# Formulée of the high protein (H.P.) and low 
protein (L.P.) dleta.



Phase High protoin Nontad protein

1 y . 0.397x^*^^ y m 0.0051^*^

2 j  . 3.199x°*’̂ ® y - 3.80x°*®®®

3 y • 53.873x°*'̂ ^ y » 390.01x°*°^

4 y ■ y « Jw286x°*®®®

Table 48# Squattons of the lines for the oĵ gen uptake 
of group K#



ml/hr1000

500

100

50 100 500gms

Pig# 48# 0^98» requirements of R1& % la 3̂  fed a higjb protein 
diet» group K#

ml /hr1000

500

100

50 100 500qtns
i

Pig# 49# Oiq/gOB requireme&ta of RIE x  18 Sê fed a normal
protein diet: group K* Note that the oxygen uptake 
w&a more max̂ oedly depressed during the third phase 
than in the group fed the hig^ protein diet (fig# 48)#
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table 46. Only at 3 and 6 weeks were there significant differences; 
nt 3 weeks the high fat group had the higher rate (P » 0.05) wliilst 
at 8 weeks the reverse was found. There was a trend in both grotqps 
for the metabolic rate to fall after the second or third week.
JIl.6.111 The effect of dietary i)roteln of the diets; Croup F

In iiie previous two experiments the effects of tlie source of 
the metabolisable mer^  upon uptalte were inveetif'ated, whilst
tlie protein content was similar in all the diets. Il<̂ ra two diets 
containing different levels of dietary protein but with similar 
metabolizable energy and oil contents have been investigated.

The envircmaental temperatures at which oo^en requirement» 
vfcre measured are given in table 38. Owing to a major teohnloal 
bz eakdcwn at six weeks the meaouromcnts had to be virtually concluded 
but a few data were collected at eight weeks.

The adrenal and thyroid weights of a representative sample 
from each group were determined at 3 and 8 weeks of age.
Results

The data are given in table XV, and the metabolic pattern of 
each group is sliown in figs. 48 and 49. It will be noted tliat there 
was very little diffexMioe in the patterns and apart from the third 
iîhase, little difference in the actual slope of the regiTeasion 
lines (so© table 48 for regression equations). The tliird metabolic 
piiase, characterized by a levelling off in osygen uptake in mVhr when 
compared with tl>e body weight was observed in both groups but it was 
notably loss marked in the hi# protein grotxp. Furthermore, this



Hi# protein Normal protein
Age Food Wt. Food Wt.
(weeks) (gm) (gm)
0 40.5 40.
1 58 73 56 71
2 194 108 170 1113
3 399 193 355 192
4 766 336 737 316
5 1130 469 1074 449
6 1650 652 1581 602
7 2221 874 2119 859
8 2788 1067 2624 1076

Table 49# The effect of protein on the aoousulative 
food intake and growth of the growing fowl 
(BIE X L8 6 i ) t  group K*



Xm  hi# protein Normal protein
(woelca) n aVgüŷ hrjSD n aVg^hrnpï)

1 10 1#83 + 0.27 9 1.81 + 0.31
2 12 2.25 1 0.26 12 2.26 i 0.22
3 15 2.27 + 0.18 13 2.15 1 0.24
4 15 1.49 i 0.2^ 14 1#41 + 0.39*
3 18 1#39 i 0.19 17 1.48 * 0.29
6 9 1.32 ̂  0.25 9 l#30 + 0.24
8 3 1.13 1 0.08 3 1#23 ♦ 0.14
« Significant fall (P<0.01) between Î and 4 wê cs.

Table 30# The effect of dietaxy protein uptm the
metabolic rate of the growing fowl (EIH x IS
aa).
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phase was observed in tlie small weight range of 240-»320 gm In the 
normal protein group in contrast to the wider range of 230-520 gm 
in the high protein group. The weekly metabolie rate was not 
significantly affeoted by the protein content of the diet. It is 
interesting to note that there was a hl#]y significant • fall in 
metabolic rate (P< O.Ol) -between the third and fourWi weeks in both 
groups (table 50). r ; .

Although the group fed the high protein diet did show a better 
growth rate from the third to seventh week, it was at no time 
significant (see table 49)* Birds on the high protein diet also 
tended to consume rather nore food.

It will be seen from table 51 that both thyroid and adrenal 
weights were significantly affected by the protein content of the 
diet at 5 weeks of age but not at 8 weeks. Whether measured in 
milligrammes or mg/100 gm the thyroids and adrenals were signifi
cantly larger in the hi# protein groxq>. That the thyroids and 
adrenals should be larger is consistent with the higher growth rate, 
although at no time did the body weight of the lil# protein group 
significantly exceed that of the normal protein group, and in fact 
at the end of the experimental period (8 weeks) the normal protein 
groiQ) were slightly heavier. This was paralleled by the loss of the 
oignifioant differences in the weights of the thyroids and adrenals.
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IV.l.i The termination of the eobryonio eadstenoe
It is neoessary to use the single egg as the experimental 

unit if the metabolic chaînes which occur during hatching are to be 
acourately established# Only Glaja & Jovancio (1950) and Vissohedijk 
(1962a) have examined the respiratory metabolism of the ohibk during 
this period in any detail, but unfortunately these authors have used 
small numbers of embryos# Their results, together with data taken 
from Koodjn & Lokhorst (1956) have been brought together in table 52 
to facilitate a comparison with the results presented in this thesis# 
It will be seen that there is general agreement as to the volume of 
oxygen required by the oliiok at various stages of development, 
although the fî ûre piAliahed by Romijn d Lokicrst (1956) for the 
full-term embryo is considerably higher# The reason for this is 
unknown#

The first rise in the ojygen uptake by the full-term embryo 
was found to be initiated a few hours before pipping ooourred#
This would seem to be a result of the onset of pulmonary respiration# 
Indeed Brody remarked in 1927 that " #•• the br^dc in curve at this 
time might be (due to) a ohange in the mode of respiration"• The 
ozygen oonsumption of both the breeds - White Teghoros and RIR % 18 - 
was fbund to continue to gradually increase for about 6 hours after 
pipping# During this period (the parafoetal period) the site of 
gaseous exchange is transferred ft*om the ohorio-allontoio membrane 
to the lungs (Kuo, 1932). Since pulmonary respiration is an
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active process, it may be assuiaed that at least pert of this rise 
in oî rgen î ptake is a direct result of the increased muscular 
activity# Further support for this oonclusicn is offered by the 
observation that whilst there was a great similarity between the 
oiiygen consumption per square centimetre of the parafoetus and the

o phatched bird (0#31 ml/cm /hr and 0#60 aVom /hr) the oxygen uptake 
of the full-term embryo was quite different (0#37 sü/cm /hr)# The 
main difference between the parafoetus and the full-term enbzyo is 
that the former has functional lungs#

Oxygen uptake was fairly constant from shout 6 hours after 
pipping to about 2 hours before the onset of active hatching# The 
laotabolio patterns of the two breeds were found to be somewhat 
different during active hatching# Whereas the oxygon requlzemcnts 
of the White Leghoxn chick irvwdiately after hatohiẑ  became constant 
for at least twen^ four hours, the RIS % L3 c'doks showed a rapid 
rise in oxygon uptake after hatching so that it was not wtil the 
t>iird hour of post-ecbryonio life that the oxygim requirements rose 
to the Isvd of the day^ld chick (tables 10 and 52)# Once the 
metabolism had become constant, liowever, the oxygen requirements of 
the two breeds were very similar#

It is well known that the embryo is poil±lothapmie whilst the 
hatched chick is easwtially homeotheraio (Pcnbrey ̂  ̂ #, 1895; 
Giaja, 1925; Romijn, 1934b, Rosdjn à loklxzrst, 1955)# but the 
oxaot time that the horneotheraio response emerges was not known#
Prom the results of the present e:q)eriQents it appears #iat the
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full-term esbxyo and the parafoetua are capable of United, transient 
thermoregulation but that immediately tgpon esoaping from the shell 
membranes the ohiok is able to give simtained responses# Transient 
homeothenqy has not previously been desoribed for the fowl# It was 
wUy elicited #%en the oooling was greater than 3^ to r the parafoetus 
and the full-term enhryo# when tho oooling of the parafoetus was 
limited to less than 3̂ C, the well-known "neutral eonditioff could 
be demonstrated# Whether it is the neutral condition or the 
transient homeothensio response that is elicited from the hatching 
embryo would theretbre appear to depend iqxm the degree of oooling# 
Transient boaeothermy is certainly a dervoloînnental advance upon 
"ohenloal idiiverin̂  (Romijn * Lokhorst, 1955) and the slow thyroid 
response (Tiader̂ idal, 1957), both of which were fbund to be 
insufficient to prevent the decline in the metabolic rate#

In altrioial birds and rennais generally, the ability to 
regulate heat production is developed over several days, months or 
even years# Buchanan A Hill (1947, 1949) have suggested that the 
development of homecthersy is related to tlie degree of nyelination 
of the hypcthslameal tracts# Such a mechanism is most unlikely to ' 
be responsible fbr the emergence of hoBootlicray in the fowl, although 
it may well be linked with the perfection of the response which 
occurs at the end of the first week of post-eidDxyonio lift 
(Ronwmeff, 1941b; Romijn, 1954b; Romijn A LoMwrst, 1955)#

The rapidity with lAioh hwoocthermy is developed suggests ' 
that the mechanlsE; in  the fowl is essentially nervous and probably
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peripheral, for althou^ at lowered environmental temperatures the 
blood of the embryo was cooled as it passed throu^ the 
ohorio-allantoio mexfhrene, it failed to stinult̂ te more than a 
traiisient response in the ha tolling embryo* Altliough the thyroid 
must be active immediately after batohiẑ  in tiiat the ̂ elevated" 
metabolic rate becomes the normal rate, it does net appear to be 
izrvolved in the icnasdiate liomeothomio response# At least 2 days* 
continuous stimulation are required to elicit the normal histological 
changes in the tiiyroid of the fuU^tcrm eicbzyo (Tixier-Vidal, 1957) 
and 10 dĉ B in that of the mature fowl (Staîü. ̂  si#* 1961)# The 
Importance of nor-adrenaline in the themoi^gulatoxy responses of 
the new-born lias recently been emphasised by Koore (i960), Î oore A 
NnJerwocd (1960a, b) and Soopos A Tisard (1963)# It therefore seems 
more likely that the adrenal gland is involved in thermoregulation in 
the newly hatched chick#

The chick, although it develops the honeothormio response 
extremely rapidly, is not unique in this respect# A similar 
eirisrscnoe of the zwsponse has been demonstrated for the sheep (üewes 
S Pott, 1959), the pig (Mount, 1958, 1959: cf. Holuto, Forman A 
Jaakova, 1957), the dog (Oelineo, 1954; McIntyre A Kderstrsm, 1958), 
the rat (Taylor, I960) and the duck (Khaskin, 1960)#

The aver%-e rise in the oxygen consumption between the onset 
of active hatchiẑ  and the tliird hour of post-embryonic life was 
found to be 20#7 ml/hr# However, when expressed in relation to the 
surface area, there was a rise in the oxygen requirements of only



96.
20*09 aVoB /hr. It therefore be oonoluded ttwt this rise in 

oxyQKi tq>take la the result of the ohiok attempting to maintain 
its body temperature at the pre-hatobing level#

During the termination of the enbxyozzio existenee the oxygen 
consumption was found to inorease by 125-130̂  confirming the results 
of several authors (Lusanna, 1906} Romeneff, 1941a} Romijn A 
Lokhorst, 1931, I960} Vissohedijk, 1962a). Aooording to Bogue 
(1932) the heart rate increases by only 2^ ' during this same period# 
His data have been confirmed fbr the eabryo by Kooonoff A Soohen
(1936) and fbr the day-old ohiok by Ringw^ Weiss & Sturkie (1937) 
and Francis (1962). The oiygen carrying eiq̂ u>ity of haemoglobin 
does not inorease during the period of hatching but probably falls 
slightly (Hall, 1934)# This is due to there being osbxyonic and 
adult forms of haemoglobin (Hall, 1934} Saha, Dut ta A Ghosh, 1937} 
Datta, Ghosh A Gtdia, 1938} van dor Helm A Huisaan, 1938), the 
erzbzyonio haemoglobin having a greatw affinity for o^gen# Neither 
the ezythrooyto count nor the haemoglobin content of the blood ohange 
miurkedly at hatching (Romanoff, I960).

The partial pressure gradient of oxygen between the atmosphere 
and the venous blood of the full-term embryo is about 70-60 mm of 
n'Ksrcuzy (Romijn, 1930a, 1934s)# This is sufficient to allow the 
oonqzlete oxygenation of the blood (Hall, 1934), and therefore it 
seems likely that the embryo receives sufficient oxygen for its needs. 
Consequently the discrepancy oannct be explained simply in terms of 
the removal of an anoxLo state# However, there is some indirect



Âge SA egg Diffusion rate Vol.of CO. 
(days) OB 03/ob /hr ol/egg/hr

20 62.4 17.33 5500

"̂ Measured at on environmental temi:>eratux*e of30̂ C
and a pressure gradient of 100 mm Ĥ O. 8A » surface area

Table 33. The volime of carbon dioxide that is able to 
diffuse across tlie egg shell under natural 
conditions# Caloulatiens based on data of 
Romijn (1954a).
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evldenoe to suggest that tl» ohorio-allantois beoomea less effloient 
as a site fo r gaseous exchange during the latter stages of 
incubation. Kuo A Shen (1937) noted that the colour of the blood 
became progressively darker which they interiiretod as indicative of 
an inorease in its carbon dioxide content. Thus since the 
metabolism is constant, the loss of carbon dioxide from the embryo 
must be reduced by a decrease in the efficiency of the ohorio-allantois 
fbr the permeability of the shell is such as not to interfere with 
the loss of the gas at this time (table 53). The uptake of oxygen 
might be similarly impaired. Therefore the removal of anoxia might 
allow some inorease in oxygen uptake without a compensatory inorease 
in the heart rate. The al^ifioanoo of this factor, however. Is not

More oxygen could be made available to t!ie ti:. oues by either 
increasing the minute volume of blood, or by increasing the dlffsrenoe 
between the partial ̂ iresoure of osygen between the arterial and venous 
blood, or by a oonbination of both. There are no data available on 
tiio effect of hatching upon the stroke volume of the lieort, but it 
seems unlikely that there is any great inorease. Thus the minute 
volume can only parallel tlie increase in the heart rate - i.e. 23̂'. 
i.reater abstraction of osygen from the blood con be aooomplished by 
two methods, inoreaoing the partial pressure of carbon dioxide in the 
tissues or lowering the pH of the blood. Again there is no evidence 
available to support or refute either of these suggestions. The 
problem, therefore, remains substantially unsolved.
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There are two essential i>henoffiena in the termination of the 
estbryonio existence each activated by a different stimulus. The 
first stage of hatching begins with the establishment of pulaonazy 
respiration and ends when the lungs become the sole site of gaseous 
exchange. The second stage is oonoemed with the breakdown end 
escape from the shell aeabranes.

The pulmonary stimulus does net appear to be hormonal, or at 
least thyroidal, ^thyroxine, 1-triicdothyronine, 2-thiouraoil and 
tliyrotrophie hormone were all without effect upon the tia» at which 
pulmonary respiration was initiated. The hypothesis that cazbon 
dioxide is the pulmonary stimulus (Windle A Baroroft, 1937* 1938} 
Kindle A Nelson, 1938} Kindle et 1938) has been a subject of 
some controversy. From early experiments indirect, oanfiraatcry 
evidence was supplied by the observation thot many embryos died after 
pipping when they were maintained for the latter port of incubation 
in an atmosphere free of oaxbon dioxide. irior to pix^ing develop
ment was quite normal.

taxing the shell of the air space substantially reduces the 
rates cf diffusion of gases over this part of the shell. Several 
authors have investigated the effects of such a treatment i;q>ôn the 
embryo (Byerly A Olsen, 1931} Windle & Baroroft, 1938} Windle et al.. 
1938} Vissohedijk, 1962a). Hone cf these authors has reported that 
the time of the onset of pulnonaiy respiration is affected in any 
way, although Vissohedijk (1962b) is of t M  opinion that respiration 
might be initiated at an earlier time. In the present experiments
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it was found that the onset of breathing was achmnoed by an average
of 3*3 hours when the waxing was oarried out at 1 %  doys* incubation.
It was concluded that the increase in the partial pressure of oeibon 
dioxide in the air spaoe had been reflected by a similar rise in the 
blood, thereby causing that critical partial pressure of the x$&s 
neoessazy to stimulate the respiratory contres being reached at an 
earlier time. The lowered oxygen tension within the air space was 
not considered to be of importance in the stimulation, for Wth 
Windle & Baroroft (1937) and Vissohedijk (1962a) liave aliown that the
embryo is at least twice as sensitive to oarbon dioxide as it is to
oxygon.

Caloulations based on the data of Romijn (1930a, 1934a) show 
that the permeability of tho shell is such that it is in no way 
involved in the production of the critical partial pressure of oarbon 
dioxide in tlie blood# The normal partial pressure gradients existing 
between the egg and the atmosphere are sufficient for oil the oazbon 
dioxide produced by the embryo to diffuse away (see table 33). Tlie 
findings of Iloyons & de Hesselle (1939) and Romijn (1948) ^ve 
support to this conclusion, for they found that the total destruction 
of the shell of the air space did not prevent the oos^letion of 
embryonio development. It seems, therefore, that the ohorio-allantois 
must become either less efficient or that its capacity for gaseous 
diffusion is exceeded as incubation proceeds# ‘Sim observation %at 
the ohorio-allantoic blood vessels oonstriot when exposed to a high 
partial pressure of oarbon dioxide (Hammond i. Soil, 1937) seems to
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support tlio former eonolusloo# Furtherr̂ re, ths graduai atrophy 
of the vessels in the air space region during the latter phase of 
incubation oan only aggravate this condition#

Kaadng the air space shell - approximately 3Ĉ< of the total 
shell surface - results in about 13̂1 cf the chcrlo-allantoio meshrane 
being rendered useless for gaseous exchange. Vissohedijk (1962a) 
has shoem that within half an hour the new gas equilibrium is set 
iqi in the air spaces the partial pressure of oaibon dioxide rising 
to 30 mm cf eercuzy, the oxygen tension falling to 46 nm of laerouzy.
! Moderate hyperoapnia would be eaqpected to develop rapidly under 
these ctmdltions, resTilting in the earlier initiation of pulmonary 
respiration. However, the advance was found to be one of only 3*3 
liours, some 19 hours after waxing had been carried out. The long 
period between the establishment of 'Urn new gaseous equilibrium and 
the onset of breathing might be due to the tissues being unable to 
react, or that the changes in the air space were only slightly 
paralleled by ĉ oigas in the blood of the mAryc, or %mt another 
factor, such as the uptake of the amniotic fluid, was preventing the 
onset of pulmonary respiration.

Since the embryo is capable of respiratory movements as early as 
the thirteenth day of incubation (Kuo A Shen, 1937} Windle A Baroroft, 
1938) the first explanatWn cannot be valid. Either of the latter 
two esqilanetions semi more likely, and may even be complementary to 
one another. At the time that pulmonary respiration is initiated 
about 3Ĉ  of the oxygen required by the embryo is obtained via the
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air spaoe whilst about 27̂; of tho oafbon dioxide produoed is lost by 
the same route (Vissohedijk, 1962a). Vissoliedljk has also shown that 
approximately of the oarbon dioxide previously lost through the 
air spaoe is lost through the a?JUntois when the air spaoe shell Is 
covered with paraffin wax* This demonstrates that the gaseous 
changes in the waxed air spaoe of the embryo ore only partially 
reflected In blood.

Since the overall partial pressure gradients between the enbryo 
and the atmosphere ore not affected by perforating the air space 
shell, the loss of oarbon dioxide from this part of the ohorio-allantois 
ought not to be seriously affected. The onset of pulmonary res
piration was only delayed by 1.4 hours by such treatments and 
tliersfcre confirms this conclusion.

The tqptake of the amnio tic fluid is an active process (Wislockl, 
1921} Vibitch, 1924} Taylor & 8sens, 1949), the ocmtrol of which is 
unknown. Pulmonary respiration certainly cannot begin imtil the 
major portion of the fluid has been absozbed, as Byerly A Olsen (1931) 
and Kuo A Bhen (1937) have pointed out. Kuo A Shen (1937) showed 
that breathing could be depressed ty injecting isotonic saline into 
the amnio tic cavity. Thus the removal of the amiotic fluid may be 
a prerequisite f t r  tfas establishment of pulmonary respiration.
Onoe this has been substantially completed the gaseous stimulus, 
oarbon dioxide, is able to act.

It may be concluded that the stimulus for the onset of pulmonary 
respiration is oozbon dioxide, and is mediated thzvugh the ẑ espiratory
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centres In the medulla oblongata. The removal of the anniotio 
fluid is probably a prerequisite for the onset of brea*tiiing but the 
control of the removal of this fluid is unknown. Until it has been 
removed the oaibon dioxide stimulus is possibly inhibited.

Vasoularisation of ,the pulmonaiy system resulting in the 
falling partial pressure of oxygen and the rising partial pressure of 
oarbon dioxide within the air spaoe of the normal esbiyo leads to 
increased hyperoapnia and possibly a lowered o:î gen uptake (fig. 8, 
page 49 ), This appears to initiate spasms of the cervical muscles. 
Finally these spasms cause the fracture of the shell at one point, 
i.e. the shell is pipped. There will then follow a rapid loss of 
carbon dioxide from the air spaoe and from the blood of the parafoetus 
and also an inorease in the partial pressure of the oxygen in the air 
spaoe, with the subsequent loss of anoxia. fith the removal of the 
noxious stimuli the ohiok enters the quiesoent period.

It is not surprising, therefore, that waxing the air spaoe shell 
led to an advance of pipping by 14 hours whilst pipping was delayed 
by perforating or aerating the air spaoe. Furthermore these results 
demonstrate the importanoe of the air space in realising the 
conditions neoessazy for pipping. However, it was found that in 
some aerated embẑ ’̂os the phenoBwnon was entirely abolished, and 
together with the evldenoe of Noyons A de Hesselle (1939) and Romijn 
(1948), that the air spaoe is not necessary for the completion of 
embryonic development, shows that pipping is also not essential.
Rather it is a chance, non-essential plienomenon in the hatching
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process,
During the quiescent period the vessels of the ohorio-allantois 

are oonatrioted gradually causing the lungs to become the sole site 
of gaseous exchange. During the parafoctal period at least, it 
appears that the oazbon dioxide concentration of the environment 
should not fall below a minimum percentage. High mortality (35̂ ) 
ooourred after pipping when the eggs were kept in the respirometers 
for many hours. The carbon dioxide oonoentration in these was almost 
zero. It seems likely that continual stimulation of the respiratory 
centres is neoessary to ensure the ventilation of the lungs.
TJnder praotioal conditions the lower limit of oarbon dioxide 
oonoentration is probably about Once the lungs have taken
over completely, the dependenoe upon atmospheric oarbon dioxide is 
less apparent, and may even be lost, sinoe atmospheres containing no 
carbon dioxide do not adversely affect the respiration of the hatched 
ohiok.

The quiesoent period is terminated with the onset of aotive 
hatching. It was observed that the metabolic rate of the ohiok 
began to rise before any increase in its physical activity could be 
detected. The hypothesis was therefore advanced l̂ at an increase in 
the rate of thyroid hormone secretion was responsible for the 
initiation of active hatching. Experiments to test this hypothesis 
have been fairly oonoluslve. Although other workers have investi
gated the effects of thyroxine on the enhryo, the drug has usually 
been given at an early stage of incubation and has consequently



n I*Ug/100ml
Full*term embryo 2 6.3
Parafoetue (5hr)* 2 10.9
Hatched ehlol: (Ihr)* 2 13*2
«  AAge.

Table 54* The protein bound iodine oonoentratiens in 
the seruD of the hatchling chlok embryo.
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affected the idiole ooxirae of embiyonio development. Here the drugs 
were administered at as late a stage as possible. Both thyroxine 
and triiodothyrwine adTanood hatching, and it is noteworthy that they 
had a Texy similar potency In Jie ohiok embryo. This is in seeordanoe 
with the published data for the hatched ohioken (SheHabarger, 1955#
T ewoomer$ 1957; Tata & BheUabarger, 1959) end forms an interesting 
oasq̂ orison with mammalian response (Gross & PitWlivers, 1952, 1953)* 
Large doses of tfayrotxophio hormone (1*0 i,u*) had to be employed to 
elicit significant responses. The large molecular else of this 
aibstanoe might be a factor in the smallness of the response (the 
drug was merely injected into the air space and therefore uptake by 
the blood might be affected) and ‘ttie lack of large histological 
oiianges in the thyroid (fig* 22) suggests that uptake was impaired.

In pilot experiments on the measurement of the protein bound 
iodine (FBI) of the blood serum, it was found that tlwre was approxim 
matdy a lOQ̂  inerease in the conoeatrf .tion of FBI between the 
oorimemoexBent and termination of the hatching process (table 54)*
This indicates that ths thyroid is vexy active at hatWilng 
confirming the work of 8 w  (1952) and, together wi^ the other results, 
sû êsts that active batdting is controlled by the tlyroid gland.

Why an increase in the rate of secretion of the thyroid hormones 
should cause the ohi^ to escape from its shell is not l<nown.
There is limited evidenoe to suggest that it mzy be a behavioural 
response. It has been demonstrated that large doses of thyroxine 
cause increases in the raetcbolio rate, body tecperatuxe and physical
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activity of the euthyroidal chicken (Martin, 1929), Assuming that 
the ohiok at the end of the parafoctal period is the euthyroidal 
animal, then similar responses sight be expected if the amount of 
thyroid hormones in the blood were to double within a short time* 
Such an increase in thyroid hormones does ooour, and the metabolic 
rate and physical aotivity increase maẑ cedly. The hypothesis is 
therefore advanced that the increased rate of thyroid hormone 
secretion leads to a behavioural response by the ohiok, whioh is 
manifested by the breakdown of the shell and the escape Apom it#
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studies on the gaseous metabolism o f the hatciied bird have 
generally been carried out upon the starving animal# In many 

instances, Iionever, the supposition that the basal metabolic rate 
was moasured was inoorreot, since it has been slx>wn that the period 
of utnrvation employed was only sufficient to bring the fowl to a 
post-absorptive state (Mitchell & Haines, 1927b; Pukes, 1937)# 
Investigations on the normally fed bird are few and the work in this 
tliesis has therefore been confined to this neglected field# In 
such esqperiacnts standardisation and control of the experinental 
conditions are of [^at importance# Thus the temperatures at which 
the determinations of osygen consumption were carried out were 
controlled to within ̂  0#1°C; a day length of 14 liours was 
established; food and water were available libitum and the 
characteristics of the diets were Imown#

One of the most ia^rtant factors affecting metabolism is the 
environmental temperature# Althou^ there is g neml agreement about 
the broad limits of the teoperatuie range at whioh the metabolic 
rate of the adult fowl is lowest, the detailed novemcnts of these 
zones of tiiermal neutrality, particularly during the first month 
after hatching, were not isiown# In the study on the effects of 
temperature during the first month it became clear that the results 
did not agree with published work# The only factor that appeared to 
be different was that the birds were fully fed and therefore it 
seened likely that the nutritional status of the iowl r/as affecting
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Rearing temperature 
Zone of thermal neutrality 
Zone of tltamal neutrality

Age (days)
▲ 9 10 lief.

35 31 27 1-3
35 34-35 31-32 4
35 35 35 5

1* Barett & Pringle (1947)# 2* Barott A Pringle (1949),'i
}. Barett * Pringle (I95O). k . Present work. 5« Barott 
« Pringle (l%6).

<Ay
k-.

Table 55# A oonparison of tb) sones of thermal neutrality 
and the optimum x̂ earing temperatures as 
determined by Barott and Pringle and the aones 
of thermal neutralily as found in the present 
work.
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the extent of the gone#
Barott & Pringle (1947, 1949, 1950) determined the environ

mental tes^raturoa at whioh birds oould be reared moat suooesafoUy, 
These studies inwlved fully fed birds and therefore it aay be 
expected that the recommended environmental temperatures should show 
a better oorrelation with the zones of thermal neutrality as 
determined here# Referenoe to table 55 shows that this is so#
Tlie results obtained by Blazter (1962) with sheep add support to this 
view. He found that inoreased food intake led to a movement of the 
zone to lower temperatures, although there did not ĉ pear to be axy 
effect on the actual range of the zone#

Oxygen consumption during the first week was fbund to increase 
at a greater rate than the bod|y wei^t (b > 1#0), confirming the 
findings of Beattie A Freeman (1962)# Cosq̂ ariŝ  of groups C and 
D, and P, G and R shows that the diet had no effect on the oxygen 
requirements or on the metabolic rate during this time# ?fhere large 
grotyps of chicks were used, it was found that the body t̂ Bperature and 
the metabolic rate inoreased in parallel during the 6 or 7 dzys after 
b tching, and althou^ the body tecqpGrature thm became relatively 
constant, the metabolic rate often continued to rise for a few more 
days#

The increase in the body temperature appears to be a result of 
the progressive replacement of the yolk by actively metabolising 
tissue, resulting in an increase In the active mass of ths bird wi^ut 
a corresponding increase in the surface area# Indeed it was found
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Fig* 50# The body tomperoture ouorve of tho ohiok during the 
first fbrtnight of post̂ Bdsiyofnic life: a oonparison 
with published results#
a) King (1956)* b) LanoreuK * Hutt (1959) I o) present 
wortci d) Hutt d Crawford (19A))*
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that the body weight and the surfaoe area during this time laore&aed 
pi'oportlonately. Thua the suggestion of Kendei^ à Baldwin (1928), 
Baldwin à Kendeigh (1932) and Randall (1943) that body weight .ae 
ixioreasea at a greater rate than surfhoe area and is therefore 
responsible for the increase in body temperature» is not strictly 
oorreot. Since the metabolic rate continued to rise to the eighth 
day at least end was not abolished by leoitheotosy» it would appear 
to be real.

That the body tezg>erature should become oonstant on about the 
sixth day after hatetiing is in agrewent with the findings of Lamoreux 
^ Hutt (1939) and Hutt & Crawford (i960)» althou^ at varianoe with 
those of King (1956). The values for the body temperature, however» 
are of the same order as those found by these authors (see fig. 50).

The significant fall in body temperature and the fall in meta* 
bo lie rate on the fifth day after hatching coincide with the atrophy 
of the yolk sac» end the two events are probably related. Although 
thds embryonic relic supplies the chick with food material» it 
certainly does not appear to be essential to the newly hatched fowl» 
since its removal did not affect oxygen i:qptake» the metabolio pattern 
or the growth rate.

Examination of fig# 51 shows that the "metabolic status" of a 
strain is not necessarily determined at hatching, but more usually 
at the end of the first metabolic phase. Thus although strain C 
bad a greater metabolic rate than strain A at hatching» their metabolic 
rates became almost identical at the end of the first phase.
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Fig* 51. k oonparison of tbo netobolio rates of groups A«€ 
during tho first fortnight* A « RXR x 18; B » 
a broiler strain; G <■ a laying strain; B " grotq> 
B trailers of Beattie d Freeman (1%2)*

100

80

40

147
days

Fig. 52. Grow^ rates of 5 strains together with a broiler
strain exaedaed by Beattie & Freeman (1962) .Symbols as abovoi.i.i.



W9i

The rate of tho inoreoao in setabolio mto is postieps not so 
important In detenining tho metobolio status of a strain but rather 
tho tins at which the second phase is initiated.

There is a definite tendenqy for the groupe with the hi^%#at 
ymtabolio rates to have 'tibe hî ieat growth rates (e#g* gxcqps A and 

as determined at the beginning of the second neteboUo #)ae#). 
croi9 B with the lowest aotabolio rate had the lowest growth ratê  
whilst grorsp B of Beattie & PTeemm (19&2) had the highest rates 
(figs* 51 and 52)# Tlndotbtediy the setabolio rate is olosely 
correlated with the thyroid seeretion rate* Minner A Upp (ISWklf),
Glazener» Shafther A JuH (1%9), Ssyth A Fox (1951) and Biellier 
A Turner (1937) hove shown that the thyroid aeeretion rate end tbs 
growth rate of chicks are positively owelatcd* Hofftoami (1950) 
end Ssyth A Fox (1931) fomd the aaae for turbs^ and dusks# Thus 
it my be possible to predict growth rates Aron the setabolio rates 
f casured during the first fortnight after hat̂ bdng* This might be 
of use in breeding for hisser growth rates# since observations eould 
be ooapleted in a relatively short time#

The seoond metabolic jgAase# fdiieh is olvuraoterized by e direst 
relationship between the sate of increase in the oxygen uptake and 
 ̂rowth (b 1*0)# is eoooon to all strains and does not appear to be 
influenced by Ibe diet# That the régression ooefficient is 
generally slightly less than 1.0 during this period suggests that the 
feathers are beeoainig more efficient as an insulating material#

Sid)sequent oaygen uptake was influenced by the diet and must be
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dlsoussad in relation to this factor therefore. That there was no 
such influence prior to 1 month of age suggests that the embxyonio 
nutrient# yolk# continues to exert an effeot upon metabolism long 
lifter its exhaustion. Suoh a mechanism appears to exist at a 
slightly later age. The metabolic pattern of group H was essentially 
the same as tliat of group F and the absolute oxygen requirenents 
assumed a more intermediate position between those of groups P and 
G althou^ the broiler diet was fed fbr only the first two weeks 
after hatching.

Only the protein content of the diet was found to have any 
oignifioent differonoe upon the metabolic pattern. In all groiqis 
examined there was a characteristic levelling out in the rate of 
oxygen intake giving rise to the third metabolic phase. Only where 
a hi^ protein diet had been fed was there aî  indication that this 
plateau in ojygen oonsisqption would be abolished. However# the 
results of the liigh protein high energy diet (^^up K) do not ooni'irm 
those obtained for a similar diet fed to 0 ro\xp F. It mey be due 
to the breed diiYerenoe for the former was a EXR x IS cross and the 
latter a oommeroial laying strain.

It was not until the eighth week that the etabolisable content 
of the diet had any significant etfect on the oŝ gcm requirements.
This is in contrast to the results of Singh A Shaffhor (1950) *>nd 
MeUen ̂  (1954)# but in view of the criticisms of Haroh & Biely
(1937) on the probable inadequacy of the low energy diets used in 
tliese studies further comparisons are of little value. Fat and



111.

protoin also had little effeot on the veelcly setabolio rate# although 
it was noticeable that the rate was more variable for birds fed the 
high fat diet than for any of the other groups.

Brody et al. (1932) found that the protein content of a diet 
of footed oxygen uptake, but again the lower levels of protein were 
quite inadetpiate for the growing ohiok. Their Mghost level of protein 
was IB. 9̂  as compared with 21.^ in the normal diet used in these 
azperiments. That dietazy fat should have little effect on oŝ gen 
uptake is in agreement with the results of Koroh & Biely (1937).

Protein was the only dietary factor that was found to have a 
really sî riifioant effeot upon the weights of the thyroid and adrenal 
glands. This was in oontrast to the flndixgs of March A Biely (1937) 
and Treat et (I960) who reported that fat depressed the weights 
of these glands. The signifioantly heavier glands of the birds fed 
the high protein diet were oonsistent with the better growth rate of 
these birds at 3 weeks of age# and may have been simply a result of 
this growth rate since all the differences were lost by the ei^th 
week# when both groups had a similar body weight.

The growth rate was unaffected by the diets fed to groups I#
J and K. The hi^ protein diet led to an improved growth rate 
between the fourth and seventh week only. In ocaitrast group F# fed 
the broiler diet# had a much better growüi rate than the birds fed the 
standard diet (group G) whilst group H again liad an intermediate 
growth rate (see fig. 43).

The metabolic patterns exhibited by the birds of group G
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Pî » 53* A oonparisoa of the aetabolio pattern of a laying strain 
(grô q> G Bales) fdth that of HIH males (Klhler & Bro^, 

Note the great similarity betveen the two ourvos; 
the dlfferenoe in the absolute osq̂ gen requirements may 
be due to the difference in breed* 
a e laying strain; b » RI&.
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Fig* 54# A ooq̂ ariaon of the Botebolio pattwns of Xî îng strain 
feaales and ElE females# The data for the latter breed 
are taken from Kibler A Bro^y (1544)# The lê l̂ng strain 
wae fed the standard ration ae eere the malee (fig# 55)# 
a " laying atraini b « EIR*
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(males). I, 3 and K (nonml protein) ore essentially the same as that 
obtained by Kibler A Brody (1944)# Probably the diets used in tiiose 
two investigations had similar levels of metabolisable energŷ  protein 
and fat, whereas birds fed the oomeroial broiler diet with it# 
substantially different composition, gave an alaost "atyploal" 
pattern# Broiler diets are the product of tho last decade or so and 
were formulated specifically for strains of fowl whioh had extremely 
high growth rates. They are characterised by elevated protein and 
metabolisable enwgy ocmtmits# The similarity of -Wae results for 
the males of grotqp G (fed the standard ration) to those of Kibler & 
Lrô y (1544) is illustrated in fig# 55# However, the pattest for tho 
females of gzx>up G was quite different after the seoond phase and 
ahowfi that the diet may affect the sema differently (fig# 54)# 
FennoUy Menard (1953) end MeUen et ̂ # (1954) have also noted 
suoh difforenoGS#

Kibler & Brody (1544) have suggested that there is no sexual 
djiforcnoe in oî gen requiremonts# However, a higher metabolic rate 
was characteristic of males above a body weight of about 200 gm thus 
normally preceding detectable weight differences# The higher 
metabolic rate of the sales was evident both on a weight basis 
(table 36) and on an age basis (fig# 55) and must occur if the growth 
rate is to be greater than that of the female# If no sexual 
divergence occurred then the male would have to possess more efficient 
oxidative processes#

It has already been noted that the diet does not appear to
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Fig. 55* Th# influenoo of age upon the aet&bolic rates of males 
and finales of the ligring strain, (a) Birds fed on the 
broiler diet; (b) Birds fed on the standard diet;
(e) Birds fed the broiler diet fbr 2 weeks and then 
the standard diet.
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fiffeot either the o:iQrgen requirements or the aetabolio pattern until 
the fowl 10 about I month old. It is interesting to note that there 
is one aignifloant change in the metaboXio rate that appears to be 
fairly independent of diet but related to the age of the bird. A. very 
significant fall ooourred between the third and fourth weeks in 
groups P* I, J and K. This is parallalod by a fall in lAe oonooBM 
trations of aHcetoglutario sold and p̂ rmrlo aold In the blood at about 
this time (Chubb & Preeman̂  1963)» falls in the oonoentrations of 
blood sugar, oroatinine and blood amino-aoids, an increase in the total 
proteins in the aerun (though no change in the ratio of albumins to 
globulins), a sli^t change In the Xoriels of ohloreaterol and uric 
acid in the blood (Toumut, Laoase & Kontlauẑ Ferradou, 1963) $ & fall 
in adrenal and blood asoorbio aold oonoentratlons (Freeman A Chubb, 
unpublished) and a fall in adrenal gland weight (mg/100 ̂  body 
weight)(Bremnan, 1941)» These changes have led Toumut et aj|.
(1963) to suggest that there is "une crise physlolegique" at 1 month 
of age. There must indeed be a major, fundamental physiological 
oiiange in the fowl at this time. Tounnit et al. (1963) also sû ;gest 
that there is a similar change at 0 weeks of age.

The causes of both changes are as yet unknown. The ̂ lyroid 
does not appear to be involved fbr Sohultse & Turner (1944} 1945) 
found that the thyroid secretion rate was constant between 1 and 12 
moka after hatching. Tounsut et al. (1963) bave ooB̂ pared the change 
at 4 weeks of age with weaning in mamaals. It has boon shown that 
the diet of the fbvl has little or no effect on the metabolism during
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the first fortnight at least* Furthermore, it has also been 
suggested that the yolk continues to exert an effeot on the metabolism 
for some time after its absorption and utilisation, possibly in the 
same way that the broiler diet appears to have influenoed the 
aetabolio pattern of grougp H and therefore may be analagous to 
weaning. Nutritional disorders do not normally become apparat until 
4 weeks of age* It is therefore quite possible that a nutritional 
factor is involved in this metabolio change* Other factors oould be 
the onset of the secretion of gonadotrophic or oortioostoroid 
hormones*

Further work, both of a biochemical and physiological nature, 
on the month old bird might be vexy rewarding*
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!• The oxygen oonstn^lon of the hetohing ehlok enkxyo has been
determined* Two dietinot rise# were differentiated: the first
appears to be directed, at least in part, to the provision of 
energy for the ventilation of the lungs and the other partly 
directed towards the initiation of active hatching end partly 
to naintaining the body tmpetoXvan of the ̂ liok at its 
pre-hatching level*

2* Transient homaothenay was detected in the fuU-ters and
tmtching embryo, but sustained responses to environmental 
temperature ohanges did not appear until the moment of the 
escape from the shell membranes*

3* Kvidenoe was presented which showed that pulnonaxy respiration
is initiated by a liigh partial pressure of oazbon dioxide within 
the blood, although an unknown msdianism for the active uptake 
of the amniotio fluid pervading the respiratory tract is probably 
also involved*

4* It is suggested that it is not the air space but the
ohorio-allantois that is involved in the realisation of the 
oritioal partial pressure of oaxbon dioxide neoessoxy to stimulate 
breathing* However, the air apace Is oonoemed in providing
the necessary gaseous mixture to stimulate pipping*

5* Pipping is a non-essential phenomenon in the hatohing sequaaee*
6* Active hatching is probably mediated through the thyroid gland

by an increase in the secretion of the tlyroid iiormones* It
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is further suggested that the escape from the shell is a 
behavioural response to an Inoreased setabolio rate*

7* The body temperature of the hatched ohiok rises for about six 
days and is probably a result of the progressive replacement of 
the non-metabolizing yolk with active metabolizing tissues, 
thereby causing a greater rate of increase in the active mass 
as compared with the surface area cf the ohiok*

8* The metabolic rate rises for about eight days after hatching;
part of the rise may not be real, i,e* there may be no change at
the cellular level, but that part from 6 to 8 days does appear to 
be a real increase in metabolio rate since it is not abolished by 
leoithectocy*

9* Both absolute oxygen requirements and the metabolic pattern are
affected by the diet but not below a bô y weight of about 200 gm
(3 weeks of age)* Birds fed normal levels of protein, high or 
normal levels of fat or carbohydrate exhibit a period of fairly 
oonstant oxygen uptake over a range of 150-200 gm* llXgji levels 
of protein tended to abolish this severe depression in metabolic 
rate*

10* A highly significant fall in the metabolic rate at about one 
month of age was consistently noted* This appeared to be 
largely independent of the diet and was accompanied by several
other physiological changes within the bird* This "physiological
crisis" is not understood*
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Warn M m A M i  ,#%aowA
Th# double Un» («w) gives the time ef hateliiAg*

-Ire# bei'ore 
and after
pipping
p — 20

9
8
7
6
5
4
5 
2 
1
1
2
3
4
5
6 
7 
9
20
n
12
13
13
16
17

12
nVhr mygR/bm

24*6
26*3
23#6
26,1
25.9

31.7 
29.9
29.8
32.4
34.5 
55.0
35.9

34.1
40.4
45.4
43.5

0,51
0.53
0,53
0.54
0,54

0.66
0,62
0,62
0,68
0,72
0.73
0.75

37.3 0,78

0.71
0,84
0.90
0,91

15
al/hr mVgq/hr

14
al/hr

26,8 0,69
27.3 0,70

0,72
0.72
0.72
0.78
0,69
0.66

28,0
28,1
28,0
30.5 
26,7
25.6
27.6 0.71

33.6 0,86

35.3
33.6
35.5

0.91
0.92
0,91

45.5 1.17

24,5
24.9
25.9
24.1
24.1 
23.8

32.0 
31.7
33.0
33.9
34.9

0,56
0,57
0,59
0.55
0.55
0,54

29.4 0,67

0,73
0,73
0.76
0,78
0,80

44,8 0,93

37.6 0,86

36.3 0,88
36.8 0,84
35,1 0,90

50.8 1,16
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Table X oonVd.
Hrs. before 
and after 
pipping

1280/hr my hr 15my hr myg^hr 14my hr BO/gyhr
P ♦ IB . 56.8 1.18 * J —
♦ 33 . — 44.0 1.24
+ 34 41.2 1.16
 ̂36 . 54.4 1.25 — 50.4 1.26
+ 37 52.8 1.21 55.7 1.39
+ 56 52.0 1.65 —
+ 57 48.3 1.53 48.6 1.34
+ 60 , 55.1 1.41 — 59.3 1.64
+ 61 62.6 1.60 —
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The doübltt line (»»■) gives the time of hatohlsg.

y •;,■
I i .»■

Hrs. before 
and after
pippiî my hr mygn/hr

2 21.3 0.49
1 20.8 OJ47
2 28.4 0.65
4 33.7 0.77
12 36.7 0.84
13 35.9 0.82
14 35.1 0.Î30
25 40.9 0.93
16 39.3 0.90
17 39.7 0.91
IB
22 64.5 1.47
23 59.1 1.35
52 56.0 1.40
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Table III.

Age
(hr*)

Oxygen oonsumption during the first six hours 
after hatching in RUt % 13 ohieke. Results 
of four ohioks.

H » Hatohed

nd/hr
233/2(/y62 15*/2g/g/62

my hr eygq/hr

n

♦ 0.5 32.1 0,66

♦ 1.0 ' 45.1 0.96
+ 1.5 40.7 0.93 50.7 1.06
♦ 2.0 49.1 1.12 . 52.5 1.12
♦ 2.5 52.2 1.19 36.2 1.20
♦ 3.0 54.8 1.24 . 52.4 1.12
+ 3.5 54.8 1.24 —
* 4.0 57.9 1.52
♦ 4.5 57.6 1.31
+ 5.0 53.6 1.22
+ 5.5 57.9 1.32
♦ 6.0 57.6 1.31

K/yeyi * 235/2C/V62
+ 0.3 34.5 0.74 ‘ 34.2 0.86
+ 0.6 43.8 0.94 39.5 1.00
+ 1.0 50.4 1.07 37.6 0,95
♦ 1.3 — 48.7 1.2}
+ 1.6 — 32.2 1.32
♦ 2.0 48.9 1.05 46.9 1.18
+ 2.3 51.5 1.11 49.3 1.25
+ 2.6 54.4 1.17 47.9 1.21
♦ 3.0 60.2 1.29 44.2 1.12
♦ 3.3 57.4 1.23 43.2 1.09
+ 5.6 61.0 1.31 43.7 1.10
4.0 — 46*6 1.18

+ 4.3 — 1̂ 6.1 1.16
+ 4.6 — 1*6,9 1.18
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Table IVè The «organ oonsuaption ef the White T̂ ghorn ohi<dc%

t.(gm) vH/hr wt.(ge) aVhi

32#4 56.1 41.1 89.0
33.7 53.9 41.9 65.3
33.7 45.1 49.2 134.0
36.0 58.9 52.7 148.0
36.2 46.6 53.4 346.0
36.2 60.9 54.0 156.1
38.0 51.7 54.4 174.5
38.1 88.2 55 133.6
38.1 56.0 55 134.9
38.2 56 108.5
38.8 64.8 57 139.0
39.1 85.0 58 188.6
39.2 58.1 58 156.6
39.4 56.9 58 174.3
39.4 89.0
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Table V. Ô orgeo reqtiÜUbents of the RIB % IS 
»t«naara d W i jctoup a.___________

airain.

my hr my hr
39
39
44
45
46
47
47
48
49
50
50
ro
51 
51
53
54
4̂
54
55 
57 
57 
57
59
60

61.6
68.6
89.0 
64.6
68.3 
87.2 
89.7 
87.6
72.1
92.5
110.2
116.6
94.3
134.9 
96.0
106.0
125.9
123.0
98.3
103.4 
134.2 
306.8
124.0
115.5

■ r à ' "

■r'-

60
64
64
66
66
66
70
71 
71 
74
74
75 
79 
do 
83 
88 
91 
54
100
301
303
304 
110

134.6
106.8
139*1
112.9
126.0
348.1 
146.3
134.1
175.2
192.5
154.5
162.3 
200.0
178.6
216.7
229.7 
206.0 
226.2 
246.1 
261.0
247.8 
253.0 
265.6

;.V ::
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Table VI. OiQ/̂ en oofieunptiim ef a broiler atrain
jyV tto atgj m̂ird àt«*> Pfwm m 'M

M &
U(gm) n *2/hr Wi.(0») & nViir
40 2 52*4 68 1 117.6 C,‘ il ,
41 3 55.8 69 5 340.1
42 4 58.8 70 1 16318
43 2 62.5 72 5 M3.3 , V •. /'
44 5 62.5 73 3 134̂ 3 r,#'
45 3 69.8 75 2 152.7
46 4 70.8 76 1 16449,
47 4 7i;9 77 2 171.7
48 5 74̂ 4 78 g 152:1
49 4 73.0 00 2 183.2
50 4 80.5 ai 1 343.4
51 3 86.2 82 1 349.2
52 4 83;7 83 1 162.7
53 3 %?;3 84 4 174.7
54 2 89i6 85 1 190.4
55 4 102.8 89 1 188.7
56 3 90 2 191:7
57 5 98.6 91 2 175:6
58 5 106:1 92 3 207.0
59 3 116.8 93 1 170.2
60 6 117.6 94 2 194.6
61 4 111:0 95 1 174.8
62 3 127.1 96 1 200.6
63 3 123:5 97 1 167.8
64 5 126.1 96 2 2Q1I9
65 3 140^ 99 1 3J83.2
66 3 336.6 300 g 224.0
67 2 124Î,0

' :-'7"

■m

' l iv'
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Tabla VII. Oiygan ooiuRifl̂ tlon of lî ring strain 
the first fortnight after h&WiinL)

ohloks duriî  
standard diet:

t̂.(gm) n â /br wt.(g)«) & «y hr

30 1 46.7 55 2 130.3
33 1 39,2 • 56 1 147.0
34 1 44*8 • 56 1 136.0
35 2 64*1 • 57 1 150.6
36 4 55,9 57 1 126.4
36 1 46.6 59 2 163.1
37 3 67.3 " 59 1 172.7
37 1 79.0 60 2 149.5
39 4 58.9 61 1 148.1
40 1 70.9 > 61 1 151.8
40 2 86.0 • 62 2 155*3
41 2 74.2 . 62 2 146.1
42 5 77.5 • 63 1 188.7
45 2 90.6 . 63 1 184.4
46 1 108.9 64 1 144.2
46 2 100.0 65 1 141.4
47 3 113.7 65 2 161.5
48 4 98.5 • 66 1 151.7
49 2 302.0 69 2 170.1
50 1 118.4 • 71 1 191.6
50 3 H5.4 ■ » 73 1 190.3
51 3 112.4 ' t 74 1 193.1
51 4 117.7 • 75 1 192.3
52 4 124.2 76 1 217.4
52 2 120.1 77 3 187.6
53 2 126.8 79 1 237.3
54 4 332.8 80 2 224.6
54 1 125.0 81 3 207.3
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Table VII ocaat̂ d.

n ay hr

82 3 188,9
83 1 200.6
84 1 209̂ 5
85 1 258.3
86 1 182.3
86 1 181.2
88 1 243.4
89 4 211.7
90 1 197.4
92 4 247.1

«y hr

92
93
94
95
96 
96 
99 
99
IX

1
2
1
1
2
1
1
1
1

216.9 
205.0
213I2
211,6
256̂ 8
223.9
255.9 
264.2 
247̂ 6

. *

" -f .- ■■■ ■ o .

%■
f I . C.

' v A u . v  ■ ■
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Table VIII. Oiç’gen requirement» of the laying a train. 
Broiler diet fed throughout the perioli 
BPM) D,---------------------------

n a3/hr Wt.(g») a ml/hr

32 1 56.1 68 2 178.3
34 2 49.5 69 3 191.9
36 3 55.5 70 1 163.1
38 4 67.3 71 5 166.2
39 5 70.8 72 5 188.9
U 1 89.0 73 3 201.0
42 I 65.3 75 2 190.7
49 1 114.0 76 3 204.5
53 2 147.0 77 2 206.2
54 3 143.9 79 • 1 198.8
55 3 119.7 60 1 204.1
56 2 122.4 83 2 229.5
57 2 125.1 85 1 198.5
58 3 173.2 92 2 212.4
62 1 173.6 98 1 257.1
65 1 154.4 99 1 279.7
66 2 172.6 100 1 232.1
67 3 177.9
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Table IX. The oaQTgen requirements of leoitheotoioioed and 
normal ohioko, RIR z IB. The standard diet 
waa fed throughout the period: proup S.

Leoi-UieotoBised Normal

t.(gm) n my hr n
99
my hr n

aa
my hr n

99
ay hr

36 2 71.7
39 1 76.0 *
40 1 81.7 '
41 2 77.5 " 1 100.8
42 ' 1 92.1
43 1 73.5 1 96.2
44 1 81.7
46 1 112.6 * 1 91.3
47 1 114.4
48 2 101.5 1 110.6 2 125.4
49 4 102.5 1 117.6
50 2 120.4 ' 2 119.5
51 1 121.5
52 2 121.8 2 136.7
53 1 95.6 2 114.5 1 139.9
54 1 108.9 4 128.3 2 111.6 1 137.9
55 2 107.7 4 115.3
56 3 122.9 2 139.4 1 95.9
57 2 136.5 2 151*6 2 145.9
58 4 133.8 3 156.0 2 120.4
59 3 144.6 2 129.1 1 98.3 2 142.3
60 2 151.1 1 142.4 1 129.3 1 122.8
61 2 148.0 1 119.6 2 156.7
62 4 154.8
63 2 153.3 1 154.2 2 137.8 1 125.9
64 1 161.6 2 153.6 2 150.3 1 137.7
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able DC oonVd.

LeoitheetoadUsed
■j' 1 -

Horoal

n V
aa
my hr a

99
«y hr . n .

Si

«y hr n
99
ay hr

65 1 164.3 1 139.0
66 1 124.4 2 122.5 2 161.7
67 3 153.9 2 147.0 2 140.9
68 3 138.8 1 123.1 1 153.4
69 2 168.6 2 177.0 1 136.1
70 1 163.4
71 1 165.5 1 182.9
72 2 158.8
73 3 146.7
74 1 189.0 2 155.7 1 129.0
75 1 161.8
76 1 181.7
77 2 188.6 1 155.7 1 168.8
79 1 206.4 1 203.6
80 1 174.7 1 165.5
81 2 224.1
82 1 267.7 1 219.7
83 1 196.1
84 1 210.9
85 1 241.4 1 157.3
87 2 217.4 1 199.1 1 183.6
88 1 213.8 1 255.1
90 1 214.8
92 1 229.2 1 215.7 1 209.0
93 1 227.8
94 1 247.7 1 263.1
95 3 237.1



Table SX oanV dU
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LeoitheotofBlsed Normal
Si 99 SS 99

rt.(gm) n my hr n my hr n ay hr n my hr

96 2 229*7 2 238.6. 1 242.9
97 1 254,5 < 1 247.2
98 3 244*6 , i - 1 235.2
99 1 242.6 2 257:2 1 233:6 1 216,3
100 1 1 267.5
102 1 307.5 1 293.4
103 1 2^:4
104 2 277.3
105 2 244.0 1 265.2
106 ' 1 278,7
107 2 281,1 1 275.4
108 1 249.7
109 1 297.9 2 310.2 ’

110 - 1 281.4
111 1 293.6
113 1 305.4 1 291.7
114 ■ • 1 278,2
113 * 1 224.4
116 1 289.7 1 2W.8
116 1 508,0 1 354.7
119 1 260,8
120 1 284.3 •

121 ■ 2 297.4
123 1 239.5
127 1 381.5
128 1 339.4
129 1 249.7
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able XX eont*d»

Leoitheetosliad Normal

t#(0i) n
êS

Bl/br n
99
BiVhr n

Si
mJ/br n

99
aO/br

131 1 309.7
132 1 354.0
133 1 335.8
136 2 339.3
138 1 387.7 t»-

lt»4 1 353.8
145 1 383.2
146 1 357.8 ’

150 1 365.6 1 400.8
151 1 335.1
152 1 330.9
153 1 280.7
154 1 349.9
155 1 423.5
156 1 369.5
157 1 411.2 1 413.3
158 1 449:9
159 2 385.3 1 381.6
160 2 421.7 1 457.5
161 1 383.3
162 1 408.3
163 1 421.0 1 4:3.9 1 370.9
164 1 362.4 2 450.3
165 1 368:3
167 2 377.8
168 1 401.4
169 1 493.5 1 418.2



Table IX oont’d.

131.

Leoltheotomized Normal
99 6S 99

Wt.(gm) n nO/hr n ïïû/hr n my hr n my hr

172 1 415.7 1 471.6 •

173 1 453.9 • 1 387.9
174 1 461.6 * 1 398.3
175 2 399.9 1 441.2'
176 2 457.5
177 1 524.8 2 384.6 1 341.5
178 1 406.8 2 420.9
179 2 382.2 2 421.5
182 1 418.4
183 2 432.8 1 534.0
184 1 457.8
186 1 449.9
187 * 1 418.8
188 1 448.0 1 456.2
189 1 479.0 2 407.6
190 2 464.5 1 448.5 1 526.9 2 429.8
191 1 423.1
192 1 499.4
193 1 457.6 1 419.2 ' 1 509.8
195 1 457.6 1 509.9 2 443.5
196 1 425.4 '

197 1 443.1 1 417.6
198 1 444.1 1 415.7

. 199 . 1 418.3 3 455.6 2 453.2
200 1 471.3
201 1 465.0
202 1 522.9



132.

Able n  aoaVd.

Leoltheetomised

wt.(gm ) n
ê i
m y hr n

99
m y hr

204 1 457.7
207 1 497.6
208 1 458.8 1 510.4
210 1 547.9 <. .

212 1 513.1
213 1 545.0 1 467.2
216 1 489.6
216
219 1 527.3
220 1 480.0
221 1 541.7
223 1 554.6
224 1 489.8
225 1 486.4
226 1 492.7
229 1 560.7
233
234 1 571.9
236 ;

238
239 1 557.5 2 520.0
240 1 563.6
244 1 652.3
245 1 572.0
247 1 575.7
250 1 586.9
251 1 48lw9

Normal
99

n ay hr n my hr

1 451.0

1 466.1

1 515.0
1 568.4

1 575.3

1
1
1
1

481.0
572.6
515.7
551.1

562.4
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Table IX oonVd.

Laoitheotottlsad 
Si 99

wt.(gm) n ml/hr n nVhr

' Normal .

SS 99
• ) •

n my hr n my hr

255
260
270
277
286
290

2 614.4
1 539.9
1 507.7
1 563.0

1 531.9
1 612.4
1 610.3

'■-.J . ; 'ii
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Tabla X

Wt.

oonaumption of a oonmerolal laylog 
strain, brollor ratiom group g.

Si

my hr
99
my hr Wt.

Si

ay hr
99

n my hr

36 1 106.3 76 2 200.9 4 198.8
38 1 102.1 1 93.6 77 1 210.7 4 205.0
39 2 86.7 1 114.1 78 1 216.2
40 2 103.6 1 111.0 79 2 190.3
41 1 110.5 1 101.3 80 2 211.9 4 206.4
46 2 118.9 81 2 221.4
47 1 131.2 82 2 238.9 3 220.8
50 3 147.2 1 170.6 83 2 248.5 1 239.2
53 1 116.9 2 161.9 84 1 206.4
54 2 138.9 85 3 235.5
55 1 157.3 1 157.3 86 2 224.5 1 236.0
56 1 167.9 . • 87 1 238.8
57 1 222.4 88 1 193.4
59 1 162.2 3 154.7 89 3 231.4 1 208.6
60 1 213.1 90 3 216.1
61 3 186.6 ' 91 4 256.0
62 1 177.3 1 177.4 92 1 224.1
64 2 190.0 3 191.0 93 1 231.4 1 242.5
65 1 188.9 4 188.4 94 2 259.3
66 2 216.0 1 188.1 » 1 240.0
67 1 187.4 2 185.5 97 1 317.0 ’
68 2 195.8 4 175.4 101 1 264.6
69 1 219.0 2 209.5 102 1 291.7
70 1 206.3 1 233.7 103 1 315.4
71 2 200.0 3 198.4 104 1 337.5
72 5 208.5 5 189.4 w 1 290.3 2 280.3
73 2 222.3 109 1 299.0
74 2 213.9 1 234.2 110 1 273.1
75 3 217.3 3 191.9 111 1 290.6
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Table X cont*d.

SS 99 99
Viu n ml/hr n my hr Wt. n «y hr n «y hr

113 1 317.0 153 1 406.3
114 1 258.8 154 1 ;'A1.3
115 1 340.3 155 1 450.7
116 1 260.5 2 280.6 156 2 396.9
119 1 329.8 157 1 405.0
120 1 259.9 159 1 377.8
121 4 276.9 160 2 385.1
123 1 332.2 3 293.4 165 1 376.3
124 1 317.7 166 1 476.5
126 2 311.0 167 1 448.1
126 1 302.3 168 1 416.7 1 390.7
129 1 297.8 2 277.0 169 2 419.1
130 1 309.7 3 306.2 171 1 413.7
131 i 296.7 3 297.3 172 1 442.1
132 1 288,9 1 300.1 175 1 441.4
133 2 316.4 181 1 391.7
134 1 313.2 182 1 417.8
135 1 296.8 183 1 456.4
137 3 328.0 3 316.5 184 1 413.6 1 329.4
138 i 263.6 1 395.3 186 1 467.6 2 415.2
139 1 391.0 387 1 456.8
141 2 380.1 3 301.4 189 1 475.2 2 441.9
142 2 342.3 3 306.3 191 1 425.9
W 1 316.4 192 1 439.9
146 1 338.6 2 323.9 193 1 437.7 1 439.2
347 2 330.9 195 1 591.0
349 2 361.9 198 1 366.4
150 4 367.5 4 343.3 199 3 482.2



11(3 % oont*d»
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1 * n
Si

«3/hr n
09
sVbr wt. n

. y

mVhr n
99
nVhr

202 1 496.3 240 3 478.4
204 1 461.1 242 1 !?46.0
205 1 512.3 246 1 546.6
206 ‘ 2 503.6 251 1 4%.l 1 464.0
207 1 463.1 253 1 626.5
210 1 454.6 2 424.3 257 2 ' 556.3
211 1 469.9 • 258 ■■ ; 1 2 517.5
223 1 488.6 260 1 525.0 2 535.6
214 1 508.6 2 433.6 262 1 492.0
216 1 433.2 264 2 581.0
217 1 459.8 266 1 601.9 1 545.5
228 1 485.7 267 1 578.9
219 2 488.1 269 2 517.9
220 2 487.0 271 ; 1 561.0
221 r 1 460.1' 276 1 568.0
222 1 534.8 1 476.3 279 1 488.7
223 1 599.7 283 1 550.3 1 465.8
224 1 443.2 284 1 631.3 1 530.0
225 1 496,5 285 1 631.5
228 2 003.4 • 287 1 569.9
251 1 4B(5.5 294 2 622.0
232 1 550.2 295 1 559.9
233 1 505.1 296 1 557.3
234 1 513.7 1 516.7 297 1 586.6
235 1 649.0 298 1 525.7 1 542.0
237 2 484.6 404 1 706.0
238 1 500,1 414 1 .933.3 1 765.3
239 1 477.4 2 514,1 418 1 992.3



able X QOUVS,

1)7.

Wt. n
ss
aO/far n

99
B3/hr wt. n

Si
my hr n

99
«y hr

420 1 992.5 620 1 1221.5 1 941.8
422 1 730.4 625 1 979.5
427 1 780.3 628 1 1 975.3
439 1 844*4 634 1 812.8
446 1 851.2 651 1 816.7
447 1 857.5 655 • ' . 1 832.0
448 1 765.6 660 1 1259.9
458 1 777.6 675 1 988.1
471 1 1044.4 690 1 877.4
473 1 3069.7 707 1 999.1
435 1 1063.2 712 1 1036.7
487 1 1239.2 723 1 934.1
49̂». 1 10^.3 731 1 878.5
495 1 864.1 744 1 1259.1
500 1 905.5 745 1 953.2
50̂4. 1 1154.9 747 1 967.9
512 1 896.2 760 1 804.4
514 1 1327.6 7^ 1 856.4
516 1 1044.5 766 1 957*3
525 1 1085.6 781 1 1163.4
526 2 773.7 784 2 946,7
533 1 768.7 795 1 1261.3
534 1 1234.2 812 1 3457.9
546 1 844.7 820 1 3050.0
553 1 1011.2 623 1 985.9
580 1 974.2 831 1 1096.2
569 1 674.5 834 1 3452.7
617 1 9^.0 846 1 925.4



us.

.'f
U 99 i: U 99

Wt. n « y  hr n my hr wt. n' my hr a my hr

856 1 1173.4 977 1 933.1
858 1 920.4 989 1 1668.1
865 1 1132.7 ' 998 1 1577.8
867 1 1510.2 3007 1 1497.0
870 1 939.5 1009 * 1 1134.1
871 1 1019.0 1017 ■ ■ 1 1151.0
872 2 1056.6 1066 1 1341.4
874 1 872.5 1084 1 1509.2
075 1 1037.8 1110 1 1750.5
861 1 1395.8 1115 1 3407.6
865 1 865.9 1122 1 1561.0
866 1 1062.5 1123 1 1539.0 '
891 1 922.9 1152 1 1728.3
898 1 1475.5 1142 1 1407.6
900 1 1035.5 1158 1 1166.8
917 1 864.5 1178 1 1402.5
923 1 1378.3 1168 1 1316.8
929 1 994.3 1204 1 3465.3 '
939 1 1317.8 1209 1 1293.9 ' , 1 ̂
941 1 1453.8 1210 1 1756.6 'Y- ,, '
944 2 1034.1 1225 1 1578.6 'i' . ■ , '

949 1 1024.4 1240 1 1581A ■ '

953 1 1 1100.7 1257 1 1256.8
954 1 3075*0 1259 1 1481.4 t 1 " J*

955 1 1479.3 1271 1 3554.0
971 1 858.2 3380 1 1831.1
975 1 1521.8



U9.

m

wt. n ■3/far

OaorgaD oomiunptioa of the laying strain fed 
the standard ration; «roup C.

99
■Vhrn

99
■Vhr Wt. D mS/hr n

35 2 93.5 92 1 267.5
36 2 96.5 94 1 249.5
37 1 108.4 95 3 260.7 1 269.7
U 1 93.5 96 1 252.8
43 1 107.0 A 97 1 263.6
44 2 137.1 . 98 2 245.7
45 3 119.4 » 99 1 269.1 1 259.3
47 1 148,1 101 1 278.0
48 1 139.1 , 102 1 297.6 1 254.4
49 2 148.3 2 147.9 103 1 300.8 1 294.1
50 4 142.0 104 2 287.3 1 260.1
51 1 162.7 3 132.3 105 1 275.3
52 3 117.1 106 1 341.9
53 4 150.6 3 131.4 107 • 1 259.6
54 1 147.3 1 150.1 109 1 519.6 2 261.4
55 3 164.1 1 146.8 130 1 329.4
56 1 185.9 111 1 290,0 1 307.9
57 1 184.5 • 112 1 266,0 1 278.3
58 3 173.6 113 2 296,3
59 1 128.9 3 178.9 115 . 1 271.6
60 2 186.1 116 1 304.6 1 302.5
61 3 178.4 1 182.7 118 1 304.3
62 1 162.5 119 . 2 347.9
63 3 175.9 121 1 342.5
65 2 206.3 1 184.4 124 1 301.1
68 2 181.7 125 . 1 312.0
86 3 216.3 128 1 313.1
91 1 229.9 138 1 409.0



w >.

êê 99 99
Wt. R «y hr n my hr Wt. a ay hr n ■y hr

140 1 567.7 204 1 523.6
141 1 355.2 200 1 562.8
342 1 375.7 217 1 478.7 1 449.0
145 1 346.6 220 1 588.1
146 1 372.4 222 1 455.8
147 1 398.5 225 2 496.2
149 1 413.6 228 1 479.8
150 1 368.1 229 2 533.9
158 1 381.6 232 1 506.3
167 1 496.8 234 1 524.8
168 1 473.0 235 1 491.9
169 1 488.2 236 1 467.3
171 1 455.5 237 1 520.5
175 1 444.9 238 1 521.6 2 521.6
178 1 508.7 239 1 515.3
179 2 419.1 240 1 545.7
180 1 4^.8 245 1 462.9
182 3 469.7 245 1 340,3
183 1 483.8 246 1 527,0
184 1 49749 247 1 485.3
185 1 494.6 249 1 506.7
186 1 478.8 250 1 549.4
190 1 515.2 251 1 554.7
191 1 461.3 252 1 536.0
193 1 484.9 1 481.0 255 2 573.8
194 1 490.8 256 1 545.0
197 1 506.2 260 2 571.9 1 496.9
202 1 504.0 263 1 555.7



Table XI

141.

wt. n
êS
■y hr n

99
ray hr Wt. n pyhr n

99
ay hr

264 1 552.7 1 411.6 636 1 787.4
265 1 553.8 637 1 800.5
268 1 568.0 648 1 1042.3
269 2 572.2 698 1 849.1
270 1 555.0 725 1 772.3
271 1 606.3 755 1 3077.2
275 2 573.7 745 1 873.8
276 1 513.5 746 1 965.3 •

277 1 544.8 773 1 1102.1
279 1 615.1 803 1 980.6
262 1 540.3 1 629.8 831 1 939.1
283 2 574.2 1 573.5 837 1 9U.0
289 1 523.7 1 1011.1
293 1 597.1 842 1 819.9
295 1 542.7 1 533.4 850 1 1100.9
299 1 601.9 677 1 3045.7
339 1 725.9 885 1 3023.4
364 1 781.4 887 1 975.5
379 1 857.6 892 1 1113.6
383 1 694.2 894 1 1223.7
446 1 796.3 907 1 959.0
503 I 866.2 938 1 3j%4.7
523 1 674.4 958 1 1058.0
534 1 629.9 969 1 10*53.6
556 1 977.7 991 1 1159.4
562 1 728.3 993 1 3456.1
577 1 788.2 1012 1 1752.6



able XX

342.

wt. n
sê

my hr n
99
«y hr Wt. n

Si

cyfar

1070 1 1269.7 3322 1 1450.1
1073 1 15%^6 1349
1079 1 1243.7 1516 1 1965.0
1160 1 1666.6 1534 1 1573.0
1174 1 1540:5 1542 1 1864.1
1190 1 1324.2 1547 1 2352.9
1223 1 1288,9 1612 1 1799.3
1235 1 3371.5 1660 1 1573.6
1237 1 1499.0 1667 1 1533.8
1241 1 1165.8 1669 1 1796.9
1244 1 1201.0 1681 1 1536.3
1243 1 1349:2 1708 1 1672.4
1250 3 1104:3 1760 1 1915.9
1251 1 1190.6 1770 1 1606.2
1257 1 3036.7 1791 1 1709.4
1274 1 3451:2

99
n Bl/hr

1 1234.4



149,

Table m . ooiunnptlon of the laying strain fed

'-'t. n «y hr n
99
■yhr w t. n

Si

■V'hr n ■ y b r

96 1 108.3 72 5 208.5 4 194.3
33 2 101,3 2 79.4 73 2 222.4
39 1 72.9 1 134.1 74 2 233.9 1 234.2
40 1 104,7 2 106.8 75 3 217.3 6 197.8
4L 1 110.5 1 101.3 76 2 200.8 2 219.9
'.4 1 106.2 77 ' 5 195.2
46 2 118.9 78 i ' 1 216.2
47 1 131.2 79 1 229.6 3 195.3
49 1 121.6 ' 80 2 211.9 4 208.4
50 2 349.9 1 170.6 81 2 220.5
J 1 116.9 82 2 238.9 3 220.8
54 2 138.9 1 174.0 85 2 26B.9 1 239.2
55 1 157.3 84 1 206,4

56 1 167.9 ' 85 ' 4 234.4
57 1 222.4 86 2 224.5 1 236.0
59 1 162.2 2 346.3 87 1 238.8 1 191.8
60 1 213.1 1 171.6 88 1 165.6 1 193.4
61 2 174.3 89 2 233JI 1 208.6
62 1 177.3 1 177.1 90 1 227.5 3 216.1
64 2 190.1 4 385.5 91 4 256.1
65 5 185.7 92 1 231.4 2 221.1
66 2 205.5 1 200.3 93 1 242.5
67 2 185.5 94 2 259.4
68 3 182.9 3 181.5 9$ 1 240.0
69 1 219.0 2 209.5 97 1 317.0
70 1 233.7 101 1 264.6
71 2 200.0 3 198.4 102 1 291.7



Table J.ri eani^d#

144.

w t. n
aa
■y hr n

99
my hr “ wt. n

aa
my hr n

99
my hr

103 1 515.4 143 1 316.4 1 318.2
105 2 313.9 1 280.3 145 1 338.6
106 1 265.1 146 ' 2 323.9
109 1 299.0 147 2 330.9
130 1 273.1 149 2 361.9
123 1 317.0 150 2 320.7 4 343.5
114 1 258.8 152 2 530.9
133 1 540.3 " 153 1 408.3
116 1 260.5 2 280.6 154 1 441.3
119 1 529.8 155 1 450.7
120 1 259.9 156 2 396.9
3̂ 1 4 276.8 157 1 405.0
123 1 332.2 3 295.4 158 ' ' ' 1 377.8
124 1 317.7 160 2 385.1
126 2 330.9 261 2 400.5
158 1 302.3 163 1 341.0
129 1 297.8 2 276.9 165 1 376.3
130 1 309.7 4 306.4 166 1 476.3
131 1 296.7 4 304.7 167 1 448.1
132 1 288.9 1 300.6 168 1 416.7 1 390.7
133 3 304.7 ‘ 169 2 419.2
135 1 298.8 ' 171 1 413.7
237 3 526.0 3 336.5 175 1 441.4
338 1 203.6 1 395.3 181 1 391.7
239 1 391.0 182 1 522,4
241 1 406.3 5 323.6 184 1 329.4
342 2 542.4 3 306.3 166 1 467.6 1 411.5



Table XII OovVtL,

1U5.

Wt. n
aa
« y  hr n

99
«y hr Wt. n

aa
mJ/tsp n

99
« y  hr

136 1 456.8 364 1 693.4
193 1 439.2 365 1 794.7
196 1 517.4 366 1 812.7
198 1 366.4 378 2 775.8 •
199 1 506.2 384 1 578.2
202 1 496.3 391 1 812.9
204 1 461.1 392 1 746.2
211 1 469.9 394 1 783.7
213 1 468.6 404 ■ . 3 739.6
220 1 484.2 . 406 1 695.3
223 1 534.8 404 , . 746.9
228 1 509.5 419 1 727.0
232 1 550.2 ,, 432 1 964.3
259 1 521.6 437 1 832.1
302 2 650.6 441 1 891.7
311 1 696.7 442 1 790.7
312 1 689.3 457 1 787.2
518 2 697.5 467 1 871.2 1 699.7
323 1 693.8 472 681.5
326 1 647.2 473 1 821.2
329 1 834.3 475 1 705.1
333 1 85*8.8 4SI 1 665.6
337 1 786.0 487 1 693.7
341 1 712.9 491 1 874.6
355 1 775.8 495 1 848.2
560 1 731.6 500 1 907.7
361 1 751.1 505 1 846.6
362 1 659.9 506 1 856.7 :



Tailla ni eont*d.

146.

wt. n
as
lü/hr n

99
nO/hr wt. n

sa
gO/hr n

99
fÊj/hr

520 1 983.6 744 1 1034.5
521 1 994.7 761 1 769.2
526 1 930.3 765 1 840.3
533 1 1061*4 789 2 900.2
537 1 985.8 802 1 724.4
538 1 904.8 1 729.1 806 1 901.9
541 1 738.9 SIS 1 923.6
551 1 1021.1 820 1 1061.2
559 1 743.7 855 1 1193.1
560 1 868.5 844 1 1151.3
562 1 935.8 845 1 711.5
590 1 700.8 849 1 850.9
611 1 970.5 851 1 957.8
612 1 1123.4 878 1 1099.2
629 1 857.0 889 1 1232.5
636 1 930.5 906 1 920.0
644 1 903.9 1 736.9 933 1 1060.1
647 1 904.8 951 1 993.4
657 1 805.9 985 1 928.2
661 1 979.2 1 804.1 992 1 867.3
662 1 995.5 1021 1 870.6
666 1 740.2 1026 1 944.0
672 1 1068.6 1034 1 . 751.6
679 1 700.4 1036 1 1082.6
685 1 975.6 1066 1 787.3
694 1 1197.4 1133 1 836.3
708 1 1127.8 1134 1 1173.2
712 1 903.4 1 776.2 1165 1 822.6



147.

Table XII oonfd.

w t. n
as
WLl/br n

1 ■ ■

99 ‘ 
mVhr w t. n

aa
ml/br

1179 1 1203.4 1455 1 1353.4
1193 1 1049.1 1443 1 1834.2
1196 1 826.4 1460 1 1862.4
1205 1 1115.5 1469 1 1351.6
1250 1 1496.1 1487 1 1517.8
1256 1 1292.9 ■ 1600 1 1774.8
1291 1 1251.5 1644 1 1679.8
1296 ' 1 1174.3 1696 1 1761.6
1330 1 1595.7 1715 1 1710.1
3384 1 1327.6 1756 1 1934.8
1424 1 1540.1 1759 1 1929.8

99
«Vhr



ii»a.

able u n . OjQTgen QoasuDption of the fwl as affeeted by 
the oaloriflo sentent of the diet. K x 8 Hi 
group I. H.E. « hWi en^gyiN.B. = normal

Wt.(g*) H.B.dlet
ml/hr

H.B.dlet
ml/hr

Wt, •
(g»)

H.E.diet
ml/hr

H.B.dlet
aVbr

u 46.8 137 281.9
44 52.7 141 346.0
48 83.3 344 253.4
48 83.9 145 274.0
50 86.9 147 271.0
50 86.8 150 268.1
51 88.0 152 245.0
53 111.5 157 300.0
56 102.2 158 325.9
57 124.2 163 276.2
58 112.3 164 534.0
62 122.1 165 295.3
63 123.3 167 263.2
73 133.4 , 171 319.9
80 157.6 347.1 . 173 286.9
33 128.3 , 177 250.8
84 164.6 161 331.2
85 ‘ 151.5 188 323.1
88 207.2 . 198 329.2 309.8
93 191.1 207 331.1
93 195.3 , 209 366.4
54 208.9 , 212 346.0
100 164.1 218 354.3 332.2
101 172.6 218.0 228 354.1
104 235.3 232 258.9
105 183.6 189.1 251 405.3
113 234.1 253 320.8
129 226.1 254 ' 437.0
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Table XIII eonf â.

Wt.
(ga)

H.B.dlet
m3/br

H.E.diet
m3/hr

w t.
(gffl)

H.B.dlet
ml/hr

N.B.dial 
ml/br

261 382.0 426 649.9
266 375,8 430 575.9
281 347.1 366.0 435 f  ■ 684.0
287 415.3 439 iioe.1
288 369.9 , 443 561.3
290 336.6 446 757.9
290 413.5 448 63.9

V*

292 481^8 456 507.9
302 422.5 460 803.3
304 412.9 461 685.0 686.7
306 453.1 ' 463 667.9
307 378̂ 9 469 612.0
313 338.5 471 699̂ 3
320 367.2 534.0 478 817.9
330 406.2 479 568.5
332 587.9 ■ • 503 583.5
359 517.5 • 521 696.6
341 602.8 551.9 525 662.0 662.0
352 ‘ 524.9 531 654.8
354 492.3 ' * 556 588.5
362 411.0 587 785.5
382 359.0 590 658.4
400 407.9 595 699.4
401 491.0 596 854.6
430 546.8 • 598 781.2
414 725.7 601 756.5
422 510.8 • 607 686.5
426 486.1 617 880.5
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Table m i  eenVd»

7/1.
(g®)

lUS.dlet 
ml/hr

H.E.diet 
my hr

wt.
(®«)

lUK.diet 
my hr ' a]/hr

623 947.2 849 743.2
626 629.2 856 728.5
628 714.0 p ■ 858 740.1
631 • 823.5 862 1074.5
644 884.9 ■ . 876 868.4
645 646.8 897 ' 956.8
667 664.1 0Q5.9 911 887.3 '
685 820.0 • 926 .. 939.9
686 ■850.4 , 939 V • ■ ■ • 895.9
691 ,874.3 . 944 906.5
694 • 836.6 949 V 769.5
702 728.0 • , < - •' f 967 973.8
706 888.3 985 846.6
707 ' 925.3 993 983.2
714 741.8 994 ’ 905.1
745 ' 753.7 997 « , 709.8
750 808.5 1016 3091.9
751 * 904.2 1016 916.3
751 765.2 1026 890.0
779 • 877.5 1028 942.0
780 '841.9 1033 1058.0
781 728.6 1034 1045.9
801 924.3 • 1071 : 949.2
601 718.5 V 1072 1205.0
816 847.5 1060 952.0 ' i,
823 1042.9 1082 1025.9
828 930.1 1092 1066.1
830 906.5 1093 899.0
830 856.4 1109 1131.8
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Table XIII oont*d.

Wt.
(m )

H.B.dlet N.S.dlet
m y  hr « y  hr

Wt.
im)

ReE.diet
mü/hr

H.B.dlet
« y  hr

1117 1134.9 1126 1050.8

■V
 ̂ V*



35̂

Tabla XIV. Tha affaot ef diatary fat on the (UQrgen

t.
g»)

High fat m]/hr
Normal fat 
mVhr

Wt.
(g*)

High fat 
my hr

ITozisal fat 
my hr

40 57.1 73.2 61 156.1 156.5
44 70.0 73.1 62 • 127.1
44 93.4 73.2 63 • 99.1
45 88.9 64 259.8
46 86.8 67 147.6
47 89tl 70 217.5 141.3
48 79A 71 147.7
48 66.6 73 215.3
48 69.1 76 177.7 154.5
48 105.9 81 97.2
49 71.1 81 170.2
50 110.1 81 176.3
50 78.2 82 164.2
50 80.2 82 178.3
51 89.6 83 169.8
51 75.0 84 191.2 217.9
52 77.0 85 160.9
52 90.7 88 ' 181.5
52 96.6 38 206.2
53 87.9 111.2 89 198.7 175.0
54 81.0 100.0 89 175.0
54 107.8 98.4 91 203.8
55 117.0 92 201.7 151.4
56 103.4 93.1 94 224.6 194.9
57 140.2 95 192.8
59 115.8 109.9 97 188.5
59 130.3 99 222.0
60 161.8 100 202.7
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Table XIV «entra.

' 'I t*
(&•)

High fat 
ml/hr

Normal fat. 
w â/ïte

Wt.
(gw) High fat 

«y hr
Normal i 
« y  hr

100
•' *

206.0 ; 170 240.0
102 255.2 196.8 174 361.8
103 2 ^ 0 190.6 176 306.4
107 195.7

1 *
179 361.3

309 209.3 184 332.3 460.2
109 200.7 187 346.6
110 226.0 , 391 335.4
134 218.0 192 321.8
116 251.7 193 411.6
119 297.2 194 357.0
120 314.0 196 386.0
125 238.4 207 329.1
126 280.5 218 457.0

374.2128 274.4 274.5 219
128 2#.4 222 415.2
129 304.0 223 458.0
150 272.6 226 (

465.7
135 269.4 227 398.0
137 264.2 235 372.7
137 267.3 253 369.9
145 303.3 253 473.0
349 3*).3 259 * 1 * 411.5
150 313.7 264 418.5
154 323.0

364.0
266 377.Ü

155
V

267
i

324.3
156 378.2 268 363.6
159 290.8 269 328.7
161 381.6 270 317.7
169 355.2 271 379.0
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able Xiy «mVA.

Wt*
(am)

fat
m]/hr

Normal fat 
my hr

wt*
(go)

High fat 
my hr

Normal fi 
my hr

273 489.2 448 1006*7
200 544.4 451 524.0
282 411.5 452 773.6
296 523.2 454 1204.7
304 563.4 . 455 663.9
315 601*6 457 736.7
319 769.8 465 . 775.9
335 685.5 471 754.6
337 510.1 . 493 1022.3
341 171.5 500 1072.6

351 754.2 523 ■ : 789.4
364 708.5 529  ̂ 1109.5
366 569.2 530 930.2

367 782.4 531 835.9
371 758.2 538 1169*1
373 835.4 549 862*2 833.8
385 927.9 552 1323.7
387 944.4 557 . 1077.0 986.9
389 612*9 558 1013*5
397 793.4 559 1034.2
402 ' 1016*7 562 889.8
404 7 ^ .7 566 951.3
405 998*9 570 1190.9
412 ■ 845.3 572 , 1265.1
419 763.6 572 1035.6
422 718.0 586 1071.1
424 956.1 589 1023.4
430 927.0 944.9 594 942*4
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Table Xlir eoot'd.
Wt*
(g»)

High fat 
vù/hr

Normal fat 
ml/hr

wt.
(*»)

High fat 
sù /b t

Normal fat
my hr

597 1063.1 • 769 1266*0
600 971.5 773 > 1284.0
604 626*3 781 1111.1
615 974.0 795 • 1219.7
621 973.4 1036*7 805 • 1204.0
624 989.2 806 • 785.0 ■
633 1458.5 913.0 810 1402.8
633 1118.9 817 ‘ 1071.6
646 962*4 823 • 981.2
654 • 1014.5 827 957.1
655 1177.7 829 1241.0
656 • 1238*8 829 994.0
663 970.1 1046*7 830 1248.9
666 997.0 842 819.1
669 1390.8 853 897.6
681 1082*9 878 1068.0
690 987.0 896 1222.8
708 1066*2 907 1175.0
713 1153.0 919 1338.6
728 1355.3 924 ' 1156.2
730 1002.0 930 1256.2
734 ■ . -, 1010.7 939 12Q5.0
735 ' 1455.5 952 ■ 1295.0
743 1049.0 972 1004.5
747 1188*0 991 1329.3
755 1176*5 919.3 992 1095.7
766 1051.2 997 1379.4
766 677.4 1007 1108.7
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Taable IXV eont^d*

Wt.
(s*)

fat
vû/hr

Normal fat 
« y  hr

Wt# fat Normal fat
(gm) « y  hr m y  hr

1020
1021
1025
1055

1058.6

1355.5
1300.6

1310.0

1036
1041
1069

1100.8

1111.8
1422.7
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T a b la  X V * The effeet of tlie protein oontent of the diet on 
j fm  oxvrgen eoaaeunptlon of the fUk% IS male ehlokan

Kigh Normal High Normal
wt.
(go)

protein
ml/hr

protein
mVhr

wt.
(gm)

protein
myhr

protein 
my hr

37 54.5 73 148.7
40 83.7 74 117.6
42 72.5 75 120.7
43 83.2 77 147.9
43 69.4 78 139.5
44 63.4 81 209.7
50 65.5 83 185.3
53 97.7 92.0 85 192.2
55 114.7 86 135.5
55 104.1 88 218.6
56 134.9 88 214J»
57 105.6 89 208.7
59 128.1 111.4 91 183.6 203.1
59 106.0 91 203.9 221.9
60 124.7 90.1 92 205.3
61 95.9 92 217.6
62 116.5 93 216.5
63 101.7 94 252.9
64 153.8 107.3 94 234.7
65 93.6 97 250.0 216.1
67 126.2 135.8 99 227.7
68 133.3 101 271.4 195.6
69 163.8 102 ' 259.5
69 112.9 102 256.8
72 130.1 106 204.7 255.6
72 128.1 107 211.7
72 207.3 114 228.0 217.3



T;0->lo XV oont* d«

158,

Wt.
(gm)

High
protein
tH /b r

ifonua.
protein
nVhr

Wt.
(gn)

Hi# 
protein 
«y hr

Normal
protcli
mV'hr

115 280.6 164 377.4 t ;
118 287.’9 168 W&.0
120 276.3 173 466.1
121 250.8 313.6 179 341.9
122 ^1.9 315.7 183 396.5
122 265.8 183 352.6
123 309.3 270.0 186 461J3 367.7
123 2%.7 187 355.9 397.6
124 286.0 188 423.9
126 257.0 262.3 200 4%.0
126 230.0 201 453.1
127 308.8 205 463.7 396.5
128 275.3 205 430.4
129 287.9 206 445.8
131 267.7 208 488.5
132 278.5 211 475.1 395.1
137 310.7 211 454.1
139 289.1 217 526.9  ̂*■
141 271.1 218 560.8
141 327.5 219 474.5
145 287.9 220 536.3 441.2
148 298.9 220 468.4
149 260.2 221 468.4
152 307.5 223 414.1
154 340.8 223 621.3
156 324.7 227 454.4
157 329.0 358.0 226 459.5 481.4



1>9.

Table XV oont» cU 

High Normal High Normal
Wt#
(gm)

protein 
my hr

pix)tein
oyhr

wt.
(fis)

protein
oVbr

protad 
my hr

229 437.2 315 " 476.8
234 495.3 316 416.8
236 421.3 319 672.6
239 582.3 322 590.1
240 535.8 329 1k55,3
242 554.0 332 482.8
245 531.0 439.8 333 376.9 697.1
245 513.2 334 425.9
246 518.6 337 401.3
252 527.4 338 590.6
255 490.3 339 541.3
257 522.0 542 344.6
258 549.0 346 536.9
259 509.8 348 467.4
262 509.4 348 496.9
265 592.2 349 481.1
266 540.0 351 616.5
268 581.4 359 448.2
269 495.3 361 569.5 646.1
273 594.0 363 455.0
276 600.1 565 582.2
282 511.2 366 469.6
289 ' 425.9 371 597.0
290 550.7 373 670.0
306 485.9 374 302.4
308 479.1 378 493.1
309 453.6 580 772.1



Tnbla XT eont* d.

160.

Wt.
(g«)

Hi#
protein
ml/hr

Nemal 
protein 
ml/hr

wt.(am)
Hi# 
protein 
my hr

Norma] 
protej 
ay hr

382 460.9
' "  ■* * ■ r

473 612.7
. . .

386 766.2 478 776.5 V

389 693.4 487.1 479 670.0
393 558.7 479 756.2
398 551.4 486 6)1.1
400 710.2 488 743.4
404 808.8 489 ' 607.9
407 526̂ 2 489 850.0
409 586.0 490 643.7
410 686.3

#  ' 492 856.5
411 541.5 497 « 850.0
428 467.7 506 771.0
429 632I7 507 646.7
430 647.4 752.6 510 679.7
432 724.4 512 . 1 685.2
433 602.3 524 710.2
435 715.2 517 574.7 772.8
436 604.2 520 548.9
W 645.8 522 670.5 827.0
4̂44 739.1 527 779.2
448 764.8 534 688.9
448 567.8 545 773.6
450 662.1 547 679.7
455 739.7 . 550 740.5
458 704.7 552 655.0
460 586.9 804.1 554 810.5
’65 746.0 563 654.0
473 631.8 568 757.5



161.

■vt.
(s»)

H U ^
protein
Bl/hr

Normel
protein
■ybr

wt.
(#)

Hi# 
protein 
«y hr

‘■JS

 ̂Normal 
protein 
aytr

572 977.9 lp.4.5
581 839.0 653 ^2.4
581 672.3 « - 666 1207.8
582 622.6 ■ " ’ ’.t • 686 637.2
596 1053.4 ■ »• ' ; 1254.0
600 638.5 693 812.3
609 873.9 722 981.0
617 723#6 7W 10%.3
619 3022.2 744 1031.0
620 996J4 762 Kgl.1
626 749#3 3026 1248.6
632 959.3 3044 > 1360.0
634 704.7 3055 1206.0
637 957.5 3100 - 1365,6
645 1%2.9 Hll 3334.7
649 682.6 717.6 1347 W1.0



- f

'■' , 4 -

k-'

'«■

'.  ' - . ' ' R v . ' V.

i-%
:;g#m

■- f ’

. . .

''Y- 'W- "■ — ,. p .r . .  ;fn'

.  ̂'• '. ■ .'I'U'. - J ■'- ■ - . -

I- =Ç? ••■
•lit.' ÎM&aiMt-e



162.

ADAMS# A.E, & BULL# A.L# (1949)$ The effect of antlthyrold drugo
on chiok endsryoz* Anat« Ree* 104. f»21-444.

ADAMS# A.E» Jk BUSS# J.M, (1952). The effect of a single injection
of an antithyroid drug on hyperplasia in the 
thyroid of the oliiok embryo. Fndoorinology# 50. 
?34-253.

ADAMS# T.W. d POULTON# E.P. (1932)$ The fallaeles of indirect
oalorinetxy. J. Physiol. JZ* 1P*3P$

ADAMS# T.W. St POUXTON# E.P. (1935)$ A new study of heat produotion
in man. Part II. The output of oarbon dioxide
as a measure of heat production in basal 
metabolise. Guys Hosp. Rep. 8;̂  56*75$

AjGOAEZOTTI# a. (1914)$ Influensa dell* aria x̂ arefatta cull* ontogenesi.
Note III. Le aodiflcasioni ohe awengono nei 
gas della camera d*aria dell*ovo durante lo 
sTiluppo. Arch. BnteMe<d*. Org. ̂ 0# 65-97$ 

ASSOCIATION OP OPPICIAL ACaOCUIffUHAL CHEMISTS (i960). Official
Methods of Analysis of Association of Agricultural 
Chemists# ed. W. H0JIT2. 9th edition.
Washington. xix̂ l832 pp.

AEON# K. (1939)$ Le fonctionnement do la thyroïde ohos 1* embryon
de poulet. C.&. Soo. Biol. (Paris)# 132. 544-546.



163.

ATWOOD# H. 6t WEAKIEI# G.E. (1924). Amount of oarbon dioxide given
off by eggo during tha inouA>ation. Bull. W. Va.

I ' . , r-
agrio. T'jqp. Sta. 185.

EAJPAI# P.K. (1962). The eiTeot of photoperiodloity on the oloaoal
temperature of mature eooks. î'oult. ;:oi. 47. 
1726*1728.

MLDINI# J.T. # ROSl^KRC# H.R. (1957)# The of feet of calorie source
in a chiok diet on growth# feed utilization and 
body composition. Poult. Soi. j6# 432*435.

MinwiN# S.P. é KENDEIEH# S.C. (1952). Physiology of the. ten^erature
of birds. Soi. X»ubl. Cleveland bus. not. Hist. 

BAkOETOH# D. Ah KRÎE5P-RELLS1# C. (1949). Appareil pour la détermination
du métabolisme des petits animaux par courts 
intervalles de temps. J. Ihysiol. Path. ;̂én. 41.
119*124.

BAROTT# lî.G. (1937)# Effect of temperature humidity and other factors
on hatch of hen*s eggs and on energy metabolism of 
chick ernbryos. Dull. U.8. Dep. Agrio. 553#

HAROTT# H.G.# BYmU# T.C. d FRIMGIB, B.K. (1936). Energy and
gaseous metabolism of normal and deutectomised 
chicks between 10 hrs. and 100 hrs. of age. .
J. Mutr. 191*210.

BAROTT, R.G.# FRm, J.C.# PROT̂ l®, E.%. d T1TN3# R.V, (1938). Heat
production and gaseous metabolism of young male 
cliickens. J. Rutr. 145*167.



164#

BAROTT# H*G. * PRINGLE# E#M# (1941) • Energy and gaseous metabolism
of the hen as affeotod by tesqperaturm#
J# Nutr. 22, 273*286.

BAROTT# H.G# A PRINGLE# E.M* (1946). lünergy and gaseous metabolism
of the ohioken from hatch to maturity as 
affeotod by temperature. J. Nutr# 35*50.

BAROTT# H.G. * PRINGLE# E.M. (1947)# Effects of environment mi
growth and feed and water consumption of chickens. 
I# The effect of temperature of environment 
during the first nine days after hatch. J. Nutr. 

53*67.
BAROrr# H.G. A PRINGLE# E.K. (1949). Effects of environment on

growth and feed and water oonsumption of ohidkens.
II. The effect of temperature and humidity of 
environment during the first 16 days after hatch. 
J. Nutr. i2# 153*161.

BAROIT# H.G. A PRINGLE# B.M. (1950). Effects O f environment on
growth and feed and water consumption of Wxlckens.
IH. The effect of tempo rature of environment 
during the period fTcs 18 to 32 days of age.
J. Nutr. Ü# 25*30.

B/vRTLETT# E.G. (1959). Effects of restraint on osygen oonsinption
of the cold expoeed guinea pig. J# appl.
Physiol# 2à» 46-48.

BARTLETT# R.C.# BOHR, V.C. A INMAN# W.I. (1955)# Relationship of



165.

oxygen oonsuaption to bo^ temperature in the 
restrained rat. Canad. J. BiOGhee. 33# 654*657# 

BASTLETT, R.&., HEimmiACH, S.U. A nmiAM, 9.1. (1954.). Effect of
restraint on temperature regulation in the eat. 
Proo. Soo* exp* Biol. N.Y. 8 ^  81*83.

* r

BARTLETT# R.G. A vtHMBT# F.H. (1958). Heat balanoe in restraint
(eootionaUy) induoed hypothenaiA. Amer. J. 
Physiol. 222, 557*559.

BAUDRIMWT, Q. A MARTI!KiAlNT*A5(S5 (1847). Recherolies sur les
* ♦ • * « t

phénomènes chimiques de 1* évolution embryonnaire 
dos oiseaux et des batrrolens. Ann. Chia. (Phys.) 

Series 3, 21, 195-293.
BAHïKîARTNER, ? (I86l). Der Athmongprooess in El. Freibwg,
B&ATTIE, J. A FREEMAN, B.M. (1962). The gaseous metabolism of the

* .  . i  .   ̂ I

domes tie fowl. I. Oxygen consumption of broiler*
ohiokens from hatching to 100 gm. body weight. 
Brit. Poult. Sol. 2# 51-59.

BFJXHAR2, R.Cr. A MCDONALD# M.W. (1959). The use of luigh quality
fat and the effect of protein level in broiler 
diets. Poult. Soi. 28# 519-526.

BJCNEDICT# P.O., LANDAOm# W. A POX, E.L. (1952). The physiology of
normal and frisele fowl with special reference

» *

to the basal metabolism. Bull. Sterra, agrio.
Exp* Sta. 177.

BENEDICT# P.G. A LEE# R.C. (1937). Llpogeneale in the animal bod|y



166.

with special reference to the physiology of the 
goose* Puhl* Gameg* Instn* 489* '

BEYER# R.E, (1952)* The effect of thyroxin upon the general' eet»»
holism of the intact ohick enbzyo* ndoerinology#
22# 497-503.  ̂ ' -

BUSLLIER# H.V. & TTIRN^# C*W* (1957). The thyroid Iwrmoas secretion
rate of domestic fowls as determined by radio
iodine teohniques* Res. Bull* Mo* agrio* E:q̂ «
Sta* 622.

BIANQUET# p ., STOLL# &*# MARAUD# R. A CAPOT# L* (1953). Sur
1* elaboration de thyroxine par la thyroïde de 
l'embryon de poulet* Bull, s té. ohim* biol. 35.
627-632.

BLATTER# K.L. (1962). The energy metabolism of ruminants.
Hutoiiinson# London# 329pp#

BOGUE# J.T. (1932). The heart rate of the developing ^liok.
J. exp. Biol. 2»-351-358.

BOm# C. A HAf SKIBALCH# K.A. (1900). Ueber die Kohlensaure
production des Huhnerembryos. Sl̂ and. Arch.
Physiol. 10# 149-173. •

BOiR# C. A HASSEXiBALCH# K.A. (1903). îJéber die armeproduotloo und
den Stoffweehsel des Embryos. Skand. Arch. 
Physiol. 398-429.

BSENERAN# W.R. (1941). GrowtXi of endocrine gland» and viscera in the
chiok. Endocrinology# 28# 946-^4.



167.

BRODY# 8, (1927). Growth and dervelojHsent mdtti special reference tc
domestic animals. IV# Growth rotes during the
self-accelerating phase of growth. Res. Bull. Mo. 
agrio. Exp. Sta# 98.

BRODY# S. (1930). Growth and development with special reference to
. domestic animals# XV. Energy, and nitrogen
metabolism during the first year of post-natal life, 
Res. Bull. Mo. agrio. Esp. 3ta. 143. VII# 177-179.

BRQDT# S.# FUNK# E.M. A KEMFSTER# H.L. (1932). Age changes in the
heat production of ohiokens as measured by a 
graph method. A preliminary report. Poult. Soi.
U, 133-143.

BUCHANAN# A.R. A HILL# R.U. (1947). Temperature regulation in albino
rats correlated with determinations of nyelin 
density in the han^thalaaus. Proo. roc. exp*
Biol. N.Y. 66# 602-603.

BUCHANAN# A.R. A HILL# H.M* (1949). Myelination of the hypothalamus
and its relation to thermoregulation in the 
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Physiological aotivî ty* Biochem J* Jg, 652«-657# 
GR08B0PICZ, N. (1946). Influence of thiourea on development of the

chick embryo* Proc* Soo* esq̂ . Biol. N.Y* 63. 
151^152.

HAHN, P. (1%>6). Effect of environmental temperatures on the
development of thermoregulatory mechanisms in 
Infant rats* Nature, Lond. 178. 96-97#

HAHN, P* A KOLDOVSiaf, 0. (1958). The offeot of restraint on rats
with special reference to their post-natal



171.

development. Physiol, bohenoslav. 2> 515-520.
HALDANE, J* (1892). A new form of apparatus for measuring the

respiratory esohange of animals. J. Physiol. 13. 
419-430.

HALL, F.G. (1934). Hamoglobin function in the developing #dLOk.
J. Physiol. 222-223.

HAM&mD, Î & ZOLL, 7 (1937) oited by Kuo A Shen (1937).
HAKAN, E.B. (1928). Effect of thyroxin on growth rate and COg

production of chick embryo. Proc. Soo. exp.
Biol. N.Y. 2^ 422-425.

HAN3B0R0TI3H, L.À. A KHAN, M. (1951). The initial funoUon of the
chiok thyroid gland with the use of radio- 
iodine (l^^). J. exp. Sool. 116. 447-452.

HARVEY, J.D., PARRISH, D.B. A SANFORD, P.E. (1952). Improvements
in the technique of doutcctoqy of newly hatched 
ohioks and effects of the operation on their 
subsequent development. Poult. Soi. 3-8.

HA3SELBALCH, K.A. (1900). UebeT den Respiratorisohen Stoffweehsel
des Mühnerembryos. Skand. Aroh. Plysiol. 10. 
353-î 02.
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