


Studies On
The Energy Exchanges and Glycogen Levels
In
Laying and Non-Laying White Leg Horn Hens

A THESIS

Submitted to the Faculty of
Veterinary Science and Animal Hushandry
Magadh University
In Partial Fulfilment of the Requirements
for the Degree of
Master of Science (Animal Hushandry)

November, 1966

4 Re6
(5 \¢

..’
. bl

BY

Nishikant. §. I]ravid, B. V. Sc.

Post-Graduate Department of Physiology
Bihar Veterinary College
Patna



MAGADH UNIVERSITY M, sc, (Vet./A. H.) THESIS, 1966

|
|
|

|

f

. Blhayr Veterinary College ,
EATH 4.

i independent study »

Dee Ao K, Ray
 PROFESSOR OF ¥ Pt aronooy :

Dated the 30 November, 1986 ,

This is to certify that the research work presented
in this Thesls entitled " Studles on the Energy Exchangens and
. the Glyeogen levels in laying and non-laying White-leg Hom hens”
has been earried out by Shrl N.S.,Dravid 4 a candidate for the
award of MASTER OF sc:mca ( a&H, ) wnder my personal supervigion
and guldance and that tt ineorporates the results of his

|
\
‘|
|
|
|
|
|
|

( A¢ K¢ Ray ) |




MAGADH UNIVERSITY M, Sc. (Vet./A. H.) THESIS, 1966.

4SKHQULERGEUEENTS

I wuld like to pay my humble regards % my teacher
Dre A KRay, Professor of Physiology, Bihar Veterionary College
Patna for his congtant encouragement , precious guidsnce
valuable suggestions snd constructive help in planning and
earrying out the resesrch work '

1 would 1ike to express ny sincerest gratidude to

ShPd Sode dhmad, ox-Prineipsl and shri P.B.Kuppuswami,Prinelpel

| Bthap Veterinary College Patna for providing necessary facilities

throughout the entire period of researeh work
1 would like to express my decpest thanks to Shri
MeDe@inhay Poultey Development Officer Bihar State for providing

| all the facilities from GCovermment Central Poultry Farm Patna

I am deeply indebted to shri Sacchidenend Sinha Menager
Government Poultey Farm Patne for providing suitable birds from
the Famm o

Agmovledgements are also due to Shei DN Ral,dssistent
Professor of Physiology, Shri NeCe8inha, Research Agsistent 4
@nt, N ReRay, Demonstrator in Physiology end all other members of
the Dgpartment for their kind help and eopsration through out
the experiment o

Thanks ave aleo due to Shrd J MPrased, Resesreh Officer
Statistics and Shri 8.C.Bigwas for thelr valuable suggestion in
the statistical treatment to the experimental data o




Thenks are also due to Shri S Mukherji, Assistent
Research Officer in Biochemigtry for providing Wardurg's JPMWJ
through out experimental work ,

- Lastly I would like to express my sinecere thanks to
Dr, MekghdeRehmon, Director of iAnimel Husbandry Mgharashtra State
Poena and Government of Mgharachtra for deputing me for MSee

{ animal Hushbandry eourse ) snd providing all possidble finanelel
’Jhllp to underge the training .
|

H.8 DRAVID

MAGADH UNIVERSITY M. Sc. (Vet./A. H.) THESIS, 1966,




MAGADH UNIVERSITY M, Sc. (Vet./A. H.) THESIS, 1966.

STUNIEE ON

THE SNBROY EXCHANGES &VD GLYCOGHN LEVELS
IN
LAYING MND NONLAYING WHITE.LEG HORN HENS




II

I1I

Iv

JARLE. _OF CONTENTS

INTRO DUCTION eoo voo eoo
(a) General eve 0 o0 eoe
(b) Objectives ove oo0 so0
RECENT 8STATE OF KNOWLEDGE REGARDING
METABOLI®M IN BIRDS eo0 oo
ENERGY AND GASHOUS METAROLISM  eee e0e
(a) Introduetion eoo coo coo
(b) Factors affecting the rate

of metabolism eve voe eoe
(e) Principle of working 000 @ %0
(d) Materials end methods 000 000

(e Congiderations of subjective and
objective errors in metaboliec trial

technique 00 T ese
(f) Basis of caleculations ® %0 se00
(g) Results and dlgecussion T iou

{h) Theoretical consideration of metabolism
and 1ts application with the present

experimental data oo 000 o %0
LIVER GLYCOGEN soe ooe eoo
(a) Factors affecting the level of liver

glyeogen seo ooe eco

(b) Determination of liver glycogen s oo
(e) Caleculations for liver glyeogell ,ee eeo

(d Results and Digscussion eoe eoo oo

3

S

48

48

60
66

55



Vil
VIII

MUSCLE GLYCOGEN
(a2) Introduction

(b Materials and methods
(&) Results and Diseussion

MUSCUL AR ACTIVITY

(2 Experimental procedure
{b) Results and Diseussion
SUMMARY 4AND CONCLUSIONS

EYEILIOGRAPHY

84

L

200

@ %o

° o0

Ll 1

s00

LE X ]

2e0

CE X

@00

LA &

09

61-66
61
62
62
67=76
66
69

8l»91



18I80208320K

|

9961 ‘SISTHL (H 'V/12A) 98 ‘W ALISWIAINN HAVOVIN




MAGADH UNIVERSITY M, Sc. (Vet./A. H.) THESIS, 1966.

SEARIER~1

JNTEONGTION
Silil e~

Develoment of poultry has played en importent wole in
solving the food problems of various thickly populated ecomtries
and one of the surest snd quickest mesns of inereansing the food
production :

The total poultry population of India wae 76 million
in 1951, 1t increased to 07 million in 156 and has further
inereased to 117 million according to the latest census
report (1961 .

Bventhough the poultry population in India &s 117
million, the number of birds per 100 persons is the lovest in
the worid

Z2A48LE U3
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 minerals; and vitaming and antidiotic feed supplements under

Out of these 117 million birds only 45 milifonn birds
are hens with laying eapaelty of 60 eggs per bdMrd per year while
the world aversge 1s 130 eggs per bird per year . Sven at this
rate of production the poultry industry econtributed to national
income of Ree 46/~ croves in the form of eggs nd meat ond 4s
expected to eontribute of Re. 100/~ crores annually by the end
of third five year plem

The second poultry resesrch eonferencey held at Poona
in 1086, recommended that

Je 48 the egg production is the result of intereaction
between genctype and environment , the raudn ssmple
laying test should be mdertaken in different
sgroclimatic conditions

2, Lvolving Eeonomle Poultry ration

As the result of research work done on economic poultry

rationg, 1t 4s now possible to utilisze industrial hy-products
in poultyy feeds snd therely reduce the use of cereals in
poultey rations .

4 go-ordinated projeet for investing and evaluating the

tlologieal and bochemical values of poultry feeds should be

taken up with a velw of developing feed testing organisation in |

the ecountry o Investigation ghould also be taken up quiekly to
obtain basie data ond optimum requirements of energy,proteins

alfferent conditions of productions .
In velw of the gbove the study of enersy matabliam

is playing importsnt role  The term metabolien in the brodest
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senge includes all the chemical reactions involved in growth,
developmenty production, maintainance of the nutritive state of
@ individual o The problem of metadolimm can roughly devided
into two classes
1.« Thooe that deal with the nature snd extent of
chenigal reactions that ocour in the body . |
'3 Those which deal with the changes in the envivonment
in wvhich these reactions oceur and the influence of
thess environmental changes on the reactions .
Hotabolisn if-gelf can be divided into te
1s inergy producing reactions which provide the energy
for vital activitiesythese terminate in the oxidative
eonbustion end ultimately be measurad in temms of “"
oxygen conigumed
2¢ Operative roactionsg which eontribute to these
activities, the specific qualities and & direction

which make them significant o

From the atove menticned points 1t was clear that a
aystematie study should be undertaken for the faectors responalbdl
for g2 laying .igg laying depends upon the metabolic activitie
Metaboliec activity is measured by energy output, Snergy is
required for work, for digestion,for assimilation of food-stuff
@1d aleo to maintain body temperature, Since the energy expmded
to maintain body temperature is dependent on the temperature of
eavironnent » This factor could have profound influence on
metabolie asctivity smd thus on feed consumption and ege

B
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| dloxide produetion , the gaseous values are converted on NoT,P,

= = ==

duction in chickens ,
The factors affecting the metalolic activities in

laying and nonelaying of seme agessex and bread can be summar sed
L‘ follows se

le Environmental temperature,pressurc and humidity .

2, Neuro-hommonal intringle factors

3 Feeding levels end eomposition of ration ,

4 Quality of treeding atock

8y Mensgement
Gerhartzg ( WIM) reported that basal metabolign of

Laying hen is definately higher then that of noneleying hens
Dukes (1037) studied the energy metaboligs in hen hy

aldmne’ s gravimetric method and obgerved that fasting metadolie

ate during egg laying was greater in comparison with non-laying

stage o

Ag the rate of metabolie activity 19 measured by owygen
consmption and carbondloxide snd moisture produetion , It was
doclded o find out oxygen consumption snd carbondioxide and

moisture production in laying and non-laying birds .
After determination of oxygen consumption and carbofie

bagis and the respiratory quotient is determined, With the help
of regpiratory quotient and oxygen consumption the heat values
are determined by referring a stendard table prepared by
Lusk (1029 » :

&8 the liver is ehief lakoratory of body and also
chiof storsge orgen for glycogen in the body vhich is playing




| stageve Side by side the fesding levels and osmposition of ration
| 39 sleo studted o

| geat of heat production 1g¢ the mugoless The % glycogen of
ohlique abdominsl evturnus nusdle 1s dotemined, 48 wo imov the
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the most important role in cartohydrate metstolimm, The
estination of liver glyeogen was undertaken in laying snd none
laying stages o The objestive underlined in determining the % of
1iver glyoogen 19 to oboerve the rate of storage and doposition
of glycogen also to study the verious gynthetic snd destructive
progesnes going on in the body during leying md moneleying

After 1iver, the next argm of storage of sglyovgen and

£ of musele glycogen varies sccovding to the nature of aetivity
of th:t gupdle » The engrgy reguirsd Oy ousele can be Alvided
in to two paris

1s Smergy reguired for asintainee of the muscle »

2, Hnowgy requived to sarry out tha specific fumetion

or sotivity of thet mugole {Gurton 66 )

After deteramining the ¥ of nussis glyeosen § the
glueose utilisation snd glyeogen syn¥issls was studled with the
help of ¥arburg's appesratus md by fnoubating the muscle at
4° ¢ in the Kred's Ringer Phosphate buffer (il 7a¢ and glueove
1ovel 157 mgm % ) o The fdea behing this partieular work s/t
study the energy utilisation sad ite synibetic and destructive
uoe at tissue lavel , : / '

This 46 & very simple attmpt to know sbout #ie

metsbolie activitiss of Laying sid wmelaying stagés under

/ ‘ : .f" : ¢

Indlen Climatic conditions ot ;

o T t
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Before fomulating the energy rations for laying and
nonelaying birds we must know thelr exact enerzy requiraments,
thelr rate of utilization and absorption of energy rich subgtences
from intestinal tract; thelr rate of storage snd deposition in
the various parts of the body; their synthetie snd destructive
end products snd thelr fingl expressions snd achicvements in the
forn of egse If ve e substitute energy rich agro-industrial by
produetsy we will have to observe their mode of bghaviouy in the
body whethde they eve really giving suffiecient energy or not and
simal tanecusly thelr effeet on egg production o By substituting
these agro-industrial by-produets we csn save the humane
consmable coreals and grains such as Malsze,Oram,Oats,Millets
ote, and that vill give great food savings to the comtey .
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SUARZER - iL
miem:’ 8TATH
ENOWLEDGE REGARDIRG METAROLIGM IN BIRDS

The doctorine of the insesible perspiration as held
by the hippoeratic School was based upon the obgervation that
the aversge adult does not gain in welight inspite of the fact

‘that the total ingesta of food ond fluld 1w in & definate excess

of the total measurable exerets, { King 1991 )

The history of metobolism 10 closely bound with that
of respiration aad the next epoeh making work was that of
Lavoisier (1980) who gave the name oxygen , He constructed a
crude salorimeter Ly means of whieh heat sliminated was mekted
measured quantitatively through the amount of ice that was
melted » Lavoigler convineed that the oxygen in the gaseous
stege entered and unite with the carbon and hydrogen in the body
rasulted in the formation of carton dioxide and water ang in
the production of heat

The great value of LaWisier's work hovever 1sid in
his demonstrations of 3 foundsmentel prineiples of Basal
metatolism 3=

l» Exjosure to cold inereases the sbsorstion of

oxygen in the body »

2, Digestion of food inercases the sbgorption of

oOXyIen
3, Physleal exsreise increases the absorption of

oxygen o




~ docomposed some fluid in the lung cansing the liberation of
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Ve knmov that an ineresse in oxygen absorption nesns en
inerease in heat produotion and ineresse in the total metobolimm
of beody o Lavoisier wvas mder the false impression that oxygen

hydrogen snd carbon with subsequent oxidation of these elements
and their exwretion as carbondloxide, water in the expired alr .
Selentists of later date absndoned a theory of oxidation in the
lungs and favoursed the blood as a site of these chemical chabges
The belief was strengthened by the discovery of gases in the
blood by Magnus in 1837  Later it become known that oxdidation
occured in the tissues and dlood simply carried the gases %o

and from the lungs
Under the radlating influence of Lavwoislier in 18423

Liebig proposed the theory that carbohydrates snd fats are
united with the alr in the body snd portein is the source of

urinary nitrogen,

The nane of Carl Voit is associated with the great
advances in the study of metabolism snd gas exchanges Voit
made the important dlscovery that museuler exercise dld not
inareases the protein metabolism and firom that his pupils »
Lugk who studied the anglysis of oxldation of mixtures of
carbohydrates snd fats ( 1924 Rubner (1883) who determined
the fuel values of food stuffs § and ty means of respiratory
exchange was the same ag that oblained by the direct measure-

nent of the heat given off by the body »
In 1823 , Rubner demonstrated the relationshilp between |

the surfaee area of the body and the heat production; thus
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|

providing a basis for the comparison of the metabolism of
different individusls | |

In 1304 calorimoter had advanced to the point st which
1t was rossible to compere the results obtained through dlrveet
calorimetry snd inaivect eslorimetry . |

In 015 Dubois devised the most satisfactory method
for estimating the surface area of body and later published normal
standards of hest productions for males and fameles , According
to hin gurface srea (&) in squere centimeters = W$,0%4%0 x
B8O 7C x 71,84

vhere | Wt & weight in kilogrames

i Ht 2 helght in centimeters

In the saimal ealorimetry, the elaboration of this
gimple form of ealorimeter has culminmted in the constwrnetion
of the Atwater,Rosa,Denediet Respiration ealorimeter with thig
apraratis the heat of the body 1s determined indireetly from
the respiratory exchanges and dirveetly by a careful computation
based on the observations of all the known means of heat loss

( 1208)

The principle of this apoaratus was applied by Amsby
in the elaboration of calorimeter fHr use with farm suimals
Benedicts snd assoelates ( 1906) also devised a respiration
chanbers for use wvith domestiec animale . flespiration calorimeterg
have provided the means of aquiring most of the present aw
inovledze of energy metabolism , They have besn extremely
valuable in proving the accuracy of indirect calorimetyy ,







He studled the effect of fasting on respiratory
quotient; metsholic rate » &0 tests were undertaken on uhite
Plymouth roek hensyazing 10«13 months old aversge respiratory
quotient is 0474 by the end of first day fasting end 0,70 by the
end of gecond day fasting .

He studied the dasal metabolism in white plymouth woek
hengy 12 % 22 months old, welghing 1,98 to 3,80 kg (aversge
velght 2,61 = 0,03 kg) eliminated 2,53 « 0403 ealories per mw/

per kg »
243LE Q-2

Table showing the percentage change in metabolism and egg
production in white plymouth roek laying hens (age 18 % 22
months 0ld reproduced from Journal of Nutrition 1937)

' Change in  &gg produce
Hen Noe Date Welght Cale/hre/Bg metabolism tlon in the
m—ww

i |

2321 112,31 2031 241 - 7% 11

250 2,51

2440 11,9431 311 91
- 178 13

2,131 17 2,31

1532 1L.1231 W 22
1.8'3’ &“ &DB - a’ =)

The metabolisn tests forming the baslis of above date
were made over a period of seversl months. Records of the ezg
production of the flock were kept during that timey since several
of the hens laild fairly well in which thelr metalollie rates

vore dotermined .

! Al
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in the stove article Dukes concluded that t=

1y The average Byi.R, of matuare hens after s fast of
24-30 hours duration was not far from 2,4 calories/
hour/kg and 32,4 ealories per square meter ares per
hour or 57,6 ealories/kg/day end 778 ealories/
squaremoter/day . The average respiratory gquotient
180,73 o

2 The basal metabolism s lower in older hens ,

3, The heat loss due to vaporization of moi sture( bassl)
varied from 12 to 25 £ of the totsl heat loss and

averaged % 10 € ,
’ 4, Basal ingensible loss and basal metabolism showed a
positive correlation ,
S, 4ge production was accompnied by a small increase
in the Basal metabolims ,

CoFe VWinchester in 1940 studied the lability of
metaboliec processes in laying hen o During s period of 1 month,
frequent meassurements were made of normsl heat production,
heart rate, respiratory quotient, body temperature and tody
wotéht of 4 laying nev hampshire hens (age 2 years old )e
Variation in heat production were as large as 40 % of the
maximum PFate measured snd varlation in the heart rate were
squally great o In general the curves of heat production and
heart rate were tend to rise and fall , The results indieate
that in making seasonal studlesd of metabolie processes in laying
hens, elther very frequent messurements of small number of hens
ghould be taken or less frequent measurments of fairly large
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10w environmentsl tempersturs when egg production was also lov

gToup of hens are necessary to minimigs the influence of
individual lebility on group aversge .

CoFy Winchester studled the seasmnal metabolic rhythme
in domestie fowls in (1940) , His research ias concermned with
seasonal matatolie mtllu particularly in relation to egg
Production, Because of labllity of heat production 43 relatively
lavge in laying hens (Winchester 1939) , group of 11 to 15 hensg
were used in this studies to minimize the influence of the
labllity @f indaividual data on group averazes
1. Periodie measurments were made of fasting heat
produetionyresting heat production,respiratory quotient ma body
temperature of new hampshire pullets which were hatched in
February.iareh and april and began to lay in gutumn =nd latd
heavily in winter ,

S The curve of fasting heat production ascended as the
egz production increased and reach 1ts peak 2 months prior
achiev meximum egg produetion , Heat production began to decline
sevaral vesks before the decline in egg production, From which
1t aprears that decline in metatoliem with the latter deeline
in sex aativity

3. Although heat production appsared to be inversly
related to environmental temperature, during the larger part of
production year, the fact that low heat production eoineide with

indieates that heat production is not mearly funetion of
environmental temperature but it 1is influenced by other factors

such as veloeities of energy exchanges in the ody

—_————
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4e The produetion oyele depends upon the sex rhythm snd
endoerine activity

Barrot and Pringle in 1046 studied the energy snd
Gaseous metalolism of the Rhod Is-land Red chickens from hateh
%o maturity as affected by temperature , lie observed Rel.Re
birds, 12 weeks old welghing 1030 gms consumed le1 to 0,08
nillilitres of oxyzen/hour/gran of 1ivVe veight o ReleR. birds
having the age 23 weeks old, welghing 1960 groms eongumed leese
t0 070 Ge0s of oxygen/hour/gram of 1ive welght ,

2423L3 88 3

rabh mm& cartondioxide elimination of chickens at various
temperature { as per Forrot snd Pringle, 1946)
( reppoduced from Journal of Hutrition 1948,)

Temperatures &v.m,go w%ght in groms

1960 2430
op c.c.ar C0g / hour / gram of 1ive welght o
7C 0069 0e81 0.47 Dedd
75 0066 0e51 0047 0ed4
80 0,64 052 048 045
85, 0464 0e52 0ed8  0o48
90 0463 0653 Do =
96 0eb4 053 0e81 -
10 0,66 0e54 & #




::m.m. sk lvuucr glght in ”gn.

: Galories /hour/ kg of body welght o
Y 4,25 3e15 3,00 2,76
75 4o 1D ¥ %96 2,76
80 4,00 3 X0 2,85 2,80
88 3090 e 15 3400 285
20 3490 3,25 320 2,90
93 3405 3o 40 3. 0 3,00
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24BL3E Uos

Table nmut the heat eliminaetion of chickens at variou
ana Barrot and Pun.;c 1048) Jom.l'o; lumu:n
o

e e R

In the eshaustive treaties on Basal energy metaboliem
Brody States (Sloenergeties and growth Brody 1948),." We refer
o ninimum energy cost of the automatic body processes
rejresenting the excess of endothermic over emthermie reasctions
as the Basal metalolliem o Energy used in circulationgexeretion
pecretion,respiration accounts for 25 § of the costy the balance
being required for maintaining muscle tone and body temparature .
Basal metabolian hae besn measured for animals of meny
different sizes and form guch date 1t is clear thet
1o The basal heat produetion is affected by bddy weight
2 The metaboligm of small animals is greater than that
of large animals per unit of body velght ,
Theoretical conglderation suggest that basal metabolism




s 18
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is related to the surface area of the body by which heat is
aliminated out and 42 surface area might be factor then 32/3
pover of body welght (1ee. ¥¥3 or W 008 4, o botter index
of surface then to the welght of first power (1.0 ﬂz).
However we must note that exterior body surface is not a
eonstant in living animels; nor can be measured satl sfactorily,
ad hence the basal heat loss are dependent on the extemal
body surface congequently we may conclude that the relation
bdtwesn surface srea snd basal metabolism 1s mot direet
expression of casuse and effset, Rather we should conslider
that W" 15 a measare of physislogleal effestive Yody slze or
metaboliec size end that value of exponent 'n' should be
dotemmined from the data in question,
The relation mey be expressed mathematieally as follows

s az ©

or

log ¥glog a=- blog =

Brody states that the direct control of metabolie
eurve does not reside in the extemal surface but in neuroe
endoorine gystem which tends o vary in size vith surface area
rather then the simple body welght, fo it comes out that the
gize of neuro-andoerine componentsy the surface the heat
algsipation snd hest production all tend to vary in parallel,
They may sll sald to very with W™ and the value of n tends to
be teal 0e7 o It will be shown presently that the quantity of
pilk energy production end egg energy production likewise
tends to vary vith WO*7 he whibh may be termed physiologiesl

————
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velght in contrast to W' vhieh 1s phystesl or gravitational
velght 1t 1s suggested that W07 be tentatively adopted as a
reforence base for bassl energy metadbolism, endogenous nitrogen
metabolisny ndlk energy production snd egg energy produetion and
related processes ,

In obgerving metabolie changes in growing chicken HeH,e
Eidler and S.Brody (1948) gave the eslories eliminsted/day in
Rhod Island Red birds of different ages under fed snd fasting
eondl tionsg |

248LE BLS

Table showing the metabolic changes in groving chickens
reproduced from J, of Nutrition, Kibler and Brody( 1946)
* Starred indieates 24 hours fasting birds .

= et B P T T S e

RHOD ISLAND RED FEMALES

e It 0e0f Obser= Dody . e ories/sam
months vation, in grems day per day
B PN 5k T Y SRR TS L .
2.3 18 679 7,8 W01
B3 * ¥» 631 8De4 704
3-4 1 1152 wa 213
3-4 * a2 48 83 778
4=5 6 woe 1% 902
4.5 * 9 U7 w0 894
5=6 e v 1% 917
5.8 * 3 31» 108 872
87 6 1784 156 wes
87 * = 187 134 906
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T=8 9 »as Mo 913
T8 = 9 naa W08 674
B=D o 2188 e 003
Bep * 4 1864 112 086
8=10 7 054 72 -
9= * 8 by 131 -

e

In 1962, Huston, Cotton, Carmem studied the influence
of high environmenial temperature on the oxygen consumption of
mature fowls  Individual oxygen consmptions records were taken
for 5 adult male and § adult female white leg horn breed 4 It
vas observed that at 80° F W.l,He males consumed 190 mi, of
oxygen per hour per pound of body welight vhile in females 1t is

242 ml, of oxygen/hour/pound .

it variable temperature Welel, males consumed 259 ml/
hour pound vhile in females 4t is 286 ml, per hour per pound
The oxygen consumption for birds held at variable temperature
was statistieslly higher than that of the birds held at high
environnental temperature .

They used a vertieal spirometer to obtain oxygen
congmption and slso duration of test period is 10 minutes .




IABLEHS 54
Table shoving the comparison between 3 oxygen measurment trials

ol the same hens taken at intervals over a period of 2 months .
Data by Huston,Cottony,Carman,Poultry Selence, Vol.41 1062
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Treataent snd breed Milli¥itres oxygen consumption/hour
round of body weight

AR A * i
1 High _temperature(90®® Trisl 1 Trtel 2 Trial 3 Average
®) White leg homn 203 253 268 M1
b New hampshire w1 156 174 187

| @ white plymouth roek 133 17 217 182
2, Yardable temcarature
2 White leg horn 342 00 = 77

| B Hew hampshire 15 182 215 185
@ White plymouth rock 267 247 s 2%

T e

In 1942 Golden sid Long studied the sbsorption end
derosition of glueose in the shicks by cori's technique o A
roete of 400 mgus of ﬂﬁwse per hour per 100 grams of body
wolght 1s obtained, This rate appears to be constont over a
4 hour perisd snd does not seem to dbe affeected by mnderate
differenges in weentration of adninistered glucose o After 4
hours of sbsorption the liver glyeogen has risen to a level of
6 £ 3 vhile musele glycogen rose to about 1300 mgm % o 12 8
eould be accounted for increassed of liver glyeogen but not more
then 8 £ was estimsted for deposition in musecle o
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d48L3 kKo 8
Table showing the peresntage derosition of liver ma musele
glycogen with the wilume of concentration of administared
glueose » Reproduced fyom tu)lun Jaurnsl of Physiology,lolden
and Long (1042 )
mmm Wusele & ibsorbed Volume of

brds Glnnul Gw?ﬂ lueccse as oconcentration
fivar glyer of administered

gane glucose .

1o Houp © 1448 Ii112 o15i54 704§ 5 coce 0f 30 #
2 Hour 8 3041WE 1100487 1,8 % 5 cec, of 43 5
3 Hour M 4871176 1449115 15,3 % 1 cece of 38 7
4 Hour 33 59821233 319081118 12,3 % 10 cece 0240 &

e

Golden and Long in 1942 studied the sffects of amsll
doses of insulin snd corticsl extract on liver and muaele
glveogen of the fasted chicks ¢ They found that maall dosges of
ingulin (1,04 1 to § unite/kp/dey) depresses the % of liver and

nuagels glyoogen
Riddle snad O pdyke ( W49 studied the effect of large

dogas (80 unita/kg) rerorted elevated blood glucose end liver
glyeozen in @ hours after last injeetion ,

Riddle snd Coworkers (3937) rejorted that adremal
cortical extract (4CH) injected into no™mal pypgrhygectomized

thyroi dectont sedyadrenalectontss #2ves md pigeons iucrease
blood sugar level by 15 % soven hours after injection, Likewlse

4n the fod or fasted chickens, 4C& (8 to 11 esce) adninigtered

- -_




s B »

MAGADH UNLVERSITY M. Sc. (Vet/A. H.) THESIS, 1966.

. 0ld ¢ of sveraze body weizht D09 grams o The levels are deter-

over sn 8 hour poriod inereases significantly blood glueose sad
1iver glyeogen but has no signifiesnt effect on muscle glycogens

Emslie ma Henry (1933) studied the glyeogen formation
in the Barred plymouth rock chicks weghing 100 to 200 grams »
The average valus for liver glyeozen 1s 04128 § « 0,029 in males
while In 15 femeles 1t 15 0,126 ¥ = 0,045 fasted for 2¢ hours,

Murray snd Rosenberg (1963) reported that, no detectable
glycogen remalned in the livers of € weeks old new homghire
chicks vhen they are fasted for 24 hours, Yhen they were fed
aracked yellow corn the liver glycogen eoncentration ineressed
gradually. After 7 hours ecorn feeding the average liver glyeogen
€ of 12 cockrels was 6,07 £ , Other cockrels concerrently fasted
for 2 hours and then fed lov grade sugar showed a faster rate
of glycogen deposition after 7 hours on low grade sugar, 12
cockrels had on end average liver glycogen concentration of
7«75 8§ o

Saxonayd engsengyie Ginnt s ( 1962) observed the influence
of Raw Soyabesna on liver shd musele glyeogen content of chicks,
The Chicks (3 veeks old) fed raw soya bean meal showed 606 mgm
% while fed autoclared soya bean meal showed 2600 mgm $ liver
glycogen ,

Nakatani and Cotoh (1061 studied effect of fasting on
1iver glyecogen content of 10 Wl.Hs cockrels, mgs 80 to 9C days

mined before and after fasting for 18, 24, 43, 72 hours, Liver
glyeogen decrsased repidly to 304 - 87 mg per 100 gram of fresh
material at 18 hours from the initial value of 2174 - 165 mgm o

—_—e———
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The minimum was 137 « 38 mgm at 24 hours and thereafter a rise
to 228 « 47 mgm at 72 hours, Musele glycogen vas 539 - 38 mgn
per 100 gram of fresh material at start snd decreased slightly
at 18 hours and reached minimum of 319 - 27 mgm at 24 hours, It
then recoversd to 8501 - 468 at 48 hours
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LEZBRRIECSZTIINE
Metabolic activity is measured by energy out put , All

the energy dleplayed by the enimal body i,e, hoatymechsnical ,
slostrical energy comes from the oxidation of food-astuffs 1.,
cariohydrotes, proteins, fats o When the energy producing food
stuffs are oxidised into the body, the latent or potentiasl
energy loeked up in their molecules is released snd serves to
supply the animsl with 41ts energy requirements , Heat 15 mduecdi
by the oxldations in the active protoploms of the body-musecles
hye fxe and glandsy; making up the greater parts of the active
tissue 5 and are therefore prineipsl seats of heat production,
The 1iver because of its active metabolism and large size is
next chisf organ in the body responsible for heat production .
When ecarbohydrates, fats or proteins are oxidised or
burned outside the body they yleld heat energy or ealories , ‘
The nunber of calories produced by the oxidstion of 1 gram of
pure earbochydrote 1s 4,1 and for 1 gram of fat 03 o This 19
sleo trus vhen oxidised in the body beseause the end products
are earbondioxide and water ., One gram of protein vhen oxidised
in the body ylelds approximately 4.1 calories but about 25 £
more then this vhen oxidised outside the body (Rulmer 1886 ),
Thus proteins sre not completely oxidised inte the body and
protein nitrogen in the form of ures sid mainly urie-aseid in the
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Mrd 45 exeredted in the urine , This energy is therefore lost
to the animel

| Other sources of energy are combustible materiaels in
the feees and inerease heat production vhich ocours wvhen eating.
Calorigenic effect of food 4s not fully known dut 4t 45 believed
to be due to extra-pesistalsis; secretionjexeretiongnecessiated
by ingestion and metabolisn of food (Lusk 1929

Calorigenie effect of proteins is due to speeifie
dymanie action which is related to deamination of amino aelds »
oxidative desmination is accommied by lerge heat ineriment and
transamination by small heat ineriment.(Sadhu end Brody 1947)

The total or gross snergy of food is the amount of heat
energy produced upon complete manstinn of it , The amount of
heat energy utilized by the animal, apart from the calorigenie
heat represeats the net energy of food (4rmsty 1923)

By determining the amount of heat enerzy eoliminated by
the body, this is outgoing of energy snd imowing the net income
of energy it 1s possible to determine the gain or loss of energy
by the body (4drmsby 1983 )

Heat production or metsbolism ¢mn be determined by
measuring the oxygen consumption end production of earbondioxides
Indirect calorimetry is based on the faet that normally the
econsumption of oxygen and production of earbon dloxide are
clossly correlsted with heat production .

The inerease rate of heat elimination in laying
indieates the increase metalolic activity which depends upon the

activity of thyroid gland
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Skanes (1949) rejorted that metabolic rate may be
econgldered to be an index of impaet of thyroid hormone on the
body eellss The serum protein bound fodine $s an index of
hormonal level proper » The exeretion of ifodine reflects the
glands activity for fodine o

The thyroxine secretion level of laying pullets varies
with the rate of production (Brooker snd Sturkie 1950) . The
rate for pullets laying tw eggs {n sequence averaged 10,85
mierograms of thyroxine per day, for pullets laying four egzs
in sequence 13,76 micrograms per day .

Crulckshank ( 1930) rejorted that thyroid weights in
fowls shows a marked seasonal veriation, The weight being
greatest from January to March (0e13 grams) and minimum from
mid Maroch to Jyly ( 0,085 grams) , Iodine content of the ﬂ\mids.
vwas found to vary with the vweight of organ ,

Turner, Iruvin,Reineke (1945) vho fed thyvoprotein at
3 different levels to vhite leg horn hens during their second
year of production asnd reported sn inerease in number of eggs
1alds The three groups of birds received §,10,% grams of
thyvoprotein per 0 pounds of feed, The rates of egg production
for the 3 groups of birds for the period were 38,1 4 40,6 and
30,7 % respectively as compared to 22,6 £ o For the econtrols
Moast of the inereased production in these experiment oecured
‘during summer months when normally thyrold aetivity 1s at
minimum o

The activity of the thyrold is governed by thyrotropie
hormone secreated by pituitary . Therefore 1t alm indirectly

—e e ———————
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acts on the process of egg laying , Opel and Nalbsndov ( 1961)
Pejorted growth of ovarian follileles in hypophysectomised laying
hens by dally intramusculsr injections of mammelisn fHllieculer
stimulating hormone , pregnant more serum and chicken snterior
pituitary powder , The mammelian gonadotroping caused a pronoime
ced inereased in the number of follicles entering the initial
phase of yellow yolk depositiong but did not support growth of
follicles to mature size , With timed sequence of ovulation
indueing hormone substances up to § consequitive dally ovulations

were obtsined .
The nmber of ovulations was limited by the abllity of

follicles to attain ovulable size and was independent of the type
of gonadotropins used to stimulate follicular growth .
The gonadotropins of chicken pltultaries alffer
| qualitatively from mammelisn hormones. Chiecken Antertor piluitary
econtaln thyroid stimulating hormone snd adrenocortical tropic
hormone and 1t 13 possidle that these hommones play a role in
Yo¥k deposition (Teber 19858)

In velv of the abovecommon factors which are aggregately
acted upon the rate of metalolism in laying and nonelaying should
be studied » ‘
| e w

Because of the cslorigenic effect of food the
composition of retion siould be congidered .
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242L38 10 2
Table showing the compositibm of poultry mash fed during the
experimental period for Wl i, laying and nonelaying heng,
( periodeMarch,ipril Mayy une, 1966),
M’I
ingredients {n s::otmaud Proteins Fats Corbohydrates

sh 9 < 4
Malze 8 111 4430 82,56
Growmd-nut-gake 25 40600 6400 40,00
| wheat bran 15 11,30 L7 76,98
Figh meal 5 70400 4,00 8400
Bone meal 2 - - -
Minerals 3 - - -
Terramyeln 6 100 K2 of feed mixed with 100 grems of
Terremyein - 8 |

EE e Sl AL RTRATER A AR e T Nl T B A S SR

MallengilillgyDukes ( 1952) rerorted that chickens fed
high snergy diet have higher metabolic rate than a chicken fed
low snergy dlet ,

Here in this case the average feed eonsumption per day
in laying birds 1s 4 omnees vhile in nonglaying 4t 42 3 ounees ,
2% A502 ALD GROLUNZH -

The metaboliam of the chickens of varfous ages has
dotarmined by a number of investiguntors , Here the experimentsl
pirds are 6 to X months old and the age of maturity under Indian
condition 1s atout 6 to 7 months ,

R 11T LE bttt
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| low during summer months ( May and June and July )

For observing the different activities of the bivd a
glass vindow was provided to snimal chamber , but some migchieve
foug birds fownd pleasure to strike against the glass windw with
beaek , Then the towel 1s covered from out side surrommdlng the
vindow to minimize the particular activity

G SEAAL800AL MBZABQLLE CHANGES

A0 08 2R000C21L0H:~
Winchester ( 19040) made a detall one yesr study of

metabolisn of birds at different rates of laying , He coneluded
that heat produetion inereases steadily 2 months sarlier %o
reach peak egg yield o

Here the oxperimental work 1s earried out in 2 seasons
2,00 spring mnd summer . Actually peak egg yield is getting in
the month of February snd March o The e3z yield 18 appreciabdly

o) Exineinle of working

The amount of heat produced in the body esn be
caloulated from the gaseous metsholiem az determined by some of
forms of respiration apparatus ,

In the present experimentation Haldene's modifieation
of Pattenkoffer method 12 adopted, The apparatus congist of
snimsl chamber with an ingoing chain of absorber bottlesy, s
outgzoing choin provided with sheorber bottles for moisture and
earbondioxide and a suecétion pmp o 8r entering the animal
chanber is made fyee of water vapour snd cartondxide YW passage
through sulfurie acld snd sode-lime or caustie alkali o The
outgoing sir eontains water vapour shd eardondioxide derived fyom
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the snimal , The cartondioxide is determined aiveetly by the
£aln in welght of carbondioxide absorber Mottle of the outgolng
chain , The oxygen consumption,indirectly, by the gain in welght
of the water and cartondioxide sbsorbers less the loss in welght
of the snimal and chamber 1,0, insensible loss
| The oxygen determination 4s based on the long nown
prinelzle that the insensibdle loss of ad snimal equals the Mthw
8

of gasecus outgo minus the weight of gaseous income , Sinee 1t 4
assumed that cartondioxide and water vepour are the only gaseous
exerets of significance and the gaseous income is oxygen ¢ It 19
evident that

Ingsengible loss g ( Hg = C0p = 0g

Og 5 (H = C0g) = Insensible loss ,

@ Haterials and mathodsse

Throughout the experiment, white leg hovn laying mnd
noti=-laying birds were procured from Government Centr-1 Poultyy
Farn Patna bdalonging to Penliced o The dirds are selected from
Pan Hoeb in order t minimize the genetic variation, Birds
belonging to Pen NoeS y having the age of 6 t» I months ol4d,
are healthy, activesalertyconsuning the same ration mentioned
above o _

e laying birds are seleeted in a such manner that
thelr laying stage 1s confirmed from Farm authorities, alm the
laying bird is kept under observation one day prior to metabolie
trisly During the 24 hours observation the bird must lay down
one eg2 as per the laying sequence , The laying stage is alw
confirmed after sacrificing the snimal by observing the sise snd

—— .
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e - T NN R
thape of the developing follicles nd subsequen® “*%es op
developing ova

The bird ususlly eollested at 20 AdMe R Yo Farm and
kept mder observation in leboratory, during thet PMod provided
with plenty of fresh water and food ( which has 8°C same
composition as Farm o ) From 2 Pele the feeding vas stopped
end fasting was continued througheout night , I8 0aPly moming
, hours gt 9400 &4y Next day the bird wes ready for metalolic
trial. & miforn fasting of 2 40 2 hours was continued, Duping
fasting adlid quantity of water is provided
4baorber bulbs, of conesntrated sulphurie acid and 50 ¥ potagse
Lum hydroxide are prepared
l.Sulphurie seld bulbs se

In a conieal flask about 70 ee0e of pure concentrated
sulphurie acid (Bengal chemiesl ) is slowly roured. The flask
is provided with pubber cork fitted with inlet and outlet glass
tubese The inlet glass tube 1s sufficiently long to dlp into
sulphuric acid, The outlet tube is sufficiently hish about
€ to 7 ens from the level of sulphuric acid, The rubber cork 4s
fitted to the flask with the application of vasseline, 3 such
bulbs sFe repared for each experiment o 4t the end of each
experiment concentrated sulphurie aeld is dlscarded mud frech
bulbs are prepared
2, Caustie alkall buld t-

80 grams of potassium hydroxide ( H.Merk) is dissolved
in 100 ey dlstilled water o The solution Ls filtred and kept

e — e —
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shape of the developing follicles snd subsequent stages of
developing ova ,

The bird ususlly eollected at X M, from the Farm sad

kept umnder observation in laboratory, quring that perdod muhd!

vith plenty of fresh water and food ( whieh has got same
composition as Farm « ) From 2 P, ﬁu feoding was stopped
end fasting vas continued th¥ougheout night IR esrly moming
hours at 9400 &4Me Next day the bird was ready for metslolic
trial, & miforn fasting of 20 40 24 hours was continued,During
fasting adlid quantity of water is provided

4bsorber bulbs, of concentrated sulphurie acld and 50 ¥ potasse
fum hydvoxide are prepared .

l.8ulphurie aecld bulbs 3«

In a conieal flask about 70 eece of pure concentrated
sulphurie acid (Bengal chemieal ) is slowly roured. The flask
is provided with subber eork fitted with inlet ana outlet glass
tubese The inlet glass tube s sufficiently long to dlp into
sulphuric acild, The outlet tube is sufficiently hish about
6 to 7 ens from the level of sulphuric acld, The rubber cork is
fitted to the flask vith the application of vasseline. 3 such
bulbs ere frepared for each experiment o 4t the end of each
experiment concentrated sulphuric aeld is dlsearded mad frech
bulbs are praepared .

2, Caustie alkall buldb t-

8 grams of potassium hydroxide ( H.Merk) 1s dissolved

in 100 cyty dlstilled water o The solution &s flltred and kept
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over night , Out of that solution 70 e,cs 13 transferred to
nieal flask having rubber cork inlet and outlet tubes Just
sane as deseribed above, The cork is properly fitted to flask
by applying vasseline

flere in the firat few trisl experimenta 20 and 30 &
potassim hydroxide sslutions are used but these slutions are
leaving thelr water econtent when they are conneeted with sulphe
urie acld bulbs snd the Pesults for earlondloxide production are
going atnormally high '

Sode=1ime ( Indtan-inchor) has alm besn tried in few
trial experimants but due to the presence of impurities in soda-
1ims , 1t could not sbeorb the total awownt of cartondloxide o

fo finally 80 % strenghlh of potassivm hydroxide is
fized for experimentsl procedure .

Two such bulbs are prepsred for each experiment, 4t the
end of each experiment the 9 § rotassium hydroxide solution is
dlscarded and fresh bulbs are prepared at sach time .

An mnimal chemder 1s prepavred loeally having the
dlamensions of 8" x 12" x 13" made up of thinner tn sheet which |
is airlighty, vater proof provided with one side glass window
to observe the setivities of bYird and slo vwith s provision of
aly inlet and outlet 5 4 chamber is clesned properly prior %o
gtart the exparimental work
Prior to starting sach experiment the absorber dbulbs are
numbered as o Hllove te

Noe 1 buld 8 % potassium hydroxide solution

Noes 2 buld Concentroted sulphuric acld »




PHOTOGRAPH NO-1.

Pho tograph showing the experimental procedure for
determination of geseous exchange &nimal chamber
with bird, outgoing absorber bulbs no.3 , no. 4 ,
no. 5 in front and ingoing chaln of absorber bulb
no.l , Noe2 in the back side all connected series

with electrical sucction pump .
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Hoe 3 buld Conemtrated sulphuric setld
Ros, 4 buld 80 £ potassium hydroxide solution,
Hoe 8 buld Concantrated sulphurle seld .

The initlal welght of all the bulbs ave recorded then
the welght of empty thorougly elesned animsl chember 1s recordeds
Then the bird 1s lept inside the animsl chamber and intial
velght 15 recorded, The difference between ampty chamber and
chamber with animal will give weight of the enimsl .

The series of connections are made as fllouste

Bulb Nos1 (80 £ KDE ) with Lts out let Joined with
rubber tubing with the inlet of sulphurie acld bulb No.2 , The
out let of sulphurie aeld buld No.2 s attached with the
respirstory inlet of animal chamber, The outlet of snimal chavber
is attached with the inlet of sulphuric acld duld No,3 . The
outlet of Ho%, DULD Noe2 19 attsched with the inlet of buld
Hoe4 (80 % X0H ) and =0 on upto bulb No.5, The outlet of buld
BoeS 15 attached with slectrieal sucetion pump. An eloctriesl
vaecum pump 1s Rept in order to evasuste explred gaseous waste
products from enimsl chamber and 1t 2lao helps to circulate alr
with giving saximun comfort to bdird, The gpead of theo eglectrieal
vacoum pump s kept at minimum so that rate of bdubdling from
buld Hoel o Hoo8 12 kept at slow speed and sufficlient tinme will
get to absrd the méisture snd carbondloxide in the respective
bulbs, The experiment was ran for the period of 2 hours and the
temperature and pregsure during that time ave recorded , The
finsl welghts of all the bulbg, the chamber including and
excluding the bird are recorded, The initisl wefght snd final

e ———
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| the persons undergoing such metatolie tests, dut that is not

velght difference of bulb Ho.d will give cartondioxide produced
by the animsl . The oxygen consumption 1s computed by finding
out the insensidle loss as already stated above

No feed or water has bean provided to the animal
t 2 hours test period o

Subjective errors are due tose :
1s Alnormal u_lp!rauon‘o. insuffieient !eat,rastlm.lﬂ
nervousness ave likely to give high valuas .
2 FPaulty recording of duration of aetivity ,
3o Teehnical diffieulties in measuring the metsholie
eost of an aetivity ,
Now a days in human belngs a training is imparted to

possible in birds ,
In order to minimige the errors, the following precsntionary
measures ¢ be adopted st :

1s In order to get average value the duration of

exporimant 13 kapt for 2 hours,
11, & record is kept of setivity d ring the trial ,
dny restlessness or nerwusness is avolded by giving

utmo st attention for the conmfort of bird, The csuse for particue
lar activity should be removed off, In this experiment it vas
observed that birds found pleasurs to hit on gless window with
the beak or leg. The glass ‘maw is covered from outside with

tovels and they stopped this habldt
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Objective arrors are due to *-
e Due % leakagesie | . -
For cheeking alr leskages in the whole clveouit a test
should be made by connecting sll serice snd after starging
gucetion pusp the squal number of bubdbling sheuld come out fyom
all the dulds from Noel to 6 and Lf some leskaze 1s thale then
the bubling &s not miform md equal 4 Sach jotnt ana fitting
should be tested r leskaze, Rubber tubing snd joints should
be lubwicatod and fixed properly with the applieation of
Vasseline snd checked repeatedly .
2, The defects snd faults of animsl chambsr se
The faults can be corrected by taking the 2or 3
successive records with the game dMrd, The respiratory inlet
and outlet should be checked , The dvor of the snimal) chanmbey
should be closed tightly with the help of sercws ,
3e Inlet alr 1s coming vith gulfurie acld fumes mdé
causing resrivstory dstréss in bMrd, The o¢ffort should de made

~ to kesp tho outlat of sulphurie seld bulb suffietently high and

slso adjusting the rate of sucction so that bubling fimes euld
not reach up % inlet ,
4e Clesning of smimesl chambder te

iftor completing sach expariment the suifal chanber
ghould be cleshed properly in order to Pemove droprAngs,festhers
dmg ote, Dtharvise few grams of dung stuked to the floor of
shimal chamber will spéil the next experiment, Usually the flooy
of animal chember fo first clesned with 4ry ecotton and blotting
paper snd finslly by duster, The chances of errors are thus
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Table showing oxygen eonsumption in kuying litres/hour per kg

of body welght in laying snd nonjlaying W.L.H, birds (age 6 o W
months old fasting for 2D to 24 hours

Mnalysis of Data from table Nos 8& 9

TRETIATENG P AG RO,

= ey =

MAGADH UNIVERSITY M, Sc. (Vet./A. H.) THESIS, 1966.

Item Hios of Hean Stendard Difference between
obgar- Sryoy mosng
vations
i la Oxygen
consguhption
in
rir B371 = 00,0404
o Laying 9 Qe o 042036 *
B Nonelaying 9 07335 2 0,0203

Bamilis -
* By running " ¢t test ® the differencs between the means of
laytng ond non-}aying birds as regords to oxygen consumption ig

found to be significent, Caleulated ¢ 16 4f at & % level A‘-'= 216
vhile the tabulated value of ¢ 16 df at 6 ¥ lovel & 2,12
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248438 18 A
Table shoving the calories eliminated per day per kg of body
welght &n laying and nonelaying Wel.i, hens age 6 to 10 months
old and fasted for 2 to 24 hours .
Mnalysis of Data from tableNo, 8 & 9 o

| Item Nosof Stendsrd  Difference between

obgel ; Leror means
vations Mean

J lsCalories |
eliminasted
in
@Laying ® 08,84 » 4,78

13,76

W¥on-laying 8 82,08 « 251

i s _

BESTLISe |
* By running ™ ¢ tost ® the difference betuween the mesns of

laying snd nonelaying as regards the ealories eliminated per
dey per kg of tody veight 19 found % be gignificent,Caloulated

& 15 4f o 2,476 st 5 % level as sgainst the tabulated velue
of t 15 df s 2:13 at 8 £ level

f
|
\
|
|
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JLAG058101

From the table 1t is evident that oxyzen consmption
in Leying group 45 048371 « 0,0404 1itres/he/kg of body welght
vhere as in non.laying group 4t 45 0,7335 « 0,093 14tres/hr/kg
6f body weight, The carbondloxide value in laying group is
046287 1itres/hr/kg of body welght in eompsrison to non-1 aying
1t 19 0,65 1itres/ir/iig of body welght, is the oxygen mu’-'
tion and cartondloxtide production are the representative values
of the metabolic activities going on the Yody and metadolie .
activity iz measured by enerzy out put 4 It esn be eoneluded
that in laying group, the averasge calories liberated per day
per kg of tody volght is slgnificantly higher o The higher
calorific value in laying group indleates the inerseesed
matabolic rate .

Metalollie rate 1s influenced by the sctivity of thyreid
gland, Overactivity of gland elyvatos and under activity
depresses matabollie rate ramoval of the thyroid depresses
motabolie rate (Marvin Smith 1943 )

Winchaester (1940) concluded that the seasonal rhythm
of heat production is not simply effect of changes in envizon.
mantal tempsraturs, bult that level o £ metalolisa is influgneed
by ag: production and othar energy exchanges of the body.

Duxes (1937) raported that metabolie rate of high
laying hens 1s slightly greater than that of poor laying hane

Salter ¢1950) considered that the smowt of elveulating
thyroxine (Frotain bound foding as the best indleation of

thyroid activity «
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The thyroxine secretion rate of laying pullets varies
with the rate of egg production (Brooker and Sturkie 1950), For
Pullets laying two egg sequences averaged 10,85 microgrames of
DL, thyroxine per day while for pullets laying four eggs in
sequences 13,75 microgrames per day .

Turner ( 1248) studied the effects of season upon the
thyroid secretion rate in 2 year old birds (white log horn hens)
in their sscond year of egg production, D.Le thyroxine sseretion
level ranging from 10,05 tc 12 miercgrams per day .

In relatlon with hypophysial control of ovulation, the
gongdo trophic potency of the serum of immatuate malesyimmgture
femaglas and nozi-laying han 1s about the same and 1s higher than
in laying hens and adult males (Bailey and Phillips 1952). One
cubic centimeter of serum of non-laying hens contains 1 rat um.tsL

Releasa of Luteinizing hormone (L.H,) from the chicken
pituitary occcurs gix to elght hours before ovulation thls was
demonstrated by injecting pituitary extract and also by
hypophy seetomi zing laying birds prior to ovulation (Hammongd )

L.ie potencies in terms of ovulation units are 200,
25,17 units respectively for the pituiteries of males, non-lsying
and laying heng {( Fraps 1943)

The ovulation induecing poterey of male pitultary is
some 10912 times that of pitultary from laying hens and hbout
8 times that of non-laying hens (Fraps 1043)

It might be coneluded from the follleular responsas
to gonadotrophing that the ovulation 1s caussd by the release of
an ovulation indueing hormone (OIH) from the anterior pitultary

—
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tody at a definate interval before actual ovulation, Zvidenee
that this 1s s come from the results of hypophysectony of
regularly ovulating mature hans (Rothehild and Fraps 1949) »
Release of OIH into the blood stream 1s believed to teke plice
6 to 8 hours before the ensuring ovulation, though evidence 18
not conclusive '

The over all effect of above 3 hormonal factors gives
the clear idem regarding 13,76 extra calorific valug per day per
kg in luaying group »

Valuss for 0, consumption amd for (0g production vere
computied on NeToPy fasis for each experiment, The values for
Og consumption and COp production are closely in agresment with
Barott and Pringle { 1948)

He obsarved that Reles blrds welghing 1039 grams ‘
consmed 1.1 to 0,0 litres of oxygen, whils birds welghing 178
gns congunad 0e8 « 0,2 litres of oxygen/hr/kg of hody welght
vhile bird wvelghing 030 gms produced 04,04 liltres of carbone
dloxlde and virds welghing 010 gms produced 0,83 to 0,54 litres
of Wg/Me/kg at 98° F environmental temporature (Baroot and
Pringle 1946) , He reported that the metabolic rate slm
inereases at teamperatures atove that fHur minimal metabolic rate.
This increasa L3 due to extra effort entailed in panting %
svaporate sufficient water fyom regpiratory tract,

Baroot and Feingle worked on ReleH, famales fasted for
12 hours snd he had not specifically mentioned whether hisg
experinental Rel.Re femagles are iIn laying or non-laying stage




rone-laying } than that of the values observed hy Huston and
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Huston Cotton cammon in 1962 obssrved the influencs of
hizh eavironnentsl temperature on oxygen consumption of mature
fovi, He stated thit Op consmption at 80° Fis 219 millilitres
per houy per pound in males vhere as In famsles 1t is 286 to D3
mi1111itres per hour per pownd , '

~ The above values are converted on kilogramme units and
the comparison 4: made with the present experimental data o
The values for Op consumption ( in the present
experimental dats ) both for laying and ncn-laying are higher
( fe0 028 litvaa/Mr/kg in leying snd 0,104 ltres/hr/kg tn

Carmon, 0F course they have not specifically mentioned the Gy
consumption fHor laying and nonjlaying Weleli, famale « Thely
technique 1s also different from present experimentstion, They
used a vertical splrometer to obialn O, congumption smd also

duration of test period is ¥ minutas,
Bermsn and Onaplar (1088) studied a relation of fasting

and resting metabolie rate in demestic fowl, They derived a fix
formula for caloulating oxygen uptake in resting end Casting
stato welghing the blyd from 1 kg t© 4 kS »

According to thelr formula Og uptske in 11tres/nr/kg
s 0u018 (body welght in Kg)**™

{ for resting ),

Og uptake in litres/hv/kg g 04795 (body welght In kg?"

( for fasting )

The aversge values of veights for laying snd non-laying

ave fitted into the fasting equation for ealculating the 0y uptn“a.

)/




e equation values for Oy uptake/hr/kg 15 1,084 for
laying vhile experimentol value 48 04,8371 « 0,0404 1itmes/hr/kg.
The equation velue for Oy uptake 0497 litres/hr/kg for nonelaying
while experimental value is 047835 « 04,0193 1itres/hr/kg o The
experimental lover vslues for doth leying end noneleying amn de
attridbuted due to environmentsl tempercture hread snd age faeiorj

Kibler and Bredy (1044) studled the growth and metaboll
in ReleRe chickens, decording to thelr findings R,I.R, female
birds azing 9 to 0 months weighing on and averaze 1944 grang

fasting for 9 hours eliminated 151 calories per day. The data
| 1s converted on 1 kz basis snd it was observed that 57,5 eslorles|”
reaquired per day per kg of aws live body welght .

Kibler and Brody ealeulsted the heat producticn on the
asasumption thet 1 litre of oxyzen hos a heat equivalent of 4,0

MAGADH UNIVERSITY M. Sc. (Vet./A. H.) THESIS, 1966.

| ealories for the fed chicken mnad 4,7 calorfes for fasted chicken,
In the nyesent experiment the aversze values for lsying
15 05,85 « 4,78 calories per day per kg snd in non.loying it is
E2080x 82,08 « 2,51 ealories/dey/kz body lot. Ths ai flerence of
1445 extra calories/duy/kg (140 oxperimentsl W.L.He nonelaying
famcle 82,08 salories per day per kz mad Brody's ReleRs famale
B87:5/dny/kg cait be attributed due to breed difference detween
WelisHey and ReleRe also due climatic and feeding variation, ilso
the values of reapiratory quotient are estimated separately fhy
eagh experiment, From the ReQe Values end 0, uptaka vnlﬁu in
1itres the respective calorific values are taken from standard

table congtruetsd by Lusk (1929
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Gecording to the law of Hewton,Stephans end Boltzmen
( ) the rate of cvoling of ody $s proportional to its
surface aroas Now 1f the heat loss is proportional to surfacess
the heat production 1s also proportional to surfaces sines in
homeo therms heat loas &s proporticnal to hest production

The ralation of heat production ® linear size of

_anrraoa area was first formulated by Rameaus gnd Sarrus o

Metalolically effective body size ond swfaze sres e

’ 1 Surfoee area of living snimel 4s not eonstont

2¢ Surface aresc as it relates to hest loss and changes
with the environmental temperaturs but al=m by
dsveloping heat conserving and heat dossipation

' device { feathers,wol,fur ete, )

3e It 15 true that surface area variss with the 2/8

pover of welght

Now &n the anglysis of prf;aént datz the guestion arosgse
to what baslz the compsrfoon should adopt 1.0 vhather to express
the result as a function of ody surface of a 1ive aninsl
especially the Mrds are covered with the feathers, However 1t
43 vary easy to obi:in aecurate velght

As the metabolie getivity depends upon the gmount of
active protoplasm in the 1iving cells of the body an< algo it is
closely sssmoclated with the neuro-endoerine system (Drody 1945 )

In leying and nonelsying white leg horn females the
intrinsic neuro-hormonal factors are not eclarifiesd as yet .

—_—
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The caleulations are wmdertaken as Sllowss
Y sae x°
or exiressing the above equation on exponentisl form
Log Yslog ae«blog x
Where ¥ w Oxygen congumed in litres per houp
nd X 3 Velght of the bird in kilogrem .

'd value is ealeulated by simple rezression equation

X« Xo ¥/n

VR oA

| b S 07861 for laying W.LeH, birds

b s 0,710 for non-laying W le.i, birds.

After ealeulating the b value by simple regression
equation the X adi Values are converted on logarithmie number

MAGADH UNIVERSITY M, Sc. (Vet/A. H.) THESIS, 1966.

and powver factor (b) 1s confirmed by using following eguationsie
log YalNlog a=-bd 108 X seoee (D
Log XelogY¥gloga 1208 Xed 10225%cee(D
By dividing the respective cefficlents and substracting
the equation (1) from (2) we can obtain b value »
4 strgight line regression equation 1s found out for
laying and nonelaying which was plotted on semilogarithmic graph,
Y 0 04074 o 047881 X geossses FOr laying
Y 30088 « 0p7100 X secvvcccss JOF NoN=laying,

\ » 07 Yu— 788 x f

e Y

y ~ y O 7 (7 ) _JJ"/LL




4 semilogarithmic chart showing the veight of the bird in kilogrem (on X axis ) and
Oxygen consumption in 1litres per hour per kilogram ( on ¥ axls ) a curve plotted by
o MFE.Q regression equation by analyzing the data for lavinz bipds .
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- of glycogen or snimal starch and its fmetion as form of stored -

MAGADH UNIVERSITY M, Sc. (Vet./A. H.) THESIS, 1966.

SRAE251 1Y
LLVER. _GLICOGHN,
@ Eactors affecting the level of liver glvenzen.

As elted in the previous chapter, the liver because of
its active metalolism hd large size 15 next chief organ in the
body responsible for heat produetion, The present study £s mnder
taken to find out the quentitative variation ad ladility of
liver glycogen in laying and mon-laying stages .

o claude Bernard (1876) physiology owes the i scoveey

energys The molecular welght of glyeogen 4s atout 2000 , This
peculiarity adepts its role as form in vhich ecarbohydrate may
be stored in the cell vhen it is immedlately avallable,Because
of 1ts large clze 1t ¢an not eseape by dlffussion through the
esllular membrane snd exerts an almost nezligidle omotie
pressure . By converting glucose to glycogen the cell is adle
to hold large amounts of energy .

Corl,y Corl and Sehaldt (199) demonstrated the echemtesl
reactions that take place as a blood glueoss into liver glycogen,
Glucose is first transported through the cell membrane of each %
liver eell and inglde the cell it 13 synthesised wmder the
influence of glucokinase into gluecose phosphate then polymerised
mder the influenee of phosphorylase into liver glycogen, The
(rooess s known as glycogenesls » The glymgenolysis s reverse
process repeating in reverse order of chemical reaction and
glyeogen is converted into gluewse o




The glyecogen 1s aleo formed from intermidiery mun
of carlohydrate metadolimm, other organie wnpounds 1ike glyeerol
0484 chain fatty acids several amino aclds (Cori and Cori 120,
Dakin 1913 )

Deuel ot all (1937) fowmnd that glyeerol ean be used by
the liver to foram glyeogen :

Jonney (1915) reported the glueose can be synthestsed
in the tody from different proteins ,

The rate of formation of glyeogen varies with the

MAGADH UNIVERSITY M, Sc. (Vet./A. H.) THESIS, 1966.

Elycogenie material upon whiech the orgen has to work, The rate
| of glycogenesis con Mot be estimated merely from the quantities
of glycogen fomd in the liver at a given interval after the
adnini stration of given amwnt of sugar, because the glycogen
in liver 1s not determined by the rate of glycogenesis alone but
by the relative rates of glycogenesls snd glyeogenolysis, When
the sugars are given by muth. The relative rates at vhich they
abmrbed 1s sl important ( Cord 125) ,
Murschhauser ( 1911 found the inerease of liver

glycogen causing after feeding S0 grams of lucose was rated
‘as 100y the other sugars ranked as follows levulose 65,Sucrose
88, maltose 15, galactose 13y lactose 6 ,

The rate of glyeogen fomation &9 not only dependent
on the nature of glycogenic material but alsoc condition of the
snimal when these materials ingested (Duel 1933)

The usual physiologieal conditions whieh deplete liver
glyeogen are starvation, exerclise cold ete, Starvation alone may

reduce the liver glyeogen to less then 1 § but never cause its
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complate &mmn_ﬁn the emgenous suprly is cut off ,
Tissue proteins are utilized to form glycogen (Macleod end
Prendergast 21

The thyroid hormone accelarates energy production in the
tody and ecarbohydrate metaboliem the relative rate of eircul ating
thyroxine 15 definately high in laying then in non.laying(Brocker
and Sturlde 1980 ),

Mhyroxine accelarates the rate of abmrption of sugars
from gastrointestinel tract and also inereases the rato of

glucose utilization of eells (Guyton 1965 ) »
|
The pituitary and insulin mnd other hormonal factors

whieh are affecting the level of liver glycogen in laying and
non-laying stages are not fully imown, The relative levels of
thetr mouoni are also mot clarified as yet o
¥ letermination of Jiver glvcogen o

For estimation of liver glycogen the method of Good ,
Krammer, Somogyl wes followed ( 3983) which was based on the
prineiple that glycogen content of the tissue is precipitated by
aleohol from its homogenised condltion in KOH solution end
glycogen obtained 1s hydrolysed to glucose by N-Sulphurie acid
and digested for 3 hours in bwiling vater-bath and then estimated
as per the blood glumnse estimation procedure followed by
Hagedorn and Jengen method (1923 ) ,

Mﬂwnﬁm for quantltative sugar détemination vas
introduced by Hagedorn and Jensen in 198 , If the gluesse ulnueT
i3 heated in an alksline solution for a definate Wme with known
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excess amount of potassium ferrioysnide some of the ferricyanide
L., Fo (ﬂ). is reduced to Fe {m‘ o The reverse oxddative
reaction Wﬂl Place in the presence of oxygen in air is preven.
ted by precipitation of rumqnlb ion as a dudble podassium
gine sulphate in the presence of zine sulphate o The excess of
unchanged ferricyanide Fo (CN)Z 18 then roduced by fodine slution
in =;n ecld medim to liberate fodine wvhich 4s then titrated with
standard thio-sulphate sclution using stareh as sn indieator this

back titration gives a measure of smomnt of ferrieyanide origine
1;1.3.1' reduced by the sugaer of the slution, The chemleal reaction
ila this process s as Hllovs s « |
2 K3 Po (ON)g = 2 KI 3 2 kg PelC)g = I, ( Peters md
Vanslyke 1988 ) ,
Reagents § -
e 3 £ ana 20 § R slution ,
2 96 % and 60 £ aleohol o -
8 N-Sulphuriec aetd ,
4y 0,008 Nealkaline potassium ferricyenide o
1,68 grams of potassiom ferricyanide and 10,8 grams of
fused sodium earbonate are dlssolved in water and made up %
1 litre « The mlution was thus prepared and protected from
gunlight
8, &ulfate chloride solution ,
The solution was prépared by dlssolving 12,8 grams of
zing sulfate and 62,5 grams of sdium chloride in 250 of

dlstilled water and filtred
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8, Potassium 1odlde solution
15 grams of potassium lodide vas dlsso¥ved 1n 100 c.e,
of alstilled water , The solution vas kept in dark ,
7o 04005 NePotassima lodate solution
_ This vas prepared by accurately dlssolving 0,1783 grams

of water free potassiumm ifodate (4eRe) in W00 e,cs of dlstilled
vater , It vas pearmanent solution for checking the strength of
04008 Hegodiun thic-sulphate solution ,
8+ 3 £ dgetic acld solution

This was prepared by dlssolving 3 c.¢s of glacdal acetie
‘aeld 40 100 eocs 0f dAlstilled water o |
De 000085 N-Sodlum thio-gulphate solution

This was prepared by dlssolving 047 crem of sodimm thioe-
sulphate 1n 500 e.cs Of Alstilled water this vas apiroximste
solution and its strengh was checlted by 0,005 N-K10, solution
which was axaet in strength ,

10e Stareh solution
1 gram of soluble starch was dissolved in 100 e,0s of

saturated solution of sodium chloride

Chamieals of highest purity were used through out the
experinent ,
Analyidcal progsdure. t-

The liver semple for the snalysis of liver glycogen vas
obtained fom the gsaerificed animsl , Cares was tsken to take the
1iver semple within 2 to 3 ménutes after the snipal was

sserificed .




t 8

MAGADH UNIVERSITY M. Sc. (Vet./A. H.) THESIS, 1966.

I

200 to 250 mgm of liver tissue from the Mggest lobe of
the liver was blotted in the filter paper weighed acourately in
toragion balance end dropped in 0e5 ml, of 30 % potassium
hydroxide solution in 10 cece contrifuge tube, The eentrifuge
tube was corked with stopper in vhich a long tube was the mmd
% aet as a reflux condenser , After heating the centrifuge tube
for 15 %o 90 minutes vhich was shaken aceassionally miu the
process of bolling, it was taken out snd 8 ceee of 96 £ gleohol
vas poured into it and again placed in a water bath for a minute
oF two till bubbles, It vwas then taken out and kept at room
temperature for half an hour , aftervards it was centrifuged e
10 minutes at 300 rewlutions per minute; inverted and allow to
drain on filter paper o After 10 minutes of drainage the mouth
of the centrifuge tube was dlotted with filter paper snd
precipitate in it vas vashed vith & cecs Of 60 % aleohol and
aloohol was again sllowed to drain in the same way after
eentrifugation for 10 minutes ,

For hydrolysis of glyeogen, 3 eecs of H-Sulphurie seld
vas added over the precipitate and then the centrifuge tube was
corked with the same stoppdr eontaining the condenser @:d kept
in boiling water bath for 2,6 to 3 hours, after whieh the
contents of the cantrifuge tube was transferred o & ey
volumetric fiask by washing the centrifuge tube repeatedly by
dlstilled vater . The solution so treansferred to Volumetrie
flask was neuterlised with 20 ¥ potessium hydroxide solution
uging a a&p of phewl-red as indlecator and the volume was made

up to mark .
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The sugar thus obtoined by the hydrolysis of 1iver
glyeogen vwas estimated by Hagedorn and Jensen method for vhich
1 cuoy of the smlution in volumetric flask was transferred in the
test tube containing 2 cee, alkaline potassium ferricynide
solution and heated in a boiling water bath for 15 minutes; evoled
under tap water and to 4t was added 3 e.cs of sulphate chloride
solution and 0ed cece 0f potassimm lodide solution and 2 csce
of 3 % acetic acld snd then titrated with 0,008 Nesdlun thice
sulfate solution uging one drop of starch sviution as en u-dutuﬁ
&l.sok _determination :e

4 blenk determination is performed with addition of all
the reagents except the addition of sugar solution ,

4 solution of 3 ep0e of sulfate-chloride solution ad

|08 €oCe Of potassimm fodide and 2, cece of 3 § acetic acld a4
exactly 2 csce 0f the stendard potassimm fodate mlution is used,
Thicesulfete 1s added from the mieroburetts wtill most of the
fodins has dlsappsared then one drop of starch was added and the

solution was earefully titrated umntill the red-biue eolor
vanishes, The factor for the 0,005 Nethio-gulfate Lty

CeCy OFf thio-sulfate

The potassim ferriqysnide nlu&cn must be added
quantitatively from a ealibrated miero pipette o The titration
vith spdlum thio-sulfate was esrefully performed using a
ealibrated micro-burette divided in intervals of 0,001 ¢
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The liver glycogen was caleulated by punning slde by slde
blank experiment, The resding of the 0,005 Nefodium thicwsulfate
was substraeted from bDhank end again multiplied by factor for

correction , The corrected reading of 04008 Nethio-gulphate will
give the milligrams of glucose present in 1 c,ce of the sugar

solution obtained by hydrolysis of glycogen by reffering the tadle
prepared by Hagedsrn and Jensen for hlood sugar estimation(Peters
Vanglyke 1988) and hence to get the emomnt of suger in vhole |

1

iﬁo and hence the £ of glycogen was ealeulated as ntnf grame of

gsemiple of liver tissus token the above Value was multiplled by

glucose per 100 gms of liver $issue ,

d Discussion. te
From the table number 13 and 14 1t is evident that in the |

(laying group the liver glycogen 1j E00e0 « 17045 mgm per 100 gns ||

of wot liver tissue iz found to be significantly higher than that
of nonelaying group (1.6, G684,6 « 235,80 mgm per 00 gram of

vet liver )
The rate of storaze and release of glueose by the liver

is influenced by the amount of glucose absorbed =snd by starvation
snd eertain hormones (Sturkie 1854), glucose and glyecogen may also
dormed in the liver from amino selds, lactic acldy pyruvie acld

which are the products of muscle metabolign
Certain fatty aclds such gs propionlc acid snd other

containing odd number of carbon atoms and glycerol can also be
converted into glucose and glycogen (Sturikle 1954)




MAGADH UNIVERSITY M. sc. (Vet./A. H.) THESIS, 1966.

gg: Laying bMrds « Non-1laying birds .
1, 2000 ' 7160
2e 7190 6603
3e 8063 6500
4 7890 6690
Se 8406 7576
Go 83580 5380
e 8744 6424
8¢ 8392 6856
| Pe 7870 G434
10, 7794 7330
Average 820049 = 170,59 658446 « 235,80

JA2LE B2 X3
Table sowing the % of 1iver glyeogen with 1ts standard error
in laying and nonelaying W,L.H, brds ( muugrmi of glyecogen
per 100 gms of wet liver tissue ). Birds fasted for 2 to 24
hours (Age 6 to 10 months old )

r
ngnm/ 100 grams of liver | mgm/100 grams of liver
tigsue o g
|
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243LE 10 X
Table shoving the % of liver glyeogen (mgm of liver glyecogen
Per 100 gms of liver tissue with 1ts standard error mesn and
Resn différence between laying and nonelasying birds, Analysis
of data from table Nosl3

Item Noe of Hem Standerd Difference
cbaelr= error betuwesn the
vation, means,

' % Liver
Glyecogmm
1 Laying » 830069 170,80
316.3 ® -
| 2y Nonelaying » 6§584,68 235,89
dasulils ¢~

* By running the t test the difference betwewmn the
laying and nonslaying birds as regavds £ of liver
glyecogen 45 found to be highly signifieant ,
Caloulated ¢ 18 df at 1 % lavel
2 4,840 as against the tabulated ¢ o 4f at 1 ¥ level
s e
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High liver glycogen content in laying stage eon be
attriduted due to following reasons se
1 During the experimental procedure 1t was foumd that
the average feed consumption for laying group 49 4 owmees
per day while in non.laying i1t i1s 3 ounees per day
2 It might eoneluded be that extra glyeogen eontent in
laying period indieates the extra reserved energy t cope
up with the normal physiological act of egg laying which
conslist of evulationguovenent of ova thyough reproductive
tract, fommation of Yolk,albumenydeposition of shell
membranes ete o
Ja Ramanoff snd Ramanoff  1940) studied the composition of
ogg it clearly indicates that egz contain 1,0 ¢
cartohydrates end 32,6 % of fat o |
I% indlcates that the peroentage of carlohydrate in the
@28 1s not apweclably high but £ of fat 18 defina tely higher ,
The fat which ig taking part in the formation of egz may be the
resul tant end product of carlohydrate metabolism in the 1iver ,
4, The vhole mechanism of egg laying indleates that 1t
inereases the musele metabolismm o The liver 1s a constart
reservolr to store some additional energy in the form of glyeogen
which 1s shoving significantly higher value ia laying group .
The hormonal effect upon the £ liver glyeogen in laying
snd non-laying 43 not so clear o
Opdrike (1942 studied the effects of large doses of
ingulin on liver glycogen of fasted end nonefasted chickens,
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~ birds are ranging from 250 to 400 grams (Opdvke 1942 ).
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Large doses of insulin injected over a 1 to 4 days dld not
depress blood glueose or liver glycogen in the nonefasted
chickens, Infact there was an increase blood glucose and liver
glycogen in those birds receiving the larger dses suggesting
again that the ingulin stimulated the release of adrenal hormones
which are responsidle for rise, There is no evidencs of increase
of adrenal hommones in laying than that of non-laying .

after injecting 60 units/kg/day of insulin on third day
liver glycogen was 6840 - 850 mgm % for non-fasted chicks whereas
in control birds the level is 258D - 195 ¢ The weights of the

Riddle end Coworkers ( 1937) reported that adrenal
eortieal extraets injected in nomal doves snd pegeious inmrease
blood sugar level by 15 % seven hours after injection,

Golden end Long ( 1942) reportad the increase in blood
glucose and liver-glycogen after aduinistration of 8 to 11 e
of adrenal cortical extracts s

Roeenberg and Murray ( 1953) studied the glyeogen
deposition after feeding the crecked yellow eorn in 6 weeks old
nevw hampshire chicks, 4fter 10 hours feed of cracked yellow corn,
cockrels had on and avérage 7,75 £ liver glycogen

Golden and Long ( 1249 studied the rate of sbsorption
end deposition of glucose from the intewtinal tract in the
chicks, He aduinistered 5§ c.cs of 30 £ glucose and after 1 houy
absorption time, liver glycogen was foimd 1448 - 112 mgm £ o They
observed 5362 - 223 mgm ¥ liver glycogen after administration of

10 ceCe OFf 40 £ gluccse »
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Hakatenly Gotoh (1961 fownd 2174 - 165 mgm % Liver

glycogen in white leg homn cockrels aging 80 to 90 days having

average body weight 000 gms,
Wilson and Lewis (192) pointed out that liver sngq

musele glycogen may vary sccording t the dweed and envisonment ®
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CHARIEBR-Y

MUSCLE GLYCOGHN .
) Eaclors affecting the level of muscle glvoozen i-

Muscles making up the greater part of the active tissue
of the body and therefore prineiple seat of heat production, In
view of the above an estimation of muscle glycogen is undertaken
in laying and non-laying stages .

Musecle glycogen is chemically indistingulshable from
liver glyeogen ( Young 1937) , but is much more stable in
comparison with the liver glyeogen , Glycogen in the musele and
other extra hepatic tissue is primarily related to the energy
mechanism concerned with the metabolism and to ecarry out specifiec
functions of these tissues, It is not a direct supply of glucose
to the blood and other tissues,

Heat production is increased by muscular exercise in
dirset proportion to the amount of energy expended 111 the
muscular activity .

Meyerhof (1919) and Hill (1924) found that muscle
glycogen was broken down in muscular activity .

Mann ( 1925) found that only glucose and its polymers
and glycogen could be utilized freely by the liverless animeal s.
A11 #&x other monosaccharides snd other compounds and amino-acids
must apparently transferred by the liver before they can be made
into glycogen or oxldlsed in the tissues., The pre;:aratory process
conglst of conversion to glucose, probably through intérmidiary

stage of glycogen(Mann 1925) ,




BHOTOGRAPH. Q=de

Photograph showing the site of ®@llectygn ¢
abdominal mescle for estimation of Mugg)e
glycogen content ]




Variation of musele glysogen during fasting and feeding
condition was studied by Murray snd Rosenberging ( 1963) , They
Perorted that after 18 hours in fasted chicks, the muscle
Blycogen content was lov 1,04 0408 § vhile after feeding eracited
yellow corn 1t vas Palsed to 0,33 %
| W Materisls snd methods t-

For the estimation of musele glycogen the seme snalytiesl
method 13 followed as in 1liver glymgen , Immedlately after
sacrifiecing the snimal,y o median longltudinel inclson was given

on the ventral surface of the animal just £ inkh below the

_ stemum o Skin fasela and subecutenious fat vas rasoved mnd about
260 to 300 mgms of " Obligus abdominel externus * musele plece
was welghed in torsion balsnge mad immedlataly transforred to
0e8 Cs0e 0f potassim hydroxide tube snd the sme mnelytieal
progedure vas fblloved as per the liver glycogen up to the stage
of NHesulphurie seld digestion 5 The contents are trensforred to
test tubes and then neuterlised with 20 ¥ KOR using dvop of
phenol red as on indicator gnd then ths fingl volume was made up
to I0 cte by adding dlstilled water  The eaculs tions were made
as per the final volume .

@ Jiscuasico.s- |

From the table 8, 15 and 18 , it 15 evident that the
mugcle glyeogen in laying group s 1375 « 41,90 mgms per 20 gram
12 nugele tissue while in monelaying it £s 1213 « 63,80 o The quu:ulh
nentitative difference is non-signifiesnt o

The glyecogen content of the muscle depends upon the type

MAGADH UNIVERSITY M. Sc. (Vet./A. H.) THESIS, 1966.
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of suseular activity thut is to be perforned by that musele 4
Hurray snd Fosenberg ( 1962) studied the glyecogen eontent of
breast muscle and lover thigh musele o They have found that the
breast muscle contains 0,33 £ vhile in lower thigh musecle it s
0e22 % glyeogen o It 15 clear that breast musele and lower thigh
mugcle have got Afferent type of activity , The type of activity
dopends upon the nature of work that is t be performed in the
tody '

In hunan belngs Lt 10 obgerved that the totsl guantity
of blood glucose s only 37 grams and the total quantitics of
i stored glyeogen aversges 946 grams in the ans¥le and 108 grams
in the 1liver ( Gyton 1865 ) ,

Thege are the entire stores of metabolically ugefid
eariohydrates In the body «nd 41t ¢an be cnlowlated thal at nommal |
rates of metaloilon all of these earlohydrate stores wuld be
eapabtle of supplying the energy vslus only for 123 hours(Guytoa
1968 ),

Murray and Resenderg ( 1963) found 0,08 § Lreast nusels
glyeogen in the chieks fasted for 16 hours while efter 1 to 20
hours feeding it was Talsed up to 0,33 £

In 80 white 1oz homn coekrels, aging 80 to €0 days old ,
of average ®dy welght OO grams were studied before and after
fasting for 18 , 26 , 48 hours 4 10 Virds at cach time Juseie
glyeogen was 538 « 38 nmgrs per WO grams of esh material at
~tart o It decrossed glighily after 38 hours end rsavhed aininus
of 319 - 27 mgm3 at 24 hours , I% $hen remvared %_S01 - 46 mgus |

,',-l at 48 hours (Nakatand and Gotoh 1081)
f,'l : _— e
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nou-n and Long (042) rmm the ¢ of Rugdle
glycogen in the chielks welghing 280 % 400 grems the value at
0 hours fasting 1s 1003 » 34 mgms § while after 24 hours fasting
it was lowered down to 773 = 2 mgms %

from the alovey 1t was clea® that variabllity of £ of
mugele glycogen depends on ¢ -

1s Fasting homrs , .

%% Thoe typs of museular aetivity that 13 to be rerformmed

by the m;n!.u °

Zs The relative rate of zlyeolysis .
| 4o Rate of intermidiery metabolism o

The effect of moderate mall doses of ingulin ( 0.6 to
€ uwnitaflieg ) has not got sny offeet on muscle glycogen (Golden
and Laag 1842 ) o

Ihe offect of epinephrine on muscle glycogen of the
fasted chicks was studled by Golden and Long in 1842 . They have
raported thet after injection of 0,5 mg/kg of epinephrine the
mbgcle glycogen was 687 ~ 31 mgms ¥ while in nomaal contyol Mrds
it waa DX - 56 mgms £

The differant levels of Pomicnes,thelr scoretion,thely
power of astiviting the muscle 1s not alarifled in laying md

non~laying stagos as yet »

MAGADH UNIVERSITY M. Sc. (Vet./A. H.) THESIS, 1966.
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24383LE HQ 15
Table showing the £ of muscle glycogen ( in mgms per 100 grams
of wet muscle ) along with its standared error in lsying and
non-laying WeLeH, birds, fasted for 20 to 24 houwrs, age 6 to 10

months old .

mgm/100 grams of musecle r mgm/100 grams of muscle

tissue » " { tissue ,
s LB, B Non-laying birds .
|
1. 1383 1000
2, 1498 1104
% 1333 1160
| 1216 1104
5e 1150 981
6o 1046 1379
7o 1266 1457
8. 1364 | 1496
9 1328 1239
10e 1158 -

Average 1275 = 41,99 1213 = 63,89
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LABLE Ho 18

Table showing the % of muscle glycogen in laying and non-laying
birds with number of observations y mean , standard error ete
dnalysls of data from table number 15 ,

Item No, of Mean Standard Difference
obser- @rrors between the
vations, means .
' % Musele
Glyecogen
1, Laying 10 1278,1 - 41,99
_ 61,8 *
2e Hon—laying 9 12]3.3 = 63.86

* Results - By running the " t test " the difference
between the means of laying and non-laying birds
as regards # of muscle glycogen is fomnd to be

non=gignificant ,
Caleulated t 37 df at 6§ % level = 0,1104 as against

the tabulated value of ¢ 17 df at 5 % level = 2,11 »
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SU4 RIER-I
MUSCULAR ACTIVITY

dlthough in the investigation of musecle metabolism
diaphragm tissue isalways studled because of its speclali sed
function to carry out congtant activity and it has been pointed
out that with respeet to oxidative metabolism d aphragm occupies
the intermidiate position between constantly active heart musele
and interml ttently active skeletal muskle (Peterson et all 1961 )

‘| As the dlaphragm in the bird is rudimentary (Sisson and
Grossman 1947) the obliqus obdominal externus muscle was preff-
erred to study the muscular activity in laying and non-laying
stages »

o) Synthesls of glveogen and glucose utilization :-

The bird was sacrificed by decapitation and obliqus

alidominal externus muscle was removed by opening the skin and
subcutanious fat and then immersed in ice-cold Kreb's Ringer
Phosphate Solution buffer (pH 7,4 ) prepared according to
Umbreit (1947) , :

1o 049 % Sodium chloride ( 0,154 M )

2 1015 % Potassium chloride (0,154 M )

3¢ 122 % Calcium chloride ( 011 M )

4o 2,11 % Potassium dlhydrogen phosphate (0,164 M )
8¢ 3482 % Magmessium sulphate 7 Hff ( 0,154 M )

6s 1032 % Sodium hydrogen carbonate (0e154 M )




EHOTOGRAPH _NO-5.

4 photograph showing the Warburg?s manometer
alongwith Warburg's fhask contained 2,5 ml Kreb's
Ringer Phosphate buffer aolutioh '(pl"l 704 glucose
level 157 mg ¥ ) and a plece of abdominal musele
ready for ineubation at 40° C .
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7e Ol M Phogphate buffer PH 7.4 - 17,8 grams of
Nag HPO4 Z 0 - 20 m) of Hel dilute up to 1itre .

The above solutions are taken in the following
Proportion :-

00 parts of solution L

4 parts of solution 2,
3 parts of solution 3e
1 parts of solution 4,
l.parts of solution 8,
12 parts of solution 7o

Solution 6, 1s kept for adjusting pH at 7,4 , A proper
PH is adjusted with the help of pH paper ,

All the possible fat and connective tissues were
separated and removed from the muscle plece , Each plece was
blotted and weighed in torsion balanee and then dropped in a
Warburg's flask , Bah Warburg flask contsined 2,5 ml of Kreb'g
Ringer Phosphate buffer pH 7,4 with glucose ( 157 mgm/100 ml of
buffer i,e, as per the blood glucose level of poultry) and 0.2
ml of 10 % (W/V) potassium hydroxide in central well .

Warburg flasks were attached to the manometers and gas
phase was filled with air . The closed manometer was started for |
incubation at 40°C with 110 oscillations per minute , After 10
minutes of incubation muscle was removed from one flask quickly
washed in distilled water and dropped in 30 % KOH for glyecogen
estimation . 4n aliguot of the buffer in the flask was taken for

sugar estimation ,
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Inecubation at 4o°c was continued in the other flask for
2 hours and then removed quickly, washed in distilled water and -
dropped in 30 % KOH solution and the procedure for its glycogen
estimation was followed., An aliquot from the buffer in the
second flask was glso taken for glucose estimation .

Glycogen was estimated from the muscle by following the
Qane prinelple as was undertaken for glycogen estimation of livery
Some modifications were however necessary for‘ volume make up as |
the glycogen present in the muscle is comparitavely lesser in
quantity than liver ,

b) Dlscussion -

From the table number 17 it is evident that mgm of
glucose used per 100 mgm of wet muscle per hour is 0,1575 =0,0112
in leying which is d.gniﬁcantly\hﬂ.gher than in comparison to
non-laying stage i.@s, 0,1064 - 0,0009 ,

From the table number 18 it 1s evident that mgms of
glycogen syntheslsed per 100 mgm of wet muscle per hour is 0,1064
in non-laying while it is significantly lower in laying stage »

| From table number 12 and 20 it can be concluded that

glucose utilization of abdominagl muscle 1s significantly higher
in laying stage but as compared te that rela tive rate of

glycogen domation is significantly leower .
It is definately clear that glueoss is utilized by the

|
tissue but it is not so effectively deposited in the form of
glycogen o The relative rate of deposition of glycogen 1s

glgnificantly lower in laying , The glueose utilized is used to

obtain immediate energy » = R
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¥ tigsue depends upon the necessary energy required to carry out
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Roherer (1924) was first to demonstrate in vitro that
the oxygen consumption of minced tissue derived from animals
which have been fed thyroid is greater than that of the tissues

from normal animals .

The rate of utilization of glucose by musele tissue
depends upon the rate of oxidative processes in that particular
tigsue (Guyton 1965 ) » The oxidative processes of particular

activity and to maintsin normal metabolic resctions for survival

of that tissue (Guyton 1965 ) thyroxine increases the rate of

glucose utilizakion of eells (Guyton 1965 ) ,
The relative rates of thyroxine secretion in pullets

laying 2 eggs in sequences is 10,85 micrograms per day while
pullets laying 4 eggs in sequences is 13,75 microgram per day .

( Brorker and Sturkie 1950 ).
Shorr and Basker (1930) Stadle, Zapp, Luksns ( 1940)

agree that the addition of insulin increases the consumption
of oxygen and thereby utilization of glucosse by minced pigion

breast muscle
Ray and Sadhu ( 1959) reported 0,163 mgm of glyeogen

synthesised per 100 mgm of wet dlaphragm per hour by utilizing
0e318 mgms of glucose per hour per 100 mgm of wet dlaphragm

in rats .
PetersonysBeaty and Boeek (1963) reported that the
addition of 1 millimit/ml of medium increased the glucose

upteke in skeletal muscle snd diphragms from depancreatectoni zed
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rats o Insulin increased the glycogen levels ( 2 hours
inecubation ) in dlaphragm but not in muscle . The glucose
Uptake 18 1415 = 0,07 mg/gm/hr wet skeletal musele while in
diaphragm 1t 1s 2,1'= 0411

So from the above it can be concluded that the glucose
uptake and relative rate of glyeogen formation and dspost:!.oh
is dependent on the several factors such as ¢ =

1. Primarily the glucose uptake depends upon the

nature of activity of the musels
2s The activity debonds upon the rate of thyroxine

sacration‘ ®

3s The glucose uptake and glyeogen synthsis 1s slso

depends upon the insulin sacre‘tion level :

Stah, Pipes and Turner (1961) observed the thyroxine |
secretion rate ( TeS.Re) in new Hampshire pullets at 26 to 28
weeks of age . The combined T.S.B. of the pullets ranged from
1,40 ug to 1,58 ug o The pullets showing rise in T.S.Re to a
mean of 1,99 ug during egg production . _ L
Hugton and Carman (1962) observed the influence of |

high environmental temperature on thymsld size of domestie fowl,|
They observed in white leg horn females at 90° F the mean |
thyroid weilght is 92,8 = 28,2 milligrams while at variable
temperature 1t 1s 1319 « 19.4 milligrams

NWakajo and Imai (1961 reported that the weight of
anterior plitultary during non-laying stage is 8+4 = 0,68 mg,

"while In laying stage 940 = 0,59 in white leg horn female birds,




JABLE EQ-12

Table showing the milligrams of glucose utilized per hour per

100 milligrams of wet musecle in laylng and non-laying birds .
(Fasted for 2 to 24 hours, incubated at 40°C for 2 hours with

buffer glucose level 157 milligrems £ o )

Glucose utilized in mgm/ } Glueose utilized in mgm/100
100/mgm wet muscle/hour mgm wet muscle/hour .
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i
X

Sle

Noe Laying birds

Nonelaying birds

1. 04150 0,095 |
2, 00174 04051
3 00 180 00103 |
4, 0e 118 0,096

Se 0s120 0,132

€s 0e11D 0o 134

Te D145 06 152

8y 04 187 04095

De 0e221 06 100

10e 00 170 -

4dversge

001576 = 0,0112

06,1084 - 0,009
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TABLE HEg 28

Table showing milligrams of glycogen synthesls by 100 milligrams

of wet muscle per hour in W,LH, laying and non-laying birds
( Fasted for 20 to 24 hours , incubating the musele at 40° C in

buffer glucose level 157 milligrams % ) .

Milligrams of glycogen i Milligrams of glyeogen
synthesised by 100 mgms | synthesised by 100 mgms

of musele/hour { of muscle/hour ,
i
l?g: Laying birds Non-1laying birds
1. 0,057 0,095
2 0,060 0,051
3e 0,055 00103
4o 0,020 0,096
Se 0,046 0,132
6e 0,030 0e 152
Te 0,016 0,095
8o 0,031 0,134
s 0,064 04100

Average 0,0421 - 0,003 0,1064 = 0,010

with
standard

error
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IABLE Lo 2

Table showing milligrems of glucose used per hour per 100 mgm
of wet muscle in laying and non-laying birds with Special
reforence to Standard Error, Mean number of obsérVations. o
Anglysis of data from table number 17 .

Item No, of Mean S8tandard Difference
obser- error between the
vationse means o

Milligrems of
glucose used
per hour per
100 mgm of wet

muscle o

1, Laying 10 01575 0,0112
0,05811 *

2, Non-laying 2 0e1064 0,009

Besultis g=
# By running the t test the difference between the
means of the mgms of glucose used per hour per
100 mgm of wet mugele in between layihg and non-
laying birds is found to be highly significant,
Caleulated t 37 df at 1 % level = 225,37 as
against the tabulated value of t17 4f at 1 %
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JABLE EC &

|
|

' Tabke showing the glycogen synthesis per 100 milligrems of wet

f
' muscla per hour in laying and non-laying WeL.Hebird and its

Standard Error,Mean ete. Analysis of data from table number 18 ,

|
!
|
t
|

Item No, of Mean Standard Difference
obgsel= ergor batween the
vations mnean se

1

Milligrams of

1 glycogen
synthesi sed
per 100 mgm of

wet muscle per g |

|

i houy

’ Layin 9 00421 0,003 %
e : Difference = 0,0643 * !
2, Non-laying 2 0, 1064 0,01 ‘
Besults i~ \

* By rumning the t test the differsnce between the

mesns of non-laying and laying as regards the mgms |
of glycogen synthesised per 100 mgm of wet muscle |
per hour is found to be highly slgnifieant .
Calculated t,g df at 1 % level ; 6425

Tabulated value t 14 df at 1 % level = 2,92,
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From the above, it can be concluded that as TeS.Re
level is high in laying stage naturally glucose utilization is
significently high and also the glucose utilized is used for
the inereased oxidative rate to supply energy and therefore the
glycogen formation rate is significantly lowver in laying stage
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SEARZEB Lo -
SOOURY D CONGLUSIONS

Obviously, before we can make any useful start in
formulating energy rations we must have resonably clear working
knovledge of what such energy rich rations must econtain , This
is also necessary for the preecise understsnding of physiological
roles by which these substances are needed in metabolism both
in laying and non-laying stages .

For many years investigatérs ate trying to correlate

between energy rich nutrients in rations with that of metatolic |
studlese There are no finalizing figures that can be called \
energy requirements, becauge in feecd we can substitute the |
proper energy rich substances but thelr fate is decided by rate
of digestion, assimilation, utilization, destruction, decompo-
sition ete. by the animgl body .

The common factors affeeting the level of metaboliam

is studied in laying and non~laying stages. The environmental
temperature is playing profound influence on the level of
metabolism, the experimental temperature range 1is f'ro’zﬁ 32° o
30° € , At temperatures higher than normal body temperature,

metabolism is probably alsc increased due to accelarating ’effec‘tj:
of heat on chemical reactions, Since heat 1s not only lost by |
radlation snd conduction but also from vaporization of water |
from the skin and expired air, (Benedict,Benedict and DuBois
1925 , Landis,Long,Dumn, Jackson, Meysr 1926)

In veiw of the abovey; a comparative study is being
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made for obtaining quantitative data regarding ecalories
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eliminated per day per kilogrem is lgy1ng and non-laying stages.
It was found that in 9 white leg horn laying hens the average
vValue is 9584 - 4,78 calories per day per kilogram of live
weight while in 9 non-laying birds it is 82,08 -« 2,51 . In
lying group the heat elimination is significently hizher(at 1 %
level of P) than in non-laying stage ,

Initially for determination of oxygen consumption and
o and molsture production Haldane's gravimetric method is

uged, It was found that oxygeﬁ consunption in laying group is
048371 - 0,0409 1itres per hour per kilogram of body welght
while in non-laying it is 0,7335 = 0,0193 , The oxygen consmmp- |
tion in laying group is significantly higher than that non-layiniﬂ

ds previously stated a significantly increased heat |
production and oxygen consumption in layilng indiec:ztes the |
inereased metabolic activity whiech is related to neurc-hormongl
factorsy thyroxine and ovulation inducinz hormone

The utilization of carbohydrate in the normal fed |
animal appears to be correlated with the gquantities cf glycozen |

in the liver , The usual physiclogical conditions which deplate

the 1liver giycogen are starvation, exerclse and cold .Depletion :
of the liver glycogen may also oéeur due %o glycogenclysis
proceeds so much more rapldly that it out springs glycogeneslse
The glyccgen of liver, thersfore appears to be hroken down
whenever glucose is reguired by the tissues . The estimation of

% liver glycogen is carried cut in laying and nonelaying stages.
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T Y

of musecle but from that we could not econclude the rate of

It was found that the average value of liver glycogen is 8200,9~
17046 mgn % vhile in non-laying it 1s 6584,6 - 235 mgn % o The
average value is significantly higher in laying group . This
extra glycogen content im laying indicates the extra reserved
anergy which is deposited by the utilizationlor carbohyglrato
from ration. It was observed that during experimental period.
laying birds consumed 4 ounces of feed per day while non-laying
are consuming 3 ounces per day . The extra glycogen content may
be related with the extra enersgy required for normal physiolo-
gical act of egg laying and also the cartohydrates and fats in |
the formation of egg may be derived from end products of carbohyq!-i

drate and fat metabolism going on in the liver , i
Muscles making up the grester part of the active tissue
and due to their activity they are the prineciple seat of heat 4;
produc_tion. During musecuiar activity, muscle glycogen 1s the |
chief source of supplying the energy and 1t is primarily derived
from blood glucose. & variable amount of earbohydrate is always
utilized by the tissues for the maintainance of the metabolic
processes and of this carbohydrate a proportion is oxidised to |
co_ o and Hp for the provision of energy . The aver-aza value for |
musele glycogen is 1275 - 41,09 mg % in laying vhile in nonlay-

ing it is 1213 - 63,89 mg % o The difference between laying and |

non-laying is statistieally not significent , The eonclugion may
be drawn that in the same muscle the level of glycogen is not -
very much affected by laying or non-laying stage »

Up to this time, we have gesn the carohydrate reserves

—_—

e e e =
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oxldative processes by the tissue . Therefore the obdominal
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muscle ( ueighing 250 to 300 mg ) is is selected and glucose
utilization in terms glycogen synthesls is observed by inecubating
the muscle at 40°C in Warburg's flask contained 2,5 ml Kreb's
Ringer phosphate buffer solution ( pH 7.4 and glucose level 15%
mg £ ) for 2 hours, and it was dbund that glucose utilization in
laying stage is 0,1575 « 0,0112 mgm in laying vhile in non-laying
it is 0,1064 - 0,0009 mgm por hour per 100 mg of webgikxk muscle
The glucose utilization 1s szignificantly higher in laying stsgeé.
But regarding glycogen synthasis the results are statistleally
high in non.laying , From the gbove 1t may be concluded that the
glucose upteke is significantly high in laying stage but as
compare to that glycogen synthesis ic rolatively low,the glucose |

is effectively utilized to liberate energy and taking part in th‘
oxidative processes of the tlssue, Glucose uplake =nd oxidative j
processes of the tissues are related with thyroxine sacretion

rate  The thyroxine seeretion levels in nowmzl pullets is range
|

from 1,40 to 1,58 ug while in egg laying T.SeRe 15 1,99 ug(Staphﬂ
i

Pipesy Turner 1961 ),
The achievements of cocrdinated project 1s to glve

clear idoa of total energy eliminated per day per kz,energy levelb
in the liver, energy levels at muscle and snergy utilization and;
synthesis at tissue level in laying snd non-lsying stuges. The
data will be useful in formulating energy rations and during
substitution of agre-industrial by products .
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