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INTRODUCP2ION



IHTRODUCTION

Choline is ecsential to the animel orgenism am a scurce of mebfhyl groups
for the syntheels of anino acids, and for the formation of phospholipids and
acetyl cholines. The deficiency of choling in animala leeds to abuormel deposi-
tion of fat and cholesterol eaters in the liver, hmemcxrhages and muscular
weakness. In chicks, ducklings and turkey poults the primary effects of choline
deficiency are interference in growth and appsarance of pexcsis. The elinical
pleture of perosis is well defined and is characterised by displacement of
gastrocnemiug tondon and paralysis of the leg. It is apparent thal the thick~
oxing and twisting of the tibia and metatarsal bones, with displacement of
articular cartilage io responsible for the slipping of the tendon from itwe
condyleas. It hes not besn elucidated with certainty shethor the paralyeis in
rerosis is & consequence of slipped tendon or due to musoulsr weakuess. From
the fact that choline supplemsnis wers effective in curing end proventing percais
in chicks, Jukes (1940, 1941) concluded thet choline is linked with the metabolien
of muscle and tone. The paucity of availsble information on the clanges in chemi-
cal composition of ekeletal muscle in choline deficiengy in birds prompted this
atudy. Knowledgs on this aspect of atudy is of fundamentol importeance in under-

stending the functions of choline in the metabolian of skeletsl muscles.



Present Investigation.

The study wms coniusted on dsy old ehicks incorporating

three different levelm of choline in an otherwise noimal ration.

Chaervations recorded:

a) During the feeding triml:
1) Weokly waight.
i1) Weekly foed conmumption.

111) Onset of perosis.

b) On gastrocnemius muscle.
1) Huscular efficiency as determined by the latent,
contraction and relaxation periode and fatigue tiamse.
11) Total protein, lipid, phoapholipdd, oholestervl and

creatine phosphate content.

1i1) Activity of mcid phosphatase, alksline phosphatase,
asuceinie dehydrogenase, phosphorylese, glutamate -
oxaloacetate transaminame and glutsumte - pyruvate

tranmminase.
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REWLIN OF LITERATURB

Studies on choling and ita derivatives have suphacized the biochemical
inportance of these compounds ae structursl componants of tissues, as inter-
medistes in vital metabolic reactions and aa specific chemical reactants of
biological potency. Ewing (1963) tentatively classified choline among B Vita-
mins because of its occurrenwe with them and its reguirement for growth and

mtrition of exporimental andnels and birds.

Choline was first isolated by Strocker (1849) from hog bile. From the
scede of white mustard Babo and Hizschlyunn (1852) obtained purse cholins and
called it sinkalin to indieate its origin from the alkalodd ainapin. Sirecker
(1262) spplisd the name choline to ihe base he obtained from hog bile. Basyer
(1866) and Dybowaky (1867) demoastrated that neurins, a fraction separated by
Lisbreich (1865) from hydrolyzed crude brain sxtrsct lecithdn to pussess the
aame chemioal behaviour as cholins. Gleun and Keess (1867) showed sinkalin to

be ldentical with choline.

Proof of the structure of choline wms furnished by Baeyor (16866) and
Wurts (1867). They established it as B hydroxy ethyl - trimethyl ammonium

hydroxide end Wurtz (1867) earried out the first synthesis.

Properties of choline have bsen ths subject of much detsiled atudy.
Griess and Harrow (1885) described the cryatallize fowm they prepared as a
colourless, odourless compouni with a bitter taste, decompoaing resdily at
slevated temperaturss. burtz (1868) found dilute solutions to be atable to

heat acd concentrate solutions to desompore when boiled. Boman (1930) and
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Klien and Idnssr {1932) stulied the solubility of choline and reported that
it was sxivemely soluble in water, formaldsnyde, absolute methyl znd ethyl

alockols.

Different methods were enployed to axtract choline from biologicsl
materials. The total content in blological fluide azd focds were determi-~
ned by Engel (1941, 1943), in meat cute by Holntire et al. (1544), in milk
by Hodeon (1945) and Marques (1942) and in brain by Sadbu (1948). Jolliffe
(1957) reported egg yolk, brain and heavt as the richest sources and green
leafy vegeiables and legumes az moderate apurces of choline. According to
him choline ocours in the arizal tissues as lecithin and as the ester of

acetyl choline.

On the basis of their observaticn in dogs, Nobse and Searle (195%)
stated that absorption of choline took place through portal route rather
then lymphatics. Flower et gl. (1972) presented evidercs for the occurrence
of active transport proosss in addition to diffusion for the absorption of

choline.

The rutritional significance of the dietary supply of choline wae dem~
onwtrated by Best gt al. (1932). They ascribed the lipotropic activity of
dletary lecithin to its effective component eholine. Acoording to them
c¢holine fostera ths conversion of neutral fats to phospholipide in the liver
and thereby promoting the utilication and transport of fatiy acids. Ariom
{1953) attributed the ldpotropic effect of choline to the enhanced fatty
acid oxidation in the liver. Jukes (1942) on the besie of his cbservations

stated that anti-perotic and growth promoting properties of cholina are



distinot, Ho assocrated the utilization of intact molecules of choline
with its ability in proventing fatty livers und iwemorrhagic kidneys in
rats ond mice and antaipercuds affect 2n chicke ard turkeys. These find-

dngs were sonfizmed by veloh {1936).

Jukes (1547) ascribed the growth prowoting property of ohcline to
ite labile mothyl group. This group is tranaferred to howocysteine to
form methionine. Uondition fox crcative gynthesis in muscle have been
investigated by Barvenscheen aud Pany (1548) wio snowsd tnat oreatine
is formed oy wethylabics airectly fiow wethionine ara indirsctly from

choling.

On the basis of the results obtained by them, Lachmansoln {1945)
etated that cholins acetylsse forred acetyl chioline under aexobde condition
in the presence of oholine, acstate and adenoslne. Chevremont (1945)

claimed chivliae to be nscassary for the formation of histogyiia cells.

Only few xcporits are mvallable on the participation of choline and
ite deruvativas as so-fuoicrs in engymatic systems EHelly and Hyerhof
{1950) found thmt a magnesium mctivated ATPane of muscle consisted of
& lipoprotein with a choline containing phogphniipid as prosthetlc groap.
Ageording to Scbrell and Hmerde (1954) the pyrophospheric meid esters of

choline ocour in the prosthetic groups of acid and alkaline phosphatases.

Ubmervations on exporimenial aniwals have ewtablished fatty infllt-
ration of the liver as the most prominent chonge in choline deficiency. The

findings of Best snd Fidowt (1933) that deficiency of choline caused depozitlion
of fat in rats were confimsed by Boxer and Stetten (1944). Similar results



were obtained in dogs by 83t st al. (1933). In growlng cats afier 8 weeks

of gubaistence ration free of cholins, daSilva et gl. (1959) noticed fatty
liver, thw fatty infiliration primarily ccourring in periporiazl sproes.
¥ilgran and Taylor (1959) reported that the olinical signs, jaundice and
fatty liver in choline deficiency were identical in monkeys and man., The
dsta of Marks (1968) revealed the occurrence of fatty infiltration of liver
in a mnber of species much as rats, mice, hamsters, rabbits, dogs aud duck-
lings in choline deficiency. Tmtek gt gl. (1975) reported morkuys were
susceptible to cirrhosis by choline deficiency. Oastryanina (197%) observed
iiver involvement in rats fed choline deficlent diet. Liver showed moderate
fatty infilteation, mnried lipohepatosis, fibrosis and nodular ¢irrhosis.
Ewing (1963) and Pritz ot gl. (1967) studied the effecis of different levels
of choline in the fgcd on liver fat of chicks. They could mot find any vari-
ation in the fat content. Sweneon (1970) provided experimental evidence

for the sccumulation of fat in the liver of poultry when the fesd was dsficient
in eholine, Seifter gt pl. (1971) reported a case in chicks where choline
deficiency caused vomiting ann d¢istension of gall bladder with kigh concent-
ration of bilirubin in the bila. Surendrannthan (1974) found orly mild
degonerative changes in the liver ¢f choline deficient chicks. Gerlach gf al.
(1975) obaerved fatty liver ayndirome in chicks and Kolford and Folin (1975)

fatty liver haemcrrhagic symirome in laylag chdcken in choline deficiency.

o zesults ob.alaed by 3est st 8. (1953) in doge and Best and Ridout

{1933) in rate indzcatec that feading chollue to deficient animals preventsd



i
deposition of fat in liver,

Vory 1little information is available on the effeots of choline defi-
ciency in other tissues. Criffith and Wade (19%9) reported thel rats showed
®arked enlargsmant and degsneration of the kidneys, = regression of thymus and
an snlargesent of the spleon. Griffith (1948) mnd Hartroft and Best (1947)
fourd choline deficiency to produce degenerative changes in the kidneys of rats.
Lack of 2 labile methyl group was considered responsible for hecaorrhagic deg-
ensration by Griffith and Mulford (1941). Reid (1555) reported choline defici-
ency in young guines pige produced degensrative changes in subcutansous tissue.
and sdrenals and palensss of kidneys. Ho,\oro {1957) described the lesions in
rale rats on choline deficlent diets as fatty changes in the proximal tubules
lesdirg to mecropis. HNecrosis later involved the cortex. He suggested vaso-
spasa as the gperative agent for necrosis. Nagler ot al. (1968) assayed the
concentretion of scetyleholine and cholinestrase in the tissuss of experimental
ard control rats to confira their view that choline defimiency cecreased acetyl
choline concentration and therchby mede the rensl vasculature hyper-responaive
e vaso pressor amines, They attributed nephropathy of acute choline defici-
oncy to vascular disturbances brought about by the fall in ecetyl choline ocon-
centration, Parke and Smith (1968) analysed the chemical composition of
kiduey afier feeding a cioline deficient diet. He found an increase in
neutral lipids, lowersd phospholipid concentration and cellular proliferation
of lddney tubules. Neuberne et sl. (1963) rveported hmemorrhagic kidneys and

cardiovascular damage in cholize deficient rats. MNagler st gl. (1969)



showed that the imbalancs in vasosctive medimtors due to 2 decreased
concentration of acetyl sholine in cholines deficlency led to vacospess
and ischemia of the kidneys of Yats. Kratsing gt gl. (1573) observed

a relation between kidney damage and hyper tenslon in choline deficient
xats. According to #ilson g% al. (1973) incidence snd scverity of reaal
lesions were groater in rats which were givon choline deficient diet
withoul cholestorol. The dats of Houserrat ot al. (1973) revealed a high
rengl protein value for rate with roral nocrosis. They considered
alterations within to be one of the factors responsible for the necrosis

in weanling rate.

Surendvanathan (1974) considered the hyporpleaia of the tubular

epithelium of choldne deficient chicks to be & nilder form of kidney damase.

Wilgrem g% al. {1954) reported that young msle rata fed choline
deficient diet oonteining fat, developed cardlac lesions. The lesions
were choractorised by foesl deposition of fat in muscle cells followed
by necrosis and removel of liberated fat droplets Ly mmerophnges. Arees
of pnewronia in sections of lung wors the only change notiocsd in mice

by Feador and WilliaTms {1957).

Specific role of choline in haematopoiesis is disputod. Davis (1939)
reported a dopreselon of cobalt induced polycythesia in dogs by choline
deficioncy. He suggested that an increase in choline or acetyl choline
and & decraase in cholinesterase caused vasodilation snd increased oxygen

tension in the bone marrow thorsby iuhibiting maturation of the calis of
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the erythroid series., Jdugnented activiity of serum phosphatase in puppies
and adul? dogs on chiviing deficient diet has been reported by Eough gt al.
(1943). Touss {1947) showed that choline deficiency caused anaenis in dogm.
Similer resulis were cbiwned by Alezander and Lngel (1952) in rass.
Hoskins gt gle (1553) revealed severe anaeue in choline deficlent animals.
According tv them ansenis xssulied from exianseve dunage to the liver

ratler than the dysfunction of tone mariuve.

A fall in blood cholesterol iavel was moticed in puppies by Hough
#t a1, (1943 whlch was in egreement with the later finiings of Muovo et al.
(1964) and Prasanti gt al. (1968) who also reported & low blood ¢holesterol

level in rats,

Herrmann (1946) motdced e fall in blood cholesterol level of laying
hens oa choline deficient ration. Surendranathan (1974) concurred witn
these findinga and stated thet both total cholesterol and phosphalipid
decreased 1n the plama of cholineg deficlent chicken. le further sitated
that the lyporplasis of the Lkidney tubular epitholia in experacental bizds
was due t¢ tho augmented blood uric aold lavel; the decroased grawth xate
and wetabolic activity to the lowered plasma alkaline phosphatase, GOT
aund GPT activity,

Choline dsficiency in animals involving the skeletsl musclea has

bsen demonstrated by a mwber of workers. Neusann gb al. (1949) stated that
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plglets in deficient diet wore unthrifty and ahowed slow growih and inoy-
ordination of movements. liove and Copeland (1954) observed that rabbits
fod a diet deficient in choline, btut adequate in vitamin U developsd
dyetrophic lesjons. Reid (1955) moted in cnoline deficient pigs severs
veterded growth and weskenming of musclas. Hove gt 2l. (1857) in rabbits
reported incoordination, parelyels and hyaline degencration of skwleusl
muscles. The symptoms of choline deficlency in calves were deseribed by
Johnson gt k. (1951) as wemkness, insbility to gat up, laboured breathing

and ansemia,.

Deficiency of chioline 18 rare in adult chicken. In chicks, Doyle
(1931) zeportec alipped tendon ss & slgn of choline deficiency. He ascribed
the bending or lorsicn of the bones forming the hoeck joint for the displa-
coment of Achilles tendon and stated thet the discase 13 charactarised by
the prexence of whrtish gray tumorous masses in and along the bones, in
visceral oxgans and sometines ia the skeletal muscles, Hegsted gt al. {1941)
entablished the importance of choline i the dlet of chicks for the growth
and prevention of percsis. le could not find any difference in {he bone
phosphorus content betwesn norwel and choline deficlent pervtie chiexs.
Wolbach and keguted (1953} made comparative studies on perosis cnused by
manganess and eholine deficiency arnd reporiod the effect on epiplyseal
cartilago to be siwilar in hoth. The shanges noticed by the: included the
abnoroelities in enchondral growth of bone proiiferation, gramsiar mairix
formation and maturation of cartilage colise They concluded thal, both

manganese end choline are esnential for epiphyseal cartilage call metabolism.
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Briges st al. (1953) experinentally proved that choline deficienay
produced paralysis like syndroms in goslingz. Greei (1959) found choline
to be essential for the mormal develiopmsnt of the hock joint in chicks
end poults. Ballopn and ¥iller (1964) reported high incidence of perosis
in young turkeys and atiributed it to their gresater requiremont of choline.
Scott and Kook (1972) stated that the most prominent syndrome of choline
deficiency in chicken is percaic or slippsd tendon. In pexoals the defor-
mation of articular cartilsge resulted in the metatarsus being throwm out
of aligrment with the $ibis nnd the tendon slipe from ite condyles. In
this condition they fourd that the alfected leg was not able to support

adequately.

Latahaw and Jensen {1572) noted a aignificant fall in ovaponition
Tate, egz weight and hatchability in Japanese quail with a chioline defi-

clent diet.

The work of Gillis and lLorris (1551) establisbed the bensficial effect
of added cholins to & practicnl ration for chicks. They congidesed supple—
mentation therapy as essential for differentiating percsis caused by defi-
clency of manganess, biotin and choline in chicks. The finmdings of Sutton
&t 8l. (1957) that the body weight of hen in production increassd when they
were fed choline supplemented diet were confirmed by Patbrick and Fulton
(1967}, Choline rich dist increaged esg production and egg weight as
reported by Schexmailder and Geiffith (1973). Griffith ard Rodriswes (1973)
found nc such variation iv their experiments and concluded that veriation

in the streins wers responmble for tne differasce In reauiis. Dumierow
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ot a1, {1919} atudied the choline veplacement value of ethamlamive in

chicken kept in a high fat retion. ™hs asparing action of Vit, B n

F
chioline regquirement of chicks for and proventior of perosia was {deponst-
rated by Scheefor gb ale (1949). How ot 2l. {(1954) noted that tne methyl
growps of betaine were utilized more officieatly for tiosue methionine
formation ihan that of choline Ly chicks. Fetola and Young (1973) reported
asthyl aminc-ethanol to be an effoctive substituie for dletary clivline in
Japeneasc guatl. The data of Esh and Som (1954) did mot reveal awy Aiffer-
ence in the efficlency of cholire salte in prowoting growth except for

choline citmaie. Cholime in the Porm of chloride is gensrally fod to birds.

That the excess of choling in $he dist has a delsterious sffest wes
suggssted by Deeb and Thornton (1959). They showed thet Birds on exce~s
eholine diet had lessor body weighl anu foed efficiency. In addition o
reduced gro#th rate and egz produoilon Twing (1963) found eurling of new
feathers and frizzled appeurance in birde ihat were given exscess enoline in
their feed. According to Feits gt al. {1267) choline levele above 1615 ug
per kg of feed retarded growih 1ln chicken. T such change in growth or
varlation in feed efficioncy in birds wera abserved by Poiter and Kelly (1673)

vhen the feed contmined 5830 ng of choline per kg.

The dietary requiremeat of choline for ohicks hms been the mmbject of
mugh detailed atudy. West gt al. \1951) fouad that in tne presance of mmple
methionineg, 100 mg per cent of choiine in tho ration was adeguate to usintain

optimum growthe
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For ths prevention of perosig in poults Cogus and Griminger (1957)
suggeated 700 mg of oholine per pourd of fesd. In chicks the lavel of
choline required to prevent perosic was noted ty Bird el al. (1966) as
1300 g and Foberts and Pritz (1965) as 1450 ng per kg of fesd. Frits
8t 81, (1967) reported a beneficial effect on growth of chicks when the
choline oontent in the ration was progrsssively incfessed to a level of

1615 mg por kg of feed.

Studies of Cumxing and Tribe (1956) snd Ketola and Nesheim {1974)
disclosed that chicks require an optimum level of 1500 mg of eboline per
kg of feed for maximme grouwth and prevention of perosis. Surendranathan

{1974) concurred with the sabove Pindinge.

Conflicting evidence hag been racorded on the distany reguireament
of choline for pullets and older hens. Abboit and Demssters (1940) reported
incressod egg production with dietary choline. The suggestion that choline
=ay bo synthesised by layers was made by Iucas st gl. (1946). He found mo
significent differance in egg production, hatchabhility, fertility or body
weight when birds wore on a purified diet with 0.03 per cent cheline.
Ringrose and Dovis (1946) egreed with the findings of Imcas gf gl. (1946)
and concluded that synthesis of cholime occurred even under conditions of
low ckoline ani metidonine intake. For the best sgg production and fesd
efficiency Holmes ard Kramer (1965) obsexved layers to require 955.6 mg cholino
per kg of fesd., The data of Crawford gt gl. (1969) wuggested a lower value

of 595 uz choline per kg to maintain egg production.
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MATERTALS AND HETHODS
One dsy 0ld White Leghorn chicka cbtained from the University Foultry
Farx, Manmnuthy were used for this investigation. The chicks were individe
ually wing banded and distributed into thres groups of comparable weight,
receiving the contiol diet, choline deficient feed 1 and cholins defictent
feed 2 reapoctively. ZEach tresatment conaisted of replicated lots of 6
ehicks housed separately in a brooder with 12 hours of natural photo pericd.

The compoaition of basal diet ussd is given in “Table 1.

Table 1. Percontage composition of

the fesd,
Feed ingredients Per cent
Fizh oeal 10
Groundmit cake 28
Ries poliah 0
Tapioca »
Mineral mixture 2
Total 100

The fecd wes reniered deficient in cholins by repeated extraction with
ethyl alcohol. The residunl alockol in the feesd was got rid of Ly kesping
1% 4n a hot air oven maintained at 80°C. The choline and fat content of
the feed so prepared were assayed by the method of Click (1944) and Jacobs
(1958} rempectively. Triplicate analysis were done for each sssple. The
¢choling and fat content was reatored by the mddition of choline chlorids

and hydrogenated vegetable oil.
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The methods sdopted for the analysis of proximate principles in the
feed were similar to those described by Jacobs (1958). Triplicate analysias
wore done for osch sample and the mean value recorded. The chemical compo~

sltion of the fead is presented in Table 2.

Teble 2. Chemical compomition of the feed.

Constituent Per cent
Crude protein 21.12
Sthor extrast 6,00
Crude fiber 5.64
Ash SeN
Mitrogen froe sxtrasnt 61.33

Total 100.00

Vitamin supplements, other than choline, were added to the feed (Table 3)

in ths proportion recomnended by FRC (1966).

Table 3. Vitawin supplements mized with tbe feed.

Vitenins Qm?;ie:ykg road)
Vitamin A USP1un1ts 200,00
Vitenin D 0? 200,00
Vitamin K ng 0.53
Thi amine s 1.80
Hloflavin ng 3.60

{contd.)
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Quantity added

Vitaming {per kg fead)
Pantothenic acid og 10.00
Niaein g 27.00
Pyridoxin ag 3.Q0
Biotin ng 0.09
Folacin ng 1,20
Vitamin B ng 0.005

12

{=United States Phammacopscia.
2-International chick uuits.

The ration for control birds (Group 1) was preparad by addiug cholinas
chloride to the feed mixture to neaintain a level of 1500 mg per kg of feed.
Rations for experimental birds were prepared similarly except that the
level of choline in group 2 was adjusted to 75 mg per kg and gwoup 3,100 og

per kg of fead.
Fasding trials

Feed end water were provided gd libitun for a1l the groups. Tha
foeding trial lasted for six weekm. Initial and weekly body weight of each
bird and the weekly feed intake per group were recorded. From this data,

weight gain and foed efficiency xatios wers calculated.

The birds in emch group were closcly watohed for the onset of defici~
enoy symptoms, nmmely the development of lethargy, lameness, slipping of
the gestrocnenius tendon and the enlargement of hock joint. At the exd of

the experimental period, the birdis wers sscrificed and detailed postmorten
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examination was condusted.
Bioshemical study

In the bicchemical studies a weighed quantiiy of gastroonsmius muscle
{(from both control and experimental birds) was taken and tissue homogerate
wan prepared by following the method of Colowick and Kaplen (1963). The
tissue homogenate %as asasyed for ensymes like acid phosphatase (ACP),
glutamete oxalosceiate transaminase (GOT), glutazate pyruvate transaminase
(arr), muceinie delydrogenswe (5Dd), phesphorylase and for cheadissl consti-
tuents like protein, phospholipide and cr-stime pnosphate. Tho nethod of
Bodansky (1932) wes adopisd for assessing the acid and alksline phosphatsses.
The method given by Bezgmayer (1965) wam followsd for the estimation of
glutanate oxaloscetate transsminage and glutamate pyruvate trensaminase acti-
vity. Ihosphorylese was estimated by the method suzgasted by Cahill gt al.
(1957)s Succinle dehydrogsnase was assayed by adopiing the noethod of Kun
ard Abood (1949) ano protein by the metiwd of Inchiosa (1964). Ihospholipid
and oreatine phosphate wure eatimataed by the msthods of King and i'cotten
(1959) and of Bnnor and Dosenberg (1952) respectively, and cholesterol, as
desacribed by Jobn and George (1967). [Lther extract was estiunted on dehydrated
sample of the gastrocnsaivs muscle by adopiing the eoxhlat's coniinuocus

extraction (Jacobs, 1958).

The data for eli the binde in each group was posleds In the statistical
analysiz of the dats, epalysis of varience was conduoted {Snedscor amd

Cocitran, 1968), To ocompars the memns, multiple ranze test wes nsed in whieh
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a significance level of 5 par cent was followed.
HBuscular efficiency

%he muscular efficiency wes determined Ly cosparing the sctivity
of isvlated gastrocnemius mumcle frum perotic legs, eight from each
experimental group (II and III) with those izolated from rommal leys
{group I). Afteor rewmoving the muscle retaindng its attachuent to ihe
bons it was rinsed in zormel saline., The fenur way fastened to a
suscle clamp fixed on a myogzapi: stand and the vendon of the gastroe
onemius mscle was tied to an isvtonic muscle lever with after load mserew.
A weight of § g was suspstaed from the lever ard the lever was adjusted
¢ a borisontsl position, The muscle was atimuisted with a aingle
effoctlve break induced atizull and the sovewents of the lever were
revordsd on & suoked iymograph peper, She movesents of Kymozraph Wre
sdjusted to & constant speed of 0.24 m/esc. The points of etimulation,
contraction, peak of ocontraoction and relaxaticn were maried and a tine
traocing vas taken to determiue tne latent, sontrxaction and 2elaxation
poviods, The time taken by the musals to gst fatigued was studied by
applying stimuli at regular intervals and reco.ding the fizat bluee and

every zubsequent teuth contraction.
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RESULTS
Body weight and weight gain

The average body waight and weight grin of 24 comurel (grc-up 1) and
48 experimental birds (groups 2 and 3) from the first wesk to miath weok

of fesding iriel are presented (Table 4 and 5.)

There wan moticeable diffsrence in the body welght and weigai gain
of exrerinentzl and control bixds from the first week of fesding trial.
The veluss for experimentel birds which wore leaser in the fivat wesk
graduelly declined and wam significantly lesser than the contxol in the

aixth week,

Choline deficient birds of group 3 {100 ng of choline por kg of feed)
had wignificantly hizher values for body weight mud welght gain in the
sixth week {¥<0.05) than the birds of group 2 (75 mg of choline per kg of

feed).
Fged oonsumption and fewd efficiency

Ppirwise oonparison of the different treatments showed thal group 2
consuzed the lowest ampunt of fesd compared {o the other two groups. The

difference botween the groups 1 and 3 was not mugnificant (Tavle 6).
The experimental groups 2 and 3 indicated lower fesd efficisncy ratios
comparad to that of grovp 1 {Table 6).

Symptons

The birds in the eontrol group (group 1, 1500 mg of cholinw per kg of



Table 4. Average Pody weight of the birds in g.

Group 1 Group 2 Group 3

Period {Control) (Bxpgriment 1)  (Experimant 2)
(24) (24) (24)

Initiad 34,21 33.42 34.96
First week 43.17 38, T4 40,04
Seoond week 65.75 50.42 54.38
Third wesk 102,00 68,71 73.92
Fourth week 143.91 5056 96.2%
Fifth wask 200,33 116.25 130.17
Bizth weak 257.83 155.88 172.67
Mgures in parenthesie indicate aumber of birds in the group.
Table 5. Average weight gain of the birds in g,

Group 1 Group 2 Group 3
Period {Control) {Exporiment 1) {Bxporiment 2)

(24) (24) (24)

Firat wesk 9.17 5.28 5.08
Second week 22. 11 1.7 14.35
Third week 36.25 18.71 19.96
Fourth wveek 47.92 21.46 22.33
Fifth week 49,17 25.67 34.75
Sixth waek 57.23 39,63 42.%0

Figures in peventhesis {ndicates numbsr of binds ia ihe group.
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Takle 6. Average weokly fecd eonsusption per bird and fesd efficlency

ratio.
Group 1t Group 2 Group 9
Foreneter (Contzol) (Cxperiment 1)  (Experimont 2)
Feed conumption ~ g 115.95 106.50 1M3.35
Feed efficiency ratio Q.31 0.18 Q19

fead) were healthy, active, alert and bright eyed throughout the period
of experiment. They had mormal and wnruffled festhers (PlateY a). The
sxperimental birds (group 2, 75 mg of choline and group 3, 100 mg of
choldne per kg of feed)were unthrifty in appearsnce and showed poorly

developed and ruffled feathers (Flate-i1c¢)e

Symptoms of perosis were first moticed in 2 birde(of the expeximental
groups 2 and S)on the 24th day of the feeding trial. In some birds, slipping
of the gastrocnemius tendon from its condyle was noticed only on the right
or left leg - unilatersl {Siate-t b) and in the other birds im bobh lege

(Pllt. -1 0)'

Qut of the 48 birds in group 2 and 3, 12 birds showed poromin of the
right leg, 24 birde of the left leg and the rest 12 of both legs Letwsen
the 24th and 42nd day of the expsrinent (Table 7). The time of onsst of
peronie was ot differant in the two groups. The developuent of lamonese
synchronized with the slipring of the tendon (Plate-Wa). The perotia
birds had difficulty in walking and were found sitting on their hocks.

The hock joints wsre enlarged in the affected birds (Flate-\lb).



Table 7. Iacidence of alipped tendon in choline deficient birds
(group 2 and 3).

Day Left leg Right leg Both legs
24th - 1 1
25th - 1 -
26th 3 1 2
27th 4 - -
2Bth i 1 $
29th 1 - -
30th 1 - -
st 1 1 -
2nd 1 1 -
35th 1 - -
35th 1 - -
37% 1 1 1
38th 2 1 1
35th 2 1 1
40%h 2 2 1
41t 2 1 3
4204 3 - 1

Total 24 12 12
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Biochomical studles

The reculie cf the quantitative analysis of the chemical constitusnts
of the gapirocnemius musole of the control and experimentsl birds (perotie

mincle) are given in Table 8.

Analysiz of the data showed significant differences in the protein,
1ipid, cholestervl, ercatine phosphate and phospholipid content of the

gastroonemius muscle between ths conirol and the experimental birds.

The activities of phoaphorylase, SDH, ALP, ACP, GOT and G were also
mlgedficantly higher (P<0.05) in the contrel. Among ins three grougs,
muncles of group 2 birde hzd the least eholestercl GOT, ACP and phospholipid
values (P<0.05). Gxoups 2 and 5 were sdmilar in the conceniration of protein,
1lipid and creatins phosphate and the activities of SBl, ALP and JF? 4in ibe

gastrocaszius muscles.

Musculer efficiency

The latent, contmction and relaxation periods of the gastmyonemius
suzele of oontrol birds were found to be 0.03% sevonds, 0.05 sesonds and 0.65
seconde respectively (Plate W), The perotic muscles from group 2 birds
had a latent pexiod of O.04 seconds, contraction parsod of G.15 meconds and
relazation poriod of 0.28 sagonds (Flate 1ib)e The latent period for the
contraction of muscle from group 3 birds was 0.035 seconds; the oontraction
period of the muscle wae C.10 seconds and {he relaxstion peried, .24 seconds

(Piate-1la).

The height of contraction was least for the muscle from group 2 birds.
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In experisentsl birds the latent, coniraction and relaxation pariods
ware more than that of control. Group 2 birds had prolonged latent,

eontraction and relaxation periods irn comparison to group 3.

Among the threoe groups the time required for the onset of fatigue

was found to be lemser for group 2 muscles than group 1 and 3 (Plate v

and
Ry b. Ae)o



Table 8. Average chamleszl composition of gastrocuesius
nuscle of chicks.

Protein Total  Ciolesterol Creatine  Phospho f,y“‘;am‘“ wr O o awp
Group #1100 & Upido ng par phosphate 2ipids  SDH @ P10 g 6.3/ W/ v/ 3.9/
% 100 & 10 g ug/100  U/ug BE 3 €
Hesue dry wot wet timsue tisaue auscle =
i g tiasus
Group 1
(Control)  20.38 1.5% 251.83 0.22 6.22 0.88 00,45  41.858 To24 2,43 3.42
Group 2
(E‘P"i‘:’)"‘ 18.51 2.% 157.24 0.17 3.32  0.46 156.46  20.05 2.83  1.63 2.61
Growp 3
(Experi-
ment 2) 18.%9 2.42 148.00 0.16 3.63 0.48 18717 2580 397 2.071 2.72

§2
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Feeding trial

Sebrell and Harris (1954), Houser (1955), Ewing (1963), Parkhurat
(1967), Soott and Krook (1972) and Surendrsnathan (1974) established
that deficiency of choline exerted a depressing effect on the growth of
chicks. Addition of choline t0 a practical poultry ration increased
eniek growth (Gerry et al.,1948), These findings weve in accordance
with the reports of Giils and Norris (1951). The poor welght gain
and foed efficiency ratios obaarved 4in birds of group 2 and 3 and better
pexforzance of birds in grovp 1 are in agreeaent with the above finding
that choline deficiency retarde growth. The sinilarity of fesd consumption
values for groups 1 and 3 suggested that choline has 1o influence in the
palatability of feed. The difforence in fesd consumpiion between groups
2 and 3 and the lowest value for group 2 are proportional to the growth

rate.

The present observation that the feed efficiency ratios for control
dirds (gwoup 1) werc higher than that for chioline deficient birds (group 2
and 3) accordsd well with the finding of Shexwood and Sloan (1954). They

found that added choline improved growth rate and foed efficlency.

All the tirds in the choling deficlent groups 2 and I showed syaptons
of porosis. Ewing {(1965) stulied the requirement of choline for prevention
of psrosis snd for growth, He conocluded that perosis in chicks developed
only when the level of choline in the dlet was too low, mich lower than

that requirad for growth in choline defiecient ration. The exporimental
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birvds in the present stody (group 2 and 3) showed symptoms of peromis.

This was consistent with the observation of Ewing (1963).

Sympioms of perosis was woticed on the 24th day of feeding trial.
Though all birde developed aymptoms during the experimsnutal period, conei-
derable variation occurred in the time of onsot. This i3 in agresment
with the findfng of Surendwanstnan (1974) who reported tiat chicks have

individual variation in their sensitivity to choline deficiency.

Biochemical atudy

Thers is scarcity of literature with regerd tc the effect of choline
deficiency on the chemical composition of skelatal muscle of chicks. The
low protein centent of the gastrocnsmius smscle of choline deficient birda
(group 2 and 3) irdicated that choline has influence in the total protein
content of muscle. Dickerson end Widdowson (1960) veported that protein
oontent of muacle increassd during the development. The lowered protein
velue obtained in the preseat atudy wmight be due to an indirect influsnce
of choline through its effect on growth rate. It is atill not known whether
perosis is amother type of muscular dystrophy. Young and Dimmdng (1951),
Weinstock and Luksce (1964) and Peterson s al. (19563) reported a reduction

of protein content of muscle in muscular dystrophy.

Herrmarn (1946) raported that supplementing the diet of old laying
hens with oholine reduced the total and ester cholesterol levels in liver,
hesrt and muascle. In the present studs on the effect of choline deficiency

on cholesterol content of zasiroensmius muscle, the cholesterol value was
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found to be lowsat in group 2 {choline deficient diet - 75 mg choline per
kg of fesd) and hizhest in group 1 {conirol « 1500 mg choline per kg of
feud)s That hypocholestervlemia ocourred in choline deficiency wae reported
by Hough at ale (1943) 1n pupples, Timoco ef al. (1954) in rats mod Surendrana-
than (1974) in chicks, Suvendranathan (1974) studied the effact of raising
the level of cholime from 1900 mg to 3000 ng por kg of fsed ard stated tnat
there wam en optimum dietary lavel of choline in chicks for maintenance of
blood cholesterol level and any mdditional incrsment of choline had mo effect
on the blood cholesterol level, The difference in age of the experimental
tizds might be responsible for the obssrwation of Herrmann (1946) that no
variation oceurred in cholestsrol level. The low cholesterol confent of
muscls was attributed to the low cholesierol lavel of blood im choline defi-
clency. %he lowered cholesmterol content shown in choline deficlent bivds in
this study coincided with the results obtained by Exbden ard Lewmczeck (1923).
They reported that the cholesterol content of muscle varied with the activity
of the muscle. FPeroiic muscle was loss active compared to that of the control.
This was in agreemont with the findings of John and George {196T) and Jacod

(1971) that a decreawed motivity of ihe muscle reduced its cholostersl leval.

in the present study fat content of the poerotic muscle war tound o be
more than that of the control. Thers was no significant differance botwesa
groups 2 and 3 in this respoct. The increassd fat content might be attributed

to lack of choline, the effect bedng similar to that cccurring la liver,

West gt gl. (1566) obaerved tnat the syntheme of phosphollpids in the

body depends on ihe availability of choline, either by syathesls in the hody
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or through dletary sources. They further stated that choline ia o dietary
easential in birds, ayntheais in the body being fuadequate and thut they
have io depend, to a large neamurs on dietary cholins for phospholipid
synthesis. The low phospholipid walue for skeletal muscls of parotie chioks

in the present sxperiuent aocords well wiih the above findings.

A loxered value for oreatine phosphate, in both choiine deficient
groups 2 and % indieated that creatine synthesis in muscle was Jisturbed
ag & result of choline deficiency. Barrenschesn ani Pany (1943) aiso reported
aiailiar observations. They established that oreative ie forzed in muscle

by methylation dizecily Zrom methionine end indirectly from choline.

Conpared o the gontrol birds phosphorylase activity was lowsr 1n
cholins deficient birds {groups 2 and 3}. Stetten and Stetten {1360) studied
the role of phosphorylase in the utilizetion of plycosens They ovneluded
that phoaphoryloss was essenilal for the phophorylative degradation amd
utilicsation of glyoogen. 4he,; also sinted that the phosphorylase activity
in a tissus would iadicate tha rete of glycolysis. Xiebe ard Fisuer (1955)
stated ihat plophoryinse exista in the muscle in two forms, the astive forwm
‘a' and the insotive form ‘B, of watch the active form predoninstes in a
contraoting muscie, Rulon gt al. (1961) ahowsd that the active form '’
increnser during contraciion of the muscle and decroases during xest. [urend~
ranathen (1974) could rot find any altermtiozs in the glycogen content of
porotic muscle of chicks. The lowersd phosphorylase and reducsd musoular
aotivity iz perotie muscle anticed in the present study sugpested that ita

aotivity is proportiomal to the aotivity of the muscle.
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Iowsred GOT and GFT activities in choline deficient birds might be
an indication of the role of choline in protein metabolism and its indireet

{nflusnce on the growth and positive nitrogen balance.

The SLI aotiviiy of the gastrocnemius wuscle wes reduced in both
choline deficaent groups 2 and 3. Thus result is in agreement with ithe
finding of Surecdranathan {(1974). That tie level of DH activity 1s en
index of ats capacity for cxidaiive metebolism and is the key eniyme in the
krebs ayele huve baen reported by George and Talesara (1961) and George
and Bergar (1966). They stated tnat a fall in SiM activaty might point to
an interference in the fat msiaboliss. It was concluded by them that the

lowercd SDE activity of pewotic muscle was due to its reduced aclivity.

A decreaps in yhosphatase ectivity (AGP and ALF) of the musule in
cholins deficient birds {groups 2 and 3) might bs due to & reduction in the
synthesls of theme enzymes in ii. Choline derivatives form part of the
prosthetic group of phosphatases {Xutscher and Seig, 1950). It is interesting
to note that choline deficlency reduced the muscular activity An gensral and
therefore it directly or indirectiy lowsred the chemical constltuents amd

enzyne activity.
Muscular efficlenay

There is not much information with regard to the effect of choline
doficiency in muscular efficisncy. The prolongef relaxation perind obtained
in the choline deficlent muscle indicated the poor efficiency and decreased
activity of tne perotic muscle. The early onsot of fatigue of perctic muscle

might be due to a raduction in the avallability of emerzy providing uaterial.
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SUHEHMARY
The effests of choline deficiency on the body wexght, feed e'ficiency
and chemical compoxition cf the skeletal muscies of' hte Leghorn chicks

were studied.

Choline was incorporated 10 a cacline exizacted cation which was
otherwise nomal, at the rate of 1500 ng, 75 wg and 100 wg per hg and formsd
the three treztments. Hach vreatment conaisted of replicated lota of 6
chicks which wers houssd scperately in a brooder, %he birde were sacmifaiced
whan they exnibiitec syaptons of peroslise <daemical composition, ensyme aetavity

and mugculsr efficiensy of me gastrocnenivy muscles woxe stulleds

ihe data collectsd revesled the following

1. The bicdas fed ov 75 mg and 100 mg levels of chellns showed a
degresse in both foed efficicrey ard feed utilizavion ard 1%z of weicnt gain
whont the perlormance of these blvds were compazed to those which recoived

1500 =g of cholineficg of faed.

2. Choline deficient chicks werc unthrifty, and hed poorly developsd
end xuffled foothers. A1 the bizdm on crslane defacient dzzts exhabited
symptoms of perosis, either unllateral or bilateral sterting fyom 24 days
of 2ge. Fromounced enlsmgoment ~f the bock joint spd displaczenent of the

seatroonenius tendon ware obsmerveds

The following obsepvations wore uale on the gastroonsnius musele of chicks

1. lowered values for creatine phosphate, phosphiolipids and inmcreascd
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value for fat content in the gastrocnemius muscle of perotic chilcks were

recorded.

2. The comparatively lower activity of 40T, GPT aud lowsr protein
values in choline deficient chicks gould be sttributed to the lowered

protein turn over in the birds and the resultant poor growibh rate.

3. Since gastroonemius muscle is less active ia choline deficient

birde the phoaphorylase activity is also lowsred.

4. Reduction in SDH aotivity of the gastrocnsaius wuscle in choline
deficisncy might be the result of decreased oxidative metabolisn snd

tonus setiviiy of the red fibers in it.

5« {boline deficient chicks revealed significantly lower walues for
ALF and ACP, An interference with the synthesis of the prosthetic group

converned might be the reason for this.

6. The affected muscles ehowad poor muscular efficiency, as revealed

by & prolongsd relaxation tims.
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Plate -~ Ia

Control chick - Normal in health
vigour and alertness.

Plate -1 b

Choline deficient chick - exhibiting
unilateral psrosis.
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Plate - 1




Plate ~ IT a

Choline deficient chick - showing
slipping of the tendon of gastrocnemiug
mscle.

Plate - II b

Choline deficient chick with enlarged
hock Joints.

Plate - II ¢

Choline deficient chick - showing
bilateral perosis and ruffled feathers,
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Plate ~ IiI a

Simplo muscle twitch -~ control
(gzroup 1)

Plate - IITZ b

Simple muscle twitch - Dxperimsnt 14
(group 2)

Plate - 1II ¢

Lample wuscle twifteh - Experiment II
(group 3)
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Me. - T R
.S‘rm'rle muscle Ewiteh. Conliel
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Flate = IV a

Fatigus - Control {(gzoup 1)

Plate - IV D

Fatigue - Experiment I (group 2)

Plate - IV ¢

Fatigue - Experiment II (group 3)



Plate - 1V




APPENDIX



APPEEDIX

Table 1. Initial welght, weekly waight and weight

g2ine () of the ohicke in group I (econtrol)

Weight Weight gzin

S1. Fo. Initial First Second Third Pourth Fifth Sixth First Second Third Fourth Fifth Sixth

s weak week woek waak week  week  wesk woek  wesk  week week week
1 36 38 5 95 150 220 300 2 17 40 [ 60 80
2 35 50 0 143 205 270 320 15 40 53 62 6% 50
3 35 8 70 108 155 230 280 3 32 = 47 H %0
4 34 8 60 20 125 205 280 4 22 20 35 80 5
5 35 40 70 110 150 05 250 5 30 40 40 55 45
6 36 41 60 105 148 192 260 5 19 45 43 44 68
7 29 28 55 95 152 200 245 9 17 40 5T 48 45
8 54 40 55 86 150 215 2680 6 5 31 64 65 65
9 34 42 60 95 140 180 240 8 18 s 45 40 €0
10 40 50 70 116 190 240 300 10 10 46 T4 50 60
11 35 45 65 105 170 235 275 10 2 40 &5 65 40
12 35 39 60 105 175 200 260 4 21 45 70 % 80
3 prd 9 60 90 140 180 250 8 20 30 50 40 70
14 35 40 58 935 148 155 265 10 18 35 55 47 45
15 30 42 58 0 135 175 240 12 16 32 45 40 65
16 35 52 T0 105 158 188 245 17 12 35 53 30 57
17 40 43 62 100 138 168 205 8 14 28 33 36 37
13 34 45 ™ 100 140 180 220 11t 30 3 40 40 50
19 32 45 69 110 158 190 240 13 15 50 48 32 50
20 32 45 80 100 130 185 258 13 35 20 30 45 53
21 %5 50 80 120 141 190 245 15 30 40 21 49 45
22 33 45 60 20 115 170 248 12 15 py) 25 55 8
23 35 45 78 92 130 187 252 10 33 14 » 57 55
24 >0 40 67 105 145 183 240 10 F4} 38 40 43 52

¥san 34.24 43.17 65.75 102,00 143,91 2X0.33 257.83 9.17 22.17 36.25 A7.92  49.17 57.29




Table 2. Initial weight, weekly weight and weight gain (g)
of the chicks in group 2 {Czperiment 1)

Welight Weight gain

First Second Third  Fourth Fifth Sizth Firsat Second Third TFourth Fifth Sixth
weak woolk week waek waek woek wesk weok week waek wook woek

Sl.M0.  Xndtial

1 b 45 (5] ] 125 162 205 9 15 30 k) 37 43
2 34 8 46 65 K] 95 135 4 8 19 14 16 30
3 3B 38 58 80 100 126 180 3 0 22 20 2% 34
4 B 39 52 75 100 130 170 4 13 23 25 20 40
5 ] >3 50 T0 95 125 160 3 12 20 5 30 35
6 b 39 55 80 96 15 150 4 16 25 16 19 35
7 32 41 50 65 92 115 170 9 9 15 27 23 55
8 36 45 52 62 g2 125 190 12 4 16 24 33 €5
9 3 [+] 59 80 105 135 210 8 16 n 5 0 %
10 33 40 50 55 8% 10 170 7 10 15 20 3 0
" 30 >4 45 &0 80 100 160 4 1 15 10 20 0
12 0 kA 45 50 70 92 145 5 10 5 20 22 5%
13 30 ] 45 65 % 120 155 5 10 20 =) 30 35
14 3% 40 50 78 108 143 183 5 10 28 20 5 40
15 30 33 42 €0 80 108 146 3 9 18 0 ] »
16 3 39 52 65 83 105 135 4 13 13 18 22 »
17 35 40 50 ;] 24 102 122 5 10 18 16 18 2
18 32 36 45 63 80 100 120 4 9 20 15 20 20
19 3» 40 50 &8 93 125 158 5 10 18 25 » 35
20 35 40 52 65 a5 " 143 5 12 13 20 26 J2
21 ) 35 48 €0 81 110 138 5 13 12 21 29 28
22 3% 40 a1 68 G0 115 145 5 1" 17 22 ] 30
23 20 36 50 6y 92 Hn2 142 6 14 19 3 20 0
24 13 37 53 Y 89 11t 135 3 16 17 19 22 8
Nean 33.42 BT 50.42  63.74 90.58 116,25 155.83 S.29 11.7 18.71  21.46 25,67 39.63




Table 3. Initis) weight, weekly weight and weight gaiu (g)
of the ehicks in group 3 (Uxperiment 2) —~

Weight Woight gein

Firat Second Thirda Fourth Fifth Sizxth Firat Second Third Fourth Flfth Sixth

Sl.Mo. Initial week  wegk weck  wesk wick week wask  wesk weelt  week wesk wook
1 %6 = €0 20 106 132 170 2 22 20 20 32 B
2 3 40 65 95 111 152 195 3 2% 3 15 4 43
3 -7} 38 52 T 92 122 155 3 14 19 i | 20 33
4 36 38 %6 90 105 142 205 2 18 34 15 37 63
5 40 46 i) 5 105 150 210 6 24 25 10 45 60
[ 36 40 55 T2 100 140 1635 4 15 17 3 40 55
7 36 37 50 &0 K&l 110 155 1 13 10 15 35 45
8 36 45 65 x 115 175 235 9 Fu 25 = 60 60
9 35 46 65 20 100 135 180 11 19 15 20 35 45

10 34 44 0 86 122 155 210 10 2% 16 - 33 55

11 %6 42 56 72 9 115 168 11 14 16 26 17 50

12 b->-3 3 45 85 ™ 136 172 5 T 20 10 61 36

13 40 46 56 (] 106 136 izl [ 10 22 28 30 35

14 ] 40 52 T 102 (4 168 5 12 ] 5 30 36

15 34 38 47 &7 92 17 155 4 9 20 % 35 »

16 30 34 4 62 a7 107 142 4 10 18 -3 » 35

17 30 36 48 68 96 13 m 6 12 20 3 3% 40

18 35 41 52 T 93 =1 153 5 11 19 -3 238 3R

19 32 31 47 72 101 135 179 5 10 23 29 >4 40

20 % 40 48 56 80 110 143 5 8 18 24 30 38

21 25 L] 51 67 a7 15 147 6 10 16 2 28 32

22 32 36 45 64 89 119 154 4 9 19 25 30 35

23 35 40 S0 67 90 118 156 5 10 17 k¥l 28 k2]

24 35 40 56 69 83 119 157 5 16 13 @0 30 38

Kean 34.95  40.04 S4B 7592 9A.28 13047 17267 5.08 1433 19.96 22,33 3475 42,50




Table 4 (a). Analysis of variance - body welght

first weak.
Source af 83 35
Dus to diet 2 251.%6 125,63 8,86 #
Ervor 69 973.25 14.19
Total n 1230.61

* Critical difference at 5% level : 2.14

Table 4 (b). Analysias of variancs - body weight

seoond week,
Source ar ) NGg ?
Due to diet 2 3041,36 1520.68 26,89 *
Ervor 65 ¥01.96 56455
Total Tt 6943.32

# Critical diffevence at 57 levsl : 4.25



Table 4 {c). Amalysis of variance - body weight -

third weel.
Source ar S8 551 ?
Dus to diet 2 15393.068 7696. 54 65.600 ®
Error 69 794073 115.08
Total " 23333.87

* Upitical differance at 5 level : 6.07

Table 4 (&), Aralysis of variance -~ body weight -

fourth week.
Source af o3 Mio F
Due to diet 2 51461.33 B5730.65 114,28 *
Rrror &9 15536.17 225,16
Total T 66997.50

# Oritical difference at 5° levol : 5.49
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Table 4 (o). Avalyais of varlance - body weight -

2ifth week.
Source ar S8 HSS ) 4
Dus to dlet 2 JT7436. 33 48743,16 75.99 *
Error 69 44267.17 641.55
Total T 141763.50

* Critiosl difference at 57+ level 1 14.33

Table 4 (£). Analysis of variance - body weight =

aixth week.
Source ar 58 M35 r
Due to dlet 2 143446.53 T1723.29 34.66 *
Error 69 142673.29 2067.73
Total T 286119.87

* Oritical difference at 55 level : 25.73



Tabtle 5 (a). Analyals of variance - weight gein

54

first weak.
Source af 55 e F
Tue to diet 2 253.87 126,94 14,22 *
Error 69 616.12 8,93
Total T 869.99
Critacal differance at 57 level 31 1.69
Zable 5 (b). Analyeis of variance - weight gein
ssoond weelk,
Source ae S8 HKSs P
Dus to diet 2 1421.03 T10.52 20,08 *
Errer 69 2439, 63 35.36
Totel T 3860, 66

# Critionl differcnce at 5% level : 3.36



Table 5 {c). Anslysis of wvariance table - weight
g2dn ~ third wesk.

Source ar S8 S5 ) 4
Due to diet 2 4597.53 220977 48,14 =
Total n TB91.95
# Critica) difforence at 5% lavel : 5,91

fable 5 (d). Analysie of variance table - welght

gain ~ fourth week.

Sourcs ar 83 H33 b
Due to diet 2 10642.53 S421.27 61.65 *
Eror 69 6067.13 87.93
Total ™ 16903.66

* Critieal difference at 57 level : 5.3



Table 5 (). Analysis of variance tcble — weight

gain - fifth wesk.

56

Source ar S8 MoS o
Due to diet 2 6740-78 3370.39 31,00 *
Exrror €9 7501.16 108.71
Total ¥l 14241.94
* Oriticsl differencs at 5% level : 5.90

Table 5 (f). Analysis of variange table - welght

gain = sixth wask.

Source ar 55 55 I
Dus to diet 2 4313.35 2156.68 1404 *
Error £9 10596.59 153.57
Total ¥4 14909.64

*Critisal differsnce at 5% level 3 702



Table 6(s). Weekly feed conmmption date (total feed
eonsumption per group in g).

-+ R
First 1131.12 1017.84 1063.68
Seoond 2021.52 1825.76 1980.00
Third 2296,03 2264.64 2450, 40
Pourth 3067.92 £720.88 2838.72
Tifth 3592.32 3437.76 3630.00
Sixth 4588.32 4060.32 4359.84

Figures in parenthesis iodicate mmbors of birda.

Table 6(b). Heekly fecd consumpiion data (average feed
eonsumption per bird in gl.

Veek Group 1 Group 2 Group 3
First 47.13 42.41 44.32
Ssoond 84.23 T76.49 82.50
Third 95.67 94.36 102.10
Yourth 127.83 13.37 113,28
HMtth 143.68 143.24 151.2%
Sixth 191.18 169.18 181.66

Hean 115.95 106.50 13.35




Table 7. Annlyxis of variance ~ average waekly

feed conmmption.

Source ar a8 #53 ¥
Due to diet 2 285.62 142,81 Te91 *
Due to week -] 35363.13 072,63
Brmor 10 130,60 18.06
Total 17 35829.35
* Critical difference at 5% lovel i 5.47

Table 8. Fesd efficiency ravio.
Week Group 1 Group 2 Group 3
Firat 0.18 De12 0.11
Second 0.26 0.15 0.17
Third 03B 0,20 0.20
Tourth 037 0.19 0.19
Mth 0.33 0.18 0.23
Sixth 0.30 Q.25 0.23
“.ln 0-31 0,18 0-‘9




Table 9. Annlysis of variance - feed efficiency

atio.
Source ar a8 M55 bl
Dus to diet 2 0.06 0.03 0
Due to week 5 0.04 0.008 a8
Erroxr 10 0.01 0.001
Total 17 Q.11

» Critical differonce at 57 level : 0.04



Table 10.

Chemical composition of gestrocnsnius muscle
of chicks group 1.

Cholest Phospho-
Protein T‘.’t’é exol Pg“::‘f Pﬁeﬁ’; rylase  GOT  GPT  ACP AP
Sl No. %100 ¢ 1;932; ng per g/:go 8' “Pper SDH g P10 m} WU/ WU/ BU/g B.U/g
tisaus 100 g wet U/ng muscle, mg ng
welght tissue tissue 100 ag 15 mte.
1 21.01 1.3 268,55 0.16 6.92  0.83 M2 54.54 6.25 267 333
2 20417 1.27 263.16 0.15 5.50  1.95 28275 65.60 15.00  2.40  3.20
3 20.04 1.87 257.89 0.24 6.66  0.90 32727 34.50 4.13 257  3.21
4 20,40 1.90 264,55 0.19 535 OJT5 266,60  53.09 11.36  2.34 343
5 20.70 1.41 200,00 0.22 6,55  0.84  313.04 31T 436 295  3.55
6 20.10 1.42 190,48 0.21 6,55  1.32 320,27 3041222 304 3T
7 19.18 1.53 172.41 0.20 6,31 0.95 320,00 24.64 2.41  3.23 4415
8 20,47 1.96 281,75 0.16 6,00  0.99  307.68  34.05 4.66 2.08  2.76
9 18.18 1.45 216.22 0.22 6.0 1.2y 313.04 53,57 5.52 1.7 237
10 19.17 1.%6 247.52 0.17 6.25  0.89 315.78  21.41 5.7 1.8 2.17
1 20.14 1.62 238.09 0.23 6.32  0.45  B27eZ1  50.00 12.40  2.44  3.05
12 20,18 1.45 218.86 0.16 5.71 0,37 282,35  68.05 3.19 1.6  2.52
13 18.20 1.20 242,44 0.31 6.90  0.85 318,40  34.15 6.8 251 2.95
1 20.18 1.54 218.7 0.19 5.95 0,79 310,50  59.09 4.75 1,97  3.07
15 22.41 1.42 198,35 0.18 5.48 0,95 248.15  53.57 6.75 2.48  3.13
16 19.78 1.32 1424 0.24 5.97 0,92  208.40 40,18 TJT 258 4,25
17 22,10 1.48 198.42 0.28 6.42  0.86 2B7.18 .78 5.8 2.75  3.95
18 21.10 1.8 242.74 0.25 6,35  0.87 2B.70 34.06 715 345 3%
13 20,78 1.37 235,14 0.25 6.48  0.88 276,18 26.41 458  1.75 5,51
2 20,06 1.9 247.15 0u27 6.46  0.38  208.75  34.05 4.36 1,97 295
21 21.00 1.78 208.45 0.22 6.33 079 510,10 37.56 12.10 2.48  2.78
22 22.41 1.09 288,45 0.29 6.18  0.83  279.18 39,08 11.35 275 3.07
23 19.70 1.45 264,715 0.25 6.5  0.87  2TT.14 3BT AT 2,40 4TS
24 2.7 1.70 257,89 0.24 6.78 081 293,15 40,17 447 2.5  5.18
Mean 20.38 1.51 231.83 0.22 6,22 0,88 300,45  41.88 T.24 243 3.42




Table 11.

Chemical

of gast;

o; chicks group 2.

Choleat- Fhospho-

. Protein gt‘:. arol Pﬁo“_;:."“’“ “"ﬁ;f:: 7lase GOT GPT  AGP ap

81 Yo. %10 ¢ Gy MPT hoos  mgper ij g Bf10 7‘ Wi/ WY/ BUke | B.U/g
tiasue 100 g wet ng muscle, ng g
veight  iague oW 10 mg 15 ntse

1 18.67 2.31 142,680 0.16 3.10 49 160.00  20.74 1.88  1.67 2.51
2 17.16 2.18 113.64 0.16 3.58 .54 184.61 27.86  3.93 2.18 .73
3 18.69 2.67 152.84 0.20 2.92 .61 150,00  11.80 1.64  1.69 2.55
4 18.91 2.42 117.63 0.18 2.72 79 13335 15.80 2,90 1.67 2.09
5 19.17 2,56 100,00 0.15 480 .26 13533 20,00 1.80 2,33 3.09
6 18.71 2.42 92,31 0.17 2,92 45 266,66 20,82 1.1 1.83 2.44
7 18.43 2.3 157.689 0.19 4.62 58 150.00 21,88 4.07 1.87 2.30
8 17.19 2.47 155.00 0.18 4.07 W32 14,23 17.89 657  1.68 2.5
9 18,10 2.09 166.66 0.17 343 43 208.69 17,29 2.05 2.48 372
10 17.10 2.18 181,03 0.16 2,50 G4 156,52 14.75 245 1.60 2.57
1 18.48 2.07 103.84 0.16 3.80 .3 114.23  20.89 3.99  1.07 2.57
12 18.10 2.48 118.64 0.4 292 3% 1MAT 2042 1B 145 2.%
13 19.18 2.45 107,50 0417 2.95 .3 151,98 19.15 1.75 115 3.75
1" 18.75 275 157.84 0.19 3.15 A7 14117 1875 1.4 1.4 2.9%
15 18,76 2,18 147.54 0.15 348 .61 108.75 14.51 298 247 2,91
16 19.15 2.71 107.56 0.17 375 58 152,75 2275 175 2.18 3.51
17 17.97 218 149.58 0.15 3.15 49 MB.T5 25T 45T 1T 1.9
18 18.76 2.45 152.84 0.19 3.15 51 17518 21.48 4,08 1.56 2.48
19 18.18 2,18 142,56 0.18 3.91 39 191418 20.85 3.5  1.41 2.15
0 19.12 2.15 155.50 0.25 4«18 .4 180.71 25.14 3.5 148 2.19
2 20.17 2.18 171.18 0.15 2.75 41 156,52  27.98 278 1.57 2,09
22 19.42 2,75 118.45 0.17 2.18 48 141,15 15.19 2.5 1,58 3.07
3 18,75 2,15 138.45 0.19 3.7 4 135.75 19.41 215 145 2.54
% 18.17 2.18 141.80 0.17 308 .37 12945  20.11 1.9 1.3 1.95
Rean 18,51 2.36 137.21 0.17 332 46 156,46 20,03 2.8 1.69 2.61




Table 12, Chemfcal composiiion of gastroonesius musole
of chicks - group 3.

Cholest- Phospho-
Froer BT Y ol 14 mlwe  COT QR G AP
Sl k. #iog ng per ol Mas o g P/i0Omg WY WU/ B.U/e  B.U/g
tiasue dr{ 100 g wet uwo & :'gow U/ug wuscle/ ng g
weigh tame suue d 15 uta.

1 18.42 218 196.58 0.13 3.00 .59 150,00 28.17  1.63 1.84  2.76

2z 1872 216 147,36 0.15 1.91 46 192.00 32.28 2.44 1.03 2.50

3 18.31 2.8 137,43 0.16 2.92 .45 150.00  26.09 8.80 1.T1  2.57

1 18.91 2.18 143.45 0.14 431 42 2242 20.86 3.6 2.29 35.06

5 18.48 2.5 136,36 0.15 5.51 .92  206.66 25.04 3.26 2.35 3.3

3 18.71 2.47 126,31 0.13 w13 208.68 19.98 3.99 1.38 276

7 18.31 2.60 142.80 0.16 480 36 20820 20.05 T.89 2.57 3.42

8 17.12 2.41 105.26 0.16 3.87 .32 1970 20.06 279 136 3.%0

9 18.48 2.8 134,03 0.17 ¥ .45 21848 21.06 353 2.36 2,95
10 1824 2.50 195.70 0.13 539 .33 20571  2.84  9.91 1.51 1.82
1 18,24 2,94 145.83 0.10 5.80 .65 150.00 25.68 2,58 2.54 420
12 1744 2.0 142.11 0.18 413 .32 21818 29.03 +2.58 2.8 3.50
13 19.18 218 175.18 0.15 217 .5 1M.51 5.8 375 1.9 2,18
19 1795 275 123.19 0.13 275 .58 155.1 2417 291 1.5 2.47
15 18.35 2.17 138.17 0.21 3.4 .48 165.11 2317 3.98 1.8 2.51
16 19.18  2.46 145.18 0.19 5.4 .4 19041 19,48 345 245 2.7
17 18.75 275 14718 0.18 5.8 .47 170,19 2.17  4.17 2.75 3.8
18 1848 2,51 151.75 0.17 10 .58 192.18  26.03 3.75 1.9 2.10
19 875 247 138,75 0.17 375 W6 188,75  29.18 2,98 1.98  2.17
2 18.09 218 141.18 0.16 310 .1 1575 30.15  3.67 275 2.8
21 18.17 2.7 195.18 0.18 348 .4 190,18 2817 3.95 1.9  2.05
2 19.08  2.75 137.18 0.15 247 .43 200,10 2198 375 1.7 3.08
23 180 2.5 109.75 0.19 2.8 . 19175 2497 %14 1.8 2.75
% 19,48  2.08 192.83 0.17 2,00 .39 159.10 25.18 374 1.75 2.18

Maan 12,23 2.42 148.00 V.96 5.63 0.48 8717 H.0 3.97 2.07 2.72




o

Table 13. Analysis of variance -~ protedn,

Source ar 35 MS3 F
Iue to diet 2 60,03 30.01 41,60 *
Broer 69 49.40 0.716
Total i 109.43
*Gritical difference at 5% lavel 3 0.48
Table 4. Analysis of variance ~ tolal
ipidn.

Source af 88 NS3 r
Due to diet 2 12.46 6.23 100. 48 *
Ermr 69 #o’ 062
Total ™" 16.76

*Oritical difference at 5% level : 0.14



»

Table 15. Analysis of wvariance - gholesterol.

Source ar 35 M38 F

Tue to diet 2 1288767.20 6438%.6 178.47 *
Error 69 24954, 14 361.36

Total Ki! 15570134

* Oritical difference at 5% lavel 1 10.76

Table 16, Analysis of variance - creatine phosphate.

Source af 5 M58 ®
Due 1o diet 2 04 02 28,57 *
Error 69 ow lom7

Total '71 009

* Critical differencs at 5% level : 0.02



Ixble 17. Analysis of variance - phospholipide,

Source 4af 58 MsS i

Due to die} 2 121.85 60.93 338,47 #
Brror 69 12.64 0.183

Total T 134.49

# Griticel differance at 5% lovel : 0.24

Table 18, Analysis of varianse -~ SHH

Souroe af 5] M33 b
Due to diet 2 2.74 1.37 5812 *
Brror £9 1.88 0.27

* Cpitical aifference at 57 level 3 0.09



Table 19. Amalysis of variance - phosphorylasa.

Source af 38 M3s F

Due to diet 2 275935.47 137957.74 194.37 *
Error 69 489689, 19 T09.99

Total T 524984.66

2 Critical diffarence at 5 level 1 15.08

Table 2D, Analysis of variemce — GOT

Source ar &3 M3S F
us to diet 2 6133,84 3066.92 50.20 *
Error 69 4207.37 0.58

Total il 10341.21

# Critical difforence st 5 level : 4.43



Table 21. Analysis of varlance - GFF.

o7

Scurce af S Mss )
Due {0 diet 2 251.483 125.74 22,09 *
Eryor €9 355,89 %5.64
Total " 640.37
* Critical difference &t 5% level : 1.34

Table 22. Ammalyais of variance - ACP,
Source ar 5 Hss ¥
Due to diet 2 6055 JeB 18.22 *
Error 69 12.66 «18
Total KL 19. 2%

# Criticsl difference at 5% lavel 1 0.24



Tahle 235, Analysig of variance - ALY,

o

Source 4af &8 55 ¥

Due to diet 2 Ge 24 4.61 9.04 #
Erroxr €9 3B.22 0.51

Total Tt 44,43

* Critical difference at 55 lovel 1 O.41
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ABSTRACT

Ths results and sonclusions drawn from a siudy earried out to
determine the effects of choline deficiency on ths chemical composition
of the skeletal muscles of chicks are presented. The lovels of choline
¥iz., 16500 mg, 75 mg and 100 ug per kg ware added to a choline extracted
but an othorwian norsal ration and were fed to three grouns., Twentyfour,
one~day ¢ld chicks were allotted o each treatment. Data on growth rate,
weignt gadnm, and ;‘esl sfficloncy wera pignificantly lower for choline
defioient chicks, indicating the imporiante of choline in pouliry. All
the chicks on deficient dlets exhibited typical symptoms of perosis,
either wnloteral or bilateral from 24 deys of age. Creatine phosphate,
phosplivlipido and cholowterol lovels of gastrocnemiuz suscles of ohicks
affectad by parosis veve loucreu either due o iuter{erence or iupayrment
in thelr feormation. Reduoud SDI mecivity, ovmevved smight De dus to tue
dupaired oxidotive metadolism. Slight increase in 1ipid content night
be due to the lowersd SIH level. Tae reduced activity of GUT amd GPT
asd fotal protein content protavly atiributed to the lowered growth rate
iz choline deficient chicke. ALF and £CF values were lowered whioch can
be attributed to {the interference in the synthesis of thelr prosihetic

groups. Pour muscular sificlency was revesled bty the affected muscles.



