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I l T T f i O D D C T I O N



I N T R O D U C T I O N

Choline is essential to the anionl oxgenies as a eour-oe of methyl groupa 
for the syatheoia of asdao acids, and for the formation of phospho lipids and 
acetyl ctolin*. The deficiency of choXino In aniaala leads to abnormal deposi­
tion of fat and cholesterol eaters In the liver, haemorrhages and muscular 
weakness. In chlCks, duckling* and turicey poulta the prlcazy effects of choline 
deficiency are Interference In growth and appearance of percais. The clinical 
picture of peroeie id well defined and is characterised by displacement of 
gaatrocneaiua tendon and paralysis of the leg. It is apparent that the thick­
ening and twisting of the tibia and metatarsal boitoa, with displacement of 
articular csrtilaga io responsible for the slipping of the tendon fro* its 
condyles. It has oat been elucidated with certainty whether the paralysis in 
perosis is a consequence of slipped tendon or due to uusouler weakness. Froa 
ths fact that Choline supplements were effective in curing and preventing pexoais 
in chicks, Jukes (1940, 1941) concluded that choline is linked with the ostabolien 
of muscle and tone* The paucity of available laforaation on the changes in Cheai- 
cal cospooltion of skeletal nuscle in choline deficiency in birds promoted this 
study. Knowledge on this aspect of study is of fundsuentol importance in under­
standing the functions of choline in the catabolism of skeletal muscles.
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Present Investigation.

The study ves eonduoted on Say old chicks incorporating 

three different levels of choline in an otherwise normal ration.

Observations recorded!

a) Daring the feeding trial: 
l) Weekly weight.
ii) Weekly feed consumption, 
ill) Onset of psrosi*.

b) On gastrocnemius musole.
i) Muscular efficiency as determined by ths latent, 

contraction and relaxation psziods and fatigue tins, 

ii) Total protein, lipid, phospholipid, cholesterol and 
creatine phosphate content, 

ill) Activity of acid phosphatase, alkaline phosphatase, 
succinic dehydrogenase, phoaphorylase, glutamate - 
osaloacetate transaminase and glutamate - pyruvats 
transsinase.



s m s m n  1 0  t i s u m



RCTSUf OF 1KBJUSUB3

Studies oa choline and its derivatives have emphasised the biochemical 

importance of these compounds aa structural components of tissues, as inter­

mediates is vital metabolic reactions and am specific chemical reaotsnts of 

biological potency. Swing (1963) tentatively classified choline among B Vita­

mins because of its occurrence with them and its requirement for growth and 
nutrition of experimental animals and birds.

Choline was first isolated by Strecker (1849) from hog bile. From the 

saade of white mustard Sabo and Hirschlrunn (1832) obtained pure etolins and 

called it sinkalln to indicate its origin from the alkaloid eiuapiio. Strecker 

(1S62) applied the name choline to the base he obtained from hog bile. Baeyer 

(1866) and Xybpwaky (1867) demonstrated that naurlna, a fraction separated by 

Idebreich (1865) from hydrolysed crude brain extract lecithin to possess the 

same chemical behaviour as choline. Claun and Koeso (1867) showed sinkalin to 

be identical with choline.

Proof of the structure of choline was furnished by Baeyer (l8<>6) and 

Wurts (1867). They established it as B hydroxy ethyl - trlmathyl ammonium 

hydroxide end Wurts (186?) carried out the first synthesis.

Properties of choline have bsen ths subject of much detailed study.

Griesa and Harrow (1685) described tha crystallise fox* they prepared as a 

colourless, odourless compound with a bitter taste, decomposing readily at 
elevated temperatures, burta (1868) found dilute solutions to be aitable to 

heat and concentrate solutions to decompose when boiled. Soman (1930) and



KU*n aad Liaaar (19 32) studied the solubility of choline mad reported that 

It was extremely soluble in water, foraaldacyde, absolute anthyl f.iad ethyl 

aloohols.

Different methods were employed to extract choline froas biological 

materials. The total content in biological fluid# and foods were dsteral- 

ned by Engel (1941, 1943), in sasat outa by Holntir* iiaJ.. (1944), in milk 

by Bodeon (1945) and Marques (1942) and in brain by Sadhp. (1943), Jolliffe 
(1957) reported egg yolk, brain and heart aa the richest aouroea and green 

leafy vegetables end legumes aa Moderate source* of choline. According to 

him choline occurs in the animal tlesuea as lecithin and aa tha ester of 
acetyl choline.

On the basis of their observation in doge, Holiae and Searle (1955) 

stated that absorption of choline took place through portal route rather 

than lymphatics. Slower &£. &L. (1972) presented evidence for the occurrence 

of active transport process in addition to diffusion for ths absorption of 

choline.

The nutritional significance of the dietary supply of choline wae dea- 

onstrated by Best * £ a L» (1332). They aasribed the lipotropic activity of 

dietary lecithin to its effective component choline. According to them 
Choline foetera tha ooaveroion of neutral fats to phospholipids in the livor 

and thereby promoting the utilisation and transport of fatty acida. Artoa 

(1953) attributed the lipotropic effect of choline to the enhanced fatty 

acid oxidation in the liver. Juices (1942) on the basis of his observations 

atmtad that anti-parotic and growth promoting properties of ctolin# are

4



distinct. Ho associated the utilisation of intact molecules of' choline 
with its ability in preventing fatty livers usd haeaorrhagio kidneys in 
rata and sd.ce and aatiperouis affect in chick* and turkeys. These find­
ings were canfiKiad by welch (lS3G).

Jukes (1947) ascribed tho growth proaoting property of ohcline to 
ite labile methyl group. This group is transferred to homocysteine to 
for* aethionino. Condition for creatine synthesis in caiacle have been 
investigated by Barreaschean and ?any (1343) «bo snowed tnat creatine 
is formed cy laethylatiGu oireetly fioa methionine ana indirectly from 
choline.

On the basis of the results obtained by them, baehman9oln (1945) 
stated that choline acetylaae formed acetyl choline under aerobic condition 

in the presence of choline, acetate and adenosine. Chevrsmont (1945) 
claimed choline to be necessary for tho formation of hlstoeytlc cells.

Only few reports are available on the participation of choline and 
its derivatives as oo-ftaotors in eiwynstic system. Kelly and Myarfcof 
(1950) found that a magnssiua activated ATEaae of muscle consisted of 

a lipoprotein with a choline containing phospholipid as prosthetic group. 
According to Sebrell and Harris (1954) the pyrophoapheric add esters of 
choline occur in the prosthetic groups of add and alkaline phosphatases.

Observations on experimental aniasala have established fatty infilt­
ration of the liver as the most prominent change in choline def ioienqy. The
findings of Best and Pddost (1933) that deficiency of choline caused deposition 
of fat in rats ware oonfimed by Boxer and Stetten (1944). Sira liar results
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vara obtained in dogs by Bat 4$, *1.. (1933). In growing cats after 8 vaaka 

of subsistence ration free of choline, daSilva ilfil. (1959) noticed fatty 
liver, tha fatty infiltration pziaardly occurring in periportal spaoes.

Wilgzan and Taylor (1959) reported that tha clinical signs, jaundice and 

fatty liver in choline deficiency ware identical in monkeys and aan, Tha 

data of Marks (1968) revealed the occurrence of fatty infiltration of liver 

in a naaber of species such as rats, nice, hamsters, rabbits, dogs and duck­

lings in choline deficiency, ratek £t (1975) reported monkeys were 

susceptible to cirrhosis by choline deficiency. Gatiy&nina (1975) observed 

liver involvement in rats fed choline deficient diet. Liver shoved aoderate 

fatty infiltration, narked lipohepatosls, fibrosis and nodular <iirrhosia.

Bvicg (1963) and Shits (tS67) studied the effects of different levels

of choline in tbe feed on liver fat of chicks. They could not find any vari­

ation in the fat content. Swenson (1970) provided experimental evidence 

for the accumulation of fat in the liver of poultry when the feed was deficient 

in choline. Self ter et. al. (1971) reported a case in chicks where choline 

deficiency caused vomiting a m  distension of gall bladder with high concent­

ration of bilirubin in the bile. Surendranatban (1974) found only mild 

degenerative changes in the liver of choline deficient chicks. Gerlach et al. 

(1975) observed fatly liver syndrome in chicks and Wolford and lolln (1975) 

fatty liver haeaorrhagic syndrome In laying Chicken in choline deficiency.

Tho re suite obtained by Jest si al,. (1933) in dogs and Seat and Hidout 

(1933) in rats indxcatec chat feeding choline to deficient animals prevented



T

deposition of fat ia liver.

Vary little information ia available on tha affeota of choline defi­
ciency in other tissues. Griffith and Wade {1959) reported thal rats ahowed 
narked enlargement and degeneration of the kidneys, & regression of thyau* and 
an enlargement of the sploon. Griffith (1948) and Hartroft and Bast (1947) 
found choline deficiency to produce degenerative change* in the kidneys of rats, 
hack of a labile aetbyl group was considered responsible for haeaorrhagic deg­

eneration by Griffith and Mulford (1941). Bsid (1S55) reported choline defici­
ency in young guinea pigs produced degenerative changes in subcutaneous tissues 

and adrenals and paleness of kidneys. More (1957) described the lesions ia 
■ale rats on choline deficient diets as fatly changes in ths proximal tubules 
leading to necrosis. Necrosis later involved the cortex. He suggested vaao- 
epasn as ths operative agent for necrosis. Ragler «s£ al. (1968] assayed the 
concentration of acstyloholine and cholinestrase in the tissues of experimental 
and control rats to conflm their view that choline deficiency decreased acetyl 
choline concentration and thereby nade the renal vasculature hyj>ar-r»sponaive 
to vaso pressor aaiaes. They attributed nephropathy of acute choline defici­
ency to vascular disturbance* brought about by the fall in acetyl Moline con­
centration. Parke and Sfcith (1968) analysed the cheaical ooapoiiition of 
kidney after feeding a choline deficient diet. He found an increase in 
neutral lipids, lowered phospholipid concentration and cellular proliferation 
of kidney tubules. Reuberae £L&L> (1963) reported haeMsrxfcagic kidneys and 
cardiovascular danage in eholiaa deficient rats. Magler et al. (l9Sy)
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showed that the istbalanca is vasoactive Eodiatorc duo to a decreetsed 

concentration of acotyl ahnlin* in aboline deficiency led to vaeospeaa 

and iechesda of the kidneys of fats. Ksatsing al. (1973) observed 
a relation between kidney daaage and hyper tension in choline deficient 

rate. According to Wilson ££ p̂ . (1973) incidence and severity of renal 
lesions were greater in rats which wore given Choline deficient diet 

without cholesterol. The data of Houserxnt ijJ, al. (1973) revealed a high 

renal protein value for rats with renal necrosis. They considered 

alterations within to be one of the factors responsible for the neoroaio 

in weanling rate.

Surendranatfean (1974) considered the hyperplasia of ths tubular 

epithelium of choline deficient ciiieke to be a wilder fora of kidney damage.

Vtjlaraa at al. (1954) reported that young sale rata fed choline 

deficient diet containing fet, developed cardiac lesiona. She lesions 

were characterised by focal deposition of fat in ousels cells followed 

by necrosis and renoval of liberated fat droplets by macrophages. Areas 

of pneumonia in sections of lung ware tbs only change noticed in nice 

by Meador and Williams < 1957).

Specific role of choline in haonatopoieais is disputed. Savis (1939) 
reported a depression of cobalt induced polyeythewia in dogs by choline 

deficiency. He suggested that an increase in choline or acetyl choline 

and a decrease in ehoHaesterase caused vasodilation and increased oxygen 

tension in ths bone narrow thereby inhibiting saturation of the calls of



the erythroid aeries. Augaented activity of serum phosphatase in puppies 

and adult dogs on oho line deficient diet has been reported by Hough £&, al. 

(1943). Xbuts (1943) shoved that choline deficiency caused anaemia in dogs. 

Similar results were obtained by Alosander and Engel (1952) in rats.

Haskins et al. (1933) revealed severe anaemia in choline deficient animals. 

According to then anaemia resulted from extensive damage to the .Uver 

rather than the dysfunction of bone narrow.

A fall in blood cholesterol level was noticed in puppies by Hough 

j£ air (19435 which was in agreement with the later findings of 5fine00 £& 

(1964) and Prasanti fii, (1968) also reported a low blood (tholesterol 

level in rats.

Herrmann (1S46) noticed a fall in blood cholesterol level of laying 

hens on chollno deficient ration. Sureadranathan (1974) concurred witn 

these findings and stated that both total cholesterol and phosphclipid 

decreased in the plasma of choline deficient chicken. lie further' stated 

that the hyperplasia of the kidney tubular epitholia in experimental birds 

was due to tho augmented blood uric add level} the decreased growth rate 

and metabolic activity to the lowered plasma alkaline phosphatase, GOT 

and GPT activity.

Choline deficiency in animals involving the skeletal muscles has 

been demonstrated by a number of workers. Baumann .p.t, 4(» (1949) stated that

9
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piglets in deficient diet vert unthrifty and showed alow growth and inco­

ordination of BovemeatB. Hove and Copeland (1954) observed that rabbits 

fed a diet deficient in choline, but adequate in vitamin E developed 

dyetrophic lesions. Bald (1955) noted ia cooline deficient piga severs 

retarded growth and weakening of muscles. Hove jrt ii. (1957) ia rabbits 

regorxed incoordination, paralysis and hyaline degeneration of Sicelexsl 

muscles. The symptoms of choline deficiency in calves were described by 

Johnson at pj,« (1951) as weakness, inability to get up, laboured breathing 

and anaemia.

Deficiency of choline 1b rare in adult chicken. In chicks, Doyle 

(l93l) reported slipped tendon as a sign of choline deficiency. He ascribed 

the bending or torsion of the bones forming the hock joint for tits displa­

cement of Achilles tendon and stated that ths disease is characterised by 

the presence of whitish grey tumorous masses in and along tha bones, in 

visceral organs and soEsxices in the skeletal muscles. Hegsted iti. al* (1941) 

established the importance of choline in the diet of chicks for the growth 

and prevention of perosia. He could not find any difference in idle bone 

phosphorus content between asnaul and choline deficient perotlc chicxa. 

Vfolbaeh and hegeted (1953/ made comparative studies on perosis caused by 

manganese and choline deficiency and reported the effect on epipiiyaael 

cartilaga to be similar in both. The changes noticed by them included the 

abnoznelitie* in enchondral growth of bone proliferation, granular matrix 
formation and maturation of cartilage cells. They concluded that both 

manganese end choline are essential for epiphyseal cartilage cell asetabolisa.
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Briggs li. ai. (1953) experimentally proved that choline deficiency 
produced paralysis like syndrome ia gosling. Creek (1959) found choline 
to he essential for the noraal development of the hock joint in chicks 
and poults. Balloon and Killer (1964) reported high incidence of peroais 
in young turkeys and attributed it to their greater requirement of choline. 
Scott and Kroolc (1972) stated that the most prominent syndrome of choline 
deficiency in chicken is peroeie or slipped tendon. In peroaie the defor­
mation of articular cartilage resulted in the metatarsus being thrown out 
of alignment with the tibia and the tendon slips from its condylss. In 
this oondition they found that the affected leg waa not able to support 
adequately.

Latshaw and Jensen (1972) noted a significant fall in opposition 
rate, egg weight and hatchabllity in Japanese quail with a choline defi­
cient diet.

She work of Cillia and Jiorris (1951) established the beneficial effect 
of added choline to a practical ration for chicks. They considered supple­
mentation therapy ae essential for differentlatii^ porosis caused by defi­
ciency of manganese, biotin and choline in chicks. She findings of Sutton 
et (.1997) that tha body weight of hen in production increased when they 
were fed choline supplemented diet wore confirmed by Pattrlok and Fulton 
(1967). Choline rich diet increased egg production and egg weight aa 
reported by Sehexaailder and Griffith (1973). Griffith and Kochi 31590 (1973) 
found no auch variation in their exporiasntB and concluded that variation 
in tha atrsine were responsible for tne difference in results. Ifira:erov



fit, al. (19J9) studied trie choline replaceaent value of ethanolanlno in 

chicken kept in a high fat ration. mh» sparing action of Vit. ea 

cl jo line reouiraaent of chicks for and proventior of porosis was (leoonat- 

rated by Schaefer et al. (1949). Saw at al. (1954) noted that tsis aathyl 

Sirups of betaine wsra utilised more efficiently for tiosue methionine 

formation than that of choline by chicka. Ketola and loung (1973) reported 

-aethyl aenna-ethanol to be an effective substitute for dietary eholin® in 

Japanese quail. The data of Esh and Son (1954) did not reveal any differ­

ence in the efficiency of cholice salts in pronoting growth except for 

cholir* citrate. Choline in the fora of chloride is generally fed to blrdx..

That tha excess of choline in the diet has a deleterious effoot was 

suggested by Deeb and Thornton (1559). They showed that birds on excels 

choline dxet had lessor body weight ana fosd efficiency. In add! tion to 

reduced growth rate and egg production Ewing (1963) found curling; of new 

feathers and frisxled appearance in birds that were given exaesa enoline in 

their feed. According to Frits atal. (1 J&l) choline levels abo'jc 1615 lag 

per kg of feed retarded growth In chicken. Jfe such change in growth or 

variation in feed efficiency in birds ware observed by Potter and Kelly (1973) 

when the faed contained 5830 tag of choline per kg.

The dietary requirsaeat of choline for chicks hna been the subject of 

auoh detailed study. West fli. 11951) found that in tne presence of ample 
sethionina, 100 mg per cent of choline in tho ration was adequate to twintsin 
optima growth.

1Ji



for ths prevention of poroeip in poults Cogus and Giialngar (1957) 
suggested 700 ag of choline per pound of food. In chioka tha level of 
eholin* required to prevent paresis was noted 'ey Bird et al. (1366) as 
1300 ag and Eobarta and Frits (1965) as 1450 ng per kg of feed, frits 
Si J5l« (1967) reported a beneficial effect on growth of chides when the 
choline content in the ration *rae progressively increased to a level of 
1615 ng per kg of feed.

Studies of Cunning and Tribe (1956) and Ketola and Heshei* (1974) 
disclosed that chicks require an optima level of 1500 ag of choline per 
kg of feed for aaxiaun growth and prevention of porosis. Surendransthan 
(1974) concurred with the above findings.

Conflicting evidence has been recorded on the dietary requirement 
of choline for pullets and older hens. Abbott and Disasters (lfj40) reported 
increased egg production vith dietary choline. The suggestion that choline 
■ay be synthesised by layers was Bade by Ducas A&J&. (1946). He found no 
significant difference in egg production, hatchatdlity, fertility or body 
weight when birds were on a purified diet with 0.03 per cent choline.
Bingrose and Burts <1946) agreed with the findings of Ducaa at Stb (1946) 
and concluded that synthesis of choline occurred even under conditions of 
low choline and methionine intake. For the best egg production And feed 
efficiency Holme* and, Kramer (1965) observed layers to require 9(55.6 mg choline 
per kg of feed. The data of Crawford «t al. (1969) suggested a lower value 
of 595 ag choline per kg to maintain egg production.

13
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H4TESIALS AJffi KB3BDDS 

Cat dsy old White bighorn chicks obtained fro* tha University Poultry 

Pars, Hannuthy were usad for this Investigation. The chicks were individ­

ually wing banded and distributed, into three groups of comparable weight, 

receiving the control diet, choline deficient feed 1 and eholln* deficient 

feed 2 respectively. Saeh treatment consisted of replicated lots of 6 

chicks housed separately in a brooder with 12 hours of natural jihoto period. 

The composition of basal diet used is given in Table 1.

Table 1• Percentage composition of 
the feed.

Peed ingredients Per cent

Pish oaal 10

Groundnut cake 28
files polish 30

Tapioca 30
Mineral mixture 2
Total 100

The feed wee rendered deficient in choline by repeated extraction with 

ethyl alcohol. The residual alcohol in the feed was got rid of by keeping 
it in a hot air oven ealatainsd at 80°C. The choline and fat content of 

the feed so prepared ware assayed by the aethod of Click (1944) and Jacobs 
(1959) respectively. Triplicate analysis were done for each sample. Hie 

choline and fat content was restored by the addition of choline chloride 
end hydrogenated vegetable oil.
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The netbodo adopted for the analysis of proxlaate principles in the 
feed were similar to those described by Jacobs (195S). Triplicate analysis 
were dona for oaeh simple and the naan value recorded. The cheeie*! oospo- 
Bltlon of the feed is presented in Table 2.

Table 2. Chsaical ooaposition of the feed.
Constituent Per cent

Crude protein 21.12
Other extract 6.00
Crude fiber 5.64
Arid 5.91
Hltzogen free extract 61.53

Total 100.00

Vitaain aupplenenta, other than choline, were added to the feed (Table 3)
in the proportion reconaended by HHC (1966).

Table 5. Vitssin suppleneuto nixed with the feed.

Titaains Quantity added 
(per kg feed)

Vitamin A IBP1 units 2000.00
Vitamin D ICO2 200.00
Vitanin K ■e 0.53
Thinlne ■S 1.80
diloflavin ■8 3.60

(coatd.)
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Vitamins Quantity
(per

added 
kg feed)

Pantothenic acid a* 10.00
Niacin ■3 27.00
Pyridoxin ■C 3.00
Biotin ■c 0.09
Polacln *« 1.20
Vitamin 8 ^ *3 0.009

1-United States Fharaacopeoia.
2-Internstional chick units.

Ths ration for control birds (Group 1) was prepared by adding cholins 

ehlorlde to ths feed mixture to maintain a level of 1500 Kg per kg of feed. 

Bationa for experimental birds were prepared similarly except that the 

level of oholine in group 2 was adjusted to 75 mg per kg and group 3,100 ag 

per kg of feed.

feeding trials

feed and water were provided gi libltua for all the groups. The 

feeding trial lasted for six weeks. Initial and weekly body weight of oach 

bird and the weekly feed intake per group were recorded, Pros this data, 

weight gain and feed efficiency ratios were calculated.

The birds in each group were closely watohed for the onset of defici­

ency symptoms, namely the development of lethargy, lameness, slipping of 

the gastrocnemius tendon and the enlargement of hock joint. At the end of 

the experimental period, the birds were sacrificed and detailed pastanrtem
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exssination v&s conducted. 

Bioebeaical study

Za tha biochemical studies a weighed quantity of gaatroensaiue auecle 

(from Both control and experiwental birds) was taken and tissue boaogenata 

was prepared by following tha method of Colowick and Kaplan (l963). She 

tissue hoKSgenat* was assayed for ensyaes like aoid phosphatase (AC?), 

glutamate oxaloaoetate transaminase (GOT), glutaaate pyruvate trrasaminaee 

(GHP), suceinie dehydrogenase (AM), phosphorylase and fox chemical consti­

tuents like protein, phospholipids and cr-atine pnosphate. Ebs aaatbod of 

Bodansky (1932) was adopted for assessing the acid and atlcsline ;3hosphataaes. 

The method given by Bergaeyer (19S5) was followed for ths estimation of 

glutamate oxaloacetate transaminaae and glutamate pyruvate transaminase acti­

vity. liwaphoiylesa waa astiaated by the method suggested, by Caliill a,l. 

(1957). Succinic dehydrogenase was assayed by adopting the nethod of Kun 

and Abosd (1949) ana protein by the method of Inohioea (19G4). I hospholipid 

and creatine phosphate wore estimated by the methods of King and Eootten 

(1959) and of Ennor and Boaenberg (1952) respectively, and cholesterol, as 

described by John and George (1967). Ether extract was estimated on dehydrated 

sample of the gastrocnemius muscle by adopting tha eoxhlet’3 continuous 
extraction (Jaoota, 1958).

The data for all the birds in each group wan pooled. In tha statistical 

analysis of the data, analysis of variance was conducted (.Gnedscor and 

Cochran, 1968). To oospore the means, multiple range test was used in which



a. significance level of 5 p»r cant has followed.

Huacular efficiency

Shs museulsr efficiency m e  determined by ooapsrlng tb* activity 

of isolated gastrocnemius muscle from parotic lego, eight from each 
experimental group (ii and III) with those isolated fro* nomnl legs 

(group l). After removing the musole retaining its attachment to the 

bone it was rinsed in normal saline. The femur was fastened to a 

suscle clasp fixed on a apograph stand and the tendon of the gastro- 

eneaiue auecle was tied to an isotonic auecle lever with after load screw. 

A weight of 5 g m s  suspended fro* ths lever and tha lever was adjusted 

to a horisoatsl position, 1'he muscle was atiaulated with a single 

effective break induced stimuli and the aovooonta of the lever were 

recorded on « smoked kymograph paper, She movements of wyaograffc were 

adjusted to a oonatant speed of 0.24 V*h>c. Ihe points of atioulation, 

contraction, peak of oontraotion and relaxatloi were narked and a time 

tracing was taken to determine tn# latent, contraction and relaxation 

periods, ffiie tine taken by the muscle to get fatigued was studied by 

applying stimuli at regular intervals and xeoo^ding the fixat three and 

every subsequent tenth oontraotion.

18
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Body weight and weight gain

The average body weight and weight gain of 24 oonurol (group 1 ) and 

48 experimental birds (groups 2 and 3) from the first week to sixth week 

of feeding trial are presented (Table 4 and 5.)

There was noticeable difference in the body weight and weisini gain 

of experiments! and control birds froa the first week of feeding trial.

The values for experimental birds which wore looser in the first weak 

gradually declined and vaa significantly lesser than the oontrol in the 

sixth week.

Choline deficient birds of group 5 (100 ag of choline per hg of feed) 

had significantly higher values for body weight and weight gain in the 

sixth seek (2 <0.05) than the birds of group 2 (75 rag of choline per kg of 

feed).

Feed oonsusntion and feed efficiency

Pairwise comparison of the different treatments showed that group 2 

consumed the lowest amount of feed cospared to the other two groups. The 

difference between the groups 1 and 3 was not significant (Table 6).

The experimental groups 2 and 3 indicated lower feed efficiency ratios 
ooaparad to that of group 1 (Table 6).

Sywptowa

The birds in the control group (group 1» 1500 mg of choline per kg of
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table 4. Average body weight of tha bird# in g.

Period
Group 1 
(Control) 
(24)

Group 2 
(Exporieent 1) 

(24)
Group 3 

(Experiment 2) 
(24)

Initial 34.21 35.42 34.96
First week 43.17 38.71 40.04
Seoond week 65.75 50.42 54.38
third weak 102.00 68.71 73.92
fourth west 149.91 90.58 96.25
fifth vast 200.33 116.25 130.17
Sixth weak 257.83 155.88 172.67

figures in parenthesis indicate nuaber of birds in the group.

Table 5. Average weight gain of tha birds in g.

Period
Group 1 
(Control) 
(24)

Group 2 
(Experiment l) 

(24)
Group 3 

(Experiment 2) 
(24)

first week 9.17 5.29 5.08
Second week 22.11 11.71 14.35
Third week 36.25 18.71 19.96
fourth week 47.92 21.46 22.33
fifth week 49.17 25.67 34.75
Sixth waek 57.29 39.63 42.50

figure* ia parenthesis Indicates number of birds in tha group.
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Table 6. Average weakly feed consumption par bird and feed efficiency
ratio.

Parameter Group 1 
(Control)

Group 2 
(Experiment 1)

Group 3 
(Experiment 2)

feed consumption - g 
Feed efficiency ratio

115.95
0.31

106.50
0.18

113.35
0.151

food) net healthy, not ire, alert and bright eyed throughout tha period 
of experiment. They had normal and unruffled feathers (Plate-I t). The 
experimental birds (group 2, 75 ag of choline and group 3, 100 mg of 
choline per kg of feedja'sre unthrifty in appearance and showed poorly 
developed and ruffled feathers (Plate-11 c).

Symptoms of perosia were first noticed in 2 birdafof the experimental 
groups 2 and ̂ )on the 24th day of the feeding trial. In aoae birds, slipping 
of the gastrocnemius tendon from its condyle was noticed only on the sight 
or left leg - unilateral (Plate-1 b) and in the other birds in both lege 
(Plate-11 c).

Out of the 48 birds in group 2 and 3, 12 birds showed porosis of the 
right leg, 24 birds of the left leg and the rest 12 of both legs between 
the 24th and 42ad day of the expsrioent (Table 7). Tho time of onset of 
peroaie was not different in the twj groups. The development of llamenese 
Synchronised with the slipping of the tendon (Plate-lla). The parotic 
birds had difficulty in walking and were found sitting on their hocks.
The bock joints were enlarged in the affected birds (Plate -\lb).



Table 7. Incidence of clipped tendon in oholiae deficient birds
(group 2 and 3).

Ely heft leg Sight leg Both legs

24th - 1 1
25th - 1 -
26th 3 1 2
27th 4 - -
25th 1 1 1
29th 1 - -
30th 1 - -
51 at 1 1 -
32nd 1 1 -
35th 1 - -

35th 1 - -
37 th 1 1 1

38th 2 1 1

39th 2 1 1

40th 2 2 1

41 at 2 1 3
42nd 1 - 1

Total 24 12 12
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Biochemical studies

She reculis; of the quantitative analysis of the chsmioal oonsstifuenta 
of the gantroeueadus muscle of tha control and experimental birds (parotic 
sucselaj arc given In Table 8.

Aaalyei* of tha data shoved significant differences in ths protein, 
lipid, cholesterol, creatine phosphate and phospholipid content of the 
gastroommius muscle between ths control and the experimental birds.

The activities of pieaphorylaae, SDH, ALP, ACP, GC-T and GA1 wore also 

significantly higher (P<0.05) in the control, Among tne throe groups, 
muscles of group 2 birds had the least cholesterol GOT, ACP and phospholipid 
values (P<0.05)« Croups 2 and 3 were dollar in the concentration of protein, 
lipid and creatine phosphate and the activities of SDH, ALP and in the 

gastrocnemius muscles.

Muscular efficiency

The latent, contraction and relaxation periods of the gastrocnemius 
muscle of control birds were found to be 0.03 seoonda, 0.03 seconds and 0.65 
seconds respectively (Plate The parotic muaelee from group 2 birds
had a latent period of 0.04 seconds, contraction period of C.15 seconds and 
relaxation period of 0.20 seconds (Plate l!lb). The latent period for the 
contraction of auecle from group 3 birds vea 0.035 seconds; the laontraetion 
period of the muscle m e  0.10 seconds and the relaxation period, 0.24 seconds 
(Plate-llla).

The height of contraction m s  least for the muscle from group 2 birds.



In experiaental birds the latent, contraction and relaxation periods 

vers sore than that of control. Group 2 birds had prolonged lataat, 

contraction and relaxation periods in comparison to group 3.

Anong the three groups the tine required for the onset of fatigue 

van found to be leaser for group 2 suscles than group 1 and 3 (Plate w
a-ni,
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Tabla 8. Avaroga chawlcal composition of gaatrocaaEiua 
ausela of chicks.

Group Protain
$ / i o o  g

tiesua

Total
lipids

i>

dry vet

Cliolastarol
ng par
1 0 0  g

vet tlasua

Craatiaa 
phosphate 
s/lOO g 
tiwua

Phospho
lipids
mg/103

a g

s e n

u/ag

Phoapho-
rylaaa

JU g  P / 1 0  Eg
muscle
tissue

cot
h . U /

28£

OPT
W . U /

a *

/CP
B . U /

C

ALP
2 . 0 /

S

Group 1
(Control) 20.38 1 . 5 1 231.83 0 . 2 2 6.22 0 . 8 8 3 0 0 . 4 5 41.88 7 . 2 * 2.43 3.42
Group 2

t 8 > 5 1 2.36 13T.21 0.17 3.32 0.46 156.46 20.03 2.83 1.69 2 . 6 1

Group 3 
(Exparl- 
aant 2) 18.39 2.42 148.00 0.16 3.63 0 . 4 3 107.17 25.90 3.97 2.07 2.72
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feeding trial

Sebrell and Harris (1954)* Houser (1955). Ewing (1963), Parkhuret 

(1967). Eoott and Krook (1972) and Surendranathan (1974) established 
that deficiency of choline exetrted a depressing effect an the growth of 

chicks. Addition of choline to a practical poultry ration increased 

ahiek growth (Gerry et al.,1948). These findings were in accordance 

with the reports of Gills and Norris (1951 )• The poor weight gain 

and feed efficiency ratios observed in birds of group 2 and 3 and better 

performance of birds in group 1 are in agreement with the above finding 

that e-hoHne deficiency retards growth. The alnilarity of feed consumption 

values for groups 1 and 3 suggested that choline has no influence in the 

palatability of feed. Hie difference in feed consumption 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 

birds (group 1) were higher than that for choline deficient birds (group 2 

and 3) accorded well with the finding of Sherwood and Sloan (1954). They 

found that added choline improved growth rate and feed efficiency.

All the birds in the choline deficient groups 2 and 3 showed syaptoma 

of perosis. Swing (1963) studied the requirement of choline for prevention 

of perosis and for growth. He concluded that parcels in chicks developed 
only when the level of choline in the diet was too low, much lower than 

that required for growth in choline defieiant ration. The experimental
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birds in the present study (group 2 and j) showed syaptona of parasia.

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

Symptoms of perocds w s  noticed on the 24th day of feeding trial.

Though all birds developed symptoms during the experimental period, consi­

derable variation occurred in the tine of onset. This is in agreement 

with the finding of Sureadsanathan (1974-) who reported that chicles have 

individual variation in their sensitivity to choline deficiency.

Biochemical study

There ie scarcity of literature with regard to the effect of choline 

deficiency on the chemical composition of skeletal muscle of chicks. The 

low protein content of the gastrocnemius muscle of choline deficient birds 

(group 2 end j) indicated that choline has influence in the total protein 

content of muscle. Dickerson and Widdoweon (i960) reported that protein 

content of muscle inoressed during the development. The lowered protein 

value obtained in the present study sight be due to an indirect influence 

of choline through its effect on growth rate. It is still not known whether 

psrosls is another type of muscular dystrophy. Young and Dinning (l95l), 

Weinatoek end Lukaca (1964) end Peterson e.t al. (1963) reported a reduction 

of protein content of muscle In muscular dystrophy.

Herrmann (1946) reported that supplementing the diet of old laying 

hens with oholine reduced the total and ester cholesterol levels in liver, 
heart end muscle. In the present study on the effect of choline deficiency 
on cholesterol content of gaetrocneoaus muscle, the cholesterol value was
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found to be lowest In group 2 (choline deficient diet - 75 a® choline per 

kg of feed) and highest in group 1 (oontrol - 1500 ag choline per kg of 

feed), That hypocholesterolemia occurred in choline deficiency wee reported 

by Bough jslai.. (1943) in puppies, Tinooo £$,&!.. (1954) in rats land Eurendrana™ 

than (1974) in chicks. Surendranathan (1974) studied the effaot of raising 

the level of choline from 1500 ag to 3000 ag per kg of feed and stated tnat 

there was an optimum dietary level of choline In chi Oita for maintenance of 

blood cholesterol lervel and any additional increment of choline had no effect 

on the blood cholesterol level, The difference in age of the experimental 

birds aight be responsible for the observation of Herrmann (l94fi>) that no 

variation occurred in cholesterol level. The low cholesterol content of 

ousels was attributed to the low cholesterol level of blood in choline defi­

ciency. The lowered cholesterol content shorn in choline deficient birds in 

this study coincided with the results obtained by EaMen and beiiaszeek (1923). 

They reported that the cholesterol content of muscle varied with the activity 

of the auscls. Parotic muscle was less active compared to that of the control. 

This was in agreement with the findings of John and George (1967) and Jaoob 

(1971) that a decreased activity of the muscle reduced its cholesterol level.

In the present study fat content of the parotic muscle was lound to be 

more than that of the control. Thers wae no significant difference between 
groups 2 and 3 in this respect. The increased fat content might be attributed 

to lack of choline, the effect being similar to that occurring In liver.

Vest mi. (1965) oheervod tnat the synthesis of phospholipids in the 
body depends on the availability of choline, either by synthesis in the body
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or through distaiy sources. Thsy furthsr stated that otoUna is u dietary 
•oaeatisl in birds, synthesis in the body being Inadequate and that they 
have to depend, to a large Measure on diataxy choline for phospholipid 
synthesis. She low phospholipid value for skeletal HtiacXe of perotis chicks 

in the present eatperliaaat aecords well with the above findings.

A levered vales for oraatise phosphate, in both choline deficient 
group* 2 and 5 indicated that creation synthesis in auscle waa disturbed 
as a result of c as line deficiency. Bsrrwnaehesn and Paay (1940) alao reported 
ainiXar observations. Shay eatabXiahed that creatine ia formed da Buseis 
by inatfeylation direct3y froa aethioaina and indirectly froa choline.

Coapered to the oontrol births pboaphozylaae activity was lower in 
choline daficiant birds (groups 2 and 3). Stattsn and Stetten (i960) studied 
tha rola of phoapborylsae in tha utilisation of glyco&en. They otincludad 
that pboaphorjrlosa was essential for the phophorylative degradation and 
utilisation of glyoogan. They also stated that tha phosphorjrlaee activity 
in a tissue would indicate tha rata of glycolysis. Kreba and ihsaar (1933) 
stated that phophcryi&se exists in tha suocle in two forss, tha active forts 
'a* and tha inactive fora ’b', of which tha active fora predoainates in a 
contracting auscle. Bulon at al. (1951) Showed that tha active fora 
increase* during oontraotioa of tha muscle and decreases during reek. Lurand- 
ranathan (1974) could not find any alterations in the glycogen content of 
parotic Kuacle of chieSca. She Iowared phosphorylase and reduced muscular 
activity in parotic muscle noticed in tha present study suggested that its 
activity is proportional to tha activity of tha suede.
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lowered GOT and GFT activities in choline deficient birds might be 
an indication of the role of choline in protein metabolism end its indirect 
influence on the growth and positive nitrogen balance.

The SCE activity of the gastrocnemius muscle was reduced in bath 
choline deficient groups 2 and 3. This result is in agreement with the 

finding of Surendranathan (1974). That the level of SDH activity is an 
index of its capacity for oxidative metabolism and is the key ensyme in the 
kreba cycle have been reported by George and Taleeara (1961) and George 
and Bsagar (1966). They stated tnat a fall in SDH activity sight point to 
an interference in the fat metabolism. It was concluded by then that the 
lowered SDH activity of perotic ousels was due to its reduced activity.

A decrease in phosphatase activity (ACS? and At?) of the muscle in 
choline deficient birds (groups 2 end 3) might be due to a reduction in the 
synthesis of these ensyaes in it. Choline derivatives fora part of the 
prosthetic group of phosphatases (Kutacher and Seig, 1950). It is interesting 
to note that choline deficiency reduced the muscular activity in general and 
therefore it directly or Indirectly lowered the chemical constituents and 
ensyraa activity.

Muscular efficiency

There is not much infoiaation with regard to the effect of choline 
deficiency in muscular efficiency. The prolonged relaxation period obtained 
in the choline deficient muscle indicated the poor efficiency and decreased 
activity of tne parotic auacle. The early onsot of fatigue of pecotic Basele 
might be due to a reduction in the availability of energy providing material.
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S B M H i l i Y

The effects of choline deficiency on the tody weight, feed efficiency 

and chemical composition cf the skeletal muscles of ‘Juto leghorn chicks 

wars studied.

Choline was incorporated to a enoline extracted ration which was 

otherwise normal, at the rate of 1300 mg, 75 iag and 100 tag par kg and formed 

the three treatments. Each creatnent ooruisted of replicated lots of 6 

chicks which were housed separately in a brooder. She birds wera 8aoa.fa.ceA 

when they exnibitea eyaptons of peroeis, Oueaical composition, eaayrae activity 

and muscular efficiency of tne gastrocnmU^s muscles were studied.

She data oollected revealed the following

1. Tha bird3 fed oa 75 eg and 100 ag levels of choline allowed a 

decrease in both feed efficiency and feed utilisation ara rets of valent gain 

whan the performance uf these birds were coapared to those which jveoived 

1500 ag of choline/kg of faed.

2. Choline deficient chicks ware unthrifty, and hsd poorly developed 

end ruffled festhtm.. Ill the birds on enclose deficient diets er habited 

symptoms of peroeia, either unilateral or bilateral starting frc® 24 days 

of age. Pronounced OTlsr’gorasnt the hock joint snd displacement of tha 

goatroone*iu3 tendon were observed.

ffiie following observations wore sal® on the gastrocnemius saiacla of chicks

1. lowered values for creatine phosphate, phospholipids and Increased
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valu* for fat content la the gastrocnemius ousels of parotic nicies war* 
recorded.

2. She comparatively lower activity of SOT, CPS and lower protein 
▼•lues la oholine deficient chicks could be attributed to the lowered 
protein turn ovsr In the birds and the resultant poor growth rate.

3. Sines gastroenaeiua ausels ie less active in choline deficient 
birds the phoaphozylaos activity is also lowered.

4. Reduction in SSH activity of tho gastrocrsaaiue wusols in choline 
deficiency Bight be the result of decreased oxidative metabolises aid 

tonus activity of the red fibers in it.

5. Choline deficient chicks revealed significantly lower values for 
Alf and AGP. An interference with the synthesis of the prosthetic group 
concerned sight be the reaeon for this.

6. The affected ausclcs showed poor wuscular efficiency, as revealed 
by a prolonged relaxation tiae.
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Plat* - la
Control chick - Jforual in health 
rigour and alertness.

Plate - I b
Choline deficient chick - exhibiting 
unilateral peroeie.



Plate - I N o  0 2 -/

b
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Plate - II a

Choline deficient chick - showing 
slipping of the tendon of gaatroonaaiua 
suscle.

Plate - II b

Choline deficient chick with enlarged 
hock joints.

Plate - II c

Choline deficient chick - showing 
bilateral perosis and ruffled feathers.



Plate - II

c
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Plate - III a

Simple nazscla twitch - control 
(group 1)

Plate - III b

Simple urocele twitch - Experinsnt 1 
(group a )

Plata - III c

Sample teasels twitch - Experiment II 
(group 7)



c c
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Plats - IV a

Fatigue - Control (group l)

Plate - IV b
Fatigue - Experiment I (group 2)

Plate - IV c
Fatigue - Experiment II (group 3)



Plate - IV

a

b

c
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Tabla 1. Initial might, wmicly might and Maight
gains (g) of ths chieke In group I (control)

Haight Walght gain

SI. Bo. Initial first
weak

Seoond
male

Third
male

Fourth
male

Ilfth
vaek

Sixth
male

First
male

Seoond
male

Third Fourth 
male male

Fifth
vaele

Sixth
Meek

1 36 38 55 95 160 220 300 2 17 40 65 60 80
2 35 50 90 143 205 270 320 15 40 53 62 65 50
3 35 38 70 108 155 230 280 3 32 58 47 75 50
4 34 38 60 90 125 205 280 4 22 30 35 60 75
5 35 40 70 110 150 205 250 5 30 40 40 55 45
6 36 41 60 105 148 192 260 5 19 45 43 44 68
7 29 38 55 95 152 200 245 9 17 40 57 48 45
8 34 40 55 86 150 215 290 6 15 31 64 65 65
9 34 42 60 95 140 180 240 8 18 35 45 40 60
10 40 50 70 116 190 240 300 10 10 46 74 50 60
11 35 45 65 105 170 235 275 10 20 40 65 65 40
12 35 39 60 105 175 200 280 4 21 45 70 25 80
13 32 40 60 90 140 180 250 8 20 30 50 40 70
14 35 40 53 93 140 135 265 10 18 35 55 47 45
15 30 42 58 90 135 175 240 12 16 32 45 40 65
16 35 52 70 105 158 188 245 17 18 35 53 30 57
17 40 48 62 100 13B 168 205 8 14 38 38 30 Jt
18 34 45 75 100 140 180 230 11 30 25 40 40 50
19 32 45 60 110 158 190 240 13 15 50 48 32 50
20 32 45 80 100 130 185 238 13 35 20 30 45 53
21 35 50 80 120 141 190 245 15 30 40 21 49 45
22 33 45 60 90 115 170 248 12 15 30 25 55 78
23 35 45 78 92 130 187 232 10 33 14 38 57 55
24 30 40 67 105 145 188 240 10 27 38 40 43 52
Ksan 34.21 43-17 65.75 102.00 149.91 200.33 257.85 9.17 22.17 36.25 47.92 49.17 57.29

1



Tftbl* 2a I n i t i a l  waight, ttaekly w ig h t  and w ig h t  g ain  (g )  
o f  tha ehidca i n  group 2 (Experiment 1)

Haight Haight gain

Sl.lfo. I n i t i a l
f i r s t

HSflk
Ssoond

WK)k
T h ird

week
fo u rth

souk
f i f t h

wook
S ixth

seek
f i r s t

weak
Saoond

xaak
T h ird

week
Ib u rth

waek
f i f t h

weak
S ixth

seek

1 36 45 60 90 125 162 205 9 15 30 35 37 43
2 34 38 46 65 79 95 125 4 8 19 14 16 30
3 35 38 58 80 100 126 160 3 20 22 20 26 34
4 35 39 52 75 100 130 170 4 13 23 25 30 40
5 35 38 50 70 95 125 160 3 12 20 25 30 35
6 35 39 55 80 96 115 150 4 16 25 16 19 35
7 32 41 50 65 92 115 170 9 9 15 27 23 55
8 36 48 52 68 92 125 190 12 4 16 24 33 65
9 35 43 59 80 105 135 210 8 16 31 25 30 75

to 33 40 50 65 85 110 170 7 10 15 20 25 60
11 30 34 45 60 60 100 160 4 11 15 10 20 60
12 30 35 45 50 70 92 145 5 10 5 20 22 53
13 30 35 45 65 90 120 155 5 10 20 25 30 35
14 35 40 50 78 106 143 183 3 10 SB 30 35 40
15 30 33 42 60 80 108 146 3 9 18 20 28 38
16 35 39 52 65 85 105 135 4 13 13 18 22 30
17 35 40 50 68 84 102 122 5 10 18 16 18 20
18 32 36 45 65 80 100 123 4 9 20 15 20 20
19 35 40 50 68 93 123 158 5 10 18 25 30 35
20 35 40 52 65 85 111 143 5 12 13 20 26 32
21 30 35 48 60 81 110 138 5 13 12 21 29 28
22 35 40 51 63 90 115 145 5 11 17 22 25 30
23 30 36 50 69 92 112 142 6 14 19 23 20 30
24 34 37 53 70 89 111 139 3 16 17 19 22 28

Hsan 33.42 38.71 50.42 60.71 90.58 116.25 155.88 5.29 11.71 18.71 21.46 25.67 39.63



Tiible 3. Initial might, weekly w*i$it and weight gain (g) 
of tha chicks in group 3 (Experiaant 2)

Weight Weight gain

Sl.So. Initial Firat
week

Second
uesk

Third
week

Iburth
week

Fifth
week

Sixth
week

Unit
waek

Saoond
weak

Oiiid
week

fburth
week

Fifth
weak

Sixth
week

1 36 38 60 80 100 132 170 2 22 20 20 32 38
a 37 40 65 95 lit 152 195 3 25 30 16 *1 43
3 35 38 52 71 92 122 155 3 14 19 21 30 33
4 36 38 56 90 105 142 205 2 18 34 15 37 63
5 40 46 70 95 105 150 210 6 24 25 10 45 60
6 36 40 55 72 100 140 195 4 15 17 23 40 55
7 36 37 50 60 75 110 155 1 13 10 15 35 458 36 45 65 90 115 175 235 9 20 25 25 60 60
9 35 46 65 80 100 135 180 11 19 15 20 35 45
10 34 44 70 86 122 155 210 10 26 16 36 33 55
11 36 42 56 72 90 115 165 6 14 16 26 17 50
12 33 38 45 65 75 136 172 5 7 20 10 61 36
13 40 46 56 78 106 136 171 6 10 22 28 30 35
14 35 40 52 77 102 132 168 5 12 25 25 30 36
15 34 38 47 67 92 117 155 4 9 20 25 35 38
16 30 34 44 62 07 107 142 4 10 18 25 30 35
17 30 36 48 68 96 131 171 6 12 20 28 35 40
18 36 41 52 71 93 121 153 5 11 19 22 28 32
19 52 37 47 72 101 135 175 5 10 25 29 34 40
20 35 40 48 56 80 110 148 5 8 18 24 30 38
21 35 41 51 67 87 115 147 6 10 16 20 SB 3222 32 36 45 64 89 119 154 4 9 19 25 JO 35
23 35 40 50 67 90 118 155 5 10 17 23 28 38
24 35 40 56 69 89 119 157 5 16 13 20 30 38
Kean 34.96 40.04 54.38 73=92 9fi=25 130=17 172.6? 5.08 14.33 19.96 22.33 WJ *7E«**T» «> JO  CA-T«w* ,/W
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Table 4 (a ). Analysis o f variance -  body m ight
first week.

Source df ss MBS

Du* to dist 2 251.36 125.68 8.86 *
Error 69 979.25 14.19
Total 71 1230.61

* Critical diffsrsncs at 5$ level s 2.14

Table 4 (b). Analysis of variance 
second seek.

- body weight -

Source df SS MBS

Sue to diet 2 3041.36 1520.68 26.89 *
Error 69 3501.96 56.55

*  C ritic a l difference at 5/» leve l « 4.25



Zable 4 (c). Analysis of variance - body weight -
third week.

Source df ss MSS F

Dos to diet 2 15393.08 7696.54 615.88 *
Error 69 7940.79 115.08
Total 71 23333.87

* Critical difference at 5J6 level j 6.07

Table 4 (d). Analysis of variance 
fourth week.

- body weight -

Source df S3 K3o F

Sue to diet 2 51461.33 25730.65 114.28 *
Krxor 69 15536.17 225.16
TOtel 71 66997.50

* Critical difference at 5/“ level i 8.49



Table 4 (•), Aaalyois of variance - body weight -
fifth week.

Source df 3S HSS T

Doe to diet 2 97496.33 48748.16 75.99 *
Error 69 44267.17 641.55
Total 71 141763.50

* Critical difference at 5/* level i 14.33

Table 4 (f). Analysis of variance 
aixth week.

- body weight -

Source df S3 ms r

Due to diet 2 143446.58 71723.29 34.68 *
error 69 142673.29 2067.73
Total 71 336119.87

* Critical difference at &  level s 25.73



Table 5 (a). Analysis of variance - weight gala
first week.

Source df SS MBS f

Due to diet 2 253.87 126.94 14.22 *
Error 69 616.12 8.93
Total 71 069.99

Critical difference at 5<i level i 1.69

Table 5 (b). Analysis of variance - weight gain, 
second week.

Source df SS HS3 f

Due to diet 2 1421.03 710.52 20.09 *
Error 69 8+39.63 35.36
Total 71 3860.66

* Critical difference at 5/“ level ; 3*36



Table 5 (c). Analysis of variance table - weight
gala - third week.

Source df SS ESS r

Sue to diet 2 4597.53 2299.77 48.14 *
Error 69 3294.42 47.75
Total 71 7891.95

* Critical difference at 5# level : 3.91

Table 5 (d). Analysis of variance table - weight 
gain - fourth week.

Source df SS MSS a

Sue to diet 2 10842.53 5421.27 61.65 *
Error 69 6067.13 87.93
Total 71 16909.66

* Critical difference at level ; 5*31



Sab1* 5 (•). Analysis of Tsriano* table - weight 
gain - fifth week.

Source df ss M£>S P

Due to dlat 2 6740.78 3370.39 31.00 *
Error 69 7501.16 10S.71
Total 71 14241.94

* Critical difference at 5^ level t 5.90

Table 5 (f). AnalyaiB of raiianae table - weight 
gain - sixth weak.

Source df S3 HbS jr

Due to diet 2 4313.35 2156.63 H.04 *
Error 69 10336.59 153.57
Total 71 14309.94

*Criti«sl difference at ljA lerel * " m



Table 6(a). Weekly feed consumption data (total fead 
eonauaption per group In g).

Week Group 1 
(24)

Orouo 2 
(24)

Group 3 
(24)

First 1131.12 1017.84 1063.68
Second 2021.52 1835.76 1960.00
Third 2296.00 2264.64 2450.40
Fourth 3067.92 2720.88 2838.72
Fifth 3592.32 3437.76 3630.00
Sixth 4588.32 4060.32 4359.84

Figures in parenthesis indicate nuaboro of birds.

Table 6(b). Weekly feed oonauaptlon data (average feed 
ooneuaptlon per bird in g).

West Group 1 Group 2 Group 3

Firat 47.13 42.41 44.32
Second 84.23 76.49 82.50
Third 95.67 94.36 102.10
Fourth 127.83 113.37 118.28
Fifth 149.68 143.24 151.25
Sixth 191.18 169.18 181.66
Mean 115.95 106.50 113.35



O

Table 7. Analysis of variance - average weekly 
feed ooneuaption,

Source df a s 21S3 T

Due to diet 2 235.62 142.81 7.91 *
Due to week 5 35363.13 7072.63
Brror 10 180.60 18.06
Total 17 35829.35

* Critical difference at 5$ level t 5.47

Table 8. Feed efficiency ratio.

Week Group 1 Group 2 Group 3

first 0 .19 0 . 1 2 0 . 1 1

Second 0.26 0.15 0.17
Third 00.38 0 .2 0 0 .2 0

fourth 0.57 0.19 0.19
fifth 0.33 0.18 0.23
Sixth 0.30 0.23 0.23
Mean 0.31 0.18 0.19



Table 9. Aimlyais of variance - feed efficiency 
ratio.

Source df SS MSS S'

Due to diet 2 0.06 0 .0 3 30 *

Sue to week 5 0.04 0.006 S

Error 10 0.01 0.001

Total 17 0.11

* Critical difference at 5$ level j 0.04



Tahle to. Chemical eoapoaition of gestxocneaiue muscle 
of chides group t.

SI. So.
Protein 
$/l00 g 
tissue

total 
lipids 
% dry 
weight

Cholest­
erol 
ag per 
100 g vet 
tissue

Creatine 
Phosphate 
s/too g 
tissue

Phoepbo 
lipid* 
«Mt per 
100 ag

Pboapho- 
rylaoe 

C2H /ig p/10 mg 
U/ag rais ole/ 

15 mts.

GOT
w.u/
eg

CPS
w.u/
eg

AGP
B.u/g

A1P
B.U/g

1 21.01 1.30 264.55 0.16 6.92 0.83 342.30 54.54 6.23 2.67 3.33
2 20.17 1.27 263.16 0.15 5.50 1.95 282.35 65.60 15.00 2.40 3.20
3 20.04 1.87 257.89 0.24 6.66 0.90 327.27 34-50 4.13 2.57 3.21
4 20.40 1.90 264.55 0.19 5.33 0.75 266.60 59.09 11.36 2.34 3.13
5 20.70 1.41 200.00 0.22 6.55 0.04 313.04 31.71 4.36 2.95 3.556 20.10 1.42 190.48 0.21 6.55 1.32 327.27 37.04 12.22 3.14 3.79
7 19.18 1.53 172.41 0.20 6.31 0.95 320.00 24.64 2.41 3.23 4.158 20.47 1.96 281.35 0.16 6,00 0.99 307.68 34.05 4.66 2.06 2.76
9 18.13 1.45 216.22 0.22 6.10 1.29 313.04 53.57 5.52 1.78 2.3710 19.17 1.36 247.52 0.17 6.25 0.89 315.78 21.41 5.71 1.81 2.1711 20.14 1.62 238.09 0.23 6.32 0.45 327.27 50.00 12.40 2.44 3.05
12 20.18 1.45 218.86 0.16 5.71 0.37 262.35 68.03 8.19 1.67 2.52
13 18.20 1.20 242.44 0.31 6.90 0.85 318.40 34.15 6.78 2.51 2.95
14 20.18 1.54 218.71 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 3.1316 19.78 1.32 142.34 0.24 5.97 0.92 298.40 40.18 7.17 2.58 4.2517 22.10 1.48 198.42 0.28 6.12 0.35 287.18 31.78 5.18 2.75 3.9513 21.10 1.28 242.74 0.25 6.35 0.87 288.70 34.05 7.15 3.15 3.2>{
19 20.78 1.37 239.14 0.25 6.48 0.88 276.18 2B.41 4.58 1.75 5.5120 20.00 1.91 247.15 0.27 6.46 0.88 298.75 34.05 4.36 1.97 2.9521 21.00 1.78 208.45 0.22 6.33 0.79 310.10 37.56 12.10 2.48 2.7822 22.41 1.09 283.45 0.29 6.18 0.83 279.18 39.08 11.35 2.75 3.0723 19.70 1.45 264.75 0.23 6.15 0.87 277-14 33.75 7.17 2.40 4.7524 21.71 1.70 257.89 0.24 6.78 0.81 293.15 40.17 4.17 2.35 5.18
Kean 20.38 1.51 231.83 0.22 6.22 0.88 300.45 41.88 7.24 2.43 3.42



Tabls 11. Chaalcal oosposition of gastroonsaiuB susels
of chicks group 2.

S I. Mb.
Protsia
* /io o *
tlSSUS

Tbtal 
lip id s  
%  dry 

w ig h t

Gbolsst- 
•rol 

■* P*r
100 S 

tissus

Croatia* 
Phosphats 

k/100 * 
tissus

Pbospbo 
lip id s  
mg psr 
100 mg

SDH
D/«S

Phoapho- 
xylass 

M  P/lO ac 
ausols/ 
15 ata.

GOT
v.u/
■s

OPT
w.u/

Off

ACP
B.U/g

ALP
B.U/g

1 18.67 2.31 142.80 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 2.73
3 16.69 2.67 152.84 0.20 2.92 .61 150.00 11.80 1.64 1.69 2.55
4 18.91 2.42 117.65 0.18 2.72 .79 133.33 15.80 2.90 1.67 2.09
5 19.17 2.56 100.00 0.15 4*80 •26 133.33 20.00 1.80 2.33 3.09
6 18.71 2.42 92.31 0.17 2.92 .45 266.66 20.82 1.71 1.83 2.44
7 18.43 2.38 157.69 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 .52 114.23 17.89 6.57 1.68 2.25
9 16.10 2.09 166.66 0.17 3.13 .43 206.69 17.29 2.Q3 2.48 3.72

10 17.10 2.16 181.03 0.16 2.50 .34 156.52 14.75 2.45 1.60 2.57
11 18.48 2.07 103.84 0.16 3.60 .31 114.29 20.69 3.99 1.07 2.57
12 16.10 2.48 118.64 0.14 2.92 .34 171.17 21.42 1.3B 1.45 2.36
13 19.18 2.45 107.50 0.17 2.95 .35 151.18 19.15 1.75 1.15 3.75
H 18.75 2.75 157.84 0.19 3.15 .47 141.17 18.75 1*41 1.40 2.95
15 16.76 2.18 147.54 0.15 3.18 •61 108.75 14.51 2.98 2.17 2.91
16 19.15 2.71 107.56 0.17 3.75 .58 152.75 22.75 1.75 2.18 3.51
17 17.17 2.18 149.58 0.15 3.15 •49 148.75 25.17 4.57 1.75 1.91
18 18.76 2.45* 152.84 0.19 3.15 .51 175.18 21.48 4.06 1.56 2.48
19 18.18 2.18 142.56 0.18 3.91 .39 191.18 20.85 3.95 1.41 2.15
20 19.12 2.15 155.50 0.25 4.18 .41 180.71 25.14 3.15 1.48 2.19
21 20.17 2.18 171.18 0.15 2.75 •41 156.52 27.18 2.78 1.57 2.09
22 19.42 2.75 118.45 0.17 2.18 .48 141.15 15.19 2.95 1.58 3.07
23 18.75 2.15 138.45 0.19 3.17 .41 135.75 19.41 2.15 1.45 2.54
24 18.17 2.16 141.80 0.17 3.06 .57 129.15 20.11 1.99 1.39 1.95
xsia 18.51 2.36 157.21 0.17 3-32 .46 156.46 20.03 2.83 1.69 2.61



Ifcbls 12. Chaalcal composition of gsstroenaoius nusols
of chicks - group 3.

S I. Hb.
Protein
js/ io o  g
tissus

To ta l 
lip id s  
i> dry 

m ig h t

Cholest­
e ro l 

me psr 
100 g wet 

tl8BUS

Creatine 
Phosphate g/too e 

tissue

Phoapho 
lip id s  
ag psr 
100 ag

SDH
®/«g

Phoapbo- 
xylaaa 

P/lO 08 
ousels/ 
15 ata.

GOT
w.u/
me

OPT
W.U/
me

ACP
B.0/g

ALP
B.U/g

1 18.42 2.18 198.58 0.13 3.00 .59 150.00 28.17 1.69 1.84 2.76
2 18.72 2.16 147.36 0.15 1.91 .46 192.00 32.28 2.44 1.05 2.50
3 18.31 2.06 137.43 0.16 2.92 .45 150.00 26.09 8.60 1.71 2.57
4 18.91 2.18 143.46 0.14 4.31 .42 212.12 29.86 3.67 2.29 3.06
5 18.48 2.50 136.36 0.15 5.51 •92 206.66 23.04 3.26 2.35 3.13
6 18.71 2.47 126.31 0.13 4.13 .24 206.68 19.98 3.99 1.36 2.76
7 18.31 2.80 142.80 0.16 4.80 .36 208.20 21.05 7.89 2.57 3.42
8 17.12 2.41 105.26 0.16 3.87 •52 191-70 29.06 2.79 1.36 3.30
9 18.48 2.62 134.83 0.17 4-33 .45 218.18 27.06 3.53 2.36 2.95

10 18.24 2.51 195.70 0.13 5.39 .33 205.71 27.94 9.91 1.51 1.82
11 18.24 2.94 145.83 0.10 5.80 .65 180.00 25.68 2.58 2.54 4.20
12 17.14 2.10 142.11 0.18 4.13 .32 218.18 29.03 *2.58 2.78 3.50
13 19.18 2.18 175.10 0.15 2.17 .50 171.51 25.18 3.75 1.98 2.18
14 17.15 2.75 123.19 0.19 2.75 .58 155.11 24.17 2.91 1.75 2.17
15 18.35 2.17 138.17 0.21 3.14 .45 165.11 23.17 3.93 1.78 2.51
16 19.18 2.46 145.18 0.19 3.41 .44 191.11 19.48 3.15 2.15 2.71
17 18.75 2.75 147.18 0.18 5.18 .47 170.19 20.17 4.17 2.75 3.18
16 18.18 2.51 151.75 0.17 4*10 .58 192*18 26.09 3.75 1.97 2.10
19 18.75 2.17 138.75 0.17 3.75 .64 188.75 29.18 2.96 1.98 2.17
20 18.09 2.18 141.18 0.16 3.10 .74 175.75 30.15 3.67 2.75 2.18
21 18.17 2.75 195.18 0.18 3.18 -44 190.18 28.17 3.15 1.98 2.05
22 19.09 2.75 137.18 0.15 2.17 .45 200.10 27.18 3.75 1.77 3.08
23 18.10 2.15 109.75 0.19 2.18 .25 191.75 24.17 3.14 1.84 2.75
24 19*18 2.06 192.83 0.17 2.00 .39 159.10 25.18 3.74 1.75 2.18

13.39 2.42 14o.CC 0.16 5.65 0.48 187.17 25.90 3.97 2.07 2.72



Sabi* 13. Analysis of variance - protein.
Source df 3S MSS F

Sue to diet 2 60.03 30.01 41.69 *
Brser 69 49.40 0.716
Total 71 109.43

k Critical difference at 5% level j 0.48

Table 14. Analysis of Variance 
lipids.

- total

Source df SS MSS T

Due to diet 2 12.46 6.23 100.48 *

Error 69 4.3 .062
Total 71 16.76

* Critical difference at S< level « 0.14



Table 15. Analysis of variance - cholesterol.
Source df SS MSS r

Cue to diet 2 128767.20 64383.6 173.17 *
Error 69 24934.14 361.36
Total 71 153701.34

* Critical difference at 5$ level 1 10.76

Table 16. Analysis of variance - creatine phoephate.
Source df SS MSS 2?

Sue to diet 2 .04 .02 28.57 *
Error 69 .05

r*n

•0007

* Critical difference at 5^ level s 0.02



Table 17. Analysis of variance - pboapholipide.
Souroe df SS MSS j?

Cue to diet
Brier
Total

2 121.85 60.93 
69 12.64 0.183 
71 134.49

338.47 *

* Critical difference at 5$ level i 0.24

Table 18. Analysis of variance - 8SH
Souroe df SS MSS IP

Cue to diet 2 2.74 1.37 51.12 *
Error 69 1.85 0.27
Total 71 4.59

* Critical difference at 5/' level s 0.09



Table 19. Analyst* of variance - phoephcrylaBe.

Source df SS MSS f

Due to diet 2 275995.47 137997.74 194.37 *
Error 69 48969.19 709.99
Total 71 324984.66

* Critical difference at 5/° level 3 15*08

Table 2D. Analysis of variance - COT
Source df 63 MSS F

Due to diet £ 6133.84 3066.92 50.29 *
Error 69 4207.37 CO. 93
Total 71 10341.21

* Critical difference at 5$ level s 4.43



Table 21. Analysis of variance - 0P£.

Source df SS MSS r

Due to diet 2 251.43 125.74 22.29 *

Error 69 368.89 5.64
Total 71 640.37

* Critical difference at 5$ level s 1.34

Table 22. Analysis of variance - AGP.

Source df SS ass r

Dae to diet 2 6.55 3.28 18.22 *

Error 69 12.66 .18

Total 71 19.21

* Critical difference at 5^ level > 0.24



Table 23. Analysis of variance - ALP.
Source df SS MSS f

Sue to diet 2 9.21 4.61 9.04 *

Srror 69 35.22 0.51

Total 71 44.43

* Critical difference at 5/® level « 0.41
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A B S T R A C T

The reeulia and conclusions drawn from a study carried out to 

determine tha affects of eholin# deficiency on tha ohemieal coaposilIon 

Of tha skeletal muscles of chicks &rs presented. Tha levels of choline 

vis., 1^00 mg, 75 mg and 100 mg per kg ware added to a choline extracted 

hut an otherwise normal ration and were fed to three groups. Twentyfour, 

one-day old chicks ware allotted to each, treatment. Seta on growth rata, 

rfsdgut gains, and feed efficiency were significantly lower for choline 

defioient chicks, lniicating the importance of choline in poultry. All 

tha chicks on deficient diets exhibited typical symptoms of peroalo, 

either unilateral or bilateral from 24 daya of age. Creatine phosphate, 

phospholipids and cholesterol levela of gaatroencau.ua ausolos of chicks 

affected by porosis were lovoxwu either due to Interference or impairment 

in their formation. Seduced SBJ activity, oaeerved might be due tie toe 

impaired oxidative metabolism. Slight Increase in lipid content night 

be due to the lowered SDH level. Tne reduced activity of GOT and OPT 

aad total protein content procaoly attributed to the lowered growth rate 

in choline deficient chick*. Ah? and ACP values were lowered which can 

be attributed to the interference in the synthesis of their prosthetic 

groups. Poor muscular efficiency was revealed by the affected muaalea.


