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ABSTRACT 

Six experiments of varying duration were conducted to study 

the effects of gamma irradiation upon nutrient stability in poultry 

rations. Three generation studies with chickens were conducted in which 

irradiated and non-irradiated rations were fed to Pl(parent) stocks and 

to Fl and F2 Generations produced from sib-matings. Dilution of the 

irradiated starter ration by 257. did not result in minimal or sub

optimal vitamin levels for chick growth. Irradiation of the chick 

starter ration at dose levels to 3.5 Mrad was not found to 

significantly affect growth response, feed efficiency or tissue storage 

of riboflavin and thiamine Results of TRA Tests upon fat extracted 

fram randamly sampled ration mixtures indicated fat stability was not 

significantly influenced at irradiation dose levels to 3.5 Mrad. In 

general, the results of these experUDents indicated that chickens of 

aIl ages could be fed rations irradiated at the l Mrad dose level for 

disinfection without any adverse effects upon response. 
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mTRODUCTIŒ 

ln a world where the population increase is clearly outstripping 

increases in food production, new and improved methods of food 

preservation continue to receive the attention of countless .research 

workers. One of the newer methods of food preservation, radiation 

preservation, has shawn great potential in this field. 

The irradiation of cammon foodstuffs, through pasteurization 

and sterilization, is knawn to cause varying degrees of nutrient 

degradation. lt appears fram studies to date that vitamins are 

generally more sensitive to gamma radiation than other nutrients. 

Proteins and fats seem to be intermediate in sensitivity while carbo

hydrates are virtually unaltered at radiation levels usually employed 

for food preservation. 

While radiation of foodstuffs has primarily been concerned 

with control or elimination of organisms causing food spoilage, the 

irradiation of poultry rations is concerned more specifically with 

control of Sa~onella and other bacterial organisms. Certain feed 

ingredients, particuladJ the animal protein meals, have been found to 

be contaminated with SaÙDOnella, which gives rise to contaminated mixed 

feeds. The latter act as vehicles in the transmission of Sa~onella to 

poultry with the eventual production of contaminated poultry products 

for human cons\Dption. 

Improved sanitation procedures and heat treatments have 

shawn same success in reductng contamination during feed manufacture 



but have failed to r8llledl' the situation entire1y. '.Ihe present s~, 

of 10118 and short tem feed.1.ng trials and 1imited specifie nutrient 

ev&1.uations, ai.ms to provide some infomation as to the possible effect 

of irradiation upon nutrient stability in poul tr,y rations. 



II. REVU& OF LI'l'ERATURE 

A. THE APPLICATIOIi OF 1U.pTATIOH ro 'DiE TRP'IV1i!T OF POOl! AND !lii1iiP§. 

Be1'ore considering the application of' radiation to the 

treatment of' 1'oods and f'eeds a 1'n of' the terms commonly encountered 

in ~8 1iterature should be def'ined by direct quotation (ref~i:'ellces given). 

gemme r1qs - electrom&enetic radiations 01' short wavelength and 

great penetrating power prodllced during the nuclear 

dis1ntegration 01' radioactive substances such as 

Cobal t-6O and Caesium-137 (Young,1964). They are, 

b,- far, the most COIIIIlon type used in radiation 

trea tmen t of food and feed. 

rad - radiation ahsorbed dose equivalent to the absorption of 

100 ergs of radiation energr par gram 01' absorbing 

II&terial (U.S. Atomic Energy Commission, 1966). 

1 Krad equals 1 million rads. 

rep - Roentgen eqllivalct ph,Tsical, an obso1ete unit of' ahsorbed 

dose of ion1zing radiation with a magn1tade of 93 

ergs par gru. It bas been superseded b7 the rad 

(U.S. Atcllic Bnergy Cc:.aiasion, 1966). 

radiatiOD dia1n.1"ection - dascribe. the effect of radiation on the 

population of patb.ogen1c bacter1&f the population i8 

reduced but not eradicated (U.S. Depe.rtz:aent of 

Ca.erce, 1965). 

1 



radiation ster1lization - the reduct10n of the number of 

contamfnating organisms in food by iOnizing 

radiation to such an exten t tha t none are 

detectable in treated food by aqy recogDÏsed 

method, no matter ho1r long or under .bat 

condi t1ans the food 1s stored in the absence 

of recontamfnation (Kinis'try or Heal th, 1964). 

radiation pasteur1za tion - the oon trol by radiation of the 

spo1lage organ1S1ls and pathogena which are most 

likeJ.7 to be trouble8Ollle or dazlgeroua in food 

that is to be 1rrac1iated (Vfnistr;r of liaal.th, 1964). 

radiation d1a1nfestation - the application of doses ol iOnizing 

racU.atlon auf'f1cient to control infestation of loods 

by insecta and parasites (U.S. Departaaent of Commerce, 

1965). 

radiation .prout inhibition - the application of radiation to 

vegetablea su.bject to sprouting in order to inhibi t 

or remove the ab1li't7 to sprout (U.S. Depar1Dent of 

Commerce, 1965). 

The f1rst patct for the use ol ion1z1ng radiations to preserve 

food waa iasu.ed in France in 1930. Serioua application of reaee.rch on the 

po.a1b1litie. of 1rrad1ation for food preservation wu not undertakan 

however unt1l the -.r17 1940'. in the United States. (u. S. Department of 

Commerce, 1965). 



From th1. limi ted beg:fnning, research on the potentiaJ. of 

radiation for the treatment of f'oods and feeds bas 8Xpanded iDtensivel.y 

in ~ nations of the world. 

Do ... of radiation (4-5 - 5.6 lIrad) for the sterilize!;ion 

of meat and lleat produ.cts bas been sho1m ta iDcrease shelf and staraee 

lite of the.e produ.cts iDdefiDitel,y provided the;y are DOt recontaminated. 

Law levels of irradiation (0.005 - 0.010 Krads) for sprout inhibition 

of potataes bas been bighll' effective and has been app1'Oved iD Canada by 

the Food and Dra8 Directara te. 

Considerable won on the control of ar"eel1a orpni .. iD 

certain fooda and ani.., feeda has been carr1ed on iD the United States, 

the United JC1.n8dom, the Betherlands, and Car1lu:1&. Results 1nd1cate tbat 

a dose of 0.5 - 1.0 Mrad of samme radiation contro1s or destro,Js &ll 

known tJpes of "'''''''eJla (Intema.t1onaJ Atomic Energy ~, 1963). 

4n1-l fe" and ingred1enta were OOD8idered a aajor sou.rce of 8e1nella 

cont-fM.tion (1h01"Dlq, 1964). 

Ko.sel. .Il .!il.(1967) indicated a comb1n&tion of iJIIp%'Oved 

sanitatiOD, pel1eting at the hiBhest possible tazrperature and if still 

required, tem1nal low-cloae irradiation (0.5 - 1.0 Krad) ot bagged feeda 

would be a proIIiai12g approach ta the umU'ac'blre of i!'!!9Rt!1 a - tree feeù. 

Lei.tzaer ti.!il. (1961), UpOIl atudyiDg feeù, tound a drastic 

d.1ttercce beWHD 1nc1d.x:e ot lie, !?pe ]] a iD cœaerciaJ. teed MIIpl.ea 

obta.1Decl troa t&mS (13 percent) 8Dd _ples of rendered anf·.l b7-products 

(61 percent). 



Bryan !l!!. (1968) carried out an extensive study on 

contributing sources of Sa~onella in turkey products and reported 

feed (9 percent) and feed ingredients (11 percent) as sources of 

Salmonella. 
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Ley ~!l. (1963) observed marked variation in radiation 

resistance between different Salmonella serotypes, i. typhtmurium 

being consistently the most resistant in the food and feed ingredients 

studied. They also demonstrated the extent to which the nature of the 

medium influences the resistance of these organisms to gamma radiation. 

Idziak and Incze (1968) stated Sa~onella species with 

increased irradiation resistance would probably not occur after 

radiation treatment of fresh poultry. 

Appart fram the positive effects of gamma irradiation already 

noted, other effects and chemical changes in food products have been 

observed which may have application in poultry feed irradiation. 

B. IRRADIATlŒ INDUCED CHEHICAL CHANGES IN FOODS AND FEEDS 

Although higher irradiation doses (4 - 6 Mrad) used in food 

preservation may produce changes in colour, texture, flavour, and odour, 

generally these changes have been ... 11. ~proved control of irradiation 

dose, temperature, atmosphere, and storage ttme after irradiation has all 

but el~inated these prdblems. lt is not known, as yet, if the 

palatability of poultry rations would be reduced at the levels being 

proposed for disinfection (0.5 - 1.0 Mrad). 

Reported chemical changes induced by irradiation in protein, 

carbohydrate. fat and vitamin content of foods and feeds have been variable. 
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With the possible exception of vitamins, nutrient content degradation 

of foods which are generally of higher moisture content has been minor 

particularly at low irradiation dose (0.5 - 1.0 Mrad) levels. lt is 

possible that nutrient degradation in irradiated poultry rations may be 

significantly less than that of common fooods due to a much lower 

moisture content. 

(a) Effect on proteins 

When purified proteins are irradiated, alterations in their 

physical properties usually occur. The Ministry of Health (1964) 

speculated that such alterations could result fram the fission, and 

reformation in a different way, of only a few chemical bonds, perhaps 

only one, in each protein Molecule, and need involve no change in the 

constituent amino acids. The Ministry of Health (1964) also reported 

that amino acids in combined form in proteins appear to be less 

sensitive to the degrading actions of radiation than they are in the 

free state. 

Metta and Johnson (1959) reported no nutritional damage to 

the proteins of corn and wheat gluten when irradiated at 2.8 and 9.3 

Hrad levels. 

Sheffner ~!l. (1957) observed no significant irradiatoD 

destruction of essential amine acids in milk, turkey or beef and only 

a small 10ss of cystine in park. 

Read (1960) stated that irradiation (2.8 and 5.6 Hrad) may 

have ÜDproved the utilization of soybean protein by inactivating the 



trypsin inhibitor but higher doses decreased prote in qua1ity. 

On1y minimal effect of irradiation (2.5 Mrad) on the amino 

acid content of haddock fillets was reported by Brooke ~!l. (1966). 

Kennedy (1965) found no effect on protein concentrates when 

irradiated at 5.0 Mrad but a 26% 10ss in nutritive value of wheat 

gluten was observed. This loss was mainly due to degradation of 

Methionine. 

That doses of gamma-radiation up to 0.5 Mrad have no effect 

on the protein of wheat was noted by Comwell (1959). 

8 

Hetta and Johnson (1959) demonstrated that irradiation appears 

to affect the digestibility of proteins in a manner comparable with 

heat treatments. Ferrando ~ !!.(1968) observed that sterilization of rat 

diets, with irradiation (4.5 Mrad) or by autoc1aving, resu1ted in 

significantly higher protein efficiency and less 10ss of seme amino 

acids with the irradiated treatment. 

(b) Effect on carbohydrates 

Host studies on the influence of irradiation on purified 

carbohydrates have been carried out with dilute water solutions of 

carbohydrates treated with large doses, up to 100 Hrad, of radiation. 

The Ministry of Health (1964) reported that when foodstuffs have been 

irradiated under such conditions the main effect of the carbohydrate present 

has usually been a very slight increase in the 8IDOUDt of free sugar. 

Read (1960) found a decrease in the digestibility of starch 

by rats after irradiation at 2.78 and 5.6 Mrad doses but this decrease 



was reduced by the presence of irradiated fat. Kertesz ~!!. (1959) 

in a study involving starch and starch fractions observed that amylase 

and amylopectin are degraded by gamma radiation (1.5 Mrad) in the same 
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manner, whether irradiated together in the form of starch or as separate 

fractions. 

The few references available in the literature tend to be 

conflicting as to whether any significant effects can or cannot be 

demonstrated upon irradiation of carbohydrates. Generally, high 

moisture foods suffer more serious degradation than low moisture foods. 

lt also appears that other food components afford same measure of 

protection to the carbohydrate fraction. Since poultry rations are 

of relatively low moisture content the effect of irradiation upon the 

carbohydrate camponent may be insignificant especial1y at the 10w level 

(1 Mra4 being considered for disinfection. 

(c) Effect on fat and use of Thiobarbituric acid (TBA) in the 

study of rancidity 

The irradiation of fats induces changes which are s~ilar 

to those which result fram autoxidation but as might be expected the 

irradiation of purified fats results in greater changes than are seen 

in the fat contained in food irradiated under s~Uar conditions 

(Ministry of Health, 1964). The changes which result such as peroxide, 

polymer, and carbonyl compound formation appear related to the size of 

the irradiation dose applied. 

Ritchey and Richardson (1960) using growth and mortality 

of chlcks as criteria, shawed that dlets containing 10 percent control 



and irradiated (2.8 JIrad) 807beaD and corn olls war. ess8l1t1al.ly equal 

in rmtr1t1ve value and storap tor , weeka at sab1et teIIlpera'blrea did DOt 

decr.... their value. Irradiated diets contai»ing beet and park fatty 

tissu.es howev8r ·producad in paor growth and hi8h aortaJ.1 ty unleas an. 

sntioxiclant was addecl ta the rationa before starage. and feeding. 

Schriebar and Basset (1959) concluded that irradiation of lard 

was detrimentaJ. ta 1ts digeat10n in the dog du.e ta the fomat1on of 

peroxides. 

Sr1bnq .Ii.!l. (1955) found that oxid&t1on chaDges su.ch as 

peroxide, cu'b0D71 and tree tatty ac1d fomat1on, are DOt markecl dur1ng 

1rr&d1at1on 8Dd su.baequent storage, if the presence of o~gm 1s 

mfnimized. 8imn ar17, )(orsan (1958) stated tbat the proch1ct1on of 

perox1des 1a cœpletel..7 prevented in the absence of o~gen. 

Grem and Watts (1966) observed that 11p1d ox1d&t1on in 

cooked aeata as 1nh1b1ted b7 radiat10n at 4.8 Krad. This inhib1t1on 

beoame more proDOUDCed upon atar&68 in sealed C&DS and appea.red ta be 

due ta a comb1.D&tion ot ant10xidaDt developlent and reaction of oxid&tion 

procb1cts. Tipples and liorris (1965) DOted a siJI1lar trend upon storaae 

of irradiated wh_t flour lRlt to a 1es881' degree. 

In th. present stuq, the TBA test .... uaed in aD attcpt to 

d.tem1n. the &ttact of 1.rrad1ation upon fata. 

A co1oar N&Ct1on betw.m thiobarb11;Qr1c &cid ('l'.B1) and a 

DWlber or aroaatic aldeh,ydes was noted b7 Dax and Pla188DCe aa ea.rl.7 as 

1916. Upon addition ot TB& te ~bated ti8SU.S, Bemhe1Jl.!Û.!=l. (1948) 

roand tbat the reJUlt1n& coloar ... cille te a prochlct or the nxid&t1on 



of unsaturated fatV acids, particularly 1ino1enic acid. 

Patton and Ki.lrtz (1951) SI1bjected a large munber of compounds, 

in addition to those studied by Wilbur .!!.!:l. (1949), to the TBA. rea&ent 

and in so doing deve10ped a test which could be applied to oxidized mi1k 

fat. 'Bleir evidcce 1ndicated that the co1ours produced with -.lonic 

dialdebyde (14 • .1.) and oxidized mi1k fat were identica1.. 

'!he '!'BA. test wu used. by Tlu-1adgis and Watts (1960) to study 

11 • .1. production durin8 the oxida.tion of pure unsatura.ted fatt-.r acids 

under contro11ed conditions. Cain J!!.!:l. (1956) and Green and Watts 

(1966) used the TM test to study 1ipid oxida.tion in irradiated cooked 

beef. 

Bi88B and Bryant (1953) used a modified TBA test to detect 

oxidation rancidity in milk and m.ilk products and conc1uded that this 

test was more sensitive tnan conventional tests such as iodine value 

and Aries test. Similarly, Caldwell and Grogy (1955) found the TaA. 

test in cereal. and baked products to provide a more sensitive and 

reproducib1e means of detecting and recording incipient oxi.dative 

rancidi ty than the peroxide value technique. 

U se of a standard curve as a means of reporting resul ts 1f&8 

proposed by Simlhuber and Yu (1958). l, l, 3, 3 - tetraethoq propane 

(l, l, 3, 3 - ~), on h,ydrolyais will yield 1 mole of l!A which rea.cts 

quantitatively with TBA. 'lhey suggested that the tenD TB.l zmmber or mg. 

of lü. per 1000 g of ::I&terial be used ta express resul ts. 'l8.r1a.dgis.!1.!!. 

(1960), Tarladgis.!! al. (1964), Q:Uth (1966) and Lees (1961) bave made 

use of tilis pro~sed standard curve. 

.li 
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Evidence by many workers to suggest that TBA reactive 

substances and MA are the same or very similar has met with SOOle 

argument. Saslow and Warandekar (1965) reported that studies on extracts 

of irradiated fatty acid showed that none of the TBA reactive substances 

was HA while Kwon!!~ (1965) suggested the whole subject warrants 

careful re-evaluation. 

(a) Effect on vitamins 

A review of the literature revealed wide differences in the 

extent to which different vitamins are affected by irradiation. When 

foods are exposed to ionizing radiations los ses of SOOle vitamins may 

occur, the extent of the loss depending on the vitamin, the food, the 

dose and the environment CMinistry of Health, 1964). 

Richardson !!!l. (1958) found no effect on water-soluble 

vitamins, choline, folie acid, thiamin, riboflavin, pyridozine, and 

pantothenic acid resulted when a chick ration was irradiated with 

gamma rays. Coates!!!l. (1963) reported that less loss of fat-soluble 

vitamins occurred in vacuum-packed irradiated chick diets than in air

packed irradiated diets. They further reported that a stabilized 

preparation of Vitamin A suffered less destruction upon irradiation than 

did vitamin A Acetate. Ferrando!!!l. (1968) reported a 14 to 17 percent 

10ss of vitamin A frOOl rat diets sterilized with either 4.5 Mrad of 

gamma radiation or autoclaved at 1150 for 80 minutes. 

Many workers (Brin!! .!!., 1961; Alexander!! !l., 1956; 

Grooinger and Tappe1, 1957) have shawn that thiamin was signlficantly 



destroyed in lIleats b;y Sf'Z"IIIl irradiation. Wilson (1959) confimed 

these observations but discovered that this destruction could be 

prevented b;y freezing at -75°0 before and. clurinB 1rradi&tion. 

Kenne~ (1965) studied the effect of irradiation on B-

COIIlplex vitamins iD trozen who1e eggs and found no change in ~tothenic 

&cid, biotiD Md ribofiavin but did report a 61 percent 10ss of 

thiam.in at a dose of 5.0 1lrads. SiJD11ar anaJ..;yses on Manitoba wheat 

irradiated at 0.002 l1rad reveaJ.ed no effect axeept for a slight 10ss 

of P!Z1to~en1c acid content. 

lIetta .n..!=l. (1959) 8Zld Johnson.n. Al,.(1960) have reported 

siBrUficant decreases in the vitamin K content of irradiated lIlea.t. 

Richardson.!!.!:l. (1956) using a chick bioas~, found the 10ss of 

vitam1n K activit;y ta be comparativel.;y lID8l.l nen a natural food was 

1rrad1ated. The natural foods utilized in the study by Richardson did 

not include meat, however. 

.u 



III. OBJECT OF RE§BARCH 

This resea.rch project was undertaken ta provide fUrther 

inf'ormation upon the feasibllity of radiation di slnfection of pœ1.w 

rations and particul.a.rl.1 ta s"tu.q the effect of.gamma 1rra.d1ation upon 

nutrient stabllity in poal. tr.r rations as follows. 

(1) Biologic&l. &SsesSlllent of ration chazlges using. 

a) Lons-term generation studies. 

b) Short-term ch1ck feecl1ng trial. ta stucV effect of ration 

c) Short-term ch1ck feeding trial. ta stud7 effect of 

1ncreaaed irradiation intensi1;J doses (1.0, 2.25, and 

~.5 lIracl). 

(2) TisSll8 vitam1.n content &Saa,.yB for t bi am1n and riboflavin. 

(~) 'l!BA test to study possible 1ndu.ced oxidativ-e rancicUV. 

.14 
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IV. MATER1AI.S AND METHODS 

A. GENERAL 

(a) Expertmental stock and expertmental proèedure 

The Pl(parent) stocks were obtained fram the Macdonald College 

No. 2 strain, a Single Comb White Leghorn, small egg line strain. 

Expertment l initiated this study with the Pl(parent generation which 

was fed irradiated poultry rations for 84 weeks. The successive Fl 

and F2 generations utilized in Expertments 2 and 3 respectively were obtained 

through pen sib matings originating tram this Pl(parent) generation. 

Studies conducted in Expertments 2 and 3 were stmilar to those in 

Expertment l except these generations were reared to sexual maturity 

viz. 34 weeks at which time eggs were collected and incubated to produce 

an off-spring seaeration. Chicks in Expertment 4 were surplus cockerels 

from a coamercial Single Comb White Leghorn strain obtained fram a 

local hatchery. This expertment was a 5 week growth trial in which 

diluted irradiated rations were fed to study vitamin storage in body 

tissues. The UDsexed chick groupa in Expertment 5 were surplus chicks 

hatched at Macdonald eollege fram Macdonald College No. 3 strain female 

crossed with commercial strain cockerels. Rations irradiated at higher 

dose levels vere fed in this 5 veek growth trial for further study of 

vitamin storage in body tissues. 

(b) Preparatioo of rations 

All basal rations (207. Itarter, 177. Grower and 157. Layer) used 

in these studies vere supplied by a commercial feed company. The chemical 

composition of rations used is presented in Table 1. With the exception 

of Experiment 4, no changes vere made to the above rations. In Experi

ment 4 an attempt vas made to dilute the vitamin content of the commercial 

ration by using a dilution factor of 25 percent i.e. 3 parts regular 



Table 1. C.lcula~ed composition of ration mixtures used as basal feeds. 

Starter Grower La..ver 

Crude Protein (%) 20.0 11.0 15.0 

Crude Fat ~) }.o }.o }.o 

Crude Fibre ~) 5.0 8.0 6.0 

Ribofiavin (J1J8./K8.) 6.69 6.}6 5.68 

Thiamin (mg./K8.) 5.06 6.86 6.29 

14etabo1izab1e Energy (KcaJVK8.) 2669 2526 2541 

Productive Energy (ICcù/K8.) 1914 186} 1912 
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ration plus l part cereal protein-!p.ineral mixe This cereal protein-

mineral mix was supplied by a commercial feed mill and was equivalent 

to a 16 percent layer ration except that no vitamin premix was added. 

The irradiation treatment of rations was carried out by Atomic 

Energy of Canada L~ited using a Cobalt-60 gamma irradiator. The'O pound 

~ags of feed supplied at 2 month intervals and in batches of stmilar 

composition were divided into two equal lots. The lot to be irradiated 

was emptied into fifty pound-size plastic bags and sealed. These 

plastic bags of feed were then placed in corrugated cardboard container 

boxes which were subsequently sealed with masking tape. The regular 

irradiation treatment of each batch supplied was a l Mrad dose level. 

In Expertment 5 a portion of the ration aUotment received a 3.5 Mrad 

dose. An attempt, in theory, to prepare a ration irradiated at 2.25 

Mrad was done s~ply by diluting a portion of the 3.5 Hrad irradiated 

ration with non-irradiated control ration. 

All rations were stored in a separate, unheated feed room 

upon arrival at Macdonald Co11ege. The periods of storage varied and 

rations were used as required. 

(c) Feeding and housing 

AU chicks were started in battery brooders under stmUar 

environmental conditions. Groups were separated accordtng to treatment 

and given feed and water ~ libitum. Chicks of ExperiJDent 4 and 5 were 

on test for 5 weeks and thus received only 20 percent starter ration. 

In Exper1ment l, 2 and 3 chicks were raised untU 7 weeks of age on the 

starter ration. In a1l cases, body weight and feed consumption data 

vere taken veekly, whUe mortality and other relevant observations were 

recorded continuously. 

At 7 veeks of age, the different treatment groups of the genera-

tion studies vere placed in floor pens and changed to a grower ration. 

Body veight and feed consumption data vere collected bi-veekly. 

Feeding of a layer ration began at approximately 24 veeks of age in Esperimencs 
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l and 2 and at 22 weeks of age in Experiment 3. Conditions in the floor 

pens were similar and each pen was equipped with one tube-type feeder and 

one autamatic waterer. Care was exercised to keep feed and water spillage 

and wastage at a minimum. 

(d) Tissue collection 

Muscle and liver tissbe fram birds in Expertment l, 2, 4 and 5 

was analyzed for thiamin and riboflavin content. A total of 60 birds 

frOID Experiments l and 4, 20 birds fram Experiment 2 and 40 birds fram 

Experiment 5 were examined. All birds were randamly selected and 

sacrificed during the growing periode Following a sufficient period to 

allow whole body cooling at roOlD temperature, the breast and liver of 

each bird was removed, washed in cold water, dried lightly by rolling 

in absolbmt paper, and wrapped in Saran Wrap. The tissue was then 

frozen and held in cold storage at OOC until time of analysis. 

B. CHEMICAL ANALYSES 

(a) Vitamin extraction 

The procedure for vi tanin extraction fran the wet tissue was 

the sane for both thiamin and riboflavine Five grams of muscle tissue or 

2 grams of liver tissue were weighed and mixed with approximately 25 ml. of 

water in a 50 ml. Virtis Model 45 homogenizer flask. After hamogenization 

the slurry vas adjusted to pH 1.5 with SNRC1. Pepsin enzyme was then added 

(.OO4gm./gm. tissue) and the tissue solution was placed in a water bath 

at 370 C for approximately 24 hours until canplete digestion had occurre4. 

Folloving digestion the solution vas adjusted to pH 4 with sodium acetate 



or sodium h3drox1de solutions and then centr1.tUged. 'lhe supernatant _as 

decanted and the precipitate washed twice _ith .. ter. The pooled solution 

na then made up to 50 ml. _itb. a 1.1 solution of _ater and 2.5 11 sodium 

acetate and stored in the cold and d&rk untll anal.Jrsis. 

(h) Thiamin 

Thi min content of the JDLl8cle and liver extracts _as determ1ned 

bl' the method descr1bed in the Kacdonald College Departlllent ot Chem1str;y 

laborato17 mannal, number 45la, see .lppend1x l. 'lhe thiamin content ot 

a :CdII ot tissue na ca1.culated accordiDg to the following equatioD81 

y t.b1amin/8ILJllWlcle - E - lB x 20 , l'1:b i am i n/pliver - E - EB x 50 
S-SB S-SB 

where E - plV8DCll8ter reedfng tor solution 1'ram &l.iquot of ertract. 

EB - plvcOIIleter readfng for blank ot previOWI repd1ng. 

SB - plvaDOIUtar rM.d.1nB tor blank of previoua reeA1ng • 

.lll reM Inga _are taken on a Col-.n Fluorimeter )(odel 12. 

(0) R1boflayin 

R1bofiavin ccmtent ot the JIIWIcle and. liver ertracts was 

det4mlined b7 the aethocl described in the W&cdonald College Department 

ot Chemiatl7 1aborator,y menusl , number 451a, see Append1x II. The ribonavin 

content ot a gram of tissue 11&8 c&l.c:ul.ated according ta the following 

equational 



U& riboflav!n/ I!P- muscle • J. - C x 2 ; ug. riboflav!n/ f!J1J.-liver • J. - C x 5 

B-A B-A 

whare J. - galvanometer reMing mea.sur!ng fluorescence in sample extract 

B - A + standard amount of ribof'lavin added 

C - Fluorescence in A not due ta riboflavin 

Ali reMinga ware taken on a Coleman Fluorimeter )!Odel 12. 

(d) TM telt 

B"DdomJ1' sampled rations .ere uaed in a lipid extraction 

procedure delcribed by Bli8b and D7er (1959) - lee Appendi.x III. '!he 'l'Bl 

telt &8 delcr1bed by Tarladg11 .!!.!:l. (1960) na WIed ta det81'llline 

oxidative ranc1d1 ty. 

Dut 'l'Bl te.t .... ca.rried out ua1nB 1 gram of sample 41180lved 

in 5 ml. of benzene and 5 ml. of 'l'Bl re888Dt. A reagent blazlk waa prepared 

ualng 5 ml. of '!'BA re&B8Jlt, ~ ml. of 9'" etbaDol and 2 ml. of diatUled _ter. 
'!he reapnt blank .... uaed ta a4Juat the iwltrwaent ta l~ T. '!he 'l'Bl 

~t uaed wu lla4e up aa follow •• 0.67 I!JA. of TB1 diaeolved in 140 ml. 

of diatUlecl _ter and 60 ml. of glacial acetic acid. 'lbe flaak na held 

in hot _ter ta facUi tata solution. 

A heat1ng t1JIe of }O aimltea .... uaed for the r.ct1on. Va;rinun 

(1958), ua1D& kDo1fD 8IDOUDt. of l, l, ~, ~ - TEP. On iQ"dro17d.., one 1I01e 

of l, l, ~, ~ - 'rBP produ.ce. one 1101. of K.A. 



c. STATIS'l'ICAL NULW§ OP DATA 

Anal.yses of variance .ere carr1ed out on rate of gain, feed 

efficiency, H&ugh Unit values for egg albumen quali 1:7, tissue vi tamin 

content and T.BÀ test resul ts. The foms of analysis used for tissue 

vitamin content in Experiment 1, 2 and 5 and the TBl test of Experiment 

6 .ere a1.milar. 'Ble fom of anaJ.ysis used for rate of sain and feed 

efficiEllCY data waa aimilar in aJ.l cases except in EEperimant 4 and for 

Haugh Unit data SlJmmaries. &ince no repl.ica tions .are made in Experiment 

4 the rate of sain, feed efficienq and tissue vitamin content data 

required a alishtly different fom of analysis from the two basic foms 

uaed in the other exper1manta. 'Ble fom used for HauBh Unit data 

lNIIa&ries varied slishtly traD that used on rate of gain and feed 

effici8DC7 data. 'Ble two basic foms of aœ.lyaia are illustrated in 

Appaul1x IV. 

Signif'ican t differances .are tested .i th the nmcan' s Mul. tiple 

Range Test as outlined b,. Steel and Torrie (1960). 
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v. RESULTS AND DISCUSSIŒ 

A. GENERAL 

The purpose of ExperÜDent l was to study the effect of feeding 

irradiated rations to a generation of birds for an extended period of 

time, viz. 84 weeks. Experiments 2 and 3 involved studies on the FI and 

F2 generations which were carried to 34 weeks of age. Criteria, such as 

growth response, feed efficiency, egg production, egg qual1ty, reproductive 

performance, and riboflavin and thiamin content of muscle and liver tissue, 

are discussed. A brief camparison is drawn between the performances of 

these three generations. 

ExperÜDent 4 and 5 were short term growth trials established 

to study the effect of diluting irradiated rations and to study the effect 

of irradiating rations at higher dose levels, respectively. Growth response, 

feed efficiency, and tissue riboflavin and thiamin content criteria are 

discussed. 

Finally, in ExperÜDent 6, the results of the TBA test, which 

was utilized to study possible induction of fat rancidity by ration 

irradiation, are discussed. 

B. GR<Yl'H TRIALS AND TISSUE ANALYSES 

(a) EXperüneDt 1 - Pl (parent) Generation performance and tissue 
analysis 

"nie results of the brooding period are presented in Table 18. 

Growth response of the non-irradiated groups was slightly better than 

that of the irradlated groups but their feed efficiency was inferior to 

that of the 1rrad1ated groups. These small differences were not 

stat1stically slgniflcant however. A sacrifice of ch1cks was made at 
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the end of the brooding period to equalize group numbers to 25 females and 

10 males for the next growth phase and to provide analytical material for 

tissue vitamin composition studies. The results of the next growth 

phase to age 24 weeks are summarized in Table 11. Growth response and 

feed efficiency of all groups was variable. Again, these small differences 

probably are not meaningful since analyses of variance on rate of gain and 

feed effeciency from week 8 to 14 during which no mortality occurred, 

presented in appendix Tables i - iv, indicated differences due to treat

ment were not significant. The results of postmortem examinations of 

all birds which died during the first 24 weeks under study revealed no 

gross visible les ions or evidence to suggest an effect due to ration 

treatment. The higher early mortality of control group B may be due to 

weaker chicks upon hatching at the beginning of the trial but no definite 

explanation can be given. 

All groups were culled to 20 females and 5 males at 28 weeks of 

age. Following egg collection and incubation to produce the second 

generat ion , the replicate of each group was discarded to meet recommended 

floor space requirements and to conserve feed supplies. Body weight, 

egg production and feed efficiency data for the laying period are summarized 

in Figures l, 2 and 3. Except for the slightly heavier males of the irrad

iated group, the small differences between the two treatment groups in body 

weight do not appear meaningful and/or attributable to irradiation of the 

ration (Figure 1). Egg production by the control group was almost 

consistently better than that of the irradiated group for the duration 

of the laying period (Figure 2.). As would he expected, this higher rate 
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Figure 1. Effect of irradiation upon a commercial layer ration as measured 

by bird growth response to age 84 weeks - Pl Generation. 
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Figure 2. Effect of irradiation upon a commercial layer ration as measured by 

egg production to age 84 weeks - Pl Generation. 
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Figure 3. Effect of irradiation upon a commercial layer ration as measured by 

feed efficiency in egg production to age 84 weeks - Pl Generation. 
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of egg production also resulted in the control group having a superior 

feed efficiency for the laying period (Figure 3). Reduced body weight of 

the males and egg production of the females at 48 weeks was prtmarily 

27 

the result of a severe fowl mite infestation. The birds responded favour

ably after treatment. Several birds were observed to be undergoing a 

natural annual moult at approximately 68 to 72 weeks of age, th us egg 

production was reduced. As expected, egg production decl10ed significantly 

in both groups during the second year of age. Mortality, which was slightly 

higher in the irradiated group, particularly during the later stage of 

production, probably contributed to the inferior performance of this 

group, especially with respect to feed efficiency. It seems that varia

bility between birds could be a significant factor produc1og this lower 

performance since bird numbers were reduced during the 1ay1og periode 

Diagnostic gross examinations on aIl birds which died during the laying 

period indicated no carcinogenic effect due to extended feeding of irradiated 

rations. This finding is in agreement with a study by Burns!!!l. (1956) 

who carried a generation of chickens on irradiated and non-irradiated diets 

to 54 weeks of age. 

A summary of the egg quality data are presented in Table 2. An 

80alysis of variance on Haugh Unit values is presented in appendix Table v. 

Thi. 80alysis of variance indicated no significant differences in egg quality 

due to ration treatment. Decreasing quality is prtmarily a result of 

seasonal and age effects. Prior to 28 weeks of age, 125 eggs for each 

replicated treatment group were collected and incubated. A summary of the 

observations relative to reproductive performance is presented in Table 3. 
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Table 2. Ef'rect or irra.diation upon a commercial 1qer ration 
as measured by ega qualit,y criteria to age 84 weeks -
P1 Generation. 

* ERR Qgsl!:it 
Lot Per10d Bati.on Humber Bize Sp.Grt* Hau8h Yolk 
Bo. Weeka Treatmant ~ers (sms.) Units Co10r 

~ 32-36 Irradiated 20 50.7 1.091 82.9 7 
36-40 20 49.8 1.090 81·3 6 

40-44 20 50.0 1.089 69.2 6 

44-48 19 50.0 1.089 69.2 6 
48-52 17 54.8 1.080 80.0 6 
52-56 16 55.7 1.084 77.9 6 
56-60 16 56.4 1.088 80.1 6 

60-64 16 54.0 1.084 48.0 5.7 
6+-68 16 54.2 1.084 62.4 5.0 
68-72 15 52.8 1.083 57.8 5.3 
72-76 15 53.4 1.084 31.8 6.0 
76-80 15 56.9 1.084 39·5 5.3 
80-84 15 55.4 1.086 22·5 5.9 

Mean 53.4 1.086 61.7 5.9 

:81 32-36 li on-irradiated 20 52.5 1.088 87.2 7 
36-40 20 54.5 1.090 88.2 6 

40-44 20 53.1 1.087 78.6 6 

4+-48 20 50.0 1.089 69.2 6 

48-52 20 55.7 1.089 75.0 6 

52-56 20 56.4 1.085 81.5 6 

56-60 20 57.8 1.086 77.9 6 

60-64 20 55.4 1.078 55.4 5.3 
6+-68 19 58.0 1.079 63.4 5.5 

6&.72 19 59.6 1.078 56.0 5.8 

72-76 19 59.1 1.080 39.6 6.1 

76-80 18 61.6 1.080 35.6 6.5 

80-84 18 59.7 1.079 31.6 6.8 

K-.n 56.4 1.084 64.6 6.1 

• J..ll risun. are an av8%'a4J8 or 10 8B8JI per gl'CIUp per periode 
** Speci fic Gravi ty 



Table 3. 

Lot 
No. 

Â 

Mean % 

E.ffect of irradiation upon a camnercial lqer ration 

as measured by lqer reproductive performance - P1 

Generation. 

EIœ InClJha~on Oblervat1ona 
Ration Egga Blood. Dead Dee.d in 
Trea.1:ment Set Inf'ertile Rings Germs Shel1 

Irradia. ted 125 9 6 29 18 

ft 125 19 4 21 10 

1l.2 4.0 20.0 1l.2 

B Non-irrad1ated 125 9 11 24 15 

B1 
ft 125 8 12 18 7 

Mean % 6.8 9.2 16.8 8.8 

~ Difference - Irrad. va. 
(+)64.7 (-)56.5 (+)19.1 (+)27.3 Non-irrad. 

% Hatch of 
Fertile Egga Set 

54.3 

67.0 

60.7 

56.9 

68.4 

62.6 

(-)3.0 



The narrow, but consistent d..ifferences fa.vouring the non-irra.dia.ted ration 

group 1ncluding a. higher ha.tchabllity of eggs set, ~ suggest some 

adverse effect due to feed irradia.tion but the limited data. indicates the 

need for fUrther s~dy of this depression in l~er reproductive performance. 

'lhe resul ts of tissue vi tamin content analyses are summarized in 

Table 4. 'lhe ribof'la.vin and tbiamin content of tissue from birds being 

fed i..rra.d1a.ted feed W8.S s1ightly higher than th.a.t of tissue from the control 

birds. Growth ra.te and feed consumption, however, ~ be an infl.uencing 

factor in this slightly higher tissue vi tam1n content. Ana.l.yses of va.riance 

of these data., presented in a.ppendix Ta.bles vi - ix, indicate no si8n1ficant 

dii'ferences due to ration treatment. 

(b) Experiment 2 - '1 Generation Perf0'!?!Pce and . tissue anal..ysis. 

The data. for the bl'lK)dJng period of birds involved in Experiment 

2 are slUnmarized and presented in Ta.ble 10. Growth response and feed 

efficiency of the irradiated groups ws.a super10r to that of the non-1rrad.1a.ted 

groups but cU.fferences are amall and ~ not be a. resul t of ration treatment. 

Early mortality for all groups ws.a rela.t1vely hi8h and the ch.1cks a.ppea.red 

ver:! weak a.t the beginning of the trial. &Dall egg size of the parent 

breeders men eggs ware collected for hatchin6 was the pr1ma.ry factor 

involved, resul tin8 in small, weak ch1cka for this generation. It is a.lso 

conceiva.ble that inbreed1ng of th1s parent generation ma.Y ha.ve contributed 

to this si tua tion. A. sa.crii'ïce of ch1cka w&s made a. t the end of the 

broodi.o€ period to equaJ.ize group DW:1bers to 25 fecales and 5 cales for the 

next growth phase and to provide anal,ytical ::l8.terial for tissue vi tanin 



Table 4. 

Lot 
No. 

A 

Kean 

Etrect or irrad1ation upon a chick starter ration as 

mea.sured by tiswe vitamin content anaJ.yses* - P1 

Genera. tion. 

lIuscle Liver 
Ration 
'l'rea 1aen t 

1Jb1am'n Ribofiavin 1Jb1am1n Ribof'lavin 
y / BPI· ui!/ sm· T / BPI. ui!/ sm. 

Irradiated 

ft 2.45 

14.34 

B Non-irradiated. 2.28 12.52 

ft 

Mean 8.06 12.12 

* Averap or 15 birds par lot at &88 7 weeks. 
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composition studies. Data for the growth period from 7 to 24 weeks are 

summarized and presented in Table 11. Growth response and feed efficiency 

results are samewhat variable with the control groups performing better than 

the irradiated groups. As before, these differences are probably not 

meaningful since analyses of variance on rate of gain and feed efficiency 

from week 9 to 12 (appendix Tables x - xii) indicated these differences 

not to be significant. Mortality, again, was a problem in this phase of 

the growth period resulting fram a non-specific enteritis infection which 

developed after the birds were moved to their permanent quarters in the 

floor pense This infection was treated with broad spectrum antibiotics and 

the birds responded rapidly. lt is possible that the higher mortality of the 

D group resulted in poorer birds being culled out thus contributing lO the 

superior growth response and feed efficieny of this group for the period 

under study. 

As with the Pl (parent) generation at approx~tely 28 weeks of 

age and following egg collection to produce the third generation, the 

replicate of each treatment group was discarded to provide adequate floor 

space and to conserve feed supplies. A summary of the body weight, egg 

production and feed efficiency data, for the remaining two groups during the 

laying period, is presented in Figures 4, 5 and 6. Differences between Othe two 

treatment groups in body weight for both males and females (Figure 4) and egg 

production (ligure 5) were not statistically significant and probably resulted 

primarily as a response to age and seasonal effects. An increasing trend 

toward more efficient feed conversion (Figure 6) by the control groups in 

the latter weeks of the trial may be a prUnary result of ration irradiation 

but no definite explanation can be given. Variability between birds and 
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mortality during the brooding and laying periods could have influenced this 

superior feed efficiency by the non-irradiated trea~t group but the 

extent of their influence is difficult to est~te. Diagnostic gross 

examination on a11 birds which died during the laying period revealed no 

gross visible les ions or evidence which could suggest an effect due to ration 

irradiati on. 

The small differences in egg quality data as summarized in 

Table 5 may not be a prtmary result of ration treatment since an analysis 

of variance on Haugh Unit values (appendix Table xiv) indicated no 

significance due to ration treatment. A sUlŒUlry of the observations 

relative to reproductive performance in the replicate trea~t groups is 

presented in Table 6. The differences are variable but tend to be small 

particularly with respect to hatchability of eggs set and appear not to be 

attributable to ration irradiation. 

Analytical examinatiOlls of tissue for riboflavin and thiamin 

content fram a randomly selected sample of the replicated groups are summarized 

and presented in Table 7. In all cases, with the exception of muscle 

riboflavin levels, the irradiated groups tended to have higher tissue vitamin 

levels but growth rate and feed cOllsumption could be an influencing factor. 

Analyses of variance on the data (appendix Tables xv - xviii) indicate 

no significance due to ration treatment. 

(c) Experiment 3 - F, GeIleratiOll performance 

The results of the brooding period in Experiment 3 are summarized 

and presented in Table lo. At 4 weeks of age, aU groups were randomly 



Table 5. Effect of irradiation upon a commercial 1qer ration 
as mea.sured b;y eB8 quality criteria to 868 34 weeks -
F1 Generation. 

kR: QnaJ i t.v* 
Lot Period Ration Humber Size Sp.Gr.** Ha1l8h 
No. i'eeks Trea.tment ~ers (sms.) 

C 22-26 Irradiated 25 47.0 1.067 
26-30 25 47.5 1.090 
30-34 24 48.2 1.069 

47.6 1.088 

D1 22-26 Non.-1rrad1ated 25 46.5 1.087 
26-30 25 47.4 1.065 
30-34 25 47.7 1.069 

Kean 47.2 1.067 

• U1 fJ.aurea are an av81"868 of 10 egga par group par periode 

** Specifie Gravit y 

Units 

86.8 
65.3 
57.5 

70.0 

88.4 
69.5 
57.6 

71.8 

Yolk 
Co1or 

7 
6 

5.5 

6.2 

6.5 
5.9 
5.0 

5.8 



Table 6. Effect of irrad..1ation upon a commercial. ~er ration 

as measured by l'Ver reproductive performance - F 1 

Genera. tion. 

~ Incubation OblervatioQ! 
Lot Ration Egga B100d Dead Dead in 
No. Treatment Set Infertile Rings Germs Shell 

0 Irradiated 102 , 0 9 4 

01 
Il 102 4 0 14 11 

Mean % '.4 0 11.' 1.4 

D N on-irradiated 102 4 0 11 11 

D1 
.. 102 4 0 1 8 

Mean ~, '.9 0 8.8 9.' 

% Difference - Irrad. vs. 
(-)12.8 (+)28.4 (-)20.4 Non-irrad. 0 

% Hatch of 
Fertile Eggs Set 

86.9 

14.5 

80.1 

11.6 

84.7 

81.2 

(-)0.6 



Table 7. Effect of irradiation upon a chick starter ration as 

measured by tissue vitamin content analyses* - F1 
Generation. 

lrfusc1e Liver 
Lot Ration ihiam1n Ribo fl av in Thiam1n Riboflavin 
No. Trea'tment Y/I!J1!. Uf!/gm. J1/I!J1!. Uf!/gm. 

C Irradiated 2.90 0.45 9.20 14.10 

C1 
n 3.79 0.49 10.82 14.03 

Mean 3.35 0.47 10.01 14.07 

D Non-irradia ted 0.58 

ft 

Kean 

* Avera&e of 5 b1rds per lot at 8B8 7 .eeks. 



culled to 30 females and 1 males to equalize numbers a.ccordi.ng to sex and 

to provide more battery space. General.ly, the non-!rrad.ia.ted groups 

perfomed sligntly better than the irradia.ted groups in growth response 

and feed efficiency but the resul ts tend to be variable and vet;'e not: 

8ignificmt. Most of the mortality occurred, as would be expected, during 

the first fn weeks of lite due to small egg size wi th r-esul tant weak 

chicks and hence unrela1.ad to ration treatment. Resul ts of the next 

growth phase to age 22 .. eeks are swnœarized and presented in Table 11. 

Growth respanse and feed efficiency for all groups .. as more uniform during 

this period of the trial and analyses of variance on rate of gain and feed 

efficiency, fram week 5 to 11 (appendix Tables xix - xxii) indicated no 

significant differences which could be attributed to ration trea'bnent. 

As ma.y be noted from Table 11, mortali ty wa.s not a problem during this 

pha.se of the trial.. 

All groups were pla.ced on a ls.yer ration a t 22 weeks, ra ther than 

24 weeks as done in the previou.s t'Wo generation studies, in an attempt to 

increaae egg size at 28 weeks men eggs were collected for hatching. As in 

Experiments 1 and 2, the replicates of ea.c.h treatment group were discarded 

at 28 weeks of age, followillg egg collection, to provide adequate housing 

space and to conserve feed supplies. .1 summar.r of body weight, egg 

production and feed effic1I11CY data for the rmaining t'Wo groups is presented 

in Fio-u.res 4, 5 and 6. '.:he unifomity bet'Ween treatz:1ent groups noted ee.rlier 

in the trial continued throU8h the l~ing periode Growth rate, ege 

production and feed efficiency perfor=ance of these two groups would not 
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appear to indicate any specifie treatment effect other than age and 

seasonal effects. The low mortality experienced during the course of this 

trial signifies the lealthy response in treatment group performance. 

The small differences in egg quality data as summarized in Table 8 

do not appear significant since an analysis of variance on Haugh Unit values 

(appendix Table xxiii) indicated no significant differences due to ration 

treatment. The observations relative to reproductive performance for the 

replicate treatment groups, presented in Table 9, are quite variable. 

While hatchability of fertile eggs set was good in all groups, the irradiated 

groups had an inferior overall performance which may indicate an effect 

due to ration irradiation. Small egg size and age of the birds at collection, 

however, could have significantly influenced these variable results and more 

extensive studies would appear necessary to clarify this situation. 

(d) Camparison of generation studies. 

If the overall performances of the Pl(parent), Fl and F2 

generations are examined, several comparisons may be drawn. Seme 

comparative results have been combined and are presented in Tables 10 and 

11 and Figures 4, 5 and 6. Generally, rate of gain, egg production and 

feed efficiency by the Pl (parent) and F2 Generation during the first 34 

weeks of age were qui te similar and superior to that of the Fl Generation. 

This depression in performance of the. Fl Generation could Most logically be 

attributed to the weak condition of the chieks upon hatching and the outbreak 

of non-specifie enteritis during the growing periode Mortality for the 



Table 8. Effect of irradiation upon a cœmercial lqer ration 

as measured by egg quali ty criteria to age 34 weeks -

F 2 Generation. 

~ Q:naJiLY· 
Lot Period Ration Number Size Sp.Grt* Hallgh 
Bo. Weeks Treatment ~ers (gms.) Units 

G 18-20 Irradia ted 30 40.0 1.092 13.3 
20-22 30 41.2 1.069 84.1 

22-26 20 44.2 1.065 83.0 

26-30 20 44.3 1.061 82.5 

30-34 20 46.5 1.066 19.9 

Mean 43.2 1.068 80.6 

G1 18-20 Non-irradiated 29 41.3 1.090 69.4 
20-22 29 45.3 1.090 84.6 

22-26 20 45.9 1.061 88.1 

26-30 20 46.1 1.068 16.6 

30-34 19 41.3 1.066 11.8 

Mean 45.2 1.068 19.3 

.. I.ll fiaUre8 are an av~ of 10 eggs per group par period. 

**Specific Gravit y 

Yolk 
Color 

6.3 

5.5 
5.9 
5.8 

5.3 

5.8 

6.8 

6.5 
6.4 
6.4 

6.4 

6.5 



Table 9. 

Lot 
No. 

E 

G 

Kean % 

E1 

G1 

Mean " 

Ei"lect 01 irradiation upon a commercial. 1qer ration 

as measured by 1qer reproductive performance - F2 
Generation. . 

ERR Incubation Obgervations 
Ration Egga Blood Dead Dead in 
?3."ea tillent Set Infertile Rings GeDl8 SheU 

Irradiated 100 19 5 14 1 

" 100 9 4 13 2 

14.0 4.5 13.5 1.5 

Non-irradiated 100 10 1 5 1 

" 100 6 8 2 

6.5 6.5 6.5 1.5 

% Ditlarence - Irrad. vs. 
(-)30.8 (+)107.1 Hon-irrad. (+)115.4 0 

% Hatch 01 
Fertile Eggs Set 

15.3 

19.1 

11.2 

85.6 

83.5 

84-6 

(-)8.8 



Table 10. Effeot of irradiation upon a ohiok starter ration as measured by ohiok growth 
response and feed effioianQY to age 7 weeks - P1' F1 and F2 Generations. * 

Average Feod 
Oonsumption( Fe~ 

Lot Initial Ration Mean Body Wt.(8IIls.) Ohiok to 7 wks. GeJ.n Mortality 
No. OhioJç Nos. Treatmmt Initial. Final Gain (œs.l Ratio (~~) 

A 60 Irradiated 35.0 489.9 454.9 1171 2.57 3.3 
A

1 
60 (l~jb Hasal Starter) 34.9 506.0 473.1 1171 2.48 3.3 

KIM 35.-0 -~- - --499-;0 ~- -464.0 1171 2.53 3.3 

o 56 30.5 584.0 553.5 1496.8 2.70 15.9 
0

1 
56 28.8 605.7 576.9 1512.7 2.62 20.8 

MMD 29.7 594,2 565.2 1504.8 2.66 18.4 
E 86 29.2 582.1 552.9 1655.7 3.00 4.7 
G 76 29.9 587.6 557.7 1776.5 3.19 3.9 

Heao 29.6 584.9 555.3 1716.1 3.10 4.3 
il 60 ~on-irradiated 35.0 526.2 491.2 1180 2.40 8.5 
ll1 60 (1~~ Basal Starter) 33.6 526.2 492.6 1383 2.81 3.3 

M'an 34.3 526.2 491.9 1282 2,61 5.9 
D 56 29.3 563.1 533.8 1471.4 2.76 12.3 
D

1 
56 31.0 581.6 550.6 1496.8 2.72 20.3 

J.111D 30.2 572,4 542.2 1484.1°, 2.14 16.L 
E1 73 29.8 593.0 563.2 1737.3 3.09 2. rl 
Q1 83 29.5 600.6 571.1 1742.7 3.05 3.6 

N!!D 29,7 596.8 567.2 1740.0 3.07 3.2 

'" P 1 (~enerat ion - Lot No., A, Al' B, and Bl 

"'1 t;enerat ion - Lot Nos, C, Cl' D, and Dl 

"'2 Generation - Lot Nos, E, El' G, and G
l 

~ 



Table 11. Effeot of irradiation upon a ahiok grower ration as measured by ohiok growth 
re.ponse and fead effioimoy !rom 1 to 24 week. of age - P, &: F

1 
Generations 

and t'rom 1 to 22 week. of age - F 2 Generation. * 

Aver&8S Feed 
Consumption/ 

Final CMok f'rom Feed/ 
Lot Bird Noe. Ration Mean Body Wt.(ICg.) 1 - 24 wks. Gain Mortality 
No. V ( 'ltea1mmt Init1al, Fi,ruÙ Gain (Kg.) Ratio (%) 

A 2} 10 Irradiated 0.49 1.95 1.46 11.68 8.00 2.94 
A, 22 10 (1~ Basal Grower) 0.51 1.80 1.29 12.05 9.34 5.88 

M'1Il 0.50 1.68 1.38 11.81 8.61 4.41 

C 25 5 0.14 1.65 0.91 9.16 10.13 3.33 
C, 25 5 0.19 1.81 1.01 9.24 9.15 6.61 

Nean 0.11 1.73 0.96 9.50 9,94 5.00 

E 20 5 0.58 1.93 1.35 10.69 1.92 0 
G 20 5 0.59 1.81 1.22 10.21 8.38 0 

Mean ._ ... ___ .. _ .0.59.. 1.87. 1.29 10.45 8.15 0 

B 25 9 Non-irradiatad 0.53 1.95 1.42 12.00 8.45 0 
li, 23 9 (lr~ Basal Grower) 0.52 1.91 1.39 12.00 8.63 5.88 

MIM 0,53 1.93 1.41 12.00 8,54 2,24 

D 25 5 0.14 1.96 1.21 10.40 8.60 16.61 
D, 25 5 0.80 1.96 1.16 10.51 9.11 0 

"lM 0.71 1,96 1.19 10.49 8.86 8.33 

E1 20 5 0.59 1.84 1.25 10.26 8.22 0 
G, 20 5 0.60 1.81 1.21 10.29 8.11 0 

Ms 0.60 1.86 1.26 10'28 8.11 0 

* Pl l~enerat ion - Lot NOl. A, Al' B, and BI 

rI (;eneration - Lot NOl. C, Cl' D, and Dl 

F2 Generation - Lot NOl. E, El' G, and G
l 

ft 
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Figure 4. Effect of irradiation upon a commercial layer ration as measured 

by bird growth response to age 34 weeks - Pl' Fl and F
2 

Generations. 
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by egg production to age 34 weeks - Pl' Fl , and F
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Figure 6. Effect of irradiation upon a commercial layer ration 

as measured by feed efficiency in egg production to 

age 34 weeks - Pl' Fl and F2 Generations. 
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period under camparison was lowest in the F2 Generation and this may indicate 

a favourable effect due to inbreeding. Egg quality summaries, presented 

in previous tables, generally were similar in all generations. 

The results of observations with respect to reproductive 

performance have been variable for all generations. As indicated in 

previous discussions, more extensive studies appear necessary in order to 

more fully evaluate any effect upon reproductive performance resulting 

fram ration treabnent. Tissue vitamin content values for the Pl (parent) 

and Fl Generations were similar and differences tended to be small. 

The F2 Generation produced the Most uniform and consistent 

performance in most criteria studied to 34 weeks of age, with the exception 

of hatchability. This uniformity would seem to have resulted prtmarily fram 

an inbreeding effect. No specifie trends, which could be suggestive of a 

detrtmental, cumulative effect resulting fram the continuous feeding of 

irradiated rations to the three generations studied, were evident in the 

performance of this generation. 

(e) EXpertment 4 - Growth trial and tissue analysis 

The growth trial results of Expertment 4 are summarized and 

presented in Table 12. Weekly data summaries with respect to rate of gain 

and feed efficiency and their analyses of variance are presented in 

appendix Tables xxiv - xxvii. The irradiated plus dilute treatment group 

(Lot 2) generally had the poorest performance but analyses of variance on 

rate of gain and feed efficiency indicated this performance not to be 

significantly different fram that of· the other trea~t groups. This lack 

of apparent significance may suggest that the dilution factor used (251.) vas 



'l'ablo 12. 

Lot 
Uo. 

1 

2 

l.!eun 

, 
4 

lloan 

Effect of irradiation and dilution* upon a chick starter ration as measured 
by chiok Gr0.th response and feed efficiency to age 5 weeks - Experimont 4. 

Average Feed 
Mean Body i1 t. (@Ils. ) Consumption/ 

Initial Ration Initial Final CMck te 5 wks. 
Chiok Nou. Treatment unuexed unuexed Gain (sms. 

15 Irradiated 37.6 362.1 324.5 870.2 

15 Irrndiated + Dilute 37.4 346.6 309.2 851.4 

37.5 354.4 316.9 860.8 

15 Non-irradiated 36.8 370.0 333.2 893.5 

15 Non-irradiated + Dilute 38.6 372.1 333.5 888.6 

37.7 371.1 333.4 891.1 

• Dilu tion fac tor of 25i~ u tilizing a ceroal protein minera! mixe 

Feed/ 
Ge.in }.Iortality 

Ratio (~~) 

2.68 0 

2.75 0 

2.72 

2.68 o 

2.67 o 

2.68 

~ 



not sui'ficient to produce minimal vitamin requi.rement levels. llortality, 

as r:JJ3:3 be noted from Table 12, ns not a problem during this trial. 

Tissue riboflavin and thjabdn content data are summarized and 

presented in Table 13. Analyses of variance are presented in appendix 

Tables xxviii - xxxi. Ration trea'bnent had no apparent significant 

influence on levels of muscle thiamin and liver riboflavine There were 

significant differences (p < 0.01), however, in muscle riboflavin levels 

due to ration treatment. Application of the Duncan' s 1ful tiple Range Test 

revealed no significa.nt effect from dilution of the irradiated ration but 

did indicate a significant response from dilution of the non-irradiated 

ration. Analyses of variance also :lndicated liver thiamjn levels were 

significantly different (p < 0.01). Application of the Duncan' s lJul tiple 

Range Test indicated that the liver thiamin level of the non-irradiated 

control group .as signi!icantly higher than for a:ny other group and that 

dilution ns effective to a certain extent in both the irradiated and 

non-irradiated rations. Since the liver thiamin level for the non-irradiated 

plus dilute group .as not sign1ficantl,y di.fferent !rom that of ei ther of the 

irradia ted groups, i t is difficul. t to interpret if any effect due to ration 

irradiation existed. 'lhe inconsistencies of these results, particularly 

.ith respect to significance of ration treatcent, ~ have ceen 1n!luenced 

by scal..l errors in expericental technique, al th~ all anaJ.yses were l''Wl 

concurrently froc da3 ta ~ without interruption. iUth the exception of 

I:lUScle thiam.n levels in the non-irradiated plus dilute treatz::ent group, 

there appea.rs to ce a trend tcnrard response due to ration dilution. '!his 

trend, however, is not well established and tlore extensive studies usinë 

hi8tler cUlution levels would seee necessa.:-J ta atta.1n :d;nipa) or sub-optit1al 



Table 1;. Effect of irradiation and dilution upon a chick starter 

ration as measured by tissue vitamin content 8lJalyses* -

Experiment 4. 

Lot 
No. 

1 

2 

Mean 

Ration 
Treatment 

Irradiated 

Irradiated + DUute 

Muscle 
Tbiam1n Ribofiavin 

y / f!JI1. UI!/ f!JI1. 

3 Non-irradiated 3.97 

4 Non-irradiated + DUute 4.07 1.09 

Mean 1.20 

* Averap of 15 birda par lot at age 5 .eeka. 

Liver 
'Ibiamin Ribofiavin 
r / f!JI1. UI!/ f!JI1. 

10.81 18.74 

11.30 18.83 

11.36 19.93 

12.24 20.75 



vi tamin requirement 1eve1s. 

(f) Exoeriment 5 - Growth trial and tissue anaJ..ysis 

Da ta from the growth trial in Experiment 5 are smmnarized and 

presented in Table 14. Weekly data summaries, with respect to rate of 

gain and feed efficiency, and their analyses of variance are presented 

in appendix Tables xxxii - xxxv. Rate of gain by the 2.25 lJrad ration 

groups was significantly (p < 0.01) higher than that attained by the other 

treatment groups. Àpplication of the Duncan' s lJul tip1e Range Test 

indicated that the rate of gain by the 3.5 Ura.d ration group (Lot D) ~ 

be significantly higher th.an that of its rep1icate (Lot D
1

) but the death 

of one chick in Lot D 'lDB3 have innuenced this superior performance. It 

ll1s-Y' be noted, at this time, that the chick which died showed no gross 

visible 1esions or evidence upon diagnostic examination which could suggest 

an effect due to ration treatment. '!he performance of aJ.l groups with 

respect to feed efficiency was not si8nificantly different. Since the 

perfomance of the 3.5 lIrad ration groups was s1m.i1ar, in most indices 

measured, to that of the control and 1 J.!rad ration groups, it is difficult 

to interpret the performance or the 2.25 lJra.d ration group as bein8 due 

cainly to ration treatcent. It appears that the significantly better rate 

of gain by the 2.25 Urad groups was primarily a resul t of individual bird 

var.1&bili ty. 

At the end of the growth trial, a rsndon1y se1ected B8Z:lple of 

the po~ation was UBed for tissue ribofiavin a."ld thiscin content a.naJ.yses. 

Data frœI these analyses are surnarized and presented in :'able 15. 'me 

resul ts are quite variable wi th no consistent trends evident to suec.""est 



Tabl. 14. Rrteot ot 1rracUation upon a ohiok starter ration as meaaured by ohick 
growth re8JOl18e and tead ettioiency to &Be 5 "eek8 - Experiment 5. 

Mean Body Wt.(sma.) 
Average Feed 
Consumption/ 

Lot Initial Ration Initial Final Chick to 5 "ka. 
No. Chiok No •• 'l'reatIDent unaex.ed unae:xed Ge.in (sma.) 

A. 10 Non-irradiated '1.5 ,a5.1 '41.6 861.8 

~ 10 " '1.8 ,as.l '50.' 8'9.2 

KNn '1.1 ,a6.6 '49.0 850.5 

B 10 Irradiated (llIrad) '9.2 ,a9.1 '49.9 861.8 

B1 10 " '9.0 '14.4 "5.4 816.5 

Mean '9.1 ,al.8 '42.1 8'9.2 

c 10 Irradiated (2.25 Wrad) ,a.5 422.1 ,a,.6 895.9 

C1 10 " '1.0 415.0 '18.0 901.2 

Mean '1.8 418.6 ,a0.8 901.6 

D 10 Irradiated ('.5 Mrad) '1.1 '92.2 '55.1 940.0 

D1 10 " '1.4 ,66.1 '29.' 111.1 

Mean '1.' '19.5 '42.2 855.6 

Feed/ 
Gain Mortal.iV 

Ratio (%) 

2.48 0 

2.40 0 

2.44 0 

2.46 0 

2.4' 0 

2.45 0 

2.'4 0 

2.40 0 

2.'1 0 

2.65 10.0 

2.'4 0 

2.50 5.0 

~ 



Table 15. Eff'ect of' irradiation upon a chick starter ration 
as meaaured by tissue vi tamin con~t a.naJ.yses* -

Experiment 5. 

J.fus~e 
Lot Ration 'nl:fam:fn Ribofiavin 'nliam:fn 
No. Treaiaent Y/f!JD.. UI!/ f!JD.. 'Y/f!JD.. 

.1 llon-irrs.d..:f.a.ted 1.50 0.57 5.20 

.11 " 2.01 0.~7 7.7~ 

Hean 1.76 0.47 6.47 

B Irradia ted (1 lfrad) 1.60 0.61 6.97 

B1 " 1.81 0.44 7.75 

Mean 1.71 0.5~ 7.~6 

C Irradiated (2.25 lfrad) 1.71 0.5~ 6.5~ 

C1 " 1.92 0.51 7.22 

118811 1.82 0.52 6.88 

D Irradia ted (~. 5 lJrad) 1.52 0.~6 6.80 

D1 " 1.9~ 0.4~ 7.72 

)Lean 1.7~ 0.40 7.26 

.. ~Terap of 5 birda pu lot at age 5 - 6 weeka • 

Liver 
Ribofiavin 

UI!/ f!JD.. 

1l.51 

11.17 

1l.~4 

14e~6 

12.41 

1~.~9 

12.08 

1l.85 

11.97 

11.28 

9.69 

10.49 



a possible effect due to ration treatment and analyses of variance . 
(appendix Tables xxxvi - xxxix) indicate no significa.nce due to ration 

treatment. 

c. TBA TEST - EXPERILŒNT 6 

The resul ts of Experiment 6 are summarized and presented in 

Table 16. '!he 8ZlBlysis of variance of this data is presented in appendix 

Table xl. A consistent trend toward reduced fat stability upon irradiation 

of the poul tr)- rations -.as observed in an trials. .Analysis of variance 

of the data, however, indicated no s1gni.ficant di.fferences due to ration 

treatment. It would appear therefore tha.t an irradi.ation dose higher than 

3.5 ldrad would be necessary before fat stabili ty could be signif'icantl,y 

al tered. 'lbe differences between trials for each ration treatment are 

variable but the 8llSJ.ysis of variance indicated none were signif'icant. 

Possibl,y the random selection of samples fram the storage stacks in each 

trial could account for most of this variabili ty. Length of storage of the 

rations JIUV have infiuenced the resul ts but the period between trials was 

not core than two weeks. Eball di.fferences in exper1l:1ental technique 

between trials could also have infiuenced the resul ta. An addi tional source 

of variabilit:r r:1S3 have arisen !rom sliaht variation in the quality of the 

fat sources for the starter and grower rations ainee each ration was tdxed 

and prepared separatel,y during manufacture. 



Table 16. 

Ration 

Starter 

Grower 

Ef'.rect o.r irradiation upon .rat sta.bili ty in chick 
starter and grower rations as measured b.Y the TB!. 
Test - E%per1ment 6. 

Mg. o.r K.A./ gm. Fa 1;* 

Bation 
Treatment Trial 1 ~2 Trial. 3 

Non-irradia ted 0.312 O.Zn 0.390 

Irradiated (1 )(rad) 0.390 0.332 0.390 

Irradia ted (3.5 Krad) 0.488 0.449 0.429 

Non-irradiated 0.293 0.273 0.410 

Irradiated (1 J4rad) 0.332 0.488 0.449 

* A.verage o.r 5 randaml.7 se1ected samples per treatment per trial. 

Kean 

0.325 

0.371 

0.455 

0.325 

0.423 



VI. SUJJMARY AND CONCIpSIONS 

The purpose of these studies -.as to provide fUrther information 

upon the feasibility of radiation disinfection of polÙtry rations and 

particularly to s'tudy the effect of gamma irradiation upon nutrient stability 

in polÙ try rations. Six experiments were conducted. Experiments 1, 2 and 

3 involved three concurrent generation studies with the P1(parent), F1 and 

F2 Generations, respectively, bein8 fed irradiated and non-irradiated rations 

to 84 weeks in the case of Experiment 1 and to 34 weeks in each of the other 

wo experiments. In Experiment 4, a ahort-term growth trial _as established 

to stu~ the affect of dilutin8 the vitamin content of irradiated rations. 

Experiment 5, another short-term gro_th trial, was undertaken to detemine 

the effect of irradiating poultry rations at different dose levels (i.e. 1.0, 

2.25 and 3.5 Urad). Experiment 6 involved utilization of the TB! Test to 

secure an indication of possible ration fat degradation upon irradiation. 

No specifie trends developed in sueb cri tera as growth response, 

feed efficiency, mortality, egg production, and egg quality during the course 

of the genera.tion studies which coul.d be attributed to ration irradiation. 

The reproductive performance of aU generations _as quite variable and more 

extensive studiea are fel t necess&r,y before defini te conclusions can be 

drawn. Levela of ribofiavin and Wamin in cuscle and liver tissue of birda 

in Experimenta 1 and 2 _ere l'lOt ai.8n i ficantl:! a.ffected by ration treaœent. 

Ration irrad..iation and dilution had no s1gnii'icant effect on growth 

reaponae and feed efficlency of birda involved in âperiment 4. The 



inconsistencies of resul ts with respect to thiamin and ribofiavin tisSlle 

levels, in this experiment, suggest further studies utilizing higher 

dilu tion levels are necessar.y in order to establish the effect of ration 

irradiation on tissue storage of these vitamins. 

The superior growth response of the 2.25 Mrad ration treatment 

group in Exper:iment 5 was fel t to be mainl.y a resul t of 1nd1vidual bird 

variabllity rather than ration treatment sinee only ten birds were used in 

each replicate and the response of the 3.5 lJra.d treatment group did not 

differ s1gn.ificantly fram that of the control group. Bird tisSlle levels 

of thiamin and ribofiavin ware not s1gn1ticantly al tered by the higher 

irradiation dose levels used in this experiment. 

The results of Experiment 6 1nd1cated that fat stabllity in 

poul try rations ns reduced with 1ncreasing 1rrad1ation dose levels but 

that no si8n1i'icant changes oceur at the 1.0 1!rad dose level being 

considered for ration dis1nfection. 

The resul ts of these experiments suggest tha t poul try rations 

1rrad1ated at 1.0 Jlrad are not sign1f'icantly al tered in mtrient content 

and that poul try should respond normally 'llhen fed these rations. It is fel t, 

however, that the possible affect of ration irradiation on reproductive 

perfonu.nce warrants aore intensive investiE;ation pa.rticularly after the 

birds reach .t\ù..l maturity. It 1s also reco8%11sed that tissue levels of 

thiam1n and ribonavin anal.yzed in these studies were qui te variable and that 

reduction of thia variabllity poss1bly would have been obtained ~ 

correlation of thea8 values with total liver and breast muscle weiGlts 

of 1nd1vidu.al. birds aaapled. 
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AlPIÇ'IX l 

IJ1HIAVJN DET'WP'"MTION 

1. Pipette 1 ml. aliquots into each of two 25 ml. cylinders. 

2. Kake up to 1.5 ml. with distilled water. 

:5. Ta each add 2 ml. absolute methanol and 1 ml. ~ NaDH, mixe 

4. .Add .1JIaediately to 1 czl.1n4er onl,y, 2 drops of a ~ solution of 

~Fe(Cn)6· 

5. .Add 1 ml. :5O}b H202 to b18llk and unknolm. 

6. Let stand :50 seconds. 

7. Add 10 ml. of water aaturatec1 iaobut&nol. 

8. Sbake vigoroualy 4 minutes then let stand in clark 2 mimltes. 

9. Pipette 5 ml. of 1II1p81"D&taDt iaobutanol extract into cuvette. 

10. Md 2 ml. of 95% ethaDol and. mU thorougbly. 

li. Repeat procedl1re includiDg blaDk, uaing 1 ml. of standard 

tbiamin solution. 

12. Raad fluorescence of the 4 iaobu.t&nol-ethaDol solutions. 

Ci) 



APm!DlX II 

lr.tBOFL4VIH P1ilJ1!iJlM!!ATION 

1. Pipette 25 ml. of erlract into 50 ml. volumetrie. 

2. Add 0.5 ml. sold1um ~drosulfite solution (2.5%). 

~. .A.dd 1.25 ml. stamwua chloride work.1.n8 solution (.0006 I!JI/ml.). 

4. Dllute to volume, mix and &1.10. to stand 10 m1nutes. 

5. Pour into unstoppered 250 ml. Erlenme;yer tlaak and shake ~O m1nutes. 

6. Pipette 15 ml. into cuvette and take %eM1ng A. 

1. Add 0.1 ml. of ribotlavin work1ng solution (15 US./ml.) 

8. Jax tho~. 

9. Take reM1ng B. 

10. I.dd 2 dropa lIOClium ~drosulfite solution. Take reading C. 

11. Check for completene8s of ribofiavin reduction. 

(ii) 



LTlm? ElmACnON PROCEPtmE 

1. .ldd 68 mls •• ater to 100 ems teed (as8U!1Ûn8 12% mOisture). 

2. Homogenize in Waring B1endor for 2 minutes .ith 100 ml. chloroto1'Dl 

and 200 mls. methano1. 

~. .ldd 100 mls. chloroto1'Dl and b1end ~o seconds. 

4. .ldd 100 mls. distllled water and b1end ~o seconds. 

5. FUter throu&h Wha'bDan #1 tllter paper on a Coors #~ Buchner t\umel 

with sliBht suction. 

6. Transter to 500 ml. graduated cylinder and allow to separate. 

7. Remove the alcoho1ic-water 1qer by aspiration. 

8. Evaporate chlorotom l~er under a stream ot nitrogen in a water 

bath at 40 - 50 Oc 

9. Decant 2 - ~ times .ith petroleum ether to remove proteine 

10. Pool extracts and evaporate under ni trogen in a water bath. 

Il. Stopper fiaak and store in a freezer at OOC untll tested. 

(iii) 



AP.PDil)IX IV 

AliAr,ySIS OF VARIANCE 1 BASIC FOBMS 

1. Tissue Vi tamin Content and TBA Test 

Source of 
Var1&tion 

Replioate 

Correction Factor. _____________ _ 

Total. 8.8.1 ________________ _ 

'l'reatmant 8.S •• ______________ _ 

Replicate S.S •• ______________ _ 

Plot Total. S.S •• _____________ _ 

Experimental Error S.S •• __________ _ 

Sampllng Error S.S •• ____________ _ 

8.8. K.S. F. 

Exper1mmtal. Error 

Sllapl.1D& Error 

Total. 

(iv) 

P.Ol 



2. Rate of Gain and Feed Etficiency' 

Correction Factorl _______________ _ 

ToUü S.S.I ______________________________ __ 

Treatlllent S.S.I ___________________ _ 

Replicate S.S.I __________________ _ 

Weeks S. S.I ___________________ _ 

Treatlllent x l'eeka S. S.I _________ _ 

Error S.S. a ___________________ _ 

Source of 
Va.ri&tion D.F. s.s. K.S. F. 

Replicate 

'feeka 

Trea:œent x 'feeks 

Error 

Total 

(v) 

P.Ol 



(vi) 

Appendi.x Table (i) - Average Rate of Ge..in* (ams.) 

(Summary Experiment 1 - P1 Generation) 

Lot No. Week 8 Week 10 Week 12 Week 14 

A (Irrad.) 237.47 302.85 96.06 115.46 
.11 (Irrad.) 281.50 226.80 144.09 98.73 
B (Non-irrad. ) 2l6.13 2l7.46 112.07 198.78 
B1 (Non-irrad.) 192.11 2l2.13 129.41 133.41 

* Average of 24 ii and 10 44 per lot • 

.AJU.LYSIS OF VA.RIANCE 

Appendi.x Table (li) - Averaee Rate of GeJ.n. 

(Slliiiliill1'7 Exper:1ment 1 - P1 Generation) 

Source of 
Variation DF as MS F P.05 P.01 

'l'reatmmt 1 522.81 522.81 0.50 5.99 12.25 

Replicate 1 381.22 381.22 0.36 5.99 12.25 

WeekB 3 46709.76 15569.92 14-80 4-35 8.45 

Tl:'ea tillent x Weeka 3 8526.92 2842.31 2.70 4.35 8.45 

Error 7 7362.93 1051.85 

Total 15 63503.64 



(vii) 

Appendix Table (iii) - Average Feed/Gain Ratio* 

(Summary Experiment 1 - P1 Generation) 

Lot No. Week 8 Week 10 Week 12 Week 14 

A (Irrad.) 4.33 5.33 13.75 11.01 

.11 (Irrad.) 3.93 6.65 9.77 11.55 

B (N on-irrad. ) 5.49 6.69 1l.07 6.30 

B1 (Non-irrad.) 6.88 6.76 8.35 8.80 

* Average of 24 ii and 10d'ô par lot. 

JlULYSIS OF VARIANCE 

Appendix Table (iv) - Average peed/Gs.1n Ratio 

(SIHIIIIIA17 Experiment 1 - P 1 Genera tian) 

Source of 
Variation DF SS loIS F P.05 P.01 

'l'rea tment 1 2.23 2.23 0.93 5.99 12.25 

Replicate 1 0.10 0.10 0.04 5.99 12.25 

Weeka 3 80.93 26.98 1l.29 4.35 8.45 

'l.'reataant x l'eeka 3 20.66 6.89 2.88 4.35 8.45 

Error 7 16.70 2.39 

Total 15 120.62 



ANALYSIS OF VARIANCE 

Appendix Table {v} - Egg QuaJ.1ty - Hau8h Unit Values. 

{Summary Experiment 1 - P1 Generation} 

Source of 
Variation DF SS 115 F 

'l'rea. tillent 1 51.52 51.52 0.006 

Weeks 12 9423.38 785.28 0.09 

Error 12 103829.38 8652.45 

Total 25 

-

(viii) 

P.05 P.01 

4.75 9.3' 

2.69 4.16 



(ix) 

AHALYSIS OF VARIANCE 

Appendix Table (vi) - Muscle 'Ibiamin Leve1s 
(Sl1mmary Experiment 1 - P1 Generation) 

Source of 
Variation DF SS MS F P.05 P.01 

Replicate 1 0.06 0.06 0.13 4.00 7.08 

'l'rea tmant 1 0.15 0.15 1.38 4.00 7.08 

Experimental Error 1 0.00 0.00 

Sampling Error 56 6.06 0.109 

Total 59 6.31 

AlULYSIS OF VARIANCE 

Append1x Table (vii) - Kusc1e Ribofiavin Leve1s 
(Snmmery Expariment 1 - P1 Generation) 

Source of 
Variation DF as F P.05 P.01 

Replicate 1 0.16 0.16 1.07 161.4 4052.0 

'lTeatment 1 0.18 0.18 1.20 161.4 4052.0 

Experimental Error 1 0.15 0.15 

8aapling Error 56 0.86 0.02 

Total 59 1.35 



(x) 

!HALYSIS OF VARIANCE 

Appendix Table (viii) - Liver Th1amin Levels 
(SDl!!!l8l".Y Experiment 1 - P1 Generation) 

Source of 
Variation DF SS F P.05 P.01 

Treatment 1 3.49 ;.49 0.05 161.4 4052.0 

Replica.te 1 0.06 0.06 0.01 161.4 4052.0 

Experimental Error 1 4.25 4.25 

Sampling Errer 56 ;a.65 0.69 

Total 59 46.45 

AHALYSIS OF VARIANCE 

Append1x Table (u) - Liver Ribo.tJ.av1.n Lavels 
{Summa.17 Ez;periment 1 - P 1 Generation 

Source of 
Variation DF SB F P.05 P.01 

Tre&tment 1 74.02 74.02 22.09 4.00 7.08 

Replicate 1 10.29 10.29 3.07 4.00 7.08 

EEperimental Error 1 0.00 0.00 

SampliDg Error 56 187.71 3.35 

Total 59 272.03 



Appendix Table (x) - Average Rate of G&in* (gms.) 
(SUmma.ry Experiment 2 - F1 Generation) 

Lot No. Week 9 Week 10 Week 11 

C (Irrad.) ~.56 134.57 104.33 
C1 (Irrad.) 44.60 164.05 42.34 
D (Non-irrad.) 92.99 164.05 16.63 
D1 (Non-irrad.) 46.12 179.17 68.04 

* Average of 25 ii and 5 titi par lot 

ANALYSIS OF VARIANCE 

Appendix Table (xi) - Average Rate of Gain 
(Summary Exparimant 2 - F1 Generation) 

Source of 
Variation 

'l'rea tment 

Repl.icate 

Weeka 

Treatment x W'eeka 

E1Tor 

Total 

Di 

1 

1 

3 

3 

7 

15 

ss F 

26.02 26.02 0.03 

0.04 0.04 0.0001 

28976.82 9658.94 12.04 

2297.2:5 765.74 0.95 

5617.87 802.55 

36917.96 

(xi.) 

Week 12 

98.28 
74.84 
62.74 
92.23 

P.05 

5.59 12.25 

5.59 12.25 

4.35 8.45 

4.35 8.45 



(xii) 

Appendix Table (xii) - Average Feed/Ge.in Ratio* 
($lmmary Expedœent 2 - F1 Generation) 

Lot No. Week 9 Week 10 Week 11 Week 12 

0 (Irrad.) 12.16 4.2l 5.22 5.62 

01 (Irrad.) 11.53 3.13 12.14 3.06 

D (Non-irrad.) 4.47 2.72 26.84 9.28 
D1 (Non-irrad. ) 12.46 3.33 8.22 7.2l 

* Average or 25 ~~ and 5 titi par lot. 

ANALYSIS OF VARIANCE 

Appendix Table (x:U1) - Average Feed/Gain Ratio 
(Summar.f Experiment 2 - F1 Generation) 

Source or 
Variation DF as MS F P.05 P.01 

Tree.tment 1 19.05 19.05 0.58 5.59 12.25 

Rep1icate 1 5.57 5.57 0.17 5.59 12.25 

.aek. 3 220.25 73.42 2.23 4.35 8.45 

'l:rea tmen t x l'eeka 3 86.37 213.79 0.88 4.35 8.45 

Error 7 2~.04 ;2.66 

Total 15 561.27 



ANALYSIS OF VARIANCE 

Appendix Table (xiv) - Egg Quality - Ha.u8h Unit Values 
(Snrmnary Experiment 2 - F

1 
Generation) 

Source of 
Variation 

Trea.tment 

Weeks 

Errer 

Total 

DF 

l 

2 

2 

5 

ss F 

5.79 0.0004 

9}8.71 

30122.65 

(xiii) 

P.Ol 

99.00 



AHALYSIS OF VARIANCE 

Appendi.x Table (xv) - M11sc1e '311 amin Levels 
(Summary Experiment 2 - F1 Generation) 

Source o~ 
Variation 

Treatment 

Rep1icate 

DF 

1 

1 

Experimen tal Error 1 

Samp1ing Error 16 

Total 19 

as 

0.11 

0.60 

1.45 

2.11 

0.17 

0.60 

1.45 

0.13 

ANALYSIS OF VARIANCE 

F 

0.12 

0.41 

Appendix Table (xvi) - LfLlsole Riboi'lavin Levels 
. (Summary Exper.iJllent 2 - F1 Generation). 

Source of 
Variation 

Treatment 

Replicate 

DF 

1 

1 

Experimen tal. Error 1 

Sampling Errer 16 

Total 19 

ss 

0.04 

0.00 

0.01 

0.10 

0.14 

F 

0.00 

0.01 

0.01 

P.05 

P.05 

(xiv) 

P.01 

4052.0 

4052.0 

P.01 

4052.0 

4052.0 



(xv) 

ANALYSIS OF VARIANCE 

Appendix Table (xvii) - Liver Thiamin Levela 
(Summary Experiment 2 - F1 Generation) 

Source of 
Variation DF SS F P.05 p .• 01 

Treatment 1 8.11 8.11 1.15 161.4 4052.0 

Rep1icate 1 0.95 0.95 0.13 161.4 4052.0 

.. Experimental. Error 1 7.08 7.08 

Sampling Errer 16 12.01 0.75 

Total 19 28.15 

.ANALYSIS OF VARIJHCE 

Appendix Table (xvili) - Liver Ribofiavin Levela 
(SnmD!er.( Experiment 2 - F1 Generation) 

Source of 
Variation DF as F P.05 P.01 

Treatment 1 0.58 0.58 58.0 161.4 4052.0 

Replicate 1 O.~ 0.06 6.0 161.4 4052.0 

Experimental Error 1 0.01 0.01 

Sampling Errer 16 29.58 1.85 

Total. 19 30.22 



(xvi) 

Appendix Table (xix) - Average Rate of Ge.in* (gms.) 
(Summa.l.7 Experiment 3 - F2 - Generation) 

Lot Ho. Week 5 Week 6 Week 1 Week 9 Week il 

E (Irrad) 14.95 106.06 94.95 235.68 191.S4 
E1 (Non-irrad.) 68.16 120.51 93.16 212.16 202.91 
G (Irrad.) 64.41 126.41 95.19 242.43 201.35 
G1 (Non-irrad. ) 59.41 129.}0 19.51 211.32 219.91 

* Average of 30 ~~ and 1 cfô par lot. 

ANALYSIS OF VARIANCE 

Appendix Table (xx) - Average Rate of Ge.in (81118.) 
(SlDmn&17 Experiment 3 - F2 Generation) 

Source of 
Variation DF sa F P.05 P.Ol 

'l'rea;bDent 1 15.12 15.12 1.24 5.12 10.56 

Replieate 1 }6.1S }6.1S 0.60 5.12 10.56 

l'eeka 4 19906.91 19916.7} }}o.91 }.6} 6.42 

T.rea tmant Je Weeka 4 s26.}5 206.59 }.42 }.6} 6.42 

Error 9 54}.}1 6O.}7 

Total 19 Sl387.9} 



(xvii) 

Appendix Table (xxi) - Average Feed/Gain Ratio* 
(SUmmary Experiment ; - F2 Generation) 

Lot No. Week 5 Week 6 Week 7 Week 9 Week 11 

E (Irrado) ;.60 2.95 ;.49 4.01 6.57 
E 1 (Non-irrad.) ;.60 2.65 ;.82 4.05 5.68 
G (Irrad.) 4.00 2.62 5.28 ;.94 5.78 
G1 (Non-irrad.) 4.12 2.5; 4.91 4.12 5.16 

* Average of ;0 i~ and 7 àà par lot. 

ANALYSIS OF VARIANCE 

Appendix Table (xxii) - Average Feed/G&1n Ratio 
(Snmmar.r Exper.1ment ; - F2 Generation) 

Source of 
Variation DF SS F P.05 P.01 

'l'rea 'bilent 1 0.12 0.12 0.40 5.12 10.56 

Replicate 1 0.21 0.2l 0.70 5.l2 10.56 

Weeks 4 20.07 5~02 16.7; ;.6; 6.42 

i'rea'bllent x Weeks 4 0.52 0.1; 0.4; ;.6; 6.42 

Error 9 2.71 0.;0 

Total 19 2;.6; 



.AllALYSIS OF VARIANCE 

Appendix Table (xxiii) - Egg Quality - H8U8h Unit Values 

(Summary Experiment 3 - F2 Generation) 

Source of 
Variation DF • F 

Treatment 1 3.91 3.91 0.0003 

Weeks 4 252.12 63.03 0.004 

Error 4 63924.40 15981.10 

Total 9 

(xviii) 

P.Os P.01 

1.11 21.20 

6.39 15.98 



Appendix Table (xxiv) - Average Rate of Gain* (gms.) 
(Summary Eltperiment 4) 

Lot No. Week 1 Week 2 Week 3 

1 (Irrad.) 38.03 59.07 67.80 

2 (Irrad. + DU.) 34.67 58.07 73.53 

3 (Non-irrad.) 39.72 62.27 68.87 

4 (Non-irrad. + Dil.) 37.85 62.13 67.33 

* Average of 15 birds per lot unsexed. 

ANALYSIS OF VARIANCE 

Appendix Table (xxv) - Average Rate of Gain 
(Snmma"7 Experimen t 4) 

Source of 
Variation DF SB 

Treatmet 3 63.56 21.19 

Weeka 4 4711.86 1177.97 

Error 12 155.81 12.98 

Total 19 4931.23 

(xix) 

Week 4 Week 5 

72.40 84.20 

68.33 74.20 

75.80 83.80 

72.53 90.80 

F P.05 P.Ol 

1.63 3.49 5.95 

90.75 3.26 5.41 



Appendix Table (xxvi) - Average Feed/GeJ.n Ratio* 
(~ Experiment 4) 

Lot No. Week 1 Week 2 Week 3 

1 (Irrad.) 1.65 2.04 2.12 

2 (Irrad. + DU.) 1.15 1.48 2.32 

3 (Non-irrad.) 1.60 1.90 2.30 

4 (llon-irrad. + Dil.) 1.68 1.94 2.41 

* Average ot 15 birds per lot unsexed. 

ANALYSIS OF VARIANCE 

Appendix Table (XXVii) - Average Feed/GeJ.n Ratio 
(Smmnary Experiment 4) 

Source of 
Variation DF SS lœ 

Treatment 3 0.01 0.003 

W.eka 4 1l.04 2.76 

Brror 12 0.57 0.048 

Total 19 1l.62 

(xx) 

Week 4 Week 5 

3.36 3.24 

3.24 3.79 

3.64 3.'3 

3.07 3.45 

F P.05 P.01 

0.063 3.49 5.95 

57.50 3.26 5.41 



ANALYSIS OF VARIANCE 

Append1x Table (xxviii) - Muscle Ribofiavin Levels 
(Snmmary Experiment 4) 

Source of 
Va.r!ation 

Treatment 

Error 

Total 

Treatment 

DF 

3 

56 

59 

as 

1.20 

])mean' s MIll. tiple Rang Test 

Non-irrad. Non-irrad. 
+ 

Dilute 

J.fLlscle Ribofiavin UI!/ gm 

AlULYSIS OF VARIANCE 

.A.ppendix Table (xxix) - Liver Riboflavin Levels 
(Snmmer.r ExperiJllent 4) 

Source of 
Variation 

Treatment 

Error 

Total. 

DF SB 

76.00 

742.20 

F 

Irrad. 

F P.05 

(xxi) 

P.Ol 

Irrad. 
+ 

Dilute 

0.91 

P.Ol 



ANALYSIS OF VARIANCE 

Appendix Table (xxx) - Liver Tbjamin Levels 
(Summary Experiment 4) 

Source of 
Variation 

Treatment 

Error 

Total 

DF 

~ 

56 

59 

ss 

Pupcan' 1 Vu, tiple BaMe Telt 

Treatment Non-irrad. Irrad. 

Liver ~amin YI BID. l~.ll 1l.18 

ANALYSIS OF VA4IANCE 

Appendix Table (xxxi) - llLlscle 'I11iam1n Levell 
(Smnma;cy Expariment 4) 

Source of 
Variation 

Treatment 

Error 

Total 

DF 

~ 

56 

59 

SB 

1.05 

0.66 

F 

F 

Non-irrad. 
+ 

Dilute 

P.05 

(xxii) 

P.05 

Irrad. 
+ 

Dilute 

10.81 



Append1x Ta.b1e (JCCdi) - Average Rate of' Ga.in* (gsns.) 
(Smlllna.r;y Experiment 5) 

Lot No. Week 1 Week 2 Week 3 

A. (Control) 42.1 63.3 80.9 

.11 (Control) 41.1 59.0 15.8 

B (1 lIrad) 44.3 62.1 13.1 

B1 (1 Mrad) 31.1 51.1 68.8 

C (2.25 ldrad) 45.6 65.5 81.3 

C1 (2.25 l4rad) 41.1 61.6 11.1 

D: (3.5 lIrad) 41.5 66.8 66.1 

D1 (3.5 ldrad) 39.1 55.0 63.6 

* A.verage of' 10 birds per lot unsexed 

(xxiii) 

Week 4 Week 5 

63.9 96.8 

18.6 95.2 

18.3 91.9 

82.1 90.3 

93.0 98.2 

88.1 109.5 

14.1 106.0 

15.3 95.1 



ANALYSIS OF VARIANCE 

Append1x Table (xxxi i i) - Average Ha. te of Gain 
(Summary Experiment 5) 

Source of 
Variation DF SS 

Treatment 3 400.21 133.40 

Replicate 1 648.84 48.84 

Weeks 4 13998.39 3499.60 

Tres. tmen t x Weeks 12 501.58 42.30 

Error 19 315.16 19.75 

Total 39 15330.18 

Duncan' s Mn] tipl, WB" T'st 

1.0 

(xxiv) 

F P.05 P.Ol 

6.75 3.13 5.01 

2.47 4.38 8.18 

171.20 2.90 4.50 

2.14 2.31 3.30 

Control Control 1.0 3.5 Treaiment (Mrad.) 

Rate of G&in (pa.) 

2.25 

76.72 

3.5 

11.02 70.18 70.06 69.52 61.08 65.86 



Appendix Table (xxxiv) - Average Feed/Ge.in Ratio* 
(Summa.:r7 Experiment 5) 

Lot No. Week 1 Week 2 "". Week 3 

A (Control) 1.06 2.15 2.24 

.11 (Control) 1.63 2.31 2.39 

B (1 Krad) 2.05 1.81 2.46 

B1 (1 llrad) 1.83 2.38 1.98 

C (2.25 JIrad) 1.74 1.73 2.23 

C1 (2.25 J.Irad) 1.66 2.58 2.34 

D (3.5 lIrad) 1.64 2.04 2.72 

D1 (3.5 ldrad) 1.14 2.06 2.85· 

• Average of 10 birda par lot unsex.ed 

(xxv) 

Week 4 Week 5 

3.55 2.81 

2.31 2.86 

2.61 2.96 

2.21 3.27 

2.68 2.77 

2.32 . 2.69 

2.45 3.00 

3.01 2.13 



ANALYSIS OF VARIANCE 

Appendix Table (xxxv) - Average Feed/Gain Ratio 
(Summar,y Experiment 5) 

Source of 
Varia.tion DF as 

Tres.tment 0.04 0.013 

Replica~e 1 0.02 0.02 

Weeks 4 7.32 1.83 

Tres. tmen t x Weeks 12 1.54 0.128 

Error 19 2.45 0.129 

Total 39 11.37 

(xxvi) 

p P.05 P.01 

0.10 3.13 5.01 

0.16 4.38 8.18 

14.19 2.90 4.50 

0.99 2.31 3.30 



ANALYSIS OF VARIANCE 

Append1x Table (xxxvi) - lfu.scle Tbiamin Levels 
(SUmms.r7 Experiment 5) 

Source of 
Variation DF SB MS 

Treatment 3 0.08 0.02'{ 

Rep1icate 1 1.13 1.13 

Experimental. Errer 3 0.15 0.05 

Samplillg Errer 32 1.04 0.033 

Total 39 2.40 

ANALYSIS OF VARIANCE 

Appendix Table (xxxvii) - ldusc1e Ribofiavin Levels 
(&~ Experiment 5) 

Source of 
Variation DF as 

Treatment 3 0.11 0.037 

Rep11cate 1 0.07 0.07 

Experimental Error 3 0.12 0.04 

SaDplillg Error 32 0.17 0.005 

Total. 39 0.47 

(xxvii) 

F P.05 P.01 

0.54 9.28 29.46 
22.60 10.13 34.12 

F P.05 P.01 

0.93 9.28 29.46 

1.75 10.13 34.12 



ANALYSIS OF VARIAllCE 

Appendix Table (xxxviii) - Liver 'llliamin Leve1s 
(SUmma.r.r Exper:iJllent 5) 

Source of 
Variation DF as 

Treatment 3 5.00 1.67 

Rep1icate 1 15.14 15.14 

Exper:iJllen ta.l Error 3 5.69 1.90 

Sampling Error 32 11.44 0.36 

Total 39 37.27 

AHALYSIS OF VARIANCE 

Append1x Table (xxxix) - Liver Ribofiavin Levels 
(SUmmar,y Exper:iJllent 5) 

Source of 
Variation 

Treatment 

Repl1cate 

Experimen tal Error 

Sm:1plin8 Errer 

DF 

3 

1 

3 

32 

}9 

as 

41.6'{ 

9.59 

4.87 

48.15 

104-28 

13.89 

9.59 

1.62 

1.51 

F 

0.88 

7.97 

F 

P.05 

9.28 

10.13 

P.05 

9.28 

10.13 

(xxviii) 

P.01 

29.46 

34.12 

29.46 

34.12 



ANALYSIS OF VARIANCE 

Appendix Table (n) - TB! Test - Mg. K.A. per gm. fa.t. 

(Summary Experiment 6) 

Source of 
Variation 

Trea.tment 

Replicate 

Experimental. Error 

Sampling Error 

Total. 

DF 

4 

2 

8 

60 

14 

sa 

0.132 

0.028 

0.n6 0.015 

0.213 

(xxix) 

F P.Ol 


