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EFFECTS OF VARIOUS LEVELS OF DIETARY SELENIUM 

AND ARSENIC ON CHICKENS 

Abstract 

RICHARD L. ARNOLD 

- .. .... !' • � , 

Under the supervision of Professor C. w. Carlson 

Various level s of selenium and a rsenic additions were made to 

several types of chi cken diet s to study their effects on growth and 

reproduction criteria. Three expe riments we re conducted. The first 

study involved d a y -ol d chicks and termina te d at 64 we eks of age. These 

yearling he ns were then used for the sec ond experiment which terminated 

when the hens were 104 weeks old. The third study was initiated with 

20 week old pul lets and terminated when they were 52.weeks old. 

Feeding purified d i e t s resulted in slower chick growth and lower 

mature body weights of hens. Seleni um a ddit i ons of 2.0 ppm result ed 

in hens weighing s l ightly less throughout the production periods. Those 

fed 8 ppm weighed even less. This weight difference due to 8 ppm Se 

was not e vi dent.when 15 ppm As was added to a corn-soy diet or with 8 

ppm As added to the purified diets. 

Lower levels of selenium additions (0.1, 0.2 and 2.0 ppm) were not 

det riment al to egg production. In one experiment a s i gni f i cant (P' 0.01) 

improvement in egg production was obtained by adding 2 p�m Se to a 

corn�soy diet . Egg production was lowered when 8 ppm Se was added. 

Usually th is depression was overcome by including arsenic. Pu rifi e d 

diets resulted in significantly (P' 0.01) lower egg production. A 

pu rified type diet composed of glucose a nd a combination of isol a te d 



soy pro tei n and Torula yeast allowed for performance superior to that 

obtained with either of the protein sources used individually. 

Addition of 2 pp� or 8 ppm Se to corn-soy diets resulted in sign­

ificantly (P,0.01) smaller eggs. Lower additions (0.1 and 1.0 ppm ) 

of Se did not significantly reduce egg size, but in many cases eggs 

from hens fed 1.0 ppm Se were somewhat smaller. Egg size was also 

lowered when the higher Se levels were used in the purified diets. 

Mortality was higher when purified diets were fed. Two ppm Se 

allowed for lower mortality during the laying periods of two experi­

�ents. Highest death loss occurred when 8 ppm Se was fed. Arsenic 

additions usually restored mortality to a level simiipr. to that with 

the unsupplemented basal diets. No signi�icant effect on mortality 

was observed with 0.1 and 1.0 ppm Se. 

Eight ppm Se reduced fertility which could be restored by including 

arsenic. Although a slight reduction in egg fertility occurred in 

one experiment with 2 ppm Se, there was no effect on fertility with 

lower Se additions. 

There was no adverse effect on hatchability of fertile eggs when 

2 ppm or less Se was added. However, when 8 ppm Se was included there 

was a dramatic toxic effect on the embryos. This effect was only 

partly overcome by adding arsenic with the 8 ppm selenium. 

Egg and tissue selenium increased as dietary additions were in­

creased. Feathers, kidney and liver contained the highest concentrations 

of selenium. Lower amounts were found in thigh and breast.muscle. 



In most cases, arsenic lowered tissue selenium levels. Eggs di.d not 
"� . . .. 

accumulate higher levels of selenium as the hens aged. When 0.1, 0,2 

and 2 .0 ppm Se were added to purified diets containing little selenium, 

the resulting eggs contained selenium levels similar to those found in 

eggs produced by hens receiving the unsupplemented corn-soy diet. 

Selenium added to a low Se diet increased egg or tissue selenium, 

whereas Se additions to .a diet containing fair amounts of selenium 

had little effect on the amount deposited in tissues and eggs. 
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INTRODUCTION 

Selenium is a trace element regarded by most authorities as neces­

sary for proper animal. nutrition . Historical accounts as early as 1856 

indicate that cattle or horses consuming excessive amounts either died 

or we1·e adversely affected by loss of hair and sloughing of hooves . 

Franke ( 1934) describes the symptoms of excessive organic selenium con­

sumption and the economic losses due to "Alkali Disease". Areas of 

the Great Plains and Rocky Mountain states have soils which contain 20 

ppm or more of selenium . (Moxon et al., 1939). Certain seleniferous 

soils do, however, vary in their available selenium. (Olson et al . ,  1942). 

Plants such as Astragalus racemosus serve as indicators of high soil 

selenium. These indicator plants may take up and accumulate selenium to 

levels of 1000-4000 ppm. 

Various means have been used to overcome the problems encountered 

in areas of high soil selenium or with high selenium feed . Among the 

somewhat successful methods used are administration of arsenic, use of 

high protein diets, use of linseed oil meal in the diet, or pasture 

management which allows grazing of high selenium areas in late season. 

More recently Schwarz and Foltz (1957) showed selenium to be a 

part of an essential activity called Factor 3 and necessary to prevent 

liver necrosis in rats. Subsequent investigations have shown low levels 

(0.05�0.10 ppm ) of selenium to be desirable and indeed essential. 
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Thompson and Scott (1969) demonstrated that selenium was required 

for growth of chicks even in the presence of ample amounts of vitamin E .· 

Selenium and/or vitamin E deficiency are relate� to several nutritional 

diseases. These are nutritional muscular dystrophy, encephalomalacia and 

exudative diathesis. Perhaps current practices of high temperature 

grain drying and confinement housing lower vit� min E intake by swine 

and poultry and thus deficiency problems are aggravated. 

The purposes of the present study were to further establish the 

influence of arsenic using marginally toxic selenium diets fed to chicks 

and laying hens in a life cycle study. Effects of lower seleriium sup­

plements on reproduction, production, liveability, and tissue and egg 

deposition were also studied . 



3 

LITERATURE REVIEW 

Chemical and ·Physical Properties of Sel enium 

Sel e nium, a non-meta l, was discover e d  in 1817 by Berzel ius in flue 

dust of pyrite burne rs. It i s  a natural l y  occurr ing substance found in 

rocks, soil, pl ants , 
·
anima l s  and manure in four different valences or 

ox'dation states; -2, selenides; O, elemental Se; +4 selenites; and 

+6, the sele nates (Allaway, 1968). Selenites read i ly ac cept e lectrons 

and are reducer to elemental Se or to organic sel enid e s. Organic sel e­

nides donate electrons and the ir Se is oxid ized to high e r  valences. 

Selenites are tightl y  bound in insolubl e complexes by hydrous oxides of 

i ron at pH 4 to 8.5. 

The pos i tions of phosphorus and arsenic, and those of sulfur and 

selen i um in the p e r i od ic tab l e  ind i cate how s i mi l ar they might be chem­

ically . Arsenicals are known to c atal yze phosphorus react i ons . Perhaps 

sel enium and sulfur may b e  related in the same way . Phosphorus and 

arsenic are known to protect against se l en i um toxicity if gi ven at a 

proper level as rev iewed by Frost (1967). 

Organic chemi stry of sel enium and sulfur are quite simil ar. How­

ever, organic se lenium compounds are less stab le than their sul fur 

analogs . Sel enium has many volatile forms at low temperatures . Animal s  

fed high l evel s  o f  selenium, sel en iferous p lants and organi c  selen ium 

compounds give off character i stic odors whi ch are believed to be volatile 

selen i um (Al l away, 1968). 
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Selenium is toxic to animals in its oxidized or reduced forms but 

not in its reddish colored elemental form •. Animals injected with sele­

nate redu c e the Se and give off methyl selenides in their breath 

(McConnell, 1941) and reviewed by Ganther (1965). It is doubtful that 

oxidized forms of sel enium are converted to seleno-amino acids as 

evidenced by studies with rabbits (Cummins and Martin, 1967). 

Soil selenium is quite Wflte r soluble. Selenates and organic sele­

nium are readily taken up by plants but the selenites are tightly 

boun to iron. Soils in seleniferous areas may vary considerably in 

t heir available selcr·, ·um (Olson et �·, 1942). Plants can convert 

inorganic selenium to organic or organic selenium to inorganic forms 

(Hamilton and Beath, 1963). Allaway et�· (1967) suggests that 753 of 

plant selenium is in the form of selenomethionine with 203 in other 

soluble forms. Animal s have about 103 of their total selenium in li ver, 

103 in blood, 203 in muscle and 253 in skin including hair, fleece or 

feathers. 

Of th e various grain s tested, wheat was the most efficient selenium 

absorber (Hamiliton and Beath ,  1963). Selenium contents of c orn, rape, 

flax, and safflower grain were rel a t ively low in these greenhouse studies. 

Sunflowers absorbed relative l y large amounts of selen·um. Other workers 

(Ehlig et al., 1968) report little differences in crop plant selenium if 

grown in low selenium soil. 

Selenium-Relationships to Other Nutrients 

In laboratory experiments, selenium responsive diseases have been 
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produced when the diet was deficient in selenium and vitamin E. Rarely 

have these diseases been produced when animals received a normal amount 

of vitamin E. Vitamin E apparently has a sparing effect on the selenium 

requirement (Scott, 1969). The selenium requirement for prevention of 

exudative dtathcsis in chicks is spared by vitamin E. 

The mechanism by which vitamin E spares selenium is unknown. Table 

1 in the Appendix illustrates the various inter-relationships among 

selenium, vitamin E, polyunsaturated fatty acids, cystine and antioxi­

dants. In order to explain the mode of action of selenium one must take 

into consideration the relationships to vitamin E and other nutrients. 

Several suggestions by Schwarz (1965) may explain the interchangeability 

of selenium and vitamin E: perhaps one is a precursor of the other's 

metabolic activity, one protects or spares the other, they truly sub­

stitute for each other, they catalyze different alternate pathways of 

metabolism, or finally they catalyze closely adjacent steps in a chain 

of reactions. 

Vitamin E is known to serve as a biological antioxidant. Either 

vitamin E or ethoxyquin (or other natural or synthetic fat-soluble 

antioxidants with properities similar to vitamin E) can function in 

prevention of encephalomalacia, steatitis, erythrocyte hemolysis and 

of rat incisor depigmentation (Scott, 1969). Severity of these vit­

amin E deficiency diseases can be increased by adding linoleic acid 

to the diet. Tappel (1962) found that in absence of suitable antioxi­

dants, tissues are damaged by proliferating free radicals and lipid 
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peroxides. Su l f hydryl enzymes, labile vit amins. and l ysosomal membranes 

a re thought t o  be dest roy ed . Therefore if t he chemic al c omposit ion of a 

tissue is such that it i s  more p rone t o  au toxidat ion, t here is a g reat er 

need for antioxidant s (Witt ing, 196 5 ) .  

Ta ppel and Caldwe ll (19 6 7 )  proposed t hat some sel enium c ompou nds 

have unique oxidation-reduction properties. They suggested mechanisms 

by which seleniu m metabolites might inhib i t  autoxidat ion . For example, 

if unsat urat e d  l ipids produ c e  peroxy o r  ot her radical s during peroxida­

tion these ra dic al s are c apable of init iating a cha in reaction l eading 

to extensi ve decomposit i on .  Pe rhaps the free radicals coul d b e  dest royed 

when they a re first f ormed by an antioxidant such a s  a:.s�lenoprotein . 

Certain other conditions il lustrate the sparing effect of vitam in 

Eon the selenium requirement . However, selenium appears to be the 

primary factor required to p revent myopathies in the gizzard and h eart 

of turkeys, t o  prevent liver necrosis in rats and t o  p revent white 

muscle disease in lambs a nd c al ves ( Scot t ,  1969 ) . The amount.of sel enium 

needed t o  prevent the above c ondit ions is not inc reased by l inoleic acid 

or decreased by antioxidants .  The c ondition o f  exudat ive diathesis in chicks 

can be a l leviated by sel eniu m; t hu s  spari ng t he requirement for vit amin 

E. In selenium defic ie nt diet s, vitamin E does not prevent or cu re 

exudative diathesis in c hick s. The addit ion of 0 . 05 ppm selenium ( as 

sodium selenit e) t o  t he diet prevents the disease. 

Thompson and Scott (1969 )  f ound 
·
that the chick's quant itat ive need for 

selenium cou l d  not be arrived at u ntil t he vitamin E levels were set at 



spec i fic l evels. When vitami n E was l e f t  out of a d i e t  o r  replac e d  by 

an anti ox i dant, c h i cks requ i r e d  at leas t 0.05 ppm s elenium i n  t he d i e t . 

If i n e ff i c ie nt abso rpt i on occurred, 0.1 ppm selen ium was needed . When 
• 

die t s  c ontained 100 ppm v i t am i n  E ,  t he s e l e nium requi rement was l e s s  

than 0.01 ppm, w i t h  10 ppm v i t amin Et h e  requi rement was mo re t han 0.02 

ppm and wi t h  no v i t amin E 0.05 ppm se l e nium was needed by c h i cks. 

Ot h e r work has sh own t hat s e l e n i um i nc reas e s  bl ood and tis sue up-

take of vit amin E as muc h as 100 X more t han wit h  c h i ck s  not g iven 

selenium i n  their am i n o  acid diet. (Scot t , 1969). Earlie r  wo rk by 

De sai and Scot t (1965) showed t hat ac t iv i tie s o f  labe led s elenium and 

t ocopherol s fol l owe d each o ther qui t e  c l o s ely in the serum p rot e ins .  

7 

Ind i ca tions we re t hat vitamin E may be car ri e d  by a s e l enol i pop rote i n  

fra c t i on wh i ch i s  ass oc i at ed w ith serum gamma globul i n . This c om pound 

may function in the abso rpt i on , ret e nt i on , p revent i on of destruction 

and t rans f e r  ac ross c ell memb rane s  of d-al pha-t ocophe rol and the reby 

e nhan c e  its bi olog i c a l  act ivi t y  in t he bl ood and body c e l l s . 

Su l fu r  ami no ac i d s  may a l s o  be relat e d  t o  s e l e nium and v i t am i n  E .  

Nu t ri t i onal muscu la r dys t rophy i n  c h i ck s  has bee n  s hown t o  b e  p reve nted 

by e i t he r vit ami n  E o r  c ys t i ne . Many c y s t ine suppli es have b e e n  found 

t o  be c ontam i nated with selen ium , h oweve r. Apparent l y, t he sulfu r  amino 

ac id has no e f fect on mu scular dys t rophy i n  ot he r animals . Se l en ium 

spare s t h e  v i t amin E requ i rement but by i t s e lf won't p revent mu s cul a r  

dys t rophy . The comple x i t y  o f  t h e  p roblem wa� shown by Calve r t  e t  a l . 

(1964), i n  that b y  adding g ra ded l evels of l i nol e i c  ac i d  t he i nc i denc e 
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and severity of mus cu lar dystrophy increased. .The vitamin E req ui r em ent 

for chicks was increased with additions of linoleic up to 0.53 of the 

diet. No further increase i n  v i t am i n  E requirement was found when l in­

oleic wa s i nc rea s ed f rom 0.53 t o  2.53. Oleic a c i d  had no effect i n  

produc i ng muscular lesions. 

Earlier work by Scott et al. (1955) in developing a chick diet to 

study unc omp licated vitamin E deficiency showed that the methionine and 

cys ti n e levels i n  the diet were more closely rel a t ed to erosion of the 

gizza rd lining than was vitamin E .  Other work (Scott and Calvert, 1962) 

found cys tine bu t not methionine to be effective in preventing muscular 

dys trophy i n  chicks. By increasing the a rginine level.of the diet, .more 

methionine was needed for certain metabolic reactions a nd thereby reduced 

conve rs i on of methionine to cys tine . Perhaps in a high a rg i nine diet 

more methionine i s  needed to p revent mu scu l a r  dyst rophy . Other e v i dence 

of a sul fu r amino a cid-sel e nium-vitami n  E relationship was shown by 

Supplee (1966). He foun d a characteristic feather abnormality in poults 

fed a diet low i n  s elenium a nd vitamin E .  Feathers norma l ly cont a in 

relatively high levels of sul fu r  amino acids. The incidence o f  t he feather 

abnormality was reduced by h ig h levels of several a nt iox i da nt s . 

From the above di scus s i on one can readily see that nutrient spa ring 

effects between vitamin E and selenium, requirement stressing effects 

of li nolei c acid, and antioxidant and sulfur amino acid effects can 

aff�ct the nutritional health of the a nimal . One should be aware o f  

the s e  i nt errel a t i onships when deciding on particular levels of these 

n ut ri en ts t o  i nc lude in diets. 
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Selenium-Arsenic Relationships 

Early observations by Moxon (1938) showed that arsenic salts could 

be used to partially overcome hannful effects of excess selenium 

consumed by swine. Several workers used sodium arsenite administered 

through water at 2.5 or 5 ppm arsen ic to overcome problems with high 

selenium fed to rats (Moxon and DuBois, 1939) and laying hens (Moxon 

and Wilson, 1944). 

Various forms of arsenic have been used. Both sodium arsenate and 

sodium arsenite but not arsenic sulfides were effective against sele-

niferous wheat, sodium selenite and seleno-cystine in studies by DuBois 

et al. (1940). Organic arsenicals, arsanilic acid and 3-nitro-4-hydroxy-

phcnylarsonic acid were also effective (Hendrick et�., 1953). Kamstra 

and Bonhorst (1953) injected selenium and arsenic into rats and observed 

that the antagonism was effective for selenite. Perhaps orally ingested 

selenate is converted to the selenite form before it becomes toxic. 

The exact mechanism by which arsenic overcomes selenium toxicity 

has not been determined. Apparently, arsenic does not result in lower 

selenium absorption (Moxon et !:!_., 1945; Peterson et �·, 1950). Other 

workers report increased gastrointestinal excretion and higher kidney 

levels of selenium when arsenic is used (Kamstra and Bonhorst, 1953; 

Ganther and Baumann, 1962; Levander and Baumann, 1966a). In some instances 

where arsenic was used there was no increase in tissue deposition of 

selenium (Peterson et al., 1950). Arsenic actually decreased blood, 



liver and carcass selenium (Ganther and Baumann, 1962; Levander and 

Baumann, 196Ga). Palmer and Bonhorst (1957} observed higher blood 

selenium and lower liver selenium when l.3G mg Se and 2.0 mg As/kg 

body weight were injected subcutaneously into rats. They postulated 

the existence of a blood barrier which reduced incorporation of sele-

nium into liver within a given range. Within this restricted range, 

selenium and arsenic antagonized one another and form a volatile sele-

niu substance provided arsenic was injected within one hour of 

selenium. When excess selenium and arsenic are present they may have 

additive toxicity. A few hours post injection, selenium and arsenic 

may be incorporated into protein in a relatively non-toxic form if 

prope r levels have been used. Cu mmins and Martin (1967) concluded 

that there was no pathway for in vivo synthesis of seleno-cystine 

or selenomethinine, at least in the rabbit. 

An excretory route which should be considered is bilary excretion. 

Levander and Baumann (1966b) observed that normally little selenium 

is lost via bile but a greatly increased amount is lost when arsen�c 

is injected into rats. Perhaps the increased gastrointestinal sele-

nium levels seen when arsenic is administered is due largely to the 

loss in the bile. 

10 

Olson et al. (1963) observed that volatilization of selenium through 

the lungs was not affected by arsenic when low levels of selenium were 

given to rats. However, when high levels (2 mg Se/kg body weight) are 

injected, exhalation plays a much greater role. These workers found 



that both arsenite and arsenate were effective in increasing selenium 

exhalation when the high levels selenite or selenate were ingested. 

Apparently, the rat is more efficient in converting selenite to the 

volatile form than selenate. Several investigators have observed that 

inorganic forms of arsenic which alleviate selenium toxicity actually 

11 

inhibit volatilization (Kamstra and Bonhorst, 1953; Ganther and Baumann, 

1962). However, arsenic alleviates selenium toxicity even when selenium 

volatilization docs not occur to any significant extent (Olson et�., 

1963). 

Urinary and fecal excretion of selenium are other pathways by 

which excess selenium may be lost. Ganther and Baumann (1962) reported 

that.arsenic increased kidney selenium levels but did not change the 

amount excreted in the urine. 

Levander and Baumann (1966a) observed that arsenic increased 

urinary selenium in only one isolated experiment and other investigators 

have not been able to demonstrate any change in urinary excretion due 

to arsenic treatment (Olson et al., 1963; Peterson et �., 1950). 

Apparently, the mechanism by which arsenic overcomes excessive levels 

of selenium is not involved with increased urinary loss. 

Some reports show arsenic to increase fecal excretion of selenium. 

Ganther and Baumann (1962) and Levander and Baumann (1966a) observed an 

increase 111 gastrointestinal excretion which could include unabsorbed 

as well as absorbed-secreted selenium. Olson et al. (1963) and Peterson 

� al. (1950) observed no increase in fecal selenium when arsenic was 

given. 
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Arseni c  ba s been used  by  seve ra l  workers t o ove rcome ha r�fu l  e ffects  

of excess  s e l e nium i n  pou l t ry diet s . Maxon and Wi l s on ( 19 4 4 )  desc ribe 

wo rk wi th  the  s e l e nium-a rs e ni c ant agoni sm . Other report s o f  t he use  o f  

a rseni c in pou l t ry diets include turkeys (Carlson , 1 9 51 ) , l aying hens 

(Kr i s t a , 196 1 ; Tha pa r ,  1964 ; Ca r l s on et a l . ,  1969 ; Thapa r  et  a l . , 1969 ) 

and chi cks (Carl s on e t � . ,  19 5 4  and 1962 ; Thapar , 1964 ; Tha p a r  et  a l . ,  

1969) . 

Arsenic fed t o  hens re cei ving high se leni m caused less s e l enium 

t o  be depos ited  i n  eggs (Krista , 1 9 6 1 ) and more t o  be depos i t e d  in c h i ck 

t i s s u e  and l ive r (C a r l son � a l . ,  1962 ) .  I n  l a t e r  s tu d i e s , As sup ple -

ments reduced egg a nd l ive r s e l en i um (Ca rlson et al . ,  1969) , a nd 

i nc rea sed l i v e r s e l en ium i n  c h i c k s . However ,  with olde r  chickens a rs e n i c  

supplement s decreased l i ve r a nd e gg s e l enium (Tha pa r et � . ,  1969) . 

Carlson ct  a l . ( 1962) fou nd t h a t  whe n  sodium s e l eni te wa s i nc lu ded 

i n  st a rt ing diets  fed to ma le  chicks , a l evel of 10 ppm inh i b i t e d  g rowt h . 

The g rowt h i nh ib i t i on c ou l d  be ove rcome by adding 15 ppm a rs e n i c  ( a s  

s odium arseni t e ) . Howeve r ,  when s e l enium f rom selenife rous whe a t  wa s 

included t o  p rov i de 8 ppm diet a ry s e l enium , the g rowt h  depress i on c ou l d 

not be overcome by adding s od ium a rs e ni t e . Pe rha p s  t h i s  su gges t s  t ha t  

the o rga n i c  s e l e nium o f  the wheat ma y b e  of more b i o l og i c a l potency t h a n  

that  of  s odium s eleni t e . 

Selenium as  a Ca rcinogen 

A few inve s t i gat ors have reported  development of tumors i n  t he l ive r 

of ra t s  fed s e l e nium in l ong t e rm s tud i e s . Nel s on et a l . ( 1 9 43 ) fed 
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sel eniu m i n  th e organic form wit h  c o rn a nd wheat a nd also a s  i norganic 

so u t i ons of a mmon ium pot a s s iu m  su l f i de a n d  ammonium potas sium selenide . 

El even of 53 ra t s  su rvivin g  t he d iet a ry t rea tment s  f o r  1 8 - 2 4  mon t h s  

deve loped hepatoce l lu l�r ad enomas. Five of the e l even t u mo rs we re 

considered to be l ow g ra d e  c a rc inoma s wh i ch d i d  not met ast as iz e . 

Tscherkes e t  9 1 . ( 1 96 1 ) rep o rt e d  t ha t  hepatic tumors we re ob s e rved i n  

la bo ra t o ry ra t s  f e d  s odium s e l e na t e . For t y  heterozygous rats we re f ed 

4. 3 p pm Se as sodium sel ena t e  for periods u p  t o  3 2  mont hs . Of t h e  23 

ra t s  t hat survived more t h a n  18 mont h s , 3 ha d he p a t i c  carcinomas, 3 

hepati c  a de noma s a nd f ou r  had lesions considered p r e c a nc e rou s . Ot her 

worke s (Harr e t � . ,  19 6 7 ) have b e e n  u na b l e  to p roduce hepa t i c tumors 

by feed ing s e l  nium to ra t s . The c a rc i nogenic i t y of selcniu� is an 

una nswe re d qu e s t i on ; however, the ma j o r port ion of research in t his 

area has not i nd i c a t e d se len iu m  t o  be c a rc i noge ni c . Recent ly, there 

has been con s ide rab l e  i nte re s t in us e of s e l e n ium a s  a n  a nt i -c a nce r 

or a nt i-t umor s ubst ance (Al l a way , 1970 ) . 

Ef fect of Sel e n ium on Egg Ha t ch a b i l i t y  

Studies b y  Franke and Tu l l y  ( 19 3 5 )  and Pol ey et al. ( 1 937) first 

showed the dramati c ef fects of exc ess se lenium on dep re s s i ng ha t ch -

abi l i ty o f  eggs . Poley and Moxon (19 3 8 )  found tha t 2 . 5 ppm S e  i nc luded 

i n  ch i cken breeder diet s  was not harmful. Levels of more t han 5 ppm Se 

lowered hat ch a bilit y a nd 1 0  ppm Se provi ded by sel eniferous wheat gave 

zero hat c habi l i ty .  The eggs t hemse lves cont a ined 1-3 ppm Se . Later , 

Pol ey et � ·  ( 19 4 1 ) n o t e d  imp roved h a t ch a bility wit h 2 o r  4 ppm Se 

2 6 6 6 4 5  
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p rov i d e d  by s e l en i fe rou s whea t . Fe rt i l i t y of eggs wa s s om ewh a t  l owe r f o r  

the s e  enium t re a tment s b i t t h i s  wa s not be l i ev e d  t o  b e  du e t o  t h e  

ra t i ons fed bu t t o  d i f f e rent b re e d i ng m a l es . H a t c hab i l i t y f o r  t he O ,  2 

a nd 4 ppm g rou ps was 70 . 7 ,  8 1 . 4  a nd 75 . 1  pe rc ent , re s p e c t i v e l y . Mo s t  

emb ryo n i c  d e a t h  occu r red du ri ng t he t h i rd week o f  i ncu b a t i on a nd onl y 

one cmoryo f rom 2 1 2  e ggs wh i c h f a i l e d  t o  ha t c h  s ho e d  ev id e nc e of a 

' 'w i ry d own " c ond i t i on cha ra ct e r i s t i c of s e l enium po i s on i ng . Neck e d ema 

wa s c ommon a m ong dead emb ryos . Max on a nd Wi l s on ( 19 4 4 )  fed hens a d i e t  

conta i ni ng 10 ppm S e  p ro v i d e d  b y  s e l e n i f e rou s whea t . They obs e rv e d  t h a t  

t h e  d e t rime n t a l  e f f e c t  o f  s e l en i u m  on ha t chabi l i t y  wa s pa r t i a l l y ove r ­

c o m e  b y  i nc lu d i n g  a rs e nic i n  t h e  d r i nk i n g  wa t e r a t  l e ve l s  o f  2 . 5  and 5 

ppm . Tha p a r ( 1 9 6 4 )  obs e 've d a s i gni f i c a n t  dec re a s e  i n  ha t c ha b i l i t y  o f  

egg s f rom h e ns f e d  a c o rn -s oy d i et s u p p l eme nted w i t h  8 ppm Se a s  s e l e ­

n i ou s  a c i d ( H2Se03 ) .  Supply i ng a dd e d  Se a t  2 ppm o r  a t  8 p pm p lu s  1 5  

p pm As ( a s  s od ium a rs e ni t e ) h a d  n o  a dve r s e  e f f e c t o n  ha t ch a b i l i t y . 

Ca rl s on e t  a l . ( 19 69 ) u s ed a g l u c os e - i s o l a t e d  s oybe a n p ro t e i n  d i e t  

s u p p l ement e d  w i t h  O ,  2 ,  8 p p m  Se a nd 8 ppm S e  p lu s  8 p p m  As f o r a l ong 

t e rm l i fe c y c l e  w i t h  l a yi ng hens . Th e 8 ppm S e  ( a s  s od i u m  s e l e n i t e )  

re du ced egg p rodu ct i on a nd h a t c ha b i l i t y . 

Two ppm Se im p roved h a t chabi l i t y  s omewh a t  a nd t he a rs e n i c  c omp l e t e l y  

ov e rcame a d ve rse e f fect s  o f  8 ppm o n  h a t c h a b i l i t y .  Tha pa r � �· ( 19 69 )  

rev i ewe d t h e  t wo p r eviou s l y  d e s c r i b e d  ex pe r ime n t s u s i ng t h e  co rn- s oy a nd 

t he pu ri f i e d t ype d i e t  wi t h  t he va r i ou s s u b - t ox i c  a nd ma rg i na l l y t ox i c  

a dd i t i on o f  s e l e n i u m . 
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E f fe c t s  o f  Di et a ry Se l enium o n  Ch i ck Pe rf o rma nc e  

Pol ey and Moxon ( 1938 ) found t ha t  the g rowt h  a nd m o rt a l i t y  of 

c h i ck s  hatched f rom h e ns rece iving 5 ppm selenium i n t h e i r  ra t i on we r e  

not a f f e c t e d  whe n  t he chick rat i ons cont a ined no supplementa l  s e l enium . 

Poley e t  a l . ( 1941 ) report e d  a g r owt h respons e wi th ma l e  and fema l e  

chi cks when t h e i r  d i e t s we re suppl emented with 2 ppm s e l enium from 

s e l e n i f e rou s gra in .  When c h i ck s  we re fed a diet  withou t  added s e l enium 

the ones ha t ched f rom dams receiving 4 ppm d i e t a ry s e l enium grew m o re 

s l ow l y  tha n those f rom dams rece i v i ng 0 o r  2 ppm added s el en ium . 

Howeve r , when c h i c k s  we re f e d high e r  leve l s  of se lenium ( 5  and 8 ppm ) 

t h e  ones ha t c hed f rom dams receiving 4 ppm diet a ry s e l en ium grew ju s t 

a s  we l l as  t h o s e  ha t ched from dams receiving l owe r l evel s .  Thi s  

suggests  s ome m e c h a n i s m b y  whi ch c h i ck s  m a y  have acqu i red  f rom t h c t r dam 

a n  ability  to m e t a b ol i z e  ex c e s s  selen ium . These w o rk e rs a l so report ed 

that a level o f  10 ppm s e l e n ium ma rkedly de c re a s ed c h i ck g rowth and 1 4  

ppm wa s much more t oxic  a s  ev idenc e d by a fu rt he r reduct ion i n  g rowt h 

and i nc rea s e d  mort a l i t y . 

I n  a mo re re c e nt rep o rt Ca rls on et � ·  ( 1962) found t hat 10 ppm 

selenium (a s  sodium s e leni t e ) inhibited  male  chi ck g rowt h  t o  f ou r  we ek s 

of age . The g rowth i nhib i t i on wa s p a rt l y  ove rcome by a dding 15 ppm 

a rsBnic ( a s  sodium a rs en i t e ) . Wh e n  s e l e n i f e rou s whea t  wa s u s ed a 

s i m i l a r  g rowt h i nh i b i t ion o c cu r re d , bu t a rsenic f a i l e d  t o  c ou nt e r- a c t  

thi s effect f rom a natu r a l s e l enium s ou rc e . Thapa r ( 1 9 6 4 )  fou nd t hat  

when 0 or 2 ppm s e l e n iu m  ( a s  s e l e n i ou s  a c i d )  we re added t o  a c orn-s oy 

ch ick s t a rt er t h e re was no s ign i f i c a nt diffe re nc e  i n  g r owt h . A hi ghe r  
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level (8 ppm Se) s igni f i c a nt l y  dec rea sed growth bu t this e f fect wa s 
. , . ,  . 

success fu l ly cou nt e racted u s i ng 1 5  ppm a rseni c (sodium a rseni te) . Ma l e  

and fema l e  chicks responded s imi l a ri l y  t o  the s e lenium supplement s . 

Ma le chicks we ighed 20-3 0 grams more t ha n  t he fema les at  fou r weeks of 

age . Tha pa r et  a l . ( 1969 ) f ou nd tha t 2 ppm s e lenium (as s odium s e l e ni t e) 

supplement ing a glucos e - i s o l a t ed s oy p rot e i n  diet ha d no a dve rse e f f ect 

on fou r week old fema l e· chi ck g rowt h . When 8 ppm Se or 8 ppm Se plu s 

8 ppm As ( a s  s od ium a rseni t e )  we re i nc lu de d  i n  the diet chick g rowth 

wa s reduced s omewha t . 

Nesheim a nd Scot t ( 1958) we re p robabl y the f i rs t  inve s t iga t o rs t o  

show a growth respons e w i t h  chicks fed minute leve l s  o f  selenium.  A . " � 
Toru la yeas t  d i e t  (0 . 056 ppm Se) a nd a n  i s olated-soy p rot ein diet  ( 0 . 09 

ppm Se ) we re fed t o  chicks . Add i t ion o f  0 . 04 ppm Se t o  t he Toru l a  

yea s t  diet whi ch cont a ined 50 IU vit amin E pe r pou nd resu lted i n  max ima l 

growth .  When vitam i n  E wa s not p resent 0 . 04 ppm Se wa s not a dequ a t e  for 

growth . They conc lu ded that 0 . 1 0 ppm s e lenium (as sodium s e l eni t e )  was 

necessa ry for max ima l growth i n  t he pres ence of a dequ a t e  v i t am i n  E .  

Appa rent ly . t he i s ol a t ed-soy diet  c ont a i ned su f f i c i ent se lenium s o  t ha t  

no g rowth effect wa s . not ed . The se worke rs ha d di f f icu l t y  in confi rm i ng 

thi s work i n  l a t er studies due t o  t he u s e  of ingredient s  contamina t e d  

with sel enium . 

Probably one of t he most i nt e re s t i ng recent report s conce rni ng the 

nece s s i t y  o f  s e l enium for g rowt h of ch icks i s  that by Thompson a nd Scot t 

( 1969 ) . A pu ri f ied c rys t a l l i ne a m i no a c i d  diet (no c ys t i ne) cont a i ni ng 

les s than 0 . 005 ppm s e lenium wa s u s ed t o  test  va rious l eve l s  of a dded 
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s e l eniu m  a nd v i t a m i n  E .  When 100 ppm vi t a m i n E w a s  g i v e n  t he s e l e n i um 

requ i rement wa s l e s s  t h a n  0 .  0 1  ppm . Howeve r ,  w i t h  10 p pm v i ·t a m i n  E t he 

s e l enium requ i rement i nc re a s e d  t o  mo re t h a n  0 . 02 ppm. Whe n  no v i t a m i n  

E wa s i nc lu d e d  t he s e l enium requ i rement f o r  c h i ck s  i nc rea s e d  t o  0 . 0 5  ppm . 

E f f e c t s of D i e t a ry S e l e n i u m  on G row i ng Pu l l e t s 

Pol ey et  a l .  (19 41 )  fou n d  t ha t  pu l l e ts f ed O ,  5 o r  8 ppm s e l e n i u m  

du ring t he g rowi ng pe riod o f  8- 24 we ek s h a d  equ a l growt h ra t e s .  T h e  

s e l enium wa s p ro v i d e d  in t h e d i e t by s e l e n i f e rou s whe a t  a n d  b a rl e y .  T h e  

pu l l e t s we re ex a m i ned a t  8, 1 6  a nd 24 w e e k s  of a ge f o r  g ro s s  p a t ho l og i c a l  

l e s ions . No d if f e rences that  c ou l d be a t t r i bu t e d t o  l e v e l o f  s e l e n i u m  

we re ob s e rv e d . Th a pa r  (19 6 4 )  ob s e rved t h a t  pu l l e t s  f e d  2 ppm s e l e n i u m  

( a s  s e l e n i ou s  a c i d )  we re s i gn i f i c a nt l y  h e a v i e r  t ha n u ns u p p l eme nt e d  g rou p s  

a t  8 we e k s  o f  a g e . Fe a t h e r  f orma t i on wa s impa i red by 8 ppm s e l e n ium . 

Bi rds f e d 8 p pm s e l en ium h a d  a y e l l ow i s h  t i nt in t he i r  f e a t he rs a n d a 

ga r l i c - l ik e  od o r  t y p i c a l  o f  d im e t h y l  s e l e n i de wa s p re s e nt i n  t l e c on f i n e ­

ment a re a . Pu l l e t s  f e d  2 ppm s e l eni u m we i ghed t h e  s a me a s  u ns u p p l e m e nt ed 

g rou p s  a t  12 we ek s .  At  1 6 , 2 0  a n d  2 4  weeks t he 2 ppm g r ou p s  we i gh e d  

s l i ght l y  more t ha n  t h o s e  f e d  no a d d i t i on a l s e l e n i u m .  Se l e n iu m  f e d  a t  

8 ppm re du c ed t he g rowt h  r at e o f  pu l l et s a t  a l l  a ge s (8-24 wee k s ) bu t 

t hi s e f fe c t  wa s com p l e t e l y  c ou nt e ra c t e d  by t he addi t i on of 15 ppm 

a rs e n i c  ( a s  s o d iu m  a rs en i t e ) . Mo rt a l i t y  wa s not i nc re a s ed in t h e  8 ppm 

S e  or t he 8 p pm Se p l u s 15 p pm As t re a t m e nt s .  The 2 pp m  S e  l e v e l  h a d  

3 - 4  p e rc ent h i gh e r de a t h  l o s s  t h a n  the su p p l ement e d  g rou p . 

In t h e  m o re re c e nt rep o rt (Th a p a r et � . , 19 69 ) ,  pu l l e t s  f e d  a 

g l u c os e - i s o l a t e d s oy p ro t e i n  d i e t  we re s i m i l a r  a t  20 weeks w i t h  re g a rd 
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to we i ght whe t he r f e d the O , 2 ,  8 p pm S e  or the 8 p pm Se p lu s 8 p pm As 

t re a t m en t s . Se l e n ium wa s p rovided by s odi um s e l e n i t e  a nd a rs e n i c  by 

s od iu m  a rs e ni t e  i n  t h i s  s t u dy . 

Effects of Dietary S e l e n i u m  on La y i n g  He ns 

Selenium prov i ded in a l a y i ng h e n  d i et at a l e v e l  of 15 ppm ( f rom 

s e l e ni f e rou s g ra i ns ) c au s ed hens t o  l ose we i ght a nd p ro duce sma l l e r  

eggs ( Poley e t  a l . ,  1 93 7 ) . The total numbe r of eggs produ c e d  a nd 

f e r t i l i t y  o f  thos e eggs we re u naffected. Hatchabi lity wa s z e r o a f t e r  

s e v e n  da ys o n  t h e  h i g h  s e l e n ium di e t . Poley a nd Moxon ( 19 3 8 )  f ou n d t h a t  

on ly 10 ppm S e  was m a rked l y  t ox i c  i n  l a y ing h e n  diet s su p p l em e nt ed w i t h 

O ,  2 . 5 , 5 a nd 10 ppm selenium ( f rom s e l e n i f e rou s g r a i n ) . Lat e r  Po l e y  

e t  al . { 1941 ) fou nd no d i f f e re nc e s  in body we ight , mort a l i t y ,  f e e d  c on-

su mpt i on or egg p ro du c t i o n  of l a y i ng pu l l e t s  fed selenium in a t e n -week 

t r i a l . Se l e n i  m l e v e l s  of O , 2 a nd 4 ppm we re p rov i d e d  by n o rma l a nd 

seleni ferous wh e a t , c o rn a nd b a r l e y . 

Re c ent s tu d i e s  w i t h  l a y i ng h e ns ( Th a pa r ,  1964)  show t h a t  2 ppm S e  

( a s  s e l e ni ous a c i d ) i n  a co rn - s oy d i e t  w a s  not ha rmfu l . Bod we i ght s 

a t  32 weeks of a ge we re s l i ght l y  h i ghe r f o r  those f e d  2 ppm Se t h a n  f o r  

t he u nsu p p l eme n t e d  g roups . Li t t l e  d i f f e re nce in body weight wa s found 

a t  76 we eks of a g e  exc ept t ha t  hens f e d  8 p pm Se we i ghed 1 00 g rams l e s s  

t h a n  t he othe r t r e a t m e nt s . Egg s i z e  wa s u n a f f e c t e d  by 2 ppm Se and 

l owe re d  2 g ra ms w i t h  8 ppm S e . Ars e n i c  a t  1 5  ppm pa rt l y ov e rc ame t he 

dec re a s e  in e gg s ize due t o  the h i gh s e l enium t re a t ment . I n  t h e  t we l ve -
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month l a y i ng t ri a l , hen-da y e gg p rodu c t i on a ve ra g e  6 3 . 7 ,  6 3 . 3 , 43 . 8  

and 57 . 3  p e rcent fo r t he O ,  2 ,  8 a nd 8 ppm Se plu s 15 ppm As t re a t ­

m � nt s , re s pe c t i ve l y . Fe e d  conve rs i on f a v o red the 2 ppm Se t rea tme nt 

( 2 . 4 v s . 2 . 2  kg/Doz . s t � n d a rd 56 g ra m eggs ) . Mort a l i t y  f rom 24-76 

we eks o f  a g e  wa s l owe s t  for the 2 ppm Se su p p l e me nt ed g roup . ( 9  p e rc e nt 

l e s s ) . S e v e n  p e rc e nt more hens we re l o s t  when f e d  8 ppm s e l e n iu m  a s  

compa re d t o  t he g rou p fed t he b a s a l  d i et . Ars e n i c  s l i ght l y  l owe red the 

d e a t h  l os s  f rom 8 ppm s e l e ni u m . 

Tha pa r e t  �· ( 1969 ) fed a g lu c os e - i s o l a t e d  s oyb e a n  p ro t e i n  d i e t  

t o  he ns a nd a dd e d  O ,  2 ,  8 a nd 8 ppm S e  + 8 ppm As . I n  t h i s  s t u dy s o d ium 

s e l e ni t e  a nd s o d ium a rs en i t e  we re u s ed . Body we i ght s  o f  t he h e ns a t  

7 2  a nd 1 0 5  we ek o f  a ge we re s im i l a r .  Howev e r ,  the re m a y  have b e en a 

t e ndenc y f o r  h e ns f ed 8 ppm s e l e nium t o  w e i gh s l i ght l y  l e s s . Mo rt a l i t y 

t h rou gh 1 05 we eks wa s 8 1 . 5 ,  66 . 4 , 8 6 . 0  and 6 6 . 6  f o r  t he re s pe c t i ve 

t rea tment s . He n�c a y  e gg p rodu c t i on t h rou gh t he 7 2  week po rt i on o f  t h e  

s tudy wa s l owe re d by t he 8 ppm s e l e nium bu t una f fe c t e d  b y  t h e  l owe r 

s e l enium o r  t he a rs en i c-s e l e n ium t rea tment . 

To t he a u t h o r ' s  k now l e dge s t u d i e s  u s i ng l owe r l eve l s  of s e l e n i u m  

a nd a rs en i c  o r  s e l e n i u m  a l one h a v e  not b e e n  report e d . I t  a pp e a rs t ha t  

t h e re i s  a need t o  p i npoint m o re c le a rly a l e v e l  o f  s e l eniu m s u p p l e ­

ment a t i on wh i ch m i ght imp rove p e r f o rma nc e  of l a y i ng hens . 

S e ve ra l w o rk e rs have rep o r t e d  a redu c ed feed i nt a k e  when l a y i ng 

hens we re f e d  a d d e d  s e l e n iu m . Pol e y et a l . ( 19 41 ) fou n d  t h a t  s o d i u m  

s e l e ni t e  a d d e d  a t  2 p pm t o  a l a y i n g  _ra t i on redu c e d  f e e d  i nt a k e . Th a pa r 
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(1964 ) observed t hat 2 ppm a dded s e l enium ( s e l eniou s  a c i d) imp roved feed 

effic iency beca us e  l e s s feed wa s need ed to p roduce the s ame numbe r of 

standa rd 56 gram eggs than wa s requi red with the uns�pplement ed d i et s . 

Ef fect of Diet a ry Sele nium on Ti s s ue Depos i t i on 

Selenium is  known to be depos i t ed i n  t is su e  and eggs . The amount 

which i s  depos i t e d  c a n  be rel a t e d  to the d i et a ry intake . Ca rl son et a l . 

(1962 ) found that s e l en ium f rom high s e l enium wheat ( 20 ppm) wa s 

depos ited i n  bot h l ive r and mu s c le (pectora l i s  ma jor) t o  a grea t e r  ext ent 

than it was f rom sodium s e lenite . Ars enic supplied a s  a rsani l i c a c i d  or 

sodium a rseni t e  i nc re a s e d  the l i ve r  seleni um a nd inc rea sed t he mus c l e  

selenium to a l e s s e r  degre e  i n  t he fou r-week old chicks. Us i ng a corn-

soy diet it wa s a l so obs e rved that both a rs a ni l ic a c i d  and a rs en i t e  

increa sed l iv e r  s e l enium l ev el s . A l evel of 3 0  ppm a rs enic  cau s ed a 

great e r  amou nt of s e l enium to be depos i t e d  i n  chick l iver than d i d  the 

15 ppm. 

A recent report (Scot t  a nd Ca nt or ,  197 1 ) demons t ra t e d  that s e l en i um 

could be increased i n  t he blood a nd t i s su e s  of yo�ng chicks by i nc re a s i ng 

the -diet a ry l evel . To a corn-soy chick s t a rt e r  cont a i ning 0 . 07 ppm they 

added O . O , 0 . 1 ,  0 . 2 ,  0 . 4 , 0 . 6  and 0 . 8  ppm Se as sodium s e leni t e . At 

fou r weeks of age Se l evel s  i n  the blood were 0 . 08 ,  0 . 13 ,  0 . 1 9 ,  0 . 20 ,  

0 . 23 ,  0 . 24 ;  i n  mus c l e  0 . 06 ,  0 . 07 ,  0 . 10 ,  0 . 1 1 ,  0 . 13 ,  0 . 16 ,  and k i dney 

0 . 39 ,  0 . 34 ,  0 . 80 ,  0 . 56 ,  0 . 6 2 and 0 . 7 1 ppm. Blood l eve l s  were s l i ght l y  

higher a t  e i ght weeks of a ge bu t t ended t o  plat eau with d i et a ry i nt akes 

of  0 . 27 t o  0 . 87 ppm Se . 
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McFa r l a nd e t  !:.!· (1970) s t u d i e d  t h e  d i s t r i bu t i on of s e l e n i um i n  a du l t  

ma l e  a n d  fema l e  ch i ck e ns . For a du l t  l a y i n g he n t i s su e s , t he s e l e n i u m  

conc ent ra t i ons we re i n  dec rea s i n g  o r d e r  a s  f ol l ows : p i n e a l , p i tu i t a ry , 

k i dney , s p l een , e gg yolk , l i v e r , pa nc rea s ,  magnu m ,  ce re b ru m , d i e n -

cepha l on , ce reb e l lum , b l ood , ova ry a nd pect ora l mu s c l e . T h e y  c onc lu d e d  

t ha t s el nium t e nds t o  c onc ent ra t e  i n  g l a ndu l a r  o rg a ns a nd t hos e t i s su es 

a s s oc i a t e d  w i t h  d e t ox i f y i ng a nd exc ret i ng s e l en i u m . O f t e n  t he o rg a n s  

in whi c h  s e l e n iu m  i s  h i ghe s t  a re t h o s e  a s s oc i a t ed w i t h  p rot e i n s y n t h e s i s . 

It wa s not e d t he s e l e n ium i n  t h e  b l ood of fema l e s  wa s l owe r t h a n  t h a t  o f 

ma l e s . Wo rk by Tha p a r et a l . ( 1 9 69 ) f ou nd t h a t  hens f e d  c o rn-s oy d i e t s 

w i t h  s e l enium a dded a t  O ,  2 ,  8 a nd 8 p pm Se plus 1 5  p pm As , d e p o s i t e d  

0 . 41 ,  0 . 8 6 , 3 . 21 ,  a nd 1 . 41 ppm S e  i n  l i ve r a nd 0 . 3 6 , 0 . 5 2 ,  0 . 45 ,  a nd 

0 . 50 p pm Se i n  b re a s t  mu s c l e  fo r t he re s pect i ve t re a t me nt s . Wh en a 

glu c ose - i s olated s oy p rot e i n  d i e t wa s u s e d  wi t h  O ,  2 ,  8 ppm Se a n d  8 ppm 

Se p lus 8 ppm As , t he l i ve r  va lu e s  f o r  s e l en ium we re 0 . 48 ,  1 . 09 , 3 . 47 

and 1 . 3 4, re s pe c t i ve l y . I n  t h e i r  wo rk t h e  hens we re f e d  s e l enium i n  a 

l ong te rm l i fe c y c le s tu dy . 

It ha s a l s o  been we l l  e s t a b l i s he d  t h a t  eggs a re a rou t e  of ex c re t ion 

for exc e s s  s e l e n ium . Kr i s t a  et a l . ( 1 9 6 1 ) f ou nd t ha t  hens fed a c o rn-
� � 

soy d i e t  w i t h  1 0  ppm a dd e d  Se depos i t ed 1 0 . 6  ppm Se i n  t h e i r eggs . In 

the i r s t u d i e s , t he egg c ont e n t s  we re p rec i p i t a t e d  by a c e t one a nd t he 

resu l t i ng pre c i p i t a te a na l y s e d  f o r  s e l e n ium . By i nc lu d i ng 1 5  ppm As 

t he s e l en i u m  wa s re du c ed to 7 . 9 ppm . I n  l onger t e rm  s t u d i e s , Tha p a r 

et a l . ( 1 9 6 9 ) f ou nd t h a t  2 ppm . a d ded d i e t a ry s e l enium i nc re a s ed e g g  



s e l enium onl y  s l i g h t l y  (0 . 1 - 0 . 2  ppm ) , t h a t  8 p pm Se i n c re a s ed i t  

fu r t h e r  a nd t h a t  a rs e n i c  l owe re d egg s e l enium . Sel enium i s  fou nd t o  

be conc e nt ra t e d  i n  t h e  y o l k  p o r t i o n  of t h e  e gg . Ha dj im a rk o s  a n d 

. Bonhors t ( 196 4 )  o b s e rved t he ra t i o bet wee n yolk and a l bumen s e l e n i un 

t o  be 6 . 3 : 1 . McFa r l a nd et  
_
a l . (1970 )  found a s i m i l a r  r a t i o  ( 5 . 1 : 1 ) 

i ndi c a t i ng t h e  y o lk t o  be t he ri chest sou rce of s e lenium . 

2 2  
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EXPER IMENTAL PROCEDURE 

The s e s t u d i e s  were c ondu c t e d  ov e r  t he t w o  yea r pe r i od f rom May 1 9 69 

to � ne 1 9 7 1 . Ba s i c a l l y , t h ree expe riment s  we re c ondu c t e d  a nd w il l be 

i de i fied as Ex pe ri me nt One , Two a nd Th ree . 

Ex p e r i m e nt One 

!c•e rt i le eggs obt a i n e d  f rom Reg i onal Control S ingl e Com b  Wh i t e  Leg ­

h o r n  ( SCWL) s t ock m a i n t a i n e d  a t  the Pou l t ry Res ea rch Cen t e r ,  Sou t h  

Dakota S t a t e  Un i v e rs i t y ( PRC-SDSU ) we re i ncubat ed i n  Jameswa y  i ncu ba t o rs . 

On Ma y 9 ,  1969 t he c h i ck s  we re h a t c h e d  a nd 38 mix e d sex c h i ck s  were 

pla ced random l y  i nt o  e a ch of 39 pens in elec t ric a l l y hea t ed ,  s t a i nl e s s  

s t e e  b a t tery b roode rs . Al l i nd i v i du a l c h i ck s  of e a ch g rou p  we re 

ide nt ified by w i ng b a nd s . The ex pe ri ment wa s a com p l etel y random d e s i gn . 

Each o f  th i r t e en d i et a ry t re a t me nt s  wa s repl i c a t ed t h r e e  t i mes m a k i n g 

up t h e  t ot a l  o f  3 9  g rou ps o f  c h i cks . 

C ri t e r i a  s t u d i ed in Experiment One include body wei ght c h a nge s , 

morta l i t y , feed consumption , egg p ro du c t i on ,  egg qu a l i t y , egg s he l l  

t hi c  ness , egg f e rtili t y , egg h a t cha b i l i t y , p rogeny pe rforma nce , a n d  

s e l en i u m  cont e nt of eggs , fea t he rs , liver , thigh muscle, bre a st mu s c l e , 

k i dney a nd hea rt . Ma l e  c h i ck s  were k i l l e d  a t  four weeks of age. Kidney 

and l i ve r samp l e s  from five ma l e  c h i ck s  f rom e a c h  of the 3 9  g rou ps we re 

obt a i ned fo r t he s e l e n i u m  a na l y s i s . Female c h i c k s  were ma i n t ai ne d i n  

t he a t t e ry b roode rs u nt i l  e i gh t  weeks of age when they were p laced a t  
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v a r i ou s dens ' t i e s  of 5-8 pu l l et s i nt o  40 . 6  cm by 45 . 7  cm l a ye r cages i n  

a w i ndow l es s , e nv i ronme nt a l ly c ont ro l l e d  c a g e  h ou s e  l oc a ted a t  t he 

PRC- SDSU . Th ey we re m a i nt a i ne d  in t h e s e  s a me c a ges t h rou gh ou t Ex p e r i ­

men t One du ring wh i c h  t ime e ggs a nd t i s su e s  we re obt a i ned f o r  S e  

a na y s i s . Th ree c a ge s  of pu l l e t s  w e r e  cons i d e re d a s  one r e p l i ca t e  

g roup . An a l y s i s  of va ria nc e and F t e s t s  we re compu ted on the da t a 

obta i ne d .  Trea t ment mea n s  we re s epa r a t ed u s i n g  Du ncan ' s  Ne 1 Mu l t i pl e 

Range Te s t  ( S t e e l a nd To r r i e ,  1 96 0 ) . 

Fe e d  a nd wa t e r  we re su p p l i ed a d  l ib i tum t o  t he ch i ck s  in s t a i nl e s s  

s t e e l  pans and t o  the c a g e d  b i rds w i t h  Ha rt wa t e r  cu p s  a nd g a l v a ni z e d  

f e e d i ng t rou ghs . Three t ypes of diets we re fed in E.'x p e riment One f rom 

d a y - o l d  to 64 week s o f  age � Ethoxy qu i n  was a d d e d t o  a l l  d i e t s a t  1 10 

mg p e r  kg of d i e t  a nd dl -a l pha - t oc ophe ryl a ce t a t e  a t  1 0  mg pe r k g  

of d i e t  in t h i s  ex p e riment . 

Compo s i t i on of the f i rs t  type of d i e t  i s  shown on Table 1 .  Not e 

that du r i ng t he g rowing pe riod ( 1 2-24 weeks ) a hi gh f ib e r o a t s  d i et 

was used . Sel e n ium w a s  supplemented t o  t he s e  p ra ct ica l t y p e  d i et s  

a t  O ,  2 ,  a nd 8 pa rt s p e r  m i l l ion ( ppm ) s e l eniu m ( Se ) and 8 p pm S e  plu s 

1 5  ppm a rseni c ( As ) . S e l enium wa s s u pp l i ed i n  the f o rm of s od ium 

s e l e n i t e  a nd a rs e n i c  i n  t he f o rm o f  s od i u m  a rs e n i t e , The 2 p pm Se is 

a s ub -t ox i c l evel a nd 8 p p m  S e  a m a rg i na l ly t ox i c  l evel . A rs e ni c 

at 1 5  ppm wa s pre v i ou s ly s hown t o  b e  a des i ra b l e  l e v e l  t o  cou nt e ra c t  t h e  

tox i c  e f f e ct s o f  s e l en iu m i n  p ra c t i c a l  t y p e  d i e t s (Th a p a r e t  a l . , 1 9 69 ) . 

The s e cond d i e t  u s e d  i n  Expe r i m e nt One was a pu ri f i e d  t y p e  d i e t 

based on glucose and i s o l a t ed s oybe u n  p ro t e i n . Com pos i t i o n  of t h i s  d i e t 
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Ta b l e 1 . Pra c t i c a l Di e t s  Us e d  in Ex pe rime nt s One , Two and Th ree . 

Pe rcent of Di e t  
Ingred ient 

Sta rt e r · Growe r La y e r 

Yellow c o rn ,  g rd . 6 1 . 45 67 . 26 (67 . 44 ) 4 

Oat s , g rd . 80 . 76 
Soybean mea 1 ( 50 )  27 . 50 20 . 0  
Soybean meal ( 44 )  2 . 0  
Wheat m i dd l ings 5 . 0  
Meat s c ra ps (50)  2 . 0 2 . 0 
Al fal fa meal ( 1 7 ) 2 . 0  2 . 0 2 . 0  
Fish mea l ( 6 0 )  2 . 0  1 . 0 
Dri ed wh ey 2 . 0  2 . 0  
Yellow g rea s e  . "'?.  ..... 3 . 0 
Di calc iu m  phos phat e 2 . 0  3 . 0  2 . 0  
Limes t one 0 . 2 5 1 . 5  5 . 0  
MHA 0 . 05 
Mine ral s  I 0 . 5 1 0 . 5 0 . 5  
Vi t am i ns 2 1 3 0 . 2 4 0 . 2 4 0 . 24 ( 0 . 06 ) 4 

1Suppl i e s  p e r  k i l og ram o f  d i e t : NaC l , 4 . 75 gm ; Ca , 3 7 . 5  mg ; P, 1 2 . 5  mg ; 
Mn ,  1 2 . 5  mg ;  Cu ,  1 . 65 mg ; Zn ,  1 5  mg ; Fe , 1 2 . 5  mg ; Co , 0 . 5 mg ; I ,  0 . 35 
mg ; a nd S ,  1 5  mg . St a rt e r  d i e t  a l s o  contained add i t i onal Mn , 3 0  mg a nd 
Zn , 1 5 mg su ppl i ed i n  t h e  s u l fat e monohyd_rat e  f o rms . 

2supp l i e s  per k i l og ra m  o f  d i e t : V i t am in A pal m i t at e ,  2500 IU ; v i t am in D ,  
1 000 ICU ; d l - a l pha-t ocoph e ry l  ac e t a t e , 1 0  IU ; menadi one , 0 . 5  mg ; r i b o ­
flav i n , 2 mg ; pa ntothenic a c i d , 4 mg ; n i ac i n , 20 mg ; chol ine , 200 mg ; 
vi tam in B1 2 , 4 mcg ; f o l i c  ac i d , 0 . 5 mg ; b i ot i n ,  50 mcg ; e t hox y qu i n , 1 10 
mg ; and oxyt e t ra cyc l i ne , 22 mg . 

3Expe riment Th ree laye r d i et vi t am i n s  s u p p l y  pe r k i l og ram o f  d i e t : Vi t ­
amin A palm i t at e , 4000 IU ; v i t am i n  D3 , 1 000 I CU ; menad i one s od i um b i s u l ­
f i te , 1 mg ; r i b o f l av i n ,  2 mg ; pant o t he n i c  a c i d , 4 mg ; n i ac i n , 2 0  mg ; 
chol ine chl o r i d e , 500 mg ; v i t am i n  B1 2 , 8 mcg ; fol i c  ac i d ,  0 . 5  mg ; 
b i ot i n ,  50 mcg ; and e t h ox y qu i n , 50 mg . 

4Expe rime nt Th re e . 
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Table 2 . ' Glucos e - Isol a t ed Soyb e a n  Prot e i n  Diet s U s e d  in Expe riment One . 

Pe rcent of Di et 

Ing redient s 
St a rt e r  Growe r La ye r  

Isol a t e d  soy p rot e i n ! 24 . 0 1 5 . 55 17 . 77 
Glu c o s e monohydra te 2 6 4 . 1 7 73 . 0  67 . 28 
Cellu l os e3 5 . 0  5 . 0  5 . 0  
Corn oi l 2 . 0  2 . 0  2 . 0  
Dical ciu m phos pha t e  2 . 0  2 . 0  1 . 0 
Limes t one 1 . 0 1 . 0 5 . 8  
MBA o .  27 0 . 3  0 . 2 
Glyc ine 0 . 2  0 . 2 
Minera l s 4 1 . 1 3 0 . 73 . .. !.a.. 0 . 73 
Vit amins 5 0 . 23 0 . 22 0 . 2 2 

l PU rina As s a y  Prot e in RP-1 00 ,  Ra l s t on Pu ri na Company , St . Lou i s , Mo . 
6 3 199 . 

2 Ce re los e ,  Co rn Produ c t s Company , A rgo , I l l . 60501 . 

3solka f l oe ,  BW- 20 , B rown Compa ny , Be rl i n ,  N .  H .  03 570 . 
4su pp l i e s  per k i l og ram of d i e t : Na Cl , 0 . 53 (0 . 3 53) ; KCl ,  0 . 33 ( 0 , 1 53) ; 

MgS04 , 0 . 253 (0 . 153) ; MnS04 · H20 ,  26 1 mg ; Znso4 • H20 ,  220 mg ; FeS04 , 
163 mg ; CuS04 · 5H2o ,  3 9 . 5  mg ; CoC1 2 • 6H2o ,  1 2  mg ; K I , 1 1  mg ; Na2Mo04 • 

2H20 , 1 1  mg ; H3 Bo3 , 1 1  mg ; KAl ( S04 ) 2 • 1 2H20 ,  1 1  mg ; Na2 S i03 , 44 mg ; 
and NaBr , 2 mg . Va lu e s  i n  p a renthesis i nd i c a t e  redu c e d  l eve l s  u s e d  in 
the g rowe r a nd l ay e r d i et s . MgC03 wa s su bs t i tu t ed f o r  MgS04 i n  t h e  
growe r a nd l ay e r ra t i on s . 

5suppl i es p e r  k i l og ram of d i e t : ( ) i nd i c a t e s  redu ce d  levels  u s e d  i n  
the growe r a nd l a y e r .  Vi t am i n  A ,  6000 IU ; v i t amin D3 , 1000 ICU ; d l ­
a l ph a- t o c oph e ry l  a c et a t e , 1 0  mg ; menadione s odium b i su l f i t e , 1 1  mg ; 
riboflavin , 2 2 ( 1 1 ) mg ; fol i c  a c i d , 4 (3 )  mg ; p y ridox i ne · HC l , 2 2 ( 20 )  mg ; 
th i amine - HCl , 2 2 ( 20 )  mg ; ca lcium pantothena t e ,  44( 3 0 )  mg ; n ia c i n ,  88 ( 5 5 ) 
mg ; chol i ne chl o ri de , 1 29 5  mg ; a s c o rb i c  a c i d , 22 mg ; v i t am i n  B12 , 30 ( 20 ) 
mcg ; b i ot i n  4 40 ( 22 0 )  mcg ; e t h oxyqu i n , 1 1 0  mg ; a nd ox yt e t ra c yc l i n e , 2 2  mg . 
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Ta b l e 3 .  Glucos e -Toru l a  Ye a s t  Di et s U s e d  i n  .Ex pe r�ment One . 

Pe rc ent of Diet 
I ng red i e nt 

St a rt e r  Growe r Laye r 

Toru l a  yea s t 1 42 . 4  27 . 4 5 3 1 . 4 
Glu cose monohyd ra t e 2 45 . 9 4 6 1 . 1 53 . 7  

Ce l lu l o s e3 5 . 0  5 . 0  5 . 0  
Co rn o i l  2 . 0 2 . 0  2 . 0  
Di ca l c ium phos pha t e  2 . 0 2 . 0  1 . 0  
Li mest one 1 . 0 1 . 0 5 . 8 
P.lllA 0 . 1  0 . 3  0 . 2  
Glyc i ne 0 . 2  0 . 2  
Mine ra l s 4 1 . 1 3 0 . 73 0 . 68 
Vi t a m i ns 5 0 . 23 0 . 22 0 . 2 2 

! . ... 

1 Lake St a t e s  Di v i s i on ,  S t . Re g i s  Pa pe r Company , Rh i ne l a nd e r ,  Wi s c . 

2 Ce re l ose , Corn Produ c t s  Comp a ny , Argo , I l l . 60501 . 

3solka f l oe , BW-20 , Brown Comp a n y , Be r l in , N .  H .  0357 0 .  

4s im i l a r t o  t ha t  s hown i n  Ta b l e  2 except h e re Mn so4 • H2o, 230 mg ; Znso4 • 

H20 ,  9 6  mg ; a nd Fe S04 , 4 1  mg p e r  k i l og ra m  of l a y e r  d i e t  wa s u s e d . 

5s tmi l a r  t o  t h a t  s h own i n  Ta b l e  2 .  

is shown i n  Ta b l e  2 .  To t h i s  d i et O ,  2 ,  a nd 8 ppm S e  a nd 8 ppm S e  p l u s  

8 ppm As we re adde d . Prev i ou s  s t u d i e s  a t  t h i s  l a bora t o ry h a d  s hown 1 5  

ppm a rs e n i c  t o  b e  ra t h e r t ox i c  i n  a pu r i f i ed d i e t  a nd t h a t  a l e ve l o f  

8 ppm wa s mu c h  m o re d e s i ra b l e  t o  c ou nt e ra c t t ox i c  e f f ect s o f  s e l e n i u m . 

The t h i rd t ype o f  d i e t  u s e d  i n  Ex pe riment One wa s a pu ri f i e d  t yp e 

compo s e d  o f  g l u c o s e  and To ru l a  Ye a s t . Compos i t i on of t h i s  di e t  i s  s h own 



in Table 3 .  Se l eniu m  wa s su p p l eme nt ed t o  th i s d i et at O, 0 . 2 , 2 ,  and 8 

ppm and 8 ppm Se plu s 8 ppm As . To ru l a yea s t  wa s  u s e d  b e c au s e  of i t s  

re l a t i ve l y  l ow s e l e n iu m cont e nt a nd a b i l i t y t o  p rodu c e  s e l en iu m def i ­

c i ency s i g n s ( Schwa rz a nd Foltz , 1957 ) . Th e a dd i t i ona l l e v e l  o f  s e l e ­

nium su p p l ement a t i o n  ( 0 . 2 ppm ) wa s s e l ec t e d  bec au s e  t h i s  i s  tw i c e  t h e  

su gg e s t e d requ i reme nt f o r  chi cks (Thomps on a nd Scot t , 19 6 9 ) , a nd yet 

mu ch  lo er t ha n t he 2 ppm l ev e l  u s ed in t h i s  a nd t he ot h e r p rev i ou s  

s t u d i e s . 
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Mo rt a l i t y , feed c on sumpt i on a nd b o dy we ight rec o rds we re summa r ized 

at 28- da y i nt e rv a l s  t h rou ghou t t he ent i re expe riment a l  pe ri od ( 0 - 6 4  week s 

of age ) . The ex pe r ime nt wa s d i v i de d i nt o  a s t a rt i ng pe ri od ( 0- 1 2  we ek s ) ,  

growing pe r i od (1 2-24 week s ) a nd l a y i ng pe riod ( 24-64 weeks ) . At 2 4  

weeks t he su rv i v ing pu l l e t s  we re re d i s t r i bu t ed among re p l i c a t e s  of e a c h  

g i ven t rea t me nt s o  a s  t o  e qu a l i z e  b i rd dens i t y . F i ve pu l l et s  we re 

a l lowed pe r 40 . 6  cm by 45 . 7  cm c a ge w i t h  a l a t h  pe rch i ns t a l l e d  a pp rox­

ima t e l y  15 cm a b ove the c a ge bottom a nd 1 5  cm f rom t h e  rea r o f  e a ch ca ge . 

Du r i ng t he e gg p rodu c i ng pe ri od s  a d d i t i ona l i nf o rma t i on on hen-day 

egg p rod u c t i on ( number o f  hens x nu mbe r o f  d a y s  d i vi d e d  by nu mb e r  of 

eggs ) , egg we i ght , s h e l l t h i ckne s s , i nt e r i o r  e gg qu a l i t y , e gg f e rt i l i t y , 

egg ha t c h a b i l i t y ,  p rogeny pe r f o rmanc e , f e e d  e f f i c i e nc y  (k g  f e e d  p e r doz . )  

a n d  s e l e nium c on t ent o f  e ggs wa s obt a i ne d . The a bove pa rame t e rs we r e  

summa ri z ed a t  28 -da y i nt e rva l s  except fo r  e g g  f e rt i l i t y ,  egg h a t ch a b i l i t y 

and s e l eni um ana l ys i s of e ggs a nd t i s s u e s . 

The egg we ight a ve rag e  o f  e a c h  re p l i c a t e grou p f o r  e a c h  28-da y 

pe r i od wa s obt a i ned by we i g h i ng t e n egg s p e r  week f o r  e a c h  of f ou r  weeks 



a nd di v i di ng t ot a l  egg wei ght b y t ot a l  nu mbe r of eggs ( 40 ) . She l l 

th i ckne s s  a nd · egg qu a l i t y  det e rm i n a t i on we re made f rom t e n  e gg s  pe r 

repl i c a t e g rou p  p e r  28-day pe r i o d . Int e r i o r  egg qua l i t y  wa s det e r­

m ined a c c o rd i ng t o  t he met hod of Hau gh ( 1 937 ) .  She l l  t h i c k ne s s  wa s 

mea su re d  in m i l l i me t e rs u s i ng a m i c rome t e r .  Art i f i c i a l  i ns em i na t i on 

wa s u s e d  t o  ob t a i n  f e rt i l i t y , ha t c ha b i l i t y  and p rogeny i nf o rm a t i on .  

Ma l e s of the s a m e  st ra i n  we re u s ed . Progeny we re g rown t o  fou r we e k s  

of a g e  on a d i et imila r to  t he i r d a m s  o r  fed a s pe c i a l  c hi ck s t a rt e r  

(Table 4 ) . 

Who l e  egg samp l e s  we re c o l l ec t e d  f rom each of the 39 re p l i c a t e  

g rou ps a t  3 2 , 42 , 5 2 , a nd 6 2  weeks o f  a ge wh i ch wou l d  c o rres pond t o  10 , 

20 , 30 and 40 weeks i nt o  egg p roduc t i on . In a l l  c a s e s  the who l e  egg 

samp l e s  we re p re p a red by h omoge n i z i ng f ive eggs pe r s ampl e  ( yolk a nd 

a l bumen ) . Al l s e l e n iu m  a n a l y s e s  we re c ondu c t ed i n  the l a bo ra t o ry of 

Dr . o. E .  Ol s on ( St a t i on Biochem i s t ry ,  Sou t h  Dakot a St a t e  U n i ve rs i t y ) 

u s ing the a t k i n s on f lu o rome t r i c  t e chn i qu e  a s  mod i f i e d  by Ol s on ( 1969 ) .  
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Expe rime nt One cont i nu e d  f o r  64 weelr n . At t he end of 6 4  we eks hens 

fed the pu r i f i e d  d i e t s  we re sa c ri f i c e d ; a nd fea t he rs ,  l i v e r , k i dney , 

thigh , b rea s t  a n d  hea rt s am p l e s  we re t a ken f rom f i ve hens pe r re p l i c a t e  

g rou p . Each t ype of t i s su e f rom t he f ive hens pe r grou p  we re c om b i ne d  

i n  orde r t o  make one s e l enium d e t e rm i na t i on for e a c h  repl i c a t e  g rou p . 

( i . e .  5 l ive rs = one s ampl e ) . Bec a u s e  of a re cent report conc e rn i ng t he 

a b i l i t y  of s e l enium t o  dec re a s e  l i v e r  f a t  ( Jens en et a l . ,  1 9 7 0 ) t h e  

pe rce nt a ge f a t  wa s det e rm i ne d  i n  t h e  l i ve r  samples a c c o rd i ng t o  t he 

met hod f o r  men t s  de s c r i bed i n  Of f i c i a l  Met hods of Ana l y s i s  o f  t h e  
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Tabl e 4 . Glucos e -To ru l a  Ye a s t - I s o l a t e d  Soybean Prot e i n  Di et s . 

Pe rcent of Di e t  
Ingredient s 

St a rt e r  Laye r 

Toru l a  yea st
1 2 2 . 5  17 . 5  

Isolated s oy p rot e i n 2 1 2 . 5  9 . 7 5  
Glucos e monohy d ra t e 3 53 . 2 4 5 5 . 3 1 
Cel lu los e 4 5 . 0  . 5 . 0  
Corn o i l  2 . 0 4 . 0  
Dic a l c ium phos pha t e  2 . 0 2 . 0  
Limes t one 1 . 0  5 . 5  
MHA 0 . 2  0 . 2 
Glyc i ne 0 . 2  
Mi ne ra l s  1 . 1 3 5 

� 0 . 587 

Vi t am i ns 0 . 23 6 •! · 0·�. 16 8 

lLake St a t e s  Di v i s i on , St . Re g i s  Pa p e r Co . ,  Rh i ne l a nde r ,  Wi s c . 5 4501 . 

2Pu ri na Ass a y  Prot e i n  RP- 1 00 , Ra l s t on Pu ri na Co . , St . Lou i s , Mo . 6 3 1 9 9 . 

3ce re l os e , Corn Produ c t s  Compa ny , A rgo , I l l . 60501 . 

4solka f l oe , BW- 20 ,  Brown C ompa ny , Be rl in , N .  H .  03 570 . 

5simi l a r t o  t ha t  shown in Ta b l e  2 .  

3 0  

6Sim i l a r t o  t ha t  shown i n  Ta b l e  2 ex c e pt d l -a l pha - t ocophe ryl wa s re du c e d  
t o  5 mg . p e r  k i l ogra m  o f  d i e t . 

7s tm i l a r t o  t h a t  shown in Ta b l e  2 f o r  t h e  l a ye r  di et exc e pt h e re t h e s e  
cha nges we re ma de ; NaC l , 3 mg ; MgC03 , 1 mg ; Mnso4 • H2o ,  77 mg ; Znso4 • 

�20, 69 mg ; a nd Fe so4 , 1 5 . 8  mg pe r k i l o g ra m  o f  d i et . 

8stmi l a r t o  t h e  va lu e s  l i s t ed i n  Ta b l e  2 for t h e  l a ye r  d i e t  but w i t h  
the fol l ow i ng c ha nge s : 2 m g  p e r  k i l og ram o f  d i et d l - a l pha - t oc ophe ryl 
a c et a t e , 50 mg pe r k i l og ra m  o f  d i e t  e t hoxyqu i n a n d  no ox yt e t ra cyc l ine . 



As s oc iat i on Of f i c i a l  Ana l y t i c a l  Ch em i s t s  ( 1970) . _ . F�a the r s a m p l e s  we re 

ob t a i ned f rom a reg i on a nt e ri o r  to the t h i gh . Aft e r  t he hens we re 

killed by di s l oc a t i ng t he i r c e rv i c a l ve rt eb ra e ,  samp l ing of f e a t h e rs 

wa s conveni e nt l y  done by d ry p i c k i ng . To obt a i n t h e  othe r t i s su e s  e a ch 

hen wa s pa rt l y  s k i nned a nd t h e  b ody c a v i t y  ex pos ed s o  t h a t  t h e  h e a rt , 
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one k i dney a nd 3 -5 g ra ms o f a l i ve r l obe c ou l d  be remove d .  Hens f e d  t h e  

corn- s oy d i e t  we re not · s a c ri f i ed a t  6 4  weeks of a ge bu t u s ed i n  
I 

EXpe riment Two . 

Expe riment Two 

Hens wh i c h s u rv i ve d  Ex p e ri m ent On e a nd had been f e d  t h e  c o rn-soy 
; 

diet (Ta b l e  1 )  s u pp l ement e d  wi t h  O ,  2 ,  a nd 8 ppm Se a nd 8 ppm S e  p lu s  8 

ppm As we re u s e d  i n  Ex pe riment Two . A ra ndom i z ed comp l e t e  b l ock d e s i g n  

wa s used w i t h  t w o  b l ocks i n  s ma l l e r  c a ge s  a nd o n e  b l ock i n  l a rge r one s . 

F t e s t s  a nd a na l ys i s  o f  va ri a nc e  we r e  c a l cu l a t e d  on da t a  ob t a i ne d . 

The h e ns t h a t  a t  t he t im e  w e re 6 4  weeks o l d  we re ma i nt a i ne d  on t h e  

same t rea tment s  f o r  a n  a dd i t i ona l fou r weeks a nd t hen f o rce mol t e d . The 

force mol t wa s a cc omp l i s h e d  by remov i ng the h e ns f rom t h e  c a g e s  a nd 

pl a G i ng them on s la t  f l oo r s  i n  a nothe r  pou l t ry hou s e . Wa t e r  wa s not 

a l l owed f o r  48 hou rs a nd f e e d  not g i ve n  for 96 hou rs .  The s e  cha nge s 

cau s ed a n  imme d i a t e  c e s s a t i on o f  egg p rodu c t i on a nd i ni t i a t ed a mol t . 

When t he h e ns we re r e - f e d  t h ey w e re g i ve n  t h e  s a me di e t s  a s  t he y  ha d b e e n  

fed p rev i ou s l y . Aft e r  t he hens mol t e d  t hey we re repl a c e d  i n  l a y i ng c a g e s  

w i t h  th re e  re p l i c a t e s  f o r  e a ch o f  f ou r  t rea tments . Two s i z e s  o f  c a g e s  

we re u s ed bec aus e o f  phys i c a l  l i m it a t i ons . One repl i ca t e  (block )  o f  a l l 
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fou r t reat me nt s  wa s p l a c e d  i n  40 . 6  x 45 . 7  c m  c a g e s . Tw o  re p l i c a t e s  o f  

a l l t rea tm e n t s we re p l a c e d  i n  3 0 . 5  x 45 . 7  c m  c a g e s . Fou r hens p e r  c a g e  

we re �s� d i n  t h e  l a rg e r  s iz e  c a g e s  a n d t h re e  pe r c a ge i n  t h e  s m a l l e r  

t ype . No p e r c h e s  we re p rov i d e d  i n s i d e  t he c ages i n  t h i s  ex p e r iment . 

Fe ed a nd wa t e r  we re p r ov i de d  a s  des c r i b e d  f o r  Expe r i m e n t  One . On l y 

the co r n - s oy d i e t  w a s  u s e d  i n  t h i s expe r iment a nd s i m i l a r  c ri t e r ia we re 

stu d i e d  a s  in Ex pe r i me nt One . Egg f e rt i l i t y  a nd ha t c h ab i l i t y  we re 

obs e rv e d  onl y  once a t  1 02 w e e k s  of a ge . Art i f i c i a l i n s em i na t i on wa s 

u q e d  t o  obt a i n  f e rt i l e  e ggs . No p roge ny s t u d i e s  we re m a d e  i n  t h i s  

exp e ri ment . Eg g s a mp l e s we re t a k e n  f o r  S e  a na l ys i s  a t 96 and 104 w e e k s . 

At 1 04 we eks of a ge 4 he ns pe r repl i c a t e  group we re s a c r i f i c e d w i t h  a n  

e l e c t ri c  s tu n n i ng k n i f e  a nd t he i r  t is su e s  removed a s  de s c r i b e d  i n  

Ex pe r ime n t  On e . The rema i n i ng h e ns w e re f e d t h e  corn-s o y  b a s a l  d i e t  

w i t h out a ny a d ded s e l e n i u m  f o r  a d eple t i on s tudy . Egg s amp l e s  we re t a k e n  

f o r  se l e n i u m  a na l y s i s  a t  two , f ou r ,  s i x a n d  e i ght we ek s a f t e r  t h e  d i e t s 

we re ch a nge d .  A f t e r  f ou r w e ek s  ( 108 we eks of a ge ) 3 h e ns p e r  rep l i c a t e  

g rou p we re s a c r i f i c e d f o r  s ele n iu m t i s su e  a na l ys i s . The r e m a i n i ng h e ns 

were m a i nt a i n e d  f o r  an a dd i t i on a l  f ou r weeks ( t o  1 1 2  weeks of a ge )  a nd 

t h e n  t hey we re s a c r i f i c e d  a nd t he t i s su e s  we re s a mp l ed f o r  sel e n iu m 

cont e nt . 

Ex p e r i me nt Th ree 

Th i s  s t u d y  wa s i n i t i a t e d on Oc t ob e r 2 ,  1 9 70 . Twe nt y-we ek o l d  pu l l e t s  

f rom Reg i on a l Con t rol SCWL s t ock obt a i ned from the PRC - S DSU a nd DeKa l b  

1 3 1  s t ock g rown a t  PRC - S DSU bu t o r i g i n a l l y ob t a i ned f rom Su ns h i ne St a t e  
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Hatchery ,  Brooki ngs , Sou t h  Dakot a we re u s ed . Th ree hund red thi rt y  s ix 

pul lets of each s t ra in we re s e l ected randomly a nd placed i nt o  1 9 2  c a ge s  

of two s i z es . The expe riment wa s a rra nged in a fact o ria l des i gn h a v i ng 

st ra in , cage s ize , s e l enium supplement at ion ,  v i t amin E supplement a t ion , 

diet type , rep l icates a nd p e r i ods a s  fact o rs . Ana lys is of va ri a nc e  a nd 

F tests we re compu t e d  in the norma l ma nne r for a fact ori a l  des i gn . When 

missing va lues occu rred , a l e a s t  s qu a res a na lys is  wa s used (Steel  a nd 

Torrie ,  1960 ) . 

Cage s izes used we re t he 3 0 . 5  x 45 . 7  cm and 40 . 6  x 45 . 7  cm c a ge s . 

Selenium wa s supplemented a t  t hree l evel s  (0 , 0 . 1 ,  1 . 0  ppm ) t o  a c o rn-s oy 

diet (Table 1 )  and t o  a glucos e -i s o l a te d  soy-Torul a  yeas t  (Table 4 )  d i e t . 

Ethoxyqu in wa s added a t  50 mg/kg of diet . Both a high and l ow l eve l o f  

vitami n  E we re u s ed . The l ow l evel i n  the corn-soy diet  was t ha t  pro­

vided onl y  by the d i e t  i t s e l f  a nd the h i gh l evel bei ng 10 ppm a dded 

dl-alpha-tocophe ryl a c et at e . The l ow leve l  i n  the glu cose-i so l a t e d  

soy-To ru l a  yea s t  d i e t  wa s 2 ppm o f  a dded d l - a l pha -tocopheryl acet a te a nd 

the high level being 1 0  ppm o f  t he s ame form of vi tamin .  I t  wa s be l i e ved 

that the pu r i f i ed d i et might be so l ow i n  natu ra l tocopherols that good 

pe rfonnance m i ght not be obt a ined w ithout suppl eme nt i ng v i t am in E .  Fou r 

repl i ca t es we re used with e a ch cage of pu l le t s  (three i nd i v i du a l  pu l l e t s  

in the sma l l  c ages a nd fou r  i n  t he l a rge cages ) const itut ing a repl i ca te . 

Therefore , 56 bi rds we re u s e d  for  ea ch of twe lve diet t reatment s . Da t a  

ca lcu l a t ion a nd rep l i c a t e  a ve ra ges we re ma de a s  the combi ne d  tot a l o r  

a ve rage of t h e  g roup o f  pu l l e t s  i n  tha t  pa rt icu l a r  cage . Each c a g e  wa s 

cons i dered an expe riment a l  u n i t . Ei ght 28-da y pe riods we re i nc lu ded i n  



Expe riment Th ree . Due t o  ve ry l ow egg product i on ,  during the 20-24 week 

period , the va lues obta i ned for egg p roduc t i on were not recorded . Pro­

ducti on data we re obt a i ned f o r  the s even s ubsequent 28-day periods t o  

52 weeks of age . Thus t hese pu l l et s received the 1 2  expe riment a l  d i e t s  

for 32 weeks . 
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Hen-day egg produ ct ion ,  egg yield (gra ms of egg per hen per day ) , 

average egg s iz e , i nt e ri or egg qua l i t y , ave rage body we ight , feed c on­

sumpt i on ,  mort a l ity , e gg f e rt i l i ty , a nd egg ha tchabi l it y ,  p rogeny pe r­

formanc e , a nd s e lenium cont ents of t i ssu es a nd eggs we re obs e rve d . Al l 

crite ria we re summa riz e d  a t  28-day i nt e rva l s  except s e l enium cont e nt 

data a nd reproduct i on s tu d i es . The egg p roduct i on was . e�pre s s e d  on the 

hen-day ba s i s  ( a s  desc ribed i n  Expe riment One ) and a s  e gg yield . The 

bas is for egg yie l d  wa s det e rm i ned f rom a v e rage egg wei ght , which wa s 

calcu la ted by we ighing a l l  eggs produced on fou rt een days of t he 28-da y 

peri od a nd d i v i d i ng by the t ot a l  numbe r wei ghed . Egg y i e ld wa s t he n  

calculated b y  a v e rage e g g  we i ght mu l t i pl i ed b y  t ota l number o f  eggs 

divided by numbe r of  h en-days . Int e ri o r  egg qua l i t y  wa s det e rm i ned by 

the method of Haugh ( 19 3 7 ) . Ave rage body we ight dete rm i na t i ons we re 

made by we ighing a l l  hens of t he cage ( experiment a l  u ni t )  a nd dividing 

by the numbe r  of hens weighed . Mort a l it y  on t he hen-hou s ed ba s i s  i s  

calculated b y  exp r€ s s i ng numbe r  o f  hens p resent a t  the end of a 28-day 

period d iv i ded by the  numb e r  init i a l ly a t  t he s t a rt of the expe riment 

X 100 . Feed consumpt ion was recorded a s  g rams per hen pe r day . Thi s  wa s 

det e rmined by obs e rving the t ot a l  amount o f  feed consumed of e a ch o f  t he 
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twe l ve d i e t s d i v i ded b y  numb e r  o f  h e n-da y s  f rom g rou p s  f e d  t ha t  p a rt i cu l a r  

diet .  Th i s  met hod d i d  not a l l ow one t o  ob s e rve s t ra i n o r  c a ge e f f e c t s  on 

feed consumpt i on . 

Va r i ou s  s e l ec t e d  t i s su e s  a nd eggs we r e  samp l e d  f o r  subs e qu ent s e l e­

nium ana l ys i s a t  seve ra l t i m e s  du r i ng t he expe riment . Eggs we re obt a i n e d  

fo r s e l e nium a na l y s i s  a t  3 2 week s o f  a ge ( 1 2  week s a ft e r  pu l l e t s  we re 

f i rs t  fed t he a dd i t i ona l s e l e nium ) , a g a i n  at 52 weeks o f  a ge ( 3 2  weeks 

on s e l enium su p p l em e nt a t i on ) and a f t e r  a two-week a nd f ou r-week w i t h ­

drawa l p e r i od ( a t  54 a nd 5 6  week s o f  age ) . n.i r ing t h e  w i t h d ra wa l pe ri od 

which bega n a t  5 2  we ek s  o f  a g �  h ens w e re f e d  the ba s a l  d i e t s  ( c orn- s oy 

or pu r i f i e d  t ype ) wi t h ou t  s el en i u m  a dd e d . T i s su e s  we re s ampl e d  f o r  s e l e ­

niu m a na l ys i s  a t  5 2  we ek s a nd a ga i n a ft e r  a one-month w i t hd rawa l pe r i od .  

Th i s  wa s a cc ompl i s he d  by s amp l i ng t i s su e s  a nd eggs f rom h ens i n  the 

sma l l e r  c a g e s  a t  the 5 2  we ek s ampl i ng a nd those f r om t he l a rge r c a ges a t  

the 5 6  week s am p l ing . The ma nne r of s am p l e  c o l l e ct i on , p repa ra t i on a nd 

ana l ys i s  o f  s e l en iu m  wa s t h e  s ame a s  d e s c ribed f o r  Exp e r i ment One . 

Tissu es s tu d i e d  we re f ea t h e rs , hea rt , k i dney , b rea s t  mu s c l e , t h i gh mu s c l e  

and l i ve r .  Ea ch t ype o f  t i s s u e  f rom th re e  hens wa s c omb i ne d  t o  f o rm a 

s i ng l e  s a m p l e  f o r  t he a na l ys i s . 

At s e v e ra l i nt e rv a l s  hens we re b red by a rt i f i c i a l  insem i na t i on t o  

obta in f e rt i l i t y , ha t c ha b i l i t y , a nd p rogeny da t a . The met hods u s e d  t o  

c a l cu l a t e  f e rt i l i t y  a nd h a t c ha b i l i t y  we re t h e  same a s  d e s c r i b e d  p rev i ou s l y  

( Expe ri ment One ) . Proge ny we re fed the d i et shown i n  Ta b l e  4 .  



3 6  

RESULTS AND D I SCUSS ION 

Expe r iment One 

Bo dy we ight s of t lie ch i ck e ns i n  Ex pe ri ment One . a re l i s t ed i n  Ta b l e  

5 b y  f ou r-week inte rva l s . Ea c h  va lu e rep i�e sent s the ave ra ge of t h re e 

rep l i c a t e  g rou ps of b i rds . At fou r w e ek s , t h e ma l e s  we re remove d  f rom 

t h e  expe riment and t h e i r  we i ght s a re g i v e n s e pa ra t e l y  � rom the fema l e s . 

Ch i ck s  f e d  t e p ra ct i c a l t yp e  c o rn-s oy d i et we i ghed t he m o s t  du r i ng 

t he g rowi ng s t a g e s  a nd rema i ne d t h e  he a v i e s t  t h rou ghou t t he l a y i ng 

peri ods . I n  gene ra l ,  2 ppm of s e l e n i u m  h a d  no s i gni f i c a nt a dve r s e  

e f fect o n  body weight s a nd i n  s ome c a s e s  i t  a ppea red t o  imp rove e a rl y 

c h i c k  g rowt h . Du ri ng t he l a y i ng p e r i o d s  t he 2 ppm s e l en iu m  p revent ed 

h e ns f rom becom i ng a s  h e a vy a s  t ho s e  f e d  b a s a l d i et s . Eight ppm 

s e l en i u m depre s s ed bod y  we i ght s l i ght l y  bu t t hi s  e f fect  wa s pa rt i a l l y 

ove rcome i n t he c o rn-soy d i e t  by i nc luding a rseni c . There wou l d  be 

no a dv a n t a g e  to f e e d  more tha n 2 ppm Se as evidenced by t h e b ody 

we i ght v a l u e s  s hown i n  Ta ble 5 .  Since 2 ppm i s  20 t imes t h e  amou nt 

shown by Thompson a nd Scot t ( 19 6 9 )  t o b e t he requ i reme n t , t h i s wou l d  

su re l y  b e  t h e  max i mum amount that a n yone s hou l d  norma l l y  a d d . By 20 

we ek s  t h e re wa s l i t t l e d i f f e rence in body we ight s wi t h i n  any g i ven t ype 

o f  di e t ; a l t h ou gh , pu l l e t s  fed t he pu r i f i e d  d i e t s  we i ghe d s om e wh a t  l e s s  

t h a n  t h o s e f e d  t h e  c o rn-s oy d i et s . 

Ta b l e  6 s h ows t h e  k i l ograms of feed requ i red t o  produ c e  a doz e n  

eggs du r i ng e a ch o f  t he t e n l a y i ng pe riods . Acc o rding t o  t he F t e s t s  



Ta bl e 5 .  Body Wei ght s of Chi ckens by Fou r Week Inte rva l s  (Expe riment One ) . 

Treatment (ppm Se ) 

Age Corn-Soy Glucos e- I s ol a t ed Soy Glucos e-Toru l a  Yea s t  
(wks . )  

0 2 8 8-151 0 2 8 8-8 2 0 0 . 2  2 8 8-82 
4

3 
260 278 266 259 200 210 196 199 203 195 194 188 191 

44 246 251 229 23 6 185 196 175 184 184 181 178 170 1 6 2  
55 588 609 . 564 556 503 504 462 489 41 0  421 427 3 8 4  3 6 0  

12  985 99 1 965 966 882 879 878 88 2 894 868 868 815 799 
166 

1 . 20 1 . 24 1 . 26 1 . 2 4 1 . 16 1 . 17 1 . 18 1 . 1 5 1 . 17 1 . 16 1 . 1 2 1 . 08 1 . 1 2 
20 1 . 48 1 . 44 1 . 48 1 . 44 1 . 41 1 . 42 1 . 44 1 . 44 1 . 39 1 . 39 1 . 3 9  1 . 3 4 1 . 3 4  
2 4  1 . 7 4  1 . 7 5  1 . 68 1 . 6 5  1 . 61  1 . 57 1 . 6 2  1 . 56 1 . 58 1 . 55 1 . 56 1 . 53 1 . 50 
28 1 . 94 1 . 84 1 . 85 1 . 85 1 . 73 1 .  71  1 . 65 1 . 6 4 1 . 67 1 . 6 5 1 . 6 5  1 . 64 1 . 58 
32 2 . 00 1 . 92 1 . 88 1 . 93 1 . 72 1 .  70  1 .  70 1 . 67 1 . 7 1  1 . 69 1 . 69 1 . 6 2  1 . 63 
36 2 . 03 1 . 96 1 . 85 1 . 96  1 .  77 1 .  7 2  1 . 7 1 1 . 67 1 . 78 1 .  77 1 . 7 2 1 . 50 1 . 63 
40 2 . 10 2 . 01 1 . 86 1 . 97 1 .  7 1  1 . 74 1 .  7 3  1 . 66 1 . 79 1 . 76 1 . 64 1 . 6 4 1 . 60 
44 2 . 1 5 2 . 05 1 . 92 2 . 00 1 . 78 1 . 78 1 . 71  1 . 67 1 . 8 4 1 . 84 1 .  77 1 . 7 2  1 . 73  
48 2 . 1 4 1 . 99 1 . 90 2 . 00 1 . 79 1 . 80 l . 73 1 . 66 1 . 87 1 . 90 1 . 75 1 . 73 1 . 77 
52 2 . 18 2 . 03 1 . 86 2 . 03 1 . 83 1 . 83 1 . 7 4  1 . 68 1 . 98 1 . 9 2  1 . 9 4  1 . 8 2  1 . 8 2 
56 2 . 16 2 . 02 1 . 93 1 . 9 2  1 . 73 1 . 87 1 . 7 4 1 . 7 1  1 . 96  1 . 98 1 . 9 4  1 . 78 1 .  72  
60 2 . 10 1 . 99 1 . 9 5  2 . 02 1 . 77 1 . 87 1 . 7 2  1 . 68 1 . 89 1 . 9 0  1 . 9 1 1 . 78 1 .  79 
64 2 . 10 2 . 02 1 . 91  2 . 02 1 . 68 1 . 80 1 . 63 1 . 68  1 . 85 1 . so 1 . 81 1 . 7 4 l .  73 

1
Eight ppm selenium and 15 ppm a rseni c . 

. .  

2Eight ppm sel enium and 8 ppm a rsenic . 

3
Body weights of ma l e  chicks at  fou r  weeks of age (gm ) . 

4 Body weight s of f ema l e  chicks a t  fou r weeks of age ( gm ) . 

5Eight and twelve week body weight s for fema les i n  grams . 
� 

6s1xt een th rough s ixty-fou r week body wei ght s in k i l og rams . 
'3 



Ta b l e  6 .  Fe ed Conve rs i on (kg/Doz . )  Du ring t he La ying Pe r i od ( Ex pe riment One ) . 

Pe riod Corn-Soy 
(wks . )  

0 2 8 

24-28 3 . 44 2 . 7 2 3 . 7 7  
28-3 2 2 . 1 0 1 . 8 1  2 . 1 7 
3 2 -3 6  2 . 45 1 .  79 2 , 23 
3 6 - 40 2 .  7 1  2 . 1 5 2 . 7 6 
40-44 2 . 3 8  1 . 8 5 1 . 89 
4 4 - 4 8  2 . 3 7 2 . 43 2 . 9 4 
48-52 2 . 69 2 . 05 2 . 7 1 

5 2-56 2 . 53 2 . 2 8 3 . 04 

56 -60 3 . 1 2 2 . 40 3 . 2 4 
6 0 - 6 4  3 . 05 2 . 29 3 . 1 6 

Ave r . 2 . 6 8A1 2 . 1 8A 2 . 79A 

Duncan 52 

Du nc • 

1 
Mear  

2 I n d j  
by [ 

3 I nd i 
by [ 

1 . 07 1 . 1 3 

Tre a tment s ( ppm Se and As ) 

Glu cos e - I so l a t ed Soy 

8 - 1 5 0 2 8 8 - 8  

4 . 2 1 6 . 80 5 . 6 0 6 . 5 5 7 . 6 2 
2 . 06 2 . 9 6  3 . 48 3 . 39 . 3 . 1 1 
2 , 1 2 3 . 1 6 3 . 6 6 4 . 1 9 3 . 8 5 
2 . 3 4  2 . 6 7 2 . 04 2 . 8 7 2 . 8 1 
2 . 0 8 4 . 02 3 . 8 2 4 . 3 7 4 . 6 6 
2 . 2 1 4 . 1 4 5 . 00 5 . 04 4 . 1 5 
2 . 4 1 4 . 49 5 . 2 5 4 . 7 2 5 . 4 1 
2 . 03 4 . 4 2 4 . 06 4 . 08 5 . 09 
2 . 8 9 5 . 49 4 . 3 1 5 . 48 5 . 8 1 
2 . 9 6  6 . 3 9 4 . 3 8 6 . 57 5 . 9 9 

2 . 53A 4 . 45B 4 . 1 6 B 4 . 73 B  4 . 8 5B 

1 . 1 7 1 . 19 1 . 2 2 1 . 23 1 . 2 5 

Glu cos e-Toru la Yea st 

0 0 . 2  2 8 8 -8 

7 . 78 9 . 1 7 7 . 1 8 9 . 4 8 1 0 . 9 8 
3 . 40 3 . 6 4  3 . 69 2 . 8 1 3 . 9 1  
5 . 80 6 . 7 0  5 . 43 5 . 8 4 4 . 06 
6 . 9 6  9 . 3 2 5 . 8 8 9 . 03 8 . 60 
8 . 2 9 8 . 29 9 . 87 10 . 3 4 1 4 . 1 0 
6 . 4 5 9 . 7 7  6 . 89 1 1 . 08 8 . 8 3 
7 . 07 7 . 3 9 7 . 4 8 7 . 9 8 8 . 09 
5 . 9 1  6 . 06 .4 . 7 9  6 . 7 2  6 . 9 1  
5 . 8 7 5 . 2 4 5 . 2 1 7 . 1 5 7 . 6 7 

7 . 56 6 . 9 4  7 . 8 6 9 . 9 5 8 . 3 4 

6 . 5 1 C  7 . 2 5CD 6 . 43 C  8 . 04D 8 . 1 5 D  

1 . 2 6 1 . 2 8 1 . 29 1 . 29 1 . 29 

1 . 6 6  1 . 6 7 1 . 6 7 1 . 6 7  

�e nt . 

· gni f i c a nt ly (P < 0 .  05 ) di ffe rent 

lgni ficantly ( P  <. 0 . 01 )  di ffe rent 

CIJ CX> 



Ta b l e  6 .  Feed Conve rs i on ( kg/Doz . )  Du ri ng t he Laying Pe riod ( Ex pe riment One ) . 

Trea tment s ( ppm Se and As ) 

Pe riod Corn-Soy Glu c os e - I so l a t e d  Soy Glu cosc-Toru la Yea st 

(wks . )  

0 2 8 8 - 1 5 0 2 8 8 - 8  0 0 . 2  2 8 8 - 8  

24-28 3 . 4 4 2 . 7 2 3 . 7 7 4 . 2 1  6 . 80 5 . 6 0 6 . 5 5 7 . 6 2  7 . 78 9 . 1 7 7 . 1 8 9 . 4 8 1 0 . 9 8 
28-3 2 2 . 1 0 1 . 8 1  2 . 1 7 2 . 06 2 . 9 6 3 . 48 3 . 39 . 3 . 1 1 3 . 40 3 . 6 4 3 . 69 2 . 8 1  3 . 9 1  
3 2 - 3 6  2 . 45 1 .  79 2 . 23 2 . 1 2 3 . 1 6 3 . 66 4 . 1 9 3 . 8 5 5 . 8 0 6 . 70 5 . 43 5 . 8 4 4 . 06 
3 6 - 40 2 . 7 1  2 . 1 5 2 . 76 2 . 3 4 2 . 6 7 2 . 04 2 . 87 2 . 8 1 6 . 9 6  9 . 3 2  5 . 8 8 9 . 03 8 . 60 

40-44 2 . 3 8  1 . 8 5 1 . 89 2 . 0 8 4 . 02 3 . 8 2  4 . 3 7 4 . 6 6 8 . 29 8 . 29 9 . 8 7  1 0 . 3 4 1 4 . 1 0 
44-48 2 . 3 7 2 . 43 2 . 9 4 2 . 2 1 4 . 1 4  5 . 00 5 . 04 4 . 1 5 6 . 45 9 . 7 7 6 . 89 1 1 . 08 8 . 8 3 
48-52 2 . 6 9 2 . 05 2 .  7 1  2 . 4 1 4 . 49 5 . 2 5 4 . 7 2 5 . 4 1 7 . 07 7 . 3 9 7 . '18 7 . 9 8  8 . 09 
5 2- 5 6  2 . 53 2 . 2 8 3 . 04 2 . 03 4 . 4 2 4 . 06 4 . 08 5 . 09 5 . 9 1  6 . 06 .4 . 79 6 . 7 2 6 . 9 1  
56 -60 3 . 1 2 2 . 40 3 . 2 4 2 . 89 5 . 49 4 . 3 1 5 . 48 5 . 8 1  5 . 8 7 5 . 24 5 . 2 1 7 . 1 5 7 . 6 7 
6 0-6 4 3 . 05 2 . 2 9 3 . 1 6 2 . 9 6  6 . 3 9 4 . 3 8 6 . 57 5 . 9 9  7 . 5 6 6 . 9 4  7 . 8 6 9 . 9 5  8 . 3 4  

Ave r . 2 . 6 8A1 2 . 1 8 A  2 . 79A 2 . 53A 4 . 4 5B 4 . 1 6 B 4 . 73 B  4 . 8 5B 6 . 5 1 C  7 . 2 5CD 6 . 43 C  8 . 04D 8 . 1 5 D 

Duncan 52 
1 . 07 1 . 1 3 1 . 1 7  1 . 1 9 1 . 2 2  1 . 23 1 . 2 5 1 . 2 6 1 . 2 8 1 . 29 1 . 29 1 . 29 

Du n c a n  1 3 1 . 42 1 . 48 1 . 5 2 1 . 55 1 . 57 1 . 60 1 . 6 1  1 . 6 3  1 . 6 6  1 . 6 7  1 . 6 7 1 . 6 7  

1
Mea ns fol l owed by unl ike l e t t e rs a re s igni f i c a nt l y  ( P � 0 . 05 )  d i f f e rent . 

2 I nd i c a t e s  Lea s t  Signi f i c ant Ranges ( LSR) of means requ i red t o  be s i gni f ic a nt ly ( P � 0 . 05 )  d i f f e rent 
by Du nc a n ' s t e s t . 

3
rnd i c a t e s  Lea s t Signi ficant Ranges ( LSR) of means requ i re d  t o  be s i gn i f i ca n t l y  ( P � 0 . 01 )  di ffe rent 

by Du nc a n ' s t e s t . 

w co 



both pe riods a nd t re a t ment s we re s i gni f i c a nt l y  d i f f e rent . \Vhe n t h e 

ove ra l l  a v e ra ge i s  obs e rve d i t  a pp e a rs t h a t  the re we re d if f e re nc e s  

among d i e t s bu t n t wi t h i n  a ny g i v e n  d i e t . Th e re d i d  a p pea r t o  b e  a 

s l i ght ( not s i gn i f i ca n t )  i m p r  vement i n  f e e d  c onve rs i on by f e e d i ng 

2 ppm Se a s  s hown i n  the d a t a  f o r  t h e co rn-s oy a nd glu cos e - i s ol at ed 

soy d i e t s . 

Ta b l e  7 s hows t he hen-d a y  egg p rodu c t i on for  t en pe riod s . No t e  

that a s i g ni f i c a n t  ( P < 0 . 0 1 )  re s ponse wa s obt a i ne d b y  f e ed i ng 2 ppm 

39 

Se t o  t h e  corn- s oy d i e t . Th i s  d i f f  rencc m s  qu i t o  cons i s t ent t h rou gh ­

ou t a l l pe r i o d s . Eight ppm Se l owe re d e g g  p rodu ct ' on s l ight l y  a nd 

a rseni c comp l e t e l y  ov e rcame t he a dve rs e e f f e c t s  of t h i s  h i gh e r l e v e l 

of s e lenium . 

Hens f e d  2 ppm a dd ed S e  t o  t h e  glucose-is o l a t e d  s oy d i et h a d  

s l ight l y highe r ( not s ign i f i c a n t ) e g g  p rodu c t i on t h a n  t he u nsu pp l e ­

ment e d g roups . Ars enic f a i l e d  t o ove rcome t ox i c  e f fe c t s o f  the 8 

ppm Se i n  the pu ri f i e d d i e t s . The a dd i t i o n  of 0 . 2  ppm S e  t o  t he 

Toru l a  y e a s t  d i e t d i d  not imp rove e gg produ ct i on , howe ve r ,  pe rfo r­

m a n c e  wa s qu i t e  poo r w i th b o t h  of t he pu r i f i e d - t y p e  d i e t s . 

Ave r a ge egg w e i ght s a re l i s t e d  i n  Ta b l e  8 • . The hens f e d  t h e c on­

t ro l  co rn- s oy d i e t  p rodu c e d t he l a rg e s t  eggs . The u ns u p p l em e n t e d  a nd 

8 p pm S e  p l u s  1 5  ppm As d i e t s  f e d  t o  hens a l lowed t hem t o  p rodu c e  the 

56 gm La rge s i z e  eggs s oone r ( 44-48 weeks) t h a n  d i d hens wh i c h  re c e i ve d  

e i t h e r  2 o r  8 ppm S e . Al t h ou gh a 56 g r a m  e gg a v e rage wa s p roduced i n  

l a t e r  pe r i ods by h e ns rec e i v i ng t h e  corn - s oy d i e t  w i t h  h i ghe r s e l e n ium 



Table 7 .  Percent Hen-Day Egg Produ c t i on b y  Fou r -Weck Int erval s  for 40 Weeks (Experiment One) . 

Treatment s ( ppm Se and As ) 

Pe r i od Corn-Soz: Glucose-Isolated Soy Glucos e-To ru l a  Yea s t  
(wk s . )  

0 2 8 8 -1 5 0 2 8 8 -8 0 0 . 2  2 8 8 - 8  

2 4-28 39 . 4 5 47 . 46 3 5 . 09 3 2 . 59 13 . 1 5 1 6 . 00 1 2 . 6 7 1 0 . 9 5 1 6 . 59 1 1 . 50 1 4 . 76 1 1 . 1 9 8 . 96 
28-32 7 5 . 37 77 . 46 67 . 4 1 6 7 . 2 4 3 7 . 8 5 3 5 . 0 5 30 . 89 3 2 . 83 26 . 3 3 2 4 . 1 6  3 2 . 7 0  2 7 . 8 2 3 1 . 9 6 

32 -36 67 , 05 76 . 9 1  6 2 . 9 0 7 0 . 2 1 3 9 . 04 3 2 . 2 5 27 . 55 3 1 . 2 4 27 . G S 2 0 . 6 1 25 . 1 9 23 . 47 2 1 . 3 2 

36-40 6 4 . 00 73 . 6 5 5 5 . 76 6 8 . 26 3 1 . 1 5 3 6 , 8 6 23 . 9 4 2 6 . 42 2 4 . 5 8 1 7 . 1 8 2 5 . 4 5  1 9 . 59 1 6 . 56 

40-44 6 4 . 23 73 . 4 9 58 . 9 5 6 5 . 58 3 1 . 89 3 7 . 09 29 . 28 2 8 . 4 1 1 9 . 93 1 4 . 7 5 1 1 . 5 6 1 2 . 89 7 , 67 

44-48 6 4 . 6 9 70 . 1 0 6 1 . 49 6 2 . 1 3 29 . 3 9  3 0 , 01 26 , 3 6 2 4 . 5 6 2 4 . 1 6  1 6 . 19 23 . 1 5 1 5 . 28 1 7 . 89 
48-52 6 0 . 5 7 6 8 . 93 59 . 1 2 6 4 . 89 3 0 . 9 0 26 , 43 2 8 . 53 23 . 8 8 2 5 , 6 0 2 1 . 7 1  2 1 . 1 4 1 9 . 8 7 1 9 , 87 

52-SEj 6 4 , 09 69 , 57 6 1 , 3 4  6 5 , 1 7 3 2 . 59 37 , 8 6 3 3 . 3 4 2 4 . 07 29 . 6 9 26 . 26 3 4 . 28 2 2 . 55 22 . 6 1 

56-60 57 . 6 6 68 , 77 60 . 9 6 6 0 . 22 26 . 88 3 5 . 71 2 5 . 6 5 23 , 1 4 29 . 9 7  3 0 . 26 3 0 . 5 5  2 1 , 3 5  2 1 . 17 
60-6 4 55 . 07 69 . 35 57 . 29 54 .71  19 . 3 2  32 . 22 1 7 . 3 4 19 . 7 6  23 . 5 1 21 . 7 4 17 , 68 1 4 . 79 19 . 23 

Ave r .  6 1 . 22 El 69 . 57 F  58 . 03 E  6 1 . lOE 29 . 2 1CD 3 l , 95D 25 . 56BC 2 4 . 53BC 24 . SOBC 20 . 44AB 23 . 6 5AB 1 8 . 8 8A 18 . 72A 

Du nc a n  s2 3 . 80 4 . 00 4 . 1 4 4 . 23 4 . 3 1  4 . 3 7 4 . 42 4 . 46 4 . 50 4 . 53 <; . 56 4 . 58 

Duncan 13 5 . 03 5 . 23 . 5 . 40 5 . 5 1 5 . 57 5 . 6 6  5 . 7 1 5 . 76 5 . 8 2 5 , 86 5 , 9 0  5 . 93 

lM�a ns followed by unl ik e  l etters a re s igni f icant ly ( P < 0 . 05 )  d i f ! e rent . 

2 I ndi c a t e s  Least S i gnificant Ranges (LSR) of means requ i red to be s i gn i f i cant l y  (P' 0 . 0 5 ) di f f e rent by Du nca n ' s  t e s t . 

3 Indica t es Least Signi f i cant Ranges (LSR) of mea ns requ i red to be s i gnif icant ly (P <0 . 01 )  di f fe re nt by Du ncan ' s  test , � 



Ta b l e  8 .  Egg We i ght (Grams ) by Four-Week Int e rva ls for 40 Weeks ( Ex pe riment One ) . 

Tre a tments (ppm Se a nd As ) 

Pe t" i od Corn-Sor Glu c os e - I s ol a t ed Soy Glu c o s e -To ru l a  Ye a s t  
(wks . )  

0 2 8 8 -1 5 0 2 8 8-8 0 0 . 2  2 8 8-8 

24-28 49 . 1 3  47 . 8 0 46 . 60 47 , 50 41 . 9 7  42 . 60 4 1 . 4 4 42 . 4 7 47 . 6 1 4 5 , 8 2 43 . 8 0 4 2 . 6 5 4 3 . 20 

28- 3 2 5 1 . 23 50 . 07 49 . 93 49 , 47 47 . 2 3 46 . 20 43 . 83 4 4 . 2 7 47 . 6 5 46 . 43 45 . 8 0 44 . 9 0  · 45 . 03 
3 2 - 3 6  53 . 7 3 52 . 83 52 , 27 53 . 23 49 . 3 0 49 . 50 48 . 53 48 . 1 0 4 8 . 8 2 4 9 . 07 49 . 3 3 47 . 67 47 . 69 
36 -40 5 4 . 6 0 53 . 9 0 52 . 33 5 4 . 1 7  50 . 5 6 50 . 8 0 46 . 97 48 . 1 6 49 , 67 49 . 28 48 . 3 0 46 . 3 1 47 . 49 
40-44 . 5 4 . 83 5 5 . 9 3 5 4 . 1 0 5 5 . 33 50 . 8 3 5 1 . 77 49 . 1 4 5 2 . 6 5 49 . 1 5 5 1 . 1 2 48 . 2 1 48 . 7 7 47 . 4 2  
44- 48 57 . 13 55 , 00 5 4 . 3 0 56 . 1 3 51 . 7 5 53 . 6 7 50 . 3 2 51 . 9 0  50 , 1 3 5 0 . 1 0 5 0 . 27 49 , 9 7 5 0 . 33 
48-52 . 57 . 9 7 57 , 07 5 5 . 98 57 . 57 5 2 . 2 6 5 3 , 00 52 , 38 5 1 . 80 53 , 0 1 5 2 . 6 1 5 1 . 00 5 0 . 7 0 51 . 1 1 
52 -56 5 8 . 87 56 . 4 3 56 . 37 58 . 8 0 53 . 6 3 5 4 . 47 5 2 , 9 4 53 . 3 8 5 3 . 27 5 1 . 6 9 50 . 7 7 5 1 . 20 '19 . 7 0  
56- 60 59 . 43 56 . 07 56 . 77 58 . 07 52 . 7 4 53 . 8 3 5 2 . 87 5 1 . 9 4 5 2 . 59 53 . 9 0  5 0 , 89 5 1 . 6 5 49 . 59 
60- 6 4 58 . 67 56 . 17 57 . 23 58 . 97 51 . 7 1 53 . 6 4 5 1 . 8 4 5 0 . 2 2  5 1 . 83 5 4 . 2 2 5 1 . 56 49 . 33 49 . 98 

Ave r .  55 . 5601 5 4 . 1 3 EF 53 . 59 E  5 4 . 9 2FG 50 . 2 0BCD 5 0 . 9 5 D  49 . 03AB 49 . 49ABC 5 0 , 37BCD 50 . 42CD 48 , 99AB 48 . 3 2A 48 . 1 8 A  

Du ncan 52 0 . 90 0 . 9 5 0 . 9 8  1 . 00 1 . 0 2  1 . 03 1 . 0 5  1 . 06 l . 06 1 . 07 1 . 08 l . 08 

Du ncan 1 3 
1 . 1 9  1 . 24 l . 28 1 . 3 0  l . 3 2 l . 3 4 l . 3 5 l . 3 6 l . 3 8 1 , 39 1 . 40 1 . 40 

lMeans fol l owed by unl ike l e t t ers a re s i gn i f i c a n t l y  ( P < 0 . 0 5 )  d i f f e rent . 
2

I nd i c a t e s  Le n s t  S i gni f i c ant Ra nges (LSR) of means requ i red to be s i gn i f i ca nt l y  ( P < 0 . 05)  d i f f e rent by .Du ncnn ' s test . 
3 

Ind i c o t os t.ioast Si�ni f ic a nt ��nges (LSR) of means requ i red t o  be s i sni f i c antl1 ( P < O . Ol ) di ffe rent by Du ncan ' s  t es t , • 
.... 
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l eve l s , t he re we re many s ma l l e r  e ggs p rodu c e d  w h i c h  wou l d  not be La rge 

Gra de A eggs . Thi s wou l d  be u ndes i ra b l e  f rom a c omme rc i a l  po i nt o f  

view . Note t ha t e g g  s i z e  d e c re a s e d  a s  s e l e n i u m  l ev e l s  i n c re a s e d . A 

s igni f i c a nt ( P <  0 . 0 1 )  redu c t i on oc cu rre d  wi t h  8 ppm Se in a l l  t h re e  

diet s .  Two p pm a d d e d Se re du c e d e gg s iz e s i gn i f i c a nt l y  ( P <  0 . 01 )  i n  

t he co r n - s oy . A l eve l a s  h i gh a s  2 ppm s e l eniu m  i s  p robab l y t o  h i gh 

t o  a l l ow f o r  opt i mu m  e gg s i z e . 

Ta b l e  9 l i s t s i nt e ri o r  e g g  qu a l i t y  measu red a s  Hau gh Un i t s . T h e re 

wa s a g e nera l  d e c l i ne in i n t e ri o r e gg qu a l i t y as the hens g rew o l d e r . 

Pe rhaps t h i s  i s  i nvol ved wi t h  a l a rge r e gg s i z e  a n d a t e nde ncy f o r  

more t h i n a l bume n  p r odu c t i on . Hen s f e d p ra ct i c a l  d ie t s  a l s o  t e nd e d  

t o  ha ve l owe r Hau gh Unit v a lu e s t h a n  t ho s e  f e d  t he pu ri f i ed t y pe 

die t s . Aga i n  t h i s  d i f fe rence i s  p roba b l y  du e to e g g  s i z e  d i f f e re n c e s  

and a l s o t o  t h e l owe r ra te of p rodu c t i o n  w i t h  pu r i f i e d  d i e t s . No 

ex p l a na t i on c a n  be g i v e n  f o r  t he s i gn i f i ca nt l y ( P �  0 . 0 1 )  imp rov e d  i n­

teri o r  qua l i ty of eggs f rom hens f e d  t he 8 ppm Se a nd 1 5  ppm As . Th e 

h i ghe r a v e ra g e va lu es l i s t e d  f o r  t he rema i n i ng t re a tment s  a re p rob a b l y  

du e t o  sma l l e r egg s i z e . 

Ta b l e  10 s h ows egg s he l l  t h i ckne s s  va l u e s  i n  m i l l i m e t e rs X 1 0 2 . 

The re appe a rs t o  b e  no adve rs e  e f f ec t s  o f  s e l e n iu m  o r  a rs e n i c a dd i t i on 

on s he i 1 t h i ckne s s . Th e re wa s a s l ight ly t h i cker ( not s ign i f i ca nt ) 

a v e ra g e  s he l l  t h i ck ne s s  p ro du c e d  wh e n 2 ppm Se wa s added i n  e a ch o f  th e  

two pu r i f i e d  d i et s . 

The g l u c o s e - i s o l a t e d s oy f e d  h e ns p ro du c e d  eggs t h a t  ha d s i g n i f i ­

cant l y  ( P < 0 . 01 )  t h i nner s h e l l s . Pe rhaps t h i s i s  cha ra c t e r i s t i c o f  a 
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Table 9 .  Int e ri o r  Egg Qu a l it! (Haugh Un i t s ) b� Fou r-Week I nt e rv a l s  f o r  40 Weeks ( Ex pe riment One ) . 

Trea tment s (ppm Se a nd As ) 

Pe riod Corn-Soy Glu cose- I s ol ated S oy Glucos e -To ru la Yea s t  
(wks . )  

0 2 8 8 - 1 5  0 2 8 8-8 0 0 . 2 2 8 8 -8 
2 4 -28 82 . 05 80 . 83 8 1 . 3 7 8 4 . 05 85 . 45 87 . 57 85 . l l 8 6 . 23 8 5 . 8 3 8 2 , 8 1 8 3 . 3 5  83 . 1 9 8 6 . 8 0 
28- 3 2  83 . 7 7 80 . 03 80 . 03 83 . 1 0 83 . 6 3 83 . 4 0 85 . 1 3 87 , 1 0 86 . 50 8 5 , 6 3 8 3 . 7 7 8 5 . 20 8 5 . 70 
3 2 -3 6 7 7 . 1 7 77 . 1 3 77 . 6 3 8 1 . 23 8 2 . 6 0 8 1 , 7 0 8 4 . 73 8 5 . 70 8 4 . 57 87 . 8 0 83 , 1 3 83 . 2 0 8 3 . 1 9 

36-40 67 , 1 7  68 , 3 7 6 5 . 9 4 7 3 . 40 7 5 . 3 8 75 . 07 78 . 1 4 8 0 . 53 7 6 . 9 7 77 . 7 0 78 . 3 7 7 7 . 96 7 8 . 68 
40-44 73 . 57 7 2 . 3 0  7 1 . 93 77 . 6 0 78 . 1 0 7 9 . 9 3 8 2 . 2 4 79 . 6 3 8 0 . 9 7 77 . 0 2  8 1 . 4 5 7 7 , 9 4 8 0 . 1 0 

44-48 69 . 47 70 . 23 69 . 23 75 . 10 7 8 , 0 6 76 . 7 3 83 . 0 4 8 4 . 25 83 . 3 6 8 1 . 45 8 2 . 33 8 3 . 1 2  8 5 , 57 
48- 52. 6 4 . 07 7 0 , 07 6 5 . 7 5 75 , 40 7 5 . 40 76 , 40 80 , 4 4 79 . 3 8  80 . 57 S0 . 0 4 80 . 1 0 77 . 6 3 8 1 . 7 5 
52 - 56 63 . 00 66 . 7 0  6 5 . 1 7 69 , 7 0 70 . 83 7 1 . 83 7 8 . 7 7 7 4 . 89 7 6 . 27 7 6 , 29 7 6 . 7 7  7 5 . 90 7 6 . 07 
56-60 7 1 . 37 7 5 . 43 7 1 . 9 0  77 . 03 77 . 60 80 . 67 8 0 . 9 2 8 4 . 43 8 2 , 7 1 8 1 . 73 8 2 . 3 6 8 2 , 8 2 8 3 . 06 
60� 6 4  68 . 67 69 . 53 6 7 , 7 0 73 . 73 7 6 , 63 79 , 9 1  83 . 29 8 1 . 44 8 1 . 8 2 8 1 . 6 8 8 1 . 7 0 83 , 3 5 8 3 . 42 

Ave r .  7 2 , 03A1 7 3 . 06A 7 l , 67A 77 . 0 4B 78 . 37B 7 9 , 3 2BC 8 2 . l S D  82 . 36D 8 1 . 9 6 CD 8 1 . 2 2CD 8 1 . 33CD 8 1 , 03CD 8 2 .  43 0 

Du n c a n  52 l . 84 1 . 9 4  2 . 00 2 . 05 2 . 09 2 . 11 2 . 1 4 2 . 1 6  2 . 1 8  2 . 1 9  2 . 20 2 . 2 2 

� mean 13 2 . 43 2 . 53 2 . 6 1  2 . 66 2 , 70 2 . 74 2 , 7 6  2 . 79 2 . 82 2 . 83 2 . 85 2 . 87 

1 Mea ns fol l owed by u nl ike l e t t e rs a re s i gni f i ca nt ly ( P  <. O .  OS ) d i f f e rent . 

2 Ind i c a t e s  Le a s t  S i gn i f i cant Ranges (LSR) of means requ i red to be s i gn i f i cantly (P( 0 . 05 )  d i f f e re nt by IAt nca n ' s  t e s t . 

3 tndicatee Least Signi f i cant Ra nges (LSR) of means requ i red to be s i gn i f i ca nt l y  ( P ( O . Ol )  d i f f e rent by n.incan ' s  t e s t . 
t 



Tab l e  1 0 . Egg She l l Th i ck ne s s  ( 1 0  2 mm) by Fou r-Week Int e rva l s  f o r  40 Weeks ( Ex p e r i ment One ) . 

Treatments (ppm Se and As ) 

Pe ri od Corn-Soy Glu c os e - I s o l a t e d  So� Glu c o s e -To ru l a  Ye a s t  
(wks . )  

0 2 8 8 - 1 5  0 2 8 8-8 0 0 . 2  2 8 8-8 

2;4-28 3 9 . 53 38 . 1 3 3 8 . 7 3 3 8 . 9 0 3 2 . 1 0 3 1 . 7 0  3 2 . 1 0 3 2 . 1 7 3 8 . 3 7 3 8 , 07 3 7 . 03 3 7 . 3 3 3 7 . 20 

28-32 36 . 80 37 . 80 3 8 . 07 3 8 . 03 3 3 . 1 7  3 4 . 6 0 33 . 6 0 3 3 . 1 7 37 . 00 3 6 . 03 36 . 23 3 8 . 03 3 7 . 23 
3 2 -3 6 3 7 . 47 37 . 47 3 8 . 43 3 8 . 8 0 3 4 . 07 3 4 . 10 3 3 . 3 7 3 3 . 8 7 4 0 . 3 0  39 . 40 3 8 . 90 3 6 . 80 3 7 . 20 

36-40 3 8 . 07 3 5 . 03 3 6 . 37 3 6 . 73 3 2 . 30 3 3 . 27 3 3 . 3 7 3 0 . 73 3 6 . 7 7 37 . 7 0 40 . 03 3 8 . 43 3 6 . 8 7 
40-44 38 . 40 3 8 . 67 3 9 . 03 3 7 . 87 33 . 83 3 7 . 47 3 4 . 20 3 6 . 7 0 3 9 . 67 3 8 . 67 42 . 27 39 . 9 0 40 . 60 

4 4 - 1i 3 8 . 47 37 . 7 3  3 8 . 1 3 3 8 . 57 3 2 . 30 3 4 . 87 3 5 . 27 3 6 . 1 7 40 . 9 7 3 9 . 1 0 40 . 9 0  3 9 . 9 7  3 9 . 7 0 

48-52 3 7 . 9 7 3 6 . 00 3 6 . 1 7 3 7 . 3 7 3 0 . 9 3 33 . 3 7 3 2 . 63 3 3 . 47 3 9 . 43 3 7 . 9 0 3 9 . 1 0  38 . 10 3 8 . 1 3 

52-513 3 6 . 60 3 5 . 03 3 4 .  7 3  3 6 . 07 29 . 00 3 0 . 03 3 1 . 67 3 3 . 1 7 3 5 . 1 0 3 5 . 50 3 5 . 03 3 7 . 1 3 3 5 . 6 7 

56-60 36 . 97 35 . 83 3 6 . 50 37 . 03 3 1 . 1 0 3 1 . 63 3 2 . 1 0 3 1 . 40 3 4 .  70 3 6 . 27 3 4 . 83 3 5 . 40 3 7 . 83 

60-64 3 5 . 40 32 . 83 3 3 . 9 0  3 7 . 83 28 . 40 29 . 57 27 . 40 28 . 47 33 . 17 3 5 . 83 3 5 . 8 3 3 3 . 97 33 . 77 

Ave r .  3 7 . 57Bl 3 6 . 45B 3 7 . 0l B 3 7 . 72B 3 1 . 72A 3 3 . 0GA 3 2 . 57A 3 2 . 93A 3 7 . SSB 3 7 . 45B 3 8 . 02B 3 7 . 5 4B 3 7 0 42B 

Duncan s
2 1 . 41 1 . 49 1 . 5 4 l . 57 1 . 6 1 l . 63 1 . 6 5  1 . 68 1 . 70 1 . 7 1  1 .  7 l  l . 7 2  

Du nc a n  13 1 . 86 1 . 9 4 1 . 99 2 . 03 2 . 06 2 . os 2 . 1 1 2 . 13 2 . 1 4 2 . 1 6 2 . 17 2 . 19 

lMean s followed by unl ike let t e rs a re s igni f i ca nt l y  ( P < 0 . 05 )  d i ffe rent . 

2 Indicates Least Signif icant Ra nges (I.SR) of means requ i re d  to be s i gn i f i c ant ly ( P < 0 . 05 )  d i fferent by Duncan ' s  t e st . 

3 
• . I ndicate• Least S i &'U i f i c a nt Range• (LSR) of moans requ i red to be s i �n i f icantly (P < 0 . 01)  d i fferent by Duncan ' s  test . � 
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diet cont a i ning i s o l a t ed soy p rot e in or c a l c ium · and v it am i n  n3 l eve l s  

were not a dequ a t e . 

Pe rcent mort a l i t y  f o r  t he g rowing a nd lay ing peri ods of Expe riment 

One is shown i n  Table 1 L The ra t he r  high mort a l i ty expe r ienced w i t h  

both of t he pu ri f i ed type diets  (but espec i a l ly t h e  glucose- i s ol a t e d  

soy)  wa s due in pa rt t o  a d i s e a s e  condit i on c a lled Thru s h  or Cand i d i a ­

sis . Add i t i on o f  a m·o ld i nh ib i t o r  (Nys t a t i n) pa rt l y  a l leviated the 

problem . Nys t a t in wa s i nc lu ded i n  the pu ri fied diets a t  6 5  mg pe r 

kg of diet for the rema i nde r of the ex pe riment . Thi s  d rug i s  u s e d  

t o  prevent c rop rnycos i s  a nd mycot ic dia rrhea . 

The a dd i t i on of 2 ppm Se t o  t he diets resu lted i n  the l owest 

morta l i t y  of a ny of the t reatments . When selenium wa s i nc re a s e d  t o  8 

ppm mort a l i ty i nc rea sed i n  mos t i ns t ances . Arsenic only p a rt i a l ly 

count e racted  t he t ox i c  e f fect s of 8 ppm sel enium . Howeve r ,  a rsenic 

included with 8 ppm sel enium i n  the corn-soy diet seemed qui t e  

effect ive i n  redu c ing t ox i c  e ffec t s  o f  the sel enium du ring t he l a y­

ing peri od . Perhaps a ddit i ons of 2 ppm or less of selenium may exe rt 

a benef i c i a l  effect which resul t s  in l owe r mort a'l i t y . 

Eggs we re incuba t ed a t  fou r  i nt e rva l s  du ring Expe riment One t o  

study fert i l ity and batcha b i l i t y  a nd t o  obt a i n  chicks for progeny 

studies . Resu l t s  a re summa rized in Table  1 2 . The va lues inc lude t he 

tot a l  numbe r of eggs u s e d  f rom a l l  fou r  ha t ches . Fert i l i t y  wa s not 

recorded for the f i rs t  hat c h  so one of t he hatchab i l i t y  rows rep re s e nt s  

the percent of eggs ba t ched f or t h ree i ndividua l hatches whe re 



Table 1 1 . Pe rcent Mort a l i t y Du r ing t he Growing a nd La y i ng Pe r i o d s  o f  
Expe riment One . 

Growing Pe riod ( 0-24 week s ) 

Di t Type 
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T re a t me nt Corn-Soy Glu c os e - I s ol a t  d Soy Glu c o s e -To ru l a  Ye a s t  

Ba s a l 5 . 4  (3/55)
1 17 . 3  ( 9 /52 ) 27 . 3  ( 1 5/55 )  

0 . 2  ppm Se - - - - - - - - - - - - 22 . 6  ( 1 2/53 ) 

2 . 0 ppm Se o . o  ( 0/56 ) 9 . 8 ( 6 /6 1 ) 18 . 3  ( 1 1 /60 ) 

8 . 0  ppm S e  o . o  ( 0/55 )  20 . 0  ( 1 0/50 )  3 1 . 5  ( 1 7/5 4 )  
8 . 0 ppm Se + 

As2 7 . 0  ( 4/57 ) 1 7 . 6  ( 9 /5 1 ) 30. 3  ( 20/66 ) 

Laying Pe ri od ( 24-6 4  we ek s )  

Ba sa l 1 7 . 8  ( 9 /45 ) 56 . 8  ( 25 /4 4 )  2 5 . 7  ( 9 /3 5 )  
0 . 2  ppm Se - -· - - - - - - - - - - 27 . 9 ( 1 2/43 ) 
2 . 0  ppm Se 1 5 . 6  ( 7/45 ) 5 1 . 1  ( 23 /45 ) 20 . 0  ( 9 /4 5 )  
8 . 0  ppm Se 46 . 7  ( 21 /15 ) 60 . 0  ( 27/45 ) 8 . 6  ( 8 /40 ) 
8 . 0  ppm Se + 

As 2 28 . 9 ( 13 /45 ) 57 . 1  ( 2 4/42 ) 28 . 9  ( 1 3 /45 ) 

1
Indic a t e s  numbe r of b i rd s  whi ch d i et ou t of s t a rt i ng numb e r .  

2
Ars e n i c a t  1 5  ppm i n  f i rs t  c o lumn , 8 ppm i n  the ot he rs . 

fe rt i l i t y  wa s d et e rm i ned a nd t he othe r  row t he ove ra l l  hat chab i l i ty 

obs e rved i n  a l l  fou r hatche s . Resu l t s  i n d i ca t e  that s e len ium a t  8 

ppm ha s a d rama t ic e f fect o n  ha t ch a b i l i t y  a s  evi d enced by t he poor 

performance obt a i ned . In mos t c a s e s  t h i s  h igh l eve l of sel enium 

wa s t ox i c  t o  t he emb ryo du r i ng l a t e  s t a ge s  ( 20-day embryos ) .  I t  s eems 

that e dema not ed in t he pos t e ri o r  o f  t he neck in the high s e l enium 

t re a tment may be du e t o  a f a c t or wh ich mani fe st s i t s e l f  i n  d i s tu rbed 

flu id b a l a nce . Pe rha ps t he emb ryos deve l oped but fail t o  ha tch becau s e  

o f  e ne rgy depl et i on o r  ne rve t ransmi s s ion p robl ems which d o  not a l l ow 
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Tabl e  1 2 .  Pe rcent Fe rt i l i t y  a nd Ha t c hab i l i t y  of: ·Eggs f rom Hens Fed 
Va riou s  Leve l s  of S e l e nium a nd Arsenic . 

Tre a t ment ( ppm Se a nd As ) 

Corn-Soy 

0 2 8 8 - 1 5  

80 . 9 ( 225/278 )1 85 . 1  ( 296 /3 48 ) 68 . 8  ( 1 41 /205 ) 85 . 3  ( 2 20/2 5 8 )  

92 . 0 ( 207/22 5 ) 2 93 . 9  ( 278/296 ) 33 . 3  ( 47/1 41 ) 73 . 6  ( 16 2/220)  

91 . 3 ( 253/27 7 ) 3 91 . 8  (390/425 ) 27 . 8  ( 55/198 ) 65 . 3  ( 24 1 /36 9 )  

Glucose- I sola ted Soy 

0 2 8 8-8 
59 . 5  (97 /163 )1 6 1 . 6  ( 16 2/263 ) 56 . 8  (79/139 ) 6 1 . 6  (90/1 46 ) 
79 . 4  (77 /97 ) 2 76 . 5  ( 1 2 4 /1 6 2 ) 5 . 1  ( 4/79 ) 3 1 . 1  ( 28/9 0 )  
82 . 4  ( 1 1 7  /1 42 ) 3 77 . 0  ( 164 /2 13 )  s . o (9/1 13 )  33 . 6  ( 4 1 /1 2 2 )  

Glucos e-Toru l a  Yea s t  
.;,.� . 

0 0 . 2  2 8 8-8 
60 . 5 ( 1 04/1 7 2 )1 59 . 6  ( 130/2 1 8 )  7 1 . 4  ( 13 2 /185 ) 52 . 8  (65/1 23 )  68 . 0  ( 85/1 2 5 )  
88 . 5  (92/1 04 ) 2 92 . 3  ( 1 20/1 3 0 )  89 . 4  ( 1 18/1 3 2 )  49 . 2  (32/6 5 ) 7 5 . 3  ( 64/8 5 )  
90 . 1  ( 1 27 /141 ) 3 93 . 4  ( 1 42/1 52 )  88 . 3  ( 1 43 /162 ) 50 . 0  ( 42/8 4 )  77 . 7  (93/1 2 0 )  

1
values i n  thi s row represent pe rcent o f  t ot a l  eggs set  whi ch we re 
fert ile  in t h ree ha t ches . Pa renthes es i nc lu de number of fert i l e  eggs 
ove r numb e r  set . 

2
Va lu es i n  t h i s  row represent pe rc ent o f  fert i l e  eggs which ha t ched i n  
t h ree ha t ches . Pa rentheses i nc lu d e  number o f  eggs ha tched ove r 
number of  fert i le eggs . 

3
Va lues i n  t h i s  row represent pe rcent of f e rt i l e  eggs wh i ch ha t ched i n  
a l l  fou r  sepa ra t e  ha t ches . Pa rentheses include number of  eggs hat ched 
ove r numbe r  of  f e rt i l e eggs . 



t he emb ryo t o p i p  or b re a k  ope n  t he egg s he l l .  No l a ck o r  d e f o rm i t y  

of ex t rem i t i e s  o r  t he cha ra ct e r i s t i c  "wi ry down " wa s obs e rved a m ong 

dea d  embryos . 

The h i gh l eve l ( 8  ppm ) of s e l en iu m  a ppea red t o  
·
re du c e  f e rt i l i t y . 

Due to the f a c t  t h a t  m a ny of t h e  h e n s  on t h e  h i gh s e l  n ium t re a t ment s 

layed p oo r l y , i t  s e ems pos s ib l e  t h a t  p rob l ems w i t h  t ra i n ing of a rt i ­

ficia l  i n s emi n t i on o c cu r re d . Wi t h  t he s e  d i f f i cu l t i e s  i n  m i nd , one 

whou ld p roba b l y  a t t ac h mo re impo rt a nc e  to t h e  h a t cha b i l i t y  d a t a .  
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S e l en ium i nc lu d e d  i n  t h e  d i e t s a t  2 ppm d ' d  n o t  s e em t o  a dv e r s e l y  

a f fect ha t ch b i l i t y  o f  ggs f rom h ens f e d  t he c o rn - s oy d i e t . Howev e r ,  

when a s im i l a r l eye l o f  s e l en ium wa s fed i n  t h e  pu r i f i e d  d i e t s  t he re 

wa s a t rend t owa rds l owe r h a t c h a b i l i t y  whi c h  wa s fu rthe r e v i de nc e d  

by i nc rea s i ng s e l en iu m t o  8 ppm . Se l en iu m  a t  8 ppm h a d  a pa rt i cu l a r l y  

powe rfu l i n f l u ence on eggs f rom h e n s  f e d  t h e  g lu cos e - i s o l a t ed s o y  d i e t . 

A rs e ni c  onl y  pa rt l y  ove rc a m e  t he t ox i c i t y ob s e rved w i t h  8 ppm S e . Egg 

ha t chab i l i t y  i s , t h e r e f o re , a ra t h e r  s e ns i t i v e  m e a su re of s e l e n i u m  

t ox ic i t y .  Re su l t s  f rom i nd i v i du a l  ha tche s we re qu i t e  cons i s t e nt w i t h  

the ave r a g e s  shown i n  Tab l e  1 2 . 

Ch i c k s  ha t ched f rom s e ve ra l  of  t he f e rt i l i t y-ha t cha b i l i t y  s t u d i e s  

we re u s ed t o  s tu d y  p rogeny p e r f o rm a n c e . From one o f  t h e  f ou r  h a t c h e s , 

c h i cks we re s a ve d  f rom t hos e h ens wh i c h  ha d  re c e ived pu ri f i ed d i e t s  

wi t h  O ,  0 . 2  a nd 2 . 0  ppm s e l e n iu m . Equ a l  numbe rs o f  m ix e d s ex chicks 

ha t ched f rom eggs f rom dams rec e i v i ng e a c h  o f  the d i e t s  we re d i s ­

t ri bu t ed i n t o  fou r rep l i c a t e  grou ps o f  t en c h i ck s . Th e c h i cks we re 

f e d  t he yea s t -soy c h i ck s t a rt e r  s hown i n  Tab l e  4 .  Va r i ou s  l ow l e ve l s  
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of s e l e n ium ( O ,  0 . 0 5 ,  0 . 1 0 ,  0 . 2 0 a nd 0 . 4 0 ppm ) we re added t o  t he 

s t a rt e r d i e t  i n  o rd e r t o  ob s e rve a ny g rowt h r e s ponse f rom s e l enium 

s u p p l emen t a t i on t o  a r e l a t i ve l y l ow s e l e niu m d i e t  ( 0 . 06 ppm ) . A f t e r  

f ou r  we ek s ,  t h e  f ou r  repl icat e s  o f  ch i ck s a v e raged 1 6 6 , 1 7 1 , 1 8 2 , 1 7 5 

a nd 1 8 4  gra m s  for t he re s pec t i ve a dded s e l e n i u m  l e v e l s  o f  O ,  0 . 0 5 ,  

o . Ol ,  0 . 20 a n d  0 . 40 ppm . The d i f f e re nces m a y  i nd i c a t e  a t re nd t owa rd 

imp roved grow t h  w i t h  l ow l e v e l  su ppl cmcnt n t i  n bu t one s h ou d re c a l l  

t h a t  t h e s e  we re m i x e d  sex c h i ck s  h n t c he d  f rom dams re ce i v i n g va r y i n g  

leve l s o f  s e l en ium i n  t he i r  d i et s . 

I n  a l a t e r  s t u dy c h i cks wh i c h  we re ha t ched in a f e rt i l i t y -h a t c h ­

a b i l i t y  s t u d y  we re· f e d  t he s a m e  s t a rt e r  d i et ( T a b l e  4) s u p p l emented 

wi t h 0 ,  0 . 0 5 a nd 0 . 10 ppm Se . Ag ' n , t he s e  we re mixed s ex c h i. cks 

ha t c h e d  f rom dams r e c e i v i ng t he d i f fe rent vu ri f i e d diet t re at me nt s . 

The c h i c k s  we r e  equ a l l y d i s t r i bu t e d  i nt o  re p l i c a t e grou p s  for t he 

d ie t a ry t re a t m e nt s . At t h e  e nd o f  t wo weeks t he f ou r  repl i ca t e  grou p s  

of e i gh t  ch i ck s  a v e ra ged 9 1 , 9 1 , a nd 9 1  g r a m s  f o r  t he O ,  0 . 05 a nd 

0 . 1 0 ppm s e l enium t re a t m e nt s . Af t e r  f ou r  we eks t he chi cks a ve raged 

1 8 5 , 203 a n d  203 grams f or t h e  respe c t i ve t re a t ment s . I t  a p pe a rs 

t ha t  i n  o rd e r  t o  me a su re a g rowt h  re s ponse t o  a dded d i et a ry s e l e ni u m  

it  wou l d  be des i rab l e  t o  u s e  a ba s a l  d i e t  ex t reme l y  l ow in s e l e n ium a nd 

v i t a m i n E . One wou l d  wa n t  t o  u s e chicks of t he s ame s ex a nd f rom d a m s  

re c e i v i ng t he s a m e  d i e t . 

Ch i ck s  t ha t  h a tched f rom e g g s  ob t a i ned f rom hens re c e i v i ng t he 

corn-soy d i e t s  we re not u s e d t o  s t u d y  e f fe c t s  of l ow l e v e l s e l en i u m  

suppleme n t a t ion . Thes e chi ck s we r e  f e d  t he ye a s t - s oy c h i ck s t a rt e r  
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(Ta ble 4 )  wi t hou t a dd i t i ona l s e lenium t o  obse rve any ca rry -ove r e f fe c t s 

f rom t he i r d a m ' s  d i et a ry t re a t me nt s . I n  the f i rs t  study f ou r  rep l i ­

cates o f  t en c h i ck s  we re obt a ined f rom e a ch of t h e  fou r hen t rea t men t s . 

Ch ick body w i ght s  a ft e r fou r week s a ve raged 2 1 0 , 208 , 220 , 2 1 1  g ra m s  

re s pcc t iv l y  fo r t h e hen d i et t re a t me nt s  of O,  2 ,  8 ppm Se R nd t he 8 

ppm Se plu s 1 5  ppm a rs e n i c  comb i na t i on .  In a s im i l a r  s e cond s t u dy , 

s ix c h i ck s  we re u s ed i n  e a c h  of fou r re p l i c a t e s  f rom e a ch ma t e rn a l 

t rea t m  nt . Fou r we ek bo y we igh t s  we re 1 8 1 , 1 6 8 , 1 49 a nd 1 8 2  grams 

for the r spect i v e  hen t re a t men t s of O ,  2 ppm , 8 ppm S c  and 8 ppm 

Se plu s 1 5  p pm As . I n  t h e s e  s t u di e s m ix e d  s ex chicks were u s e d  s o 

one s h o  l d  b e  cau t i ou s  i n  mak i ng a ny conc lu s i ons . It s e ems tha t 

the 8 ppm Se d i e t  ha d a d e t ri ment a l  e f fe ct on sub s equ e n t  c h i ck 

performa nc e . No s ub s t a nt i a l re a s on c a n  be  of f e red t o  ex p l a i n  the 

d i fferenc s in fou r week body we i ght between t he two s tu d i es o r  t h e  

d i f f e rence i n  pe r f o rm a nce o f  chi cks f rom dams rec e i ving 8 ppm Se . 

Ti ssu e s  a nd eggs we re a na l ys e d  for s e le nium a t  va r i ou s  i n t e rva l s  

du ring Expe r i me nt s  On e a nd Two . Resu l t s  of these  a na l y s e s  a re p re ­

sent e d  i n  Ta b l e s  13 , 1 4  a nd 1 5 . 

Dat a  t aken f rom Tha pa r et a l . ( 1 9 69 )  a re included i n  t he t a b l e  

for c ompa ra t i ve pu rpos es . Not e  t h a t  in t he pre sent s tu dy , a rs en i c  

inclu d ed i n  the co rn-s oy d i et r e du c e d  l i v e r  sel enium s l ight l y  bu t 

inc re a s ed l i ve r  s e l en iu m i n  each of t he pu r i f ied type d i et s . Thi s  

cont ra s t s  wi t h  t h e  d a t a  o f  Tha pa r whe re t he a rsenic  inc re a s ed l i ve r  

se l en ium i n  t he c o rn - s oy d i et bu t not i n  t he g l u c os e - i s o l a t e d  s oy 



Ta ble 1 3 . Live r S e l e n iu m  of Fou r-We ek Old Ma le  Ch i cks Fed Va ri ou s  

Di t a ry Level s o f  S e l e nium ( Experiment One ) . 

Ty pe of Di et 

Trea tment Corn-Soy Glu cos e - I s o l a t e d Soy Glucos e -To ru l a  Ye a s t  

( ppm Se ) (ppm Se ) (ppm Se ) ( ppm Se ) 

0 0 . 75 ( 0 . 6 3 ) 2 0 . 30 ( 0 . 3 5 ) 2 0 . 29 

0 . 2  0 . 55 

2 . 0  1 . 3 4 ( 0 . 89 ) 1 . 1 1 (0 . 79 )  1 . 01 

8 . 0  2. 90 ( 4 . 69 )  2 . 77 ( 2 . 46 )  3. 60 

8 . 0  + As 1 2 . 55 ( 9 . 4 5 )  3 . 60 ( 2 . 04 )  7 . 1 6 

1Ars n i c  a t  1 5  ppm i n  f i rs t  c o l umn a nd 8 ppm i n  t h e  o t h e r s . 

2 
Da t a  f rom Tha pa r ct � ·  ( 1969 ) whe re s i m i la r d i e t s a nd s e l en iu m  
add i t i ons we re u s ed . 

diet . Li v e r  s e l e n ium a na l y s i s  f rom c h i ck s  on t he ba s a l  d i e t s  for t he 

two s t u d i e s  a g ree qu i t e  we l l ,  a l t hou gh t he c o rn-soy d i e t  u s e d  i n  t he 

pres ent study m a y  h a v e  c ont a i ned s l i ght l y  more s e l e n iu m . 

Ta b l e  14 l i s t s  the va lu e s  ob t a i ned f o r  s e le nium a na l ys i s  o f  t he 

va ri ou s  t i s su e s  t aken at 6 4  weeks of a ge . Onl y  hens re c e i v i ng t h e  

pu ri f i ed d i e t s  w e r e  s a c r i f iced a t  t h i s t i me , s o  the dat a d o e s  not 

include i n f o rma t i on f rom the c o rn -s oy t reatmen t s . Ea ch va lue g i ven 

includes t he average o f  t h ree re pl i ca t es o f  a pooled s ampl e f rom f i ve 

hens . 

5 1  

I n c reas i ng t he d i et a ry s e l enium re su l t e d  in i n c rea s e d  t i s su e  de-

pos i t i on in a l l  c a s es . The ra t e  of i nc rea se wa s not l i ne a r  ( 8  ppm d i d  

not cau s e  f ou r  t i mes t h e  depos i t i on o f  t ha t  encou n t e red wit h 2 ppm ) . 

Liv r a n d  k i dne y we re e s pec i a l l y  h i gp i n  s e l eniu m  compa red t o  t he othe r 



Ta b l e  1 4 . Ef fec t o f  S e l en ium Suppl ement a t i on o �  T� s sue Se l enium 
De pos i t i on ( Expe riment One ) . 

Tre a t me nt 

T i s su e 1 Glu c ose- I s ol a t ed Soy 2 Glu cos e-To ru l a  Yea s t 3 

( ppm S e )  

0 2 8 8-84 

Li v e r  0 . 33 0 . 9 3 2 . 53 2 . 1 2 
Kidney 0 . 37 0 . 9 4  2 . 3 1  1 . 9 8  
Hea rt 0 . 1 6 0 . 3 2 0 . 9 5 0 . 83 
Bre a s t  0 . 09 0 . 1 8 0 . 26 0 . 3 0 
Thigh 0 . 1 1 0 . 1 7 0 . 3 0 0 . 3 2 
Fea the rs 0 . 27 1 . 3 6 3 . 3 2  4 . 9 7 

1 
Va lue given in ppm we t we ight ba s i s . 

2eas a l  diet ·  cont a i ns 0 . 02 ppm s e l enium . 

3
Ba s a l  diet c ont a i ns 0 . 07 ppm s e l e n ium . 

0 

0 . 28 
0 . 40 
0 . 18 
0 . 06 
0 . 10 
0 . 33 

4se l enium a dded a t  8 ppm a nd a rsenic a t  8 ppm . 

(ppm Se ) 

0 . 2 2 8 

0 . 5G 1 . 00 2 . 45 
0 . 7 1 1 . 1 5 2 . 46 
0 . 27 0 . 43 1 . 23 
0 . 1 0 0 . 1 6  0 . 23 
0 . 1 5 0 . 1 8 0 . 30 
0 . 37 1 . 1 1  3 . 42 

5 2 

8 - 84 

2 . 88 
2 . 37 
1 . 05 
0 . 29 
0 . 3 5  
3 . 10 

t i s sues . Ars eni c ha d l i t t l e  e f f e ct on l ive r a nd k i dney s e l enium 

depos i t ion . 

The othe r t i s su e s  showed va ried respons e s  t o  t he a rsenic bu t 

showed i nc re a s e d  s e l enium cont ent a s  the d i e t a ry s e l enium supp l ement s 

were i nc re a s e d . Feathers cont a ined ra ther high leve l s  of s e l en ium . 

Recent l y ,  Jens en ( 1 970 ) reported that d i et a ry a ddit i ons o f  s e l e -

nium dec re a sed l ive r f a t  o f  l a yi ng hens . Det e rm inat i ons of l i ve r  f a t  

o f  hens fed t h e  glucos e - i s ol a t ed s oy d i e t  i n  t h i s  s tudy showed l i ve rs 

cont a ined 2 2 . 8  pe rcent fat on the dry we i ght ba s i s . The s ame d i e t  w i t h  

2 ppm Se a dded p rodu c e d  l i ve rs c ont a i ning 26 . 5  pe rcent fat . Live rs 



5 3  

f rom hens fed t h e  glucos e -To ru l a  yea s t d i e t c o�ta i ne d  2 5 . 7 ,  25 . 3  a nd 

25 . 0 pe rcent fa t f o r  t he O ,  0 . 2  a nd 2 ppm Se t reatment s , res pec t i ve l y . 

Table 1 5 . Ef fect of Di e t a ry Se l enium Su pplement a t i on on Depos i t i on of 
Se l enium i n  Who l e  Eggs ( Expe riment One ) . 

Age of Hens (we eks ) 

Tre a tment 

Di et ( ppm Se ) 3 2  42 52 62 96 104 

Corn- Soy 0 0 . 441 0 . 53 0 . 47 0 . 48 0 . 40 0 . 46 
2 0 . 56 0 . 77 0 . 7 1 0 . 64 0 . 59 0 . 57 
8 1 . 46 1 . 83 1 . 82 1 . 8 6 1 . 70 1 . 50 
8 - 1 5 2 1 . 88 1 . 54 1 . 46 1 . 77 1 . 2 1 1 . 28 

Glucos e-
Isolated Soy 0 0 . 23 0 . 1 3 0 . 1 7 0 . 14 

2 0 . 44 0 . 6 1 0 . 58 0 . 53 
8 1 . 22 1 .  74 1 .  76 1 . 64 
8 -83 1 . 1 4 1 . 3 3  1 . 40 1 . 47 

Glucos e -
Toru la Yea s t  0 0 . 1 5 0 . 13 0 . 1 4 0 . 1 1  

0 . 2  0 . 3 1 0 . 3 8  0 . 40 0 . 28 
2 0 . 59 0 . 5 7  0 . 69 0 . 60 
8 1 . 5 2 1 . 89 1 . 9 6  1 . 99 
8 -8 3 1 . 2 1 1 . 29 1 . 3 4  1 . 56 

1va lues on wet ba s i s  as ppm s e l enium . 

2sel enium at 8 ppm and a rs en i c  a t  1 5 ppm . 

3selenium a t  8 ppm a nd a rs eni c a t  8 ppm . 

The egg s e l enium c ont ent s res ponded t o  dieta ry sup pl ement s of 

selenium . Aga i n  the i n c rea s e  obse rved wa s not a l inea r  re spons e 

becaus e  a l owe r pe rcent a ge o f  s e l enium f rom h igh l evels wa s depos i t e d  

than f rom l owe r l evel s . It i s  of i nt e re s t  t h a t  t h e re wa s more s e l en i u m  



5 4  

depos i t ed i n  the eggs f rom the c orn-soy ba s a r  di�t · than those f rom t he 

glucose-Toru l a  y ea s t  diet  cont a i n i ng the 0 . 2 ppm added s el e nium . In 

mos t  ca ses , a dd i ng 2 ppm to e i t h e r  of the pu ri f i ed diet s resu l t e d  i n  

a selenium l eve l i n  eggs only s l i ght l y  h i ghe r than thos e obs e rved wi t h  

the unsupplement ed corn- soy ba s a l . 

The re wa s no cons i s t ent t e ndency for  egg selenium l eve l s  t o  i n­

c rea s e  wi t h  t ime for  hens rece i v i ng t he corn-soy d i et . It a ppea red 

that a rsenic t ended to i nc re a s e  egg s e l e nium wi th t ime for hens on t he 

two pu ri f i ed d i e t s . The corn-s oy ba s a l  c ont a i ned a n  ave rage o f  0 . 40 

ppm Se , t he glu c os e- i s ol a t ed soy d i et 0 . 07 ppm Se and the glucos e-

Toru la yea s t  diet  0 . 02 ppm s e l enium . - � · 

Expe riment Two 

Hens t ha t  had been fed t he p ra c t ica l t ype corn-soy diet  in Exper­

iment One we re u s ed i n  this s t u dy . Body wei ght s o f  the mea ns o f  the 

three repl i c a t e  g roups of hens on e a ch t reatment a re shown i n  Tab l e  1 6 . 

Level s of s e l enium fed we re the s a me a s  t hos e used in Expe riment One . 

Bens fed the ba s a l  diet  ( O  ppm Se a dded ) we re heavi e s t  t hroughou t t he 

study . Those fed t he s e l e nium-a rs enic comb i na t ion we i ghed nea r l y  t he 

same a s  t he ba s a l  grou p . When 2 ppm Se was fed the re was a s l i ght 

reduct i on i n  body weight as w i t h  t he 8 ppm Se fed groups . Not e  t ha t  

at  7 2 weeks, a l l  hens we i ghed t he l ea s t , whi ch wa s du e t o  t he we i ght 

los s du ring t he forced molt p e riod . 



Ta b l e  1 6 . Body We igh t s  o f  Ye a rl ing Hens (kg ) by. F<?u r 
( Ex p e riment Two ) . 

T rea tment ( ppm Se ) 

Age (we e k s ) 0 2 8 

68 2 . 1 1 2 . 00 1 . 96  

72 1 . 9 4 1 .  78 1 . 83 

76 1 . 85 1 . 85 1 . 85 

80 2 . 1 1 2 . 01 2 . 00 

84 2 . 1 8 2 . 09 2 . 03 

88 2 . 27 2 . 2 1 2 . 1 5 

9 2  2 . 2 4 2 . 17 2 . 16 

96 2 . 27 2 . 1 9 2 . 22 

100 2 . 21 2 . 1 4 2 . 1 5 

104 2 . 22 2 . 1 4 2 . 1 5 

l Ei ght ppm s e l en iu m a nd 1 5  ppm a rs e ni c . · . .  

We ek Int e rva l s  

8-1 51 

2 . 02 

1 .  77 
1 . 8 1 

2 . 00 

2 . 07 

2 . 27 

2 . 19 

2 . 25 

2 . 2 4 

2 . 27 

Mo rt a l i t y  enc ount e re d  i s  s hown in Ta b l e  17 . Va lu e s  enc l os e d  i n  

5 5  

pa renthe s i s  i ndi ca t e  t h e  numbe r  o f  hens l ost ou t of numbe r o f  hens a t  

t he s t a rt o f  Ex pe riment Two . The va lu e s  l i s t ed for 6 4-76 weeks i n c lu d e  

t he mol t pe r i od du ri ng wh i ch t i me one -ha l f  t he t ota l mo rt a l i t y  oc cu r re d  

i n  t h e  ba s a l  and 2 ppm su pp l ement e d  g rou p s . The h i gh e s t  l os s e s  we re i n  

the ba s a l  g rou p . Not e t ha t  s e l enium f e d  a t  2 pp� l owe re d mort a l i t y . 

Howe v e r ,  when s e l enium wa s i nc re a s e d  t o  8 ppm , more of the hens d i ed 

and a rsen ic ha d l i t t l e  e f f ec t  on p rot ect i ng a ga inst t h i s  t ox i c i t y . 

Va lu e s  l i s t ed f o r  2 4- 1 0 4  weeks i n c lu de mort a l i t y  th rou ghou t t he l ay i ng 

pe ri ods of Ex pe riment One a nd Two . 

Hen-day egg p rodu c t i on wa s re corded for seven 2 8 - da y  p e ri ods a f t e r  

t he h ens molt e d . Thi s  i nc l u d e d  t h e  t i me i nt e rva l f rom 7 6 - 1 0 4  weeks o f  



Tab l e  1 7 . Percent Mort a l i t y o f  Y e a r l i n g  Hens ( Exp r i ment Two ) . 

Time Tre a t me nt (ppm Se ) 
I nt e rva l 

( weeks ) 0 2 8 8 - 1 5 1 

6 4-76 1 3 . 5  •( 5 /3 7 )  5 . 3 ( 2/3 8 ) 4 . 2  ( 1 /2 4 ) 6 . 4  ( 2 /3 1 ) 

64 1 0 4  27 . 0  ( 1 0 /3 7 ) 1 0 . 5  ( 4/3 8 ) 1 6 . 7  ( 4/2 4 ) 1 8 . 8  ( 6 /3 2 ) 
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2 4- 1 0 4 40 . 0  ( 1 8 /4 5 ) 2 4 . 5  ( 1 1 /4 5 ) 57 . 8  ( 2 6 / 4 5 ) 4 2 . 2  ( 1 9 /4 5 ) 

l Ei gl t ppm s eleniu m a nd 1 5  ppm a r s en i c . 

age . Re s u l t s a re s h own i n  Ta b l e  1 8 . Ea ch v a lu e  g i v e n  i s  t he a v e r a ge 

f o r  each treatment calculat d f rom t o t a l eggs from a l l  t h ree re pli -

c a t e s  div i de d  by ·t ot a l h e n  days from the three repl i c a tes. 

I t  shou l d be n ot ed t h a t  a s i gn i f i c a nt F t e s t  wa s obtained . for 

pe r i od s . Th i s  wa s due t o  t he l owe r p ro du c t i on du r i ng t he f i rs t  pe r i od . 

Ot her t ha n  during the f i r s t  p e r i od , p rodu c t i on wa s not d i f f e re n t  f rom 

pe r i od to pe r i o d w i t h i n  a ny g i ve n  t re a t m e n t . 

The a ve rage egg w e i gh t s  a re s hown i n  Ta b l e  1 9 . Ea c h  f i gu re i n  

t he t a b l e  rep re s e nt s  the a v era ge of three replicates o f  fort y e ggs. 

Alt hough no s i gni f i c a n t F t es t s were obse rve d , t he eggs f rom t h e  

hens fe d 2 a nd 8 ppm S e  we re consi s t e ntly 1 . 5 t o  2 grams l i gh t e r .  

Pe r i od s  d i d  n o t  d i f f e r  because hens we re fu l l y m a t u re whe n  Ex p e r i m e n t  

Two wa s i n i t i a t e d . 

I n t e r i o r egg qu a l i t y  m e a su re d  by Hau g h  U n i t s  we r e  als o  ob se rved . 

Values l i s t ed in Ta b l e  20 re p re s e n t  t he a v e ra ge of t h re e  re p l i ca t es 



57 

Table 1 8 . Pe rc e n t  Hen-Da y Egg Produ c t i on a nd Ana l ys i s  of Va ri a nc e  
( Expe r i ment Two ) . 

T re a t m ent (ppm Se ) 

Age (we ek s ) 

6 8  

M o  t 
8 0  
8 4  
8 8  
9 2  
9 6  

1 00 

1 0 4  

Ave r a g e  

Sou r c e  

Tre a tment 
Pe r i od 
Bl ock 

T X  P 
T X B 
P X  B 
T X  P X  B 

d f  

3 
6 
2 

1 8  
6 

1 2  
3 6  

0 2 

57 . 6  6 4 . 1  

24 . 6  2 7 . 6  
5 1 . 9  5 5 . 3  
56 . 9  5 3 . 3  

47 . 3  4 7 . 3  
47 . 4  5 2 . 8  
5 1 . 2  5 1 . 4  
48 . o  52 . l  

46 . 7 48 . 6  

Ana l y s i s  o f  

S S  

6 29 . 1 6 
5 5 9 6 . 1 7 
1 549 . 7 5 

3 67 . 3 6 
23 49 . 6 0 

508 . 47 
1 0 44 . 9 4  

1Eight ppm s e l e n i u m  and 1 5  ppm a rsenic 

**s i gn i f i c a nt l y  d i f fe rent at ( P <. 0 . 01 ) . 

8 

47 . 3  

2 4 . 8  
3 9 . 8  
42 . 2  
40 . 8  
40 . 5  
47 . 7  
40 . 6  

39 . 5  

Va r i a nc e  

MS 

209 . 7 2 
9 3 2 . 7 0 
7 7 4 . 8 8 

20 . 41 
3 9 1 . 60 

42 . 3 7 
29 . 03 

8 - 1 51 

49 . 3  

2 4 . 5  
4 6 . 8  
46 . 9  
4 4 . 6  
43 . 9  
49 . 3  
46 . 3  

43 . 2  

F 

0 . 54 
2 2 . 0 1 * *  

0 . 7 0 

o f  t e n  eggs e a ch f o r  e a ch p e r i od . The re wa s a dec rea s e  ( P < 0 . 0 1 )  i n  

i n t e r i o r qua l i t y  a s  t he h e n s  a g ed . Pe rh a p s  t h i s  i s  du e t o  a s l i gh t l y  

l a rge r e gg . S e l e n iu m  or a r s e ni c s howed no ad v e rs e  e f f e c t  on i n t e ri o r  

e g g  qua l i ty . 



Tab l e  19 .  

Age (we eks ) 

8 0 

84 
88 
92 

9 6  
1 00 
1 0 4  

Average 

Sou rce 

Tre a t m e n t  

Pe riod 
Block 

T X  P 
T X B 

p x B 

T X p x B 

Egg s iz e  a nd 

d f  

3 
6 
2 

1 8  
6 

12 
36 

Ana l y s i s  of Va r i a nce ( Expe r t m e n t  Two ) . 

T re a t me n t  ( ppm S e ) 

0 2 8 8 - 1 5  

gm gm gm gm 
6 1 . 3  5 8 . 4 59 . 0  59 . 6  
6 1 . 6  59 . 7  58 . 8  59 . 7  
6 1 . 2 60 . 0  5 9 . 7  6 0 . 3  
6 1 . 0 59 . 5  6 0 . 2  6 0. 7  
6 0. 4 59 . 1  58 . 9  6 0 . 3  
6 1 . 2 59 . 2  59 . 6  6 1 . 7  
61 . 6  59 . 8  59 . 9  6 1 . 8  

6 1 . 0 59 . 4  59 . 4  6 0 . 9  

Ana l y s i s  o f  Va r i a nce 

S S  M S  F 

49 . 4. 6 1 6 . 49 0 . 6 5 
13 . 6 2 2 . 27 1 . 25 
24 . 78 1 2. 39 
1 4 . 02 0. 78 0 . 0 4 

152 . 72 2 5 . 45 

21 . 91 1 . 82 
633 . 78 17 . 60 

Egg s he l l  t h i ck n e s s wa s m e a su red s o  a s  t o  obs e rve a ny i nf lu e nc e  

o f  h i gh l e ve l s  o f  s e l enium o r  a rs e n i c  o n  the e gg she l l  qu a l i t y . The 

va l u e s  s hown on Ta b l e  21 a re a ve r a g e s  of t h re e  re p l i c a t e s  o f  t en eggs 

58 

per t re a tment f o r  e a c h  p e ri od . Th e re wa s a s i gni f i c a nt de c re a s e  ( P < 0 . 0 1 ) 

in she l l  t h i ck ne s s  a s  hens ages . One c ou l d  ex p e c t  t h i s  wa s a no rma l 
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Table 20 . I n t e r i o r  Egg Qu a l i t y . (Haugh U n i t s )  a nd Ana l y s i s  of Va r i a nc e  

( Ex pe ri m ent Two ) . 

T rea tment (ppm Se ) 

Age (we k s ) 0 2 8 8 - 1 5 

80 74 74 7 3  79 
8 4  6 8  7 2  7 1  70 
88 7 6  74 75 78 
92 72 71 70 7 2  
9 6  7 2  7 2  7 1  7 1  

1 0 0  6 7  6 4  6 7  68 
1 0 4  7 1  6 8  71  71  

Ave ra ge 7 1  7 1  7 1  7 3  

Ana l y s i s  of Va ri ance 

Sou rce d f  S S  M S  F 

Tre a tm ent 3 6 1 . 1 4 20 . 38 0 . 3 2 

Pe ri od 6 707 . 50 1 1 7 . 9 2  3 2 . 75**  

Bl ock 2 9 6 . 29 48 . 1 5 

T X  P 1 8  1 2 6 . 3 8 7 . 02 0 . 9 3 

T X B 6 3 2 . 79 63 . 80 

p x B 1 2  43 . 1 9 3 . 6 0 

T X  P X  B 3 6  27 1 . 20 7 . 53 

**
s i gn i f i c a nt l y  di f f e re n t a t  ( P < 0 . 01 ) . 

change a s s oc i a t e d  w i t h  a g i ng . The s he l l s  become thi nne r w i t h  i nc re a s i ng 

b i rd a ge except du r i ng t he l a s t  p e r i od ( 1 00- 104 weeks ) .  Pe rha ps t h i s  

was du e t o  l owe r egg p rodu c t i on du r i ng t he l ast  pe ri od . 

Fee d  c onve rs i on was s l ight l y  i m p roved when 2 ppm S e  wa s a dded . 

Ta b l e  22 ex p re s s e s  fed conv e rs i on a s  k i l ogra m s  of feed p e r  d o z e n  o f  

e g g s  a nd as grams of feed requ i red per g r a m  of egg . The v a lu e s  rep re s e nt 



Ta b l e 2 1 . Egg She l l  Th i ckne s s  (mm X 1 0 2 ) a nd Ana l ys i s  o f  Va r i a nc e  
( Ex pe r i m e nt Two ) . 

Age (wee k s ) 

80 
8 4  
88 
9 2  

9 6  

100 
104 

Ave rage 

Sou rc e 

Treatm ent 
Pe r i od 
Block 
T X P 
T X  B 

P X B 

T X  P X  B 

0 

4 1 . 4  
3 8 . 0  

3 8 . 9  
3 7 . 4 
38 . 4  
3 6 . 3  
3 8 . 8  

3 8 . 4  

d f  

3 
6 

2 

1 8  

6 
1 2  

3 6  

Tre a tment {ppm Se ) 

2 8 

3 7 . 2 38 . 0  
37 . 1 38 . 8  
3 7 . 9 39 . 9 
3 6 . 4 37 . 4  
3 4 . 7  3 7 . 5  
3 3 . 2  39 . 3  
37 . 4  3 9 . 3  

3 6 . 3  3 8 . 1  

Ana lys i s  o f  VR r i a nc e  

SS MS 

4 5 . 79 1 5 . 26 

1 03 . 6 6 1 7 . 28 
8 . 3 3 4 . 1 6  

22 . G 7 1 . 26 
87 . 9 7 1 4 . 6 6 
1 7 . 20 1 . 43 
5 5 . 3 9 1 . 5 4 

* * s i gn i f i c a nt l y d i f f e rent a t  ( P <  0 . 0 1 ) . 

8 - 1 5  

36 . 7  
37 . 5  
38 . 3  
37 . 8  
3 7 . 3 
35 . 6  
39 . 4  

37 . 5  

F 

1 . 03 

1 2 . 08 ** 

0 . 8 2  

a rep l i c a t e  a ve ra ge f o r  a l l  s even p ro du c t i on pe riods . A l t h ou gh l e s s  

f e e d  wa s requ i re d t o  p rodu c e  a doz en eggs when h e ns we re f e d  2 ppm 

6 0  

a dd e d  s e l e nium , t h e eggs we re s l i ght l y  sma l le r  ( s e e Ta b l e  1 9 . ) . Re p l i -

c a t e  C o f  t he g rou p  f e d  8 ppm Se c o nt a i ne d  on l y  s ix h e ns wh i c h  l a y ed 

at  a f a i r l y  good ra t e . The re f o re , t h e 2 . 7 0 k i l ograms of f e e d  requ i r e d  

pe r d oz e n  e g g s  wou l d  p rob a b l y  n o t  b e  rep re s e nt a t ive . A r s e n i c  a ppe a red 

to ov e rc ome t he t ox i c e f f e c t s  o f  f e e� i n g  8 ppm Se as e v i denced by f e e d  

c onve rs i on v a lu e s  s im i l a r t o  t he u ns u p p l cmented t re a t me nt . Du e  t o  
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Tab l e  2 2 . Feed Conve rs i on Expre s s e d  a s  Ki l og ra m s  Feed Pe r Doz e n  Egg s  
a nd Grams of Fe ed Pe r Gram o f  Egg ( Ex pe riment Two ) . 

Tre a tment ( ppm Se ) " 

Met hod Re p l i c a t e  0 2 8 8- 1 5  

Kg/Doz . A 3 . 55 2 . 90 4 . 56 ·2 . 7 0  
B 3 . 89 3 .  7 3 . 93 3 . 6 1  
c 3 . 09 2 . 7 0  2 . 70 4 . 01 

Av e ra ge 3 . 49 2 . 89 3 . 72 3 . 3 7  

Gm Fee d/ 

Gm Egg A 4 . 73 4 . 14 6 . 38 3 . 9 2  
B 5 . 3 5  4 . 44 5 . 45 4 . 98 
c 4 . 30 3 . 72 3 . 84 5 . 26 

Average 4 . 79 4 . 04 5 . 21 4 . 66 

va r i a t ion among re p l i c a t e s  t he s e  t re a tment d i ff e rence we re not s i gn-

i f i c a nt ly di f fe rent f rom one a nothe r .  

Egg s  we re s ampled for whole e gg s e lenium d e t e rm i na t ion a t  96  a nd 

104 weeks . Re su l t s  o f  t h e s e  a na l ys i s were l i st ed in  Ta b l e  1 5  of 

Experim e nt One . Feed i ng s e lenium a t  2 ppm for 104 weeks i nc rea s e d  egg 

selenium only 0 . 1  ppm ove r  t h e  ba sa l d i e t . Ei ght p pm Se e s s e nt i a l l y  

t ripled egg s e l e n iu m  but t h i s  i nc rea s ed depos i t i on wa s l owe red by 

feed i ng a rs e ni c . 

Hens we re i n s e m i na t ed nea r t h e  end of Expe r i ment Two ( 102 week s ) . 

Eggs we re s a ved for i ncu ba t i on s t a rt i ng 48 hou rs post i nsem i na t i on and 

fo r s ix subs equ ent days . Hens were re i nsemina t ed fou r days a f t e r  t he 

f i rs t  i n s e m i na t i on .  Ta b l e  23 s hows the numbe r of eggs obt a ined from 

each rep l i c a t e  a nd the re su l t s  f o r  f e rt i l it y  a nd egg h a t cha b i l i t y . 
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The u nsupplement e d  hens p roduced eggs w�t�_ �h� h ighest f e rt i l i t y . 

The adve rs e e f fect on fert i l i t y  by fe ed i ng 2 ppm Se i n  Expe riment One 

wa s not obs e rved in t h i s  expe riment . There we re no s i gn i fi cant d i f-

fe rences in f e rt i l i ty du e t o  t re a t ment s . 

Egg hat chab i l i t y  wa s not a dve rse l y  a f fected by 2 ppm Se o r  t he 

8 ppm Se plus 1 5  ppm a rs en i c  t re a t ment s . Howeve r ,  8 ppm Se s igni -

ficant l y  ( P  <: 0 . O l) reduced egg ha t chab i l i  t y . Dea d  emb ryos exh i b i t ed 

edema in the pos te rior port ion of the i r  hea d  and neck perha ps du e t o  

the t oxic  t re a t ment e f fect s . 

Table 23 . Ef fect s  of Selenium a nd Ars enic on Pe rcent Egg Fe rt i l i t y  and 
· Pe rcent Ha tcha b i l i t y  ( Experiment Two ) . 

Rep l i ca t e  

A 
B 
c 

Ave ra ge 

Sou rce 

Tot a l  
Treatment 
Bl ock 
Error 

Fe rt i l i t y  

Tre a t ment ( ppm Se ) 

0 

100 . 0  ( 1 6/1 6 ) 1 

89 . 7  ( 26/29 ) 

96 . 7  ( 29 /30 ) 

94 . 7  

2 

67 . 6  ( 25/37 ) 

88 . 2  ( 3 0/3 4 )  

82 . 9  ( 3 4/41 ) 

79 . 5  

-------

s 

86 . 7  ( 1 3/1 5 )  

82 . 4  ( 1 4/17 ) 

7 2 . 7  ( 16/22 ) 

79 . 6  

8-15 

73 . 7  ( 1 4/19 ) 

83 . 3  ( 20/2 4 )  

86 . 4  ( 19 /2 2 ) 

8 1 . 5  

Ana l ys i s  of Va ri a nce 

df SS MS F 

1 1  · gas . 6 2  

3 5 1 0 . 9 1 170 . 30 . 2 . 30 

2 3 2 . 09 16 . 05 0 . 22 

6 443 . 6 2 73 . 9 4  
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Ta ble 23 .  Ef fec t s of S e l en iu m  a nd A rs e n i c  on Pe rce nt Egg Fe rt i l i t y  a nd 
Pe rcent Ha t c ha bi l i t y  ( Expe r iment Two ) . (Con ' t . ) 

Ha t chabi l i t y  

T rea t m ent (p pm Se ) 

Repl ica t e 0 2 8 8- 1 5 

A 81 . 2  ( 1 3 /16 ) 2 78 . 0  ( 1 8 /2 5 )  38 . 5  ( 5/13 ) 78 . 6  ( 4/ 1 4 )  
B 72 . 0 ( 1 8 /2 5 )  80 . 0 ( 2 4/30 )  35 . 7 (5/1 4 )  77 . 8  ( 1 4/18 ) 
c 80 . 0 ( 2�/2 5 )  87 . 9  ( 29 /33 ) 18 . 8  (3 /1 6 )  79 . 0  ( 1 5/19 ) 

: Ave ra ge 77 . 3  80 . 7 30 . 2 78 . 4  

An a l y s i s  o f  Va ri a nce 

Sou rce df SS MS F 
- � --

Tot a l 1 1  5636 . 64 . 
Treatment 3 5303 . 08 1767 . 69 33 . 7 5** 
Block 2 19 . 24 9 . 62 0 . 18 
Error 6 3 1 4 . 3 1 52 . 3 8 

1va lues re pre s ent numbe r  o f  f e rt i l e  eggs ove r number of eggs i ncub a t ed . 

2
va lu es rep re sent numbe r  of chi cks hat ched ove r numb e r  of f e rt i l e  eggs 
t ran s f e rred . 

**
signi f ic a nt l y  di f f e rent a t  ( P (  0 . 01 ) . 

Expe riment Th re e 

Throughou t the p r e s e nt a t i on a nd d i s cu s s i on of re su l t s  of Experiment 

Three the fol l owing s ymbo l s  w i l l be u s ed to ident i fy the va r i ou s  t e rms 

a s  indic a t ed : S ( l ) = Reg i ona l Con t rol s t ra i n , S ( 2 )  = Deka l b  131 s t ra i n ,  

D ( l )  = c o rn-soy di e t , D ( 2 ) = glucos e - i s ol a t e d s oy-To ru l a  yea s t  d i e t , 
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C ( l ) = 3 0 . 5  X 45 . 7 c m  c a ge , C ( 2 ) = 40 . 6 X 45 . �  �m c a ge , E ( l ) = z e ro o r  

2 ppm v i t a m i n  E ,  E ( 2 ) = 1 0  ppm a dd e d  v i t am i n  E ,  L ( l ) = no a dded s e l e­

nium , L ( 2 ) = 0 . 1  ppm a dded s e l en ium , L ( 3 ) = 1 . 0  ppm a dded s e l enium 

and P( l ) - P ( 7 ) a re f ou r  week p rodu c t i on pe r i ods beg
.
inn i ng a t  24 

weeks of a ge t h rou gh 52 weeks . 

The a ve rages f o r  t h e  s even fou r-we ek p roduct ion pe riods a re s hown 

in Tabl e 2 4 . Hen-day · e gg p rodu c t i on f o r  the corn-s oy d i e t s  wa s s i gn­

lficant ly ( P � 0 . 01 ) h i gh e r  than t h a t  obt a i ned wi t h  t he pu ri f i e d  t yp e  

diet . The re we re no s i gni f i c ant d i f fe rences du e t o  v i t a m i n  E ,  l eve l 

of s e lenium o r  cage s i z e . The re wa s a s igni f i c ant S X P int e ra c t i on 

wh ich i nd i c a t es t h a t  one s t ra i n d i d  not cons i s tent l y  p �odu c e  h i ghe r 

than the ot h e r  t h rou ghou t a l l  p e r i ods . Ta b l e  25 l i s t s s i gn i f i c a nt m a i n  

effec ts , int e ra c t i ons a nd ma i n  e f fect means for the ent i re expe r i ment . 

Ave ra ge egg weight s we re s i gni f i c a nt l y  ( P <  0 . 0 1 ) d i f fe rent between 

s t ra i ns a nd a l s o between diet t ypes . De Ka l b  1 3 1  hens p rodu ced h ea v i e r  

eggs than d i d  t h e  Reg i ona l Cont rol s t ra i n t h roughou t  t he ent i re ex pe ri ­

ment . Th i s  wa s t ru e  f o r  bot h d i e t  t ypes . The re appea red t o  be a t rend 

towa rds i nc rea s ed egg we i ght as the l evel of s e l en ium wa s i nc re a s ed 

in t he pu r i f i ed d i e t s  a l t hough the reve rs e  wa s t ru e  for t he corn- s oy 

diet s . Pe rha p s  the h i gh e r  l eve l o f  s e l enium in the c o rn- s oy d i e t s  

(0 . 48 ppm ) p l u s  t h e  a d d i t i ons we re det ri ment a l  t o  t he hens ; whe re a s , 

wi t h  the l owe r s e l enium c ont e nt i n  t h e  pu ri f i ed d i e t  ( 0 . 055 ppm ) t he 

addi t i ons me re l y  p rov i de d  a more opt i mum s e l enium l ev e l  i n  the d i e t . 



Ta b l e  24 , Ave ra ge Hen-Da y  Egg Product ion , Egg We i ght , Body We i ght and Hen-Hou s e d  Mo rt a l i t y  f or 
28 Weeks ( Experiment Three ) .  

Corn-Soy Diet 

0 ppm Vit amin E 

Se (ppm ) 
0 0 . 1 1 . 0 

Hen Da y Egg Product ion ( Pe rcent ) 

St ra in 1 73 . 5  
St ra i n  2 71 . 1  

69 . 1  

70 . 5  

Ave rage Egg We ight (Gm) 

St ra i n  1 53 . 9  
St ra in 2 56 . 7  

53 . 3  
57 . 1  

Ave rage Body We i ght (Kg )  

St ra in 1 
St ra in 2 

1 . 96 2 . 06 
1 . 8 2  1 . 8 1 

69 . 1  
66 . 0  

52 . 2  

56 . 4  

1 . 94 

1 . 74 

Hen-Housed Mort a l ity ( Pe rcent ) 

St ra in 1 1 5 . 6  
St ra in 2 7 . 3  

7 . 3  
1 1 . 5  

9 . 4  
15 . 6  

1 0  ppm Vit amin E 

0 

69 . 4  
70 . 6  

54 . 0  
56 . 2  

1 . 96 
1 . 78 

1 3 . 5  
19 . 8  

Se (ppm ) 
0 . 1  1 . 0 

7 4 . 3  
67 . 8  

53 . 9  
56 . 6  

7 1 . 7  
70 . 6  

52 . 8  
5 5 . 6  

1 . 94 
1 . 73 

1 . 94 
1 . 71 

0 
17 . 7  

3 . 1  
25 . 0  

,.l "' 

Glucose- Isol a t ed Soy-Toru l a  Yea s t  Diet 

2 ppm Vi t am i n  E 

0 

43 . l  
3 6 . 6  

48 . 6  

50 . 8  

1 . 59 
1 . 53 

33 . 3  
1 5 . 6  

Se ( ppm ) 
0 . 1  1 . 0 

43 . 2  

42 . 2  

47 . 9  
52 . 2  

1 . 6 2  
1 . 53 

29 . 2  
40 . 6  

3 8 . 6  

41 . l  

49 . 0  
53 . 9  

1 . 55 
1 . 49 

26 . 0  
2 5 . 0  

1 0  ppm Vi t amin E 

0 

42 . 0  

40 . 5  

48 . 3  
52 . 2  

1 . 6 1  
1 . 48 

28 . 1  
28 . 1  

Se ( ppm ) 
0 . 1  1 . 0 

40 . 2  

3 5 . 1  

48 . 7  
52 . 8  

1 . 55 
1 . 54 

2 4 . 0· 
2 1 . 9  

3 8 . 9  
3 8 . 0  

49 . 0  
52 . 5  

l , (j l 
1 . 57 

27 . 1  
20 . 8  

en (II 



Table 25 . S ign i f i cant Ma i n  Effec t s  a nd I nt e ra ct ions fq r Va riou s  
Pa ramet e rs Measu red f o r  28 Weeks ( Expe riment Th ree ) .  

Pe rce nt Hen-Da y  Egg Product i on 

Sou rce df MS F 

Di et ( D) 1 308996 . 0  772 . 76** 
Pe ri ods ( P) 6 25387 . 56 198 . 86** 
D X  P 6 3842 . 2 4 41 . 91 ** 
St ra i n  (S)  X p 6 1 009 . 67 20 . 97** 

Ave ra ge Egg We i gh t  (gm)  

D 1 6354 . 48 253 . 19 ** 
Vi t amin ( E )  X D 1 1 1 . 26 1 2 . 26 * 
s 1 3 849 . 56 39 . 25** 
D X  S 1 51 . 23 ' 1 1 . 63 * 
Level Se (L) X D 2 1 48 . 83 -� · 1a . 45** 
p 6 27 1 4 . 3 5 923 . 28** 
D X P 6 64 . 77 1 9 . 74** 
D X  S X p 6 7 . 99 2 . 68* 

Ave rage Body We i ght (kg ) 

Cage (C) 1 0 . 66 1 15 . 75** 
E 1 0 . 14 . 1 2 . 99 * 
D 1 3 2 . 32 2249 . 1 3** 
E X  D 1 0 . 22 1 4 . 1 8* 
s 1 6 . 2 5 182 . 2 1 ** 
D X  s 1 l . E?5 42 . 62** 
c x E X  D X  L 2 0 . 49 5 . 50* 
p 6 0 . 33 33 . 23 ** 
D X  p 6 0 . 38 40 . 27** 
c x D X  p 6 0 . 02 2 . 7 1 * 
D X  s x p 6 0 . 02 3 . 49 * 

66 



Table 25 . S ign i f i c a nt Ma i n  Ef f e c t s a nd Int e ra ct ions for Va riou s  
Pa ra met e rs Me a su re d f o r  2 8  We ek s (Ex pe riment Th ree ) .  ( Con ' t . ) 

Hen-Hou s e d  Mo rt a l i t y 

Sou rce df MS 

D 1 1 3903 . 68 

p 6 7468 . 69 
D X  P 6 2272 . 53 

Hen-Da y  Egg Produ ct i on ( Gm }  

D 1 1 1 5 493 . 1 2 

p 6 9 1 00 . 07 
D X  p 6 1 641 . 33 
s x p 6 298 . 36 

Haugh Uni t s  

E 1 6 1 . 12 
D 1 1 3 082 . 47 
s 1 9 47 . 04 
c x D X  S X L 2 39 . 38 
p 6 2032 . 85 
D X  P 6 673 . 28 
s x p 6 39 . 16 
c x s x p 6 1 1 . 1 1 

*
s i gni ficant l y  d i f f e rent a t  ( P <. 0 . 05 ) . 

**
sign i f i c a nt l y  d i f fe rent a t  ( P  <. 0 . 01 ) . 

F 

1 9 . 83 *  
63 . 1 4** 
28 . 7 2** 

1 49 1 . 06 ** 
260 . 44** 

66 . 68** 
2 1 . 93** 

... � lo 

24 . 3 4* 
1 28 2 . 69 ** 

1 23 . 06 ** 
5 . 17* 

279 . 96 ** 
103 . 25** 

10 . 92** 
3 . 88 *  

67 
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A signi f i c a nt ( P  � 0 . 05 )  E X D i nt e ra ct i on indi cated tha t  v i tam i n E d i d 

not affect egg weight simi larily f o r both d i e t s . It a p p e a red t h a t 

vitamin E a t  1 0  ppm wa s d e s i ra b l e  i n  t he pu ri f i e d  d i e t  bu t of no 

advant a ge i n  t he corn-soy d i e t . The s i gni f i cant ( P ' 0 . 05 )  D X  S 

inte raction i ndicated that b ot h  s t ra i n s  d i d  not pe r f o rm the s a m e  on 

each re s pec t i ve di et . Likewi s e , the significant ( P � 0 . 05 )  D X  L 

int e ract i on i nd i c a t ed that inc rea s i ng level s  of s e l e n iu m  d i d  not g i v e  

a s im i l a r  re s pons e w i th bot h diet s . 

A s i gn i f i ca nt ( P � 0 . 01 )  d i f f e rence i n  egg weight wa s obta i n ed f o r  

pe ri ods . Th i s  c ou l d be expe c t e d  b e c a u s e  hens t end t o  l a y  heav i e r eggs 

as t hey get o l de r .  A s igni f i c a nt D X P interaction i nd i c a ted t h a t 

t he re wa s not the s ame di f f e re nce i n  egg s i z e  t hroughout the ent i re 

ex pe r i m e nt . 

Ca ge s i z e h a d  a s igni f i c ant ( P � 0 . 01 )  e f fe c t  on body we i ght s o f  

t h e  hens . Th o s e  hens in C ( l )  ave ra g e d  1 . 73 kg a nd thos e in t he l a rge r  

C ( 2 )  cages 1 . 68 k g . Vi tamin E had a s i gni f i c a nt ( P L 0 . 05 )  effect on 

body we i ght wi t h  t hos e fed E ( l )  averaging 1 . 72  kg compared to 1 . 70 kg 

for E ( 2 ) . Di et s a l s o  p roduced s ign i f i c a nt l y ( P � 0 . 01 )  dif fere nt b ody 

we ight s  w i t h  t h e  c o rn-soy hens ave raging 3 1 0  grams more t ha n  t h o s e f e d  

t h e  pu r i f i e d d i e t . 

S t ra i n s  also di f f e re d  s i gn i f i c a nt l y ( P � 0 . 01 )  i n  body we i ght w i t h  

S ( l )  ave rag i n g 1 . 77 kg and S ( 2 ) o n l y  1 . 6 4 k g . Pe r i od s a l s o  were sign­

ificantly d i f f e rent ( P < 0 . 01 )  in reg a rd t o  body we i ght bu t hens t end t o  

ga in a s  t h ey m a t u re du ri ng t ime i nt e rva l s  su ch a s  used he re . S i gn i f i c a n t  
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i nt e ra c t i ons rega rd ing body we i g h t  i nc l u d e  E X D (P <.. O . 05) , D x s 

( P < 0 . 01 ) , C X E  X D X  L ( P < 0. 05 ) , D X  P ( P < 0 . 01 ) , C X D X  p ( P < 0 . 05 )  

a nd D X  S X P (P < 0 . 05 ) . Wi t h  t h e  c o nf ou nd i ng du e t o  i nt e ra c t i on i t  

i s  not pos s i b l e t o  d i s cu � s m a i n  e f f e c t  d i f f e rences i n  such a w a y  a s  

t o  m a k e  va l i d re c omme nda t i ons ( s e e  Ta bl e ' 2 5 ) . 

Va l u e s  f o r  he n-hou s e d  m o rt a l i t y a re a l s o  i nc lu d e d  i n  Ta b l e  2 4 . 

The s e  f i gu r e s  repre s e nt t h e  umu l a t i v e  t ot a l  m o rt a l i t y  f o r  t h e  3 2 -week 

expe r im e nt . Mo rt a l i t y  on t he two d i ets d i f f e re d  s i g n i f i c a n t l y  ( P <.. 0 . 05 ) . 

Mort a l i t y  wa s h i ghe r i n  g rou ps f e d  t h e  pu r i f i e d  d i e t . Any t re nd s  

t owa rd s l owe r m o rt a l i t y  du e t o  � c l e n i u m  a nd v i t a m i n  E t re a tment c ou l d 

not be d e t e c t e d . 

R e s u l t s  o f  body \ e ight a ve rage s obt a i ned a t  f ou r-week i nt e rv a l s  a re 

shown i n  Ta b l e  2 6 . The Ana l y s i s  of Va ri a nc e and m e a ns f o r  s i g ni f i c a n t  

m a i n  e f f e c t s  a nd s i gn i f i c a n t  i nt e ra c t i ons a re s hown i n  Tab l e  2 7 . For 

Pe r i od One , t he c a ge s , d i e t s  and s t ra i ns we re s ign i f i c a n t l y  d i f f e r e nt . 

Howeve r ,  a D X S a n d  C X L i nt e ra c t i o n  wa s pre s e nt s o  t h e  me a ns 

f o r  t he v a r i ou s  l e v e l s  o f  e a ch f a c t or a re a l s o  shown i n  Ta b l e  27 . 

Du r i n g  P ( 2 ) , c a g e s , d i e t s  a nd s t ra i ns we re s i gni f i c a n t l y  d i f f e ren t , 

a nd t h e re wa s a D X S i nt e ra c t i on .  Pe r i o d  (3 ) ha d s i gn i f i c a nt c a ge , 

v i t a m i n  E ,  d i e t , a n d  s t ra i n  e f f e c t s a s  we l l  a s  s i gni f i c a nt D X S ,  C X 

D X  L ,  a nd C X E X  D X  L i n t e ra c t i ons . I n  P ( 4 )  c a ge , d i e t , a nd s t r a i ns 

d i f f e r e d  a nd D X S ,  C X D X L a nd C X E X D X L i nt e ra c t i o ns we re 

p re s e nt . Wi t h  P ( 5 )  a nd P ( 6 ) on l y  s i gn i f i c a nt d i e t , s t r a i n  a nd D X S 

e f f ec t s  we re not ed . Du r i ng t he l a s t  pe r i od , s i gn i f i c a nt d i e t ,  



Ta b l e 26 .  Ma i n  Effect Me a ns of Body We i ght s 
Int e rva l s  ( Ex pe riment 

Ag e (we ek s ) 

Ma i n 28 3 2 3 6  4 0  
Ef fect  k g  k g  kg kg 

C ( l )  1 .  7 0 1 1 . 6 9 2 1 . 7 02 1 . 7 22 
C ( 2 ) 1 . G 5 1 . 65 1 . 6 4 1 . 68 

E ( l )  l_ . 6 8  1 . 6 8  1 . 6 9 1 1 .  7 1  
E ( 2 ) 1 . 6 7  1 . 6 5  1 . 6 5 1 . 69 

D ( l } 1 .  76 2 1 . 7 8 2 1 . 8 22 1 . 89 2 
D ( 2 )  1 . 6 0  1 . 55 1 . 52 1 . 52 

S ( l )  1 . 7 4 2 1 . 7 42 1 . 7 42 1 . 77 2 
S ( 2 } 1 . 6 1 1 . 6 0 1 . 6 1 1 . 6 4 

L ( l )  1 . 68 1 . 67 1 . 68 1 .  7 0  
L ( 2 )  1 . 6 8 1 . 67 1 . 6 8  l .  7 2 
L { 3 ) 1 . 66 1 . 6 5 1 . 67 1 . 6 8 

Ave r .  1 . 6 8  1 . 67 1 . 6 7 1 . 7 0 

1 s i gn i f i c a nt l y d i f f e rent a t  ( P  .l. 0 .  05 ) .  

2s i gni f i c a nt l y d i f f e re nt a t  ( P  <: 0 . 0 1 ) . 

7 0  

o f  He ns by Fou r -We ek 
Th re e ) .  

44 48 5 2 
kg kg kg 

1 .  73 1 .  7 5  1 . 8 0 
1 . 68 1 .  7 2 1 .  77 

1 .  7 1  1 .  7 4  1 .  7 9 
1 . 70 1 .  73 1 .  7 8  

1 . 9 1 2 1 . 9 2 2 1 . 9 5  
1 . 5 0 1 . 56 1 . 6 2  

1 . 7 7 2 1 . 8 1 2  1 . 8 6 
1 . 6 4 1 . 6 6 1 .  7 1  

1 .  7 0  1 .  7 4  1. 79 
1 . 73 1 .  7 5  1. 79 
1 . 6 8 1 .  7 2  1 . 7 7 

1 . 7 0 l .  7 4  1 .  7 8 . 

s t ra i n ,  D X  S ,  D X  E X  L a nd C X E i nt e ra c t i ons we re p r e s e nt . Th rou gh-

ou t a l l  p e r i ods d i e t s  a n d s t ra i ns we re s i gni f i c a nt ly d i f f e rent . The 

D X S i nt e ra c t i o n  wa s du e t o  a s t ra i n d i f fe re nce i n  deg re e  of r e s p ons e 

to t h e · d i e t s . In s eve ra l c a s e s  i t  a pp e a red t h a t  L ( 3 ) was det r i m e nt a l  

i n  D ( l ) bu t ga v e  t h e  opt imum body we i ght i n  D ( 2 ) . Th i s  wa s not e d  i n  

P ( l )  P ( 4 )  a nd P ( 6 ) , bu t wa s not c om p l e t e l y  t ru e  i n  P ( 3 ) . Du e  t o  t he 

numbe r o f  c omp l ex i nt e ra c t i ons ot h e r  t re nds a re d i f f i cu l t t o  i nt e rp ret . 



Table 27 .  

Period 

p( l ) 

P( 2 )  

Signi f i ca nt 

C ( l ) 

C ( 2) 

D ( l )  

D ( 2 )  

S ( l )  

S ( 2 )  

C ( l ) 

C (2 )  

D( l )  

D ( 2) 

S ( l )  

S ( 2) 

S ou rc e  

Ca ge 
Di e t  

St ra i n 
D X  S 

C X L 

= 1 .  70 
= 1 . 65 

= 1 .  76 
= l . 6 0 

= 1 . 7 4 
= 1 . 6 1  

Ca ge 
Diet 
St ra i n  
D X  S 

= 1 . 69 
:::: 1 . 6 5  

= 1 . 78 
= 1 . 55 

= 1 . 7 4  
= 1 . 6 0 

Ma in E f f ec t s a nd I nt e ra c t i ons of Body Weight 
( Ex periment Th ree ) .  

df 1 

1 /3 
1 /3 
1 /3 
1 /3 
2/6 

Mea ns (kg ) 

DlSl = 

DlS 2  = 

D2Sl = 

D2S2 = 

1 . 84 
1 . 69 
1 . 6 5  
1 . 56 

1 /3 
1 /3 
1 /3 
1 /3 

Mea ns (kg )  

MS 

0 . 14 
1 . 24 
0 . 72 
0 . 05 
0 . 03 

0 . 07 
2 . 43 
0 . 96 
0 . 1 3 

F 

· 1 4 . 32 
81 . 63 
75 . 37 
16 . 37 

7 . 6 5 

ClLl = 1 .  72 

ClL2 = 1 .  73 
ClL3 = 1 . 67 
C2Ll = 1 . 6 5  
C2L2 = 1 . 65 
C2L3

. ;, 1 . 67 

53 . 54 
2 55 . 2 5 

199 . 6 8 
1 1 . 97 

DlSl = 1 . 88 
Dl S2 = 1 . 69 
D2Sl = 1 . 6 1  
D2S2 = 1 . 5 1  

p 

* 
** 
* *  

* 
* 

** 
** 
** 

* 

7 1  



Ta b l e  27 . S i gni f i c a nt Ma i n  E f f e c t s a nd I n t e ra d
.
i ons · o f  Body We i gh t  

( Ex pe rime nt Three ) . · (Con ' t . ) 

P( 3 ) Ca ge 1 /3 0 . 16  68 . 54 * *  
Vi t am i n  E 1 /3 0 . 08 21 . 55 * 
Di e t 1 /3 4 . 3 4 520 . 24 ** 
St ra in 1 /3 0 . 77 99 . 82 ** 
D X  S 1 /3 0 . 24 1 6 . 89 * 
C X D X  L 2/6 0 . 09 10 . 67 * 
C X E  X D X  L 2/6 0 . 07 10 . 99 ** 

Me a ns (kg )  

C ( l ) = 1 . 70 Cl Dl Ll = 1 . 90 Cl E2D1 Ll = 1 . 84 
C ( 2 )  = 1 . 64 Cl Dl L2 = 1 . 91 ClE2Dl L2 = 1 .  75 

C l Dl L3 = 1 . 77 Cl E2Dl L3 = 1 .  79 
E ( l ) = 1 . 69 Cl D2Ll = 1 . 55 Cl E2D2Ll = 1 . 5 1 
E ( 2 )  = L 65 Cl D2L2 = 1 . 55 Cl ;E2.D2L2 = 1 . 54 

C1 D2L3 = 1 . 59 ClE2.D2L3 = 1 . 6 2 
D(l ) = 1 . 82 
D ( 2 )  = 1 . 52 C2D1 Ll = 1 .  78 C2El D1 Ll = 1 . 7 8  

C2Dl L2 = 1 .  78 C2El Dl L2 = 1 . 7 6  
S ( l ) = 1 .  74  C2D1 L3  = 1 . 84 C2El Dl L3 = 1 . 87 
S ( 2 )  = 1 . 61 C2D2Ll = 1 . 50 C2El D2Ll = 1 . 50 

C2D2L2 = 1 . 51 C2ElD2L2 = 1 . 56 
Dl S l  = 1 . 93 C2D2L3 = 1 . 48 C2El D2L3 = 1 . 46 
Dl S 2  = 1 .  73 
D2S l = 1 . 56 Cl El Dl Ll = 1 . 96 C2E2D1 Ll = 1 .  7 8  
D2S 2  = 1 . 50 Cl E1Dl L2 = 2 . 06 C2E2Dl L2 = 1 . 79 

Cl E1Dl L3  = 1 . 75 C2E2Dl L3 = 1 . 82 
C l E1 D2Ll = 1 . 59 C2E2D2Ll = 1 . 50 
C1 ElD2L2 = 1 . 55 C2E2D2L2 = 1 . 46 
C 1 El D2L3 = 1 . 56 C2E2D2L3 = 1 . 50 

P( 4) Cage 1 /3 0 . 09 42 . 50 * *  
Di et 1 /3 6 . 55 · 3 21 . 50 ** 
St ra i n  1 /3 0 . 8 2 2 1 7 . 1 3 * * 
D X S 1 /3 0 . 35 92 . 93 ** 
c x D X L 2/6 0 . 06 5 . 30 * 
c x E X  D X  L 2/6 0 . 08 7 . 03 * 

7 2  



Table 27 . 

P ( S )  

P ( 6 )  

S i gn i f i c a nt 

C ( l ) = 1 .  7 2  

C ( 2 )  = 1 . 68 

D( l )  = 1 . 89 

D ( 2 )  = 1 . 52 

S ( l )  = 1 .  77 
S ( 2 ) = 1 . 6 4 

Dl Sl = 2 . 00 
Dl S 2  = 1 .  7 8  
D2Sl = 1 . 54 
D2S 2 = 1 . 50 

ClDlLl = 1 . 9 4 
ClDl L2 = 1 . 97 
ClDl L3  = 1 . 82 

Di et 

St ra in 
D X  S 

D ( l )  = 1 . 9 1 

D( 2 )  = 1 . 50 

Di e t  
St ra i n 
D X  S 
C X L  

Ma i n  Ef f ect s a n d  Int e ra c t i ons o f  Bod y We i ght 
( Ex pe riment Three ) .  (Con ' t . )  

Mea ns (kg ) 

Cl D2Ll = 1 . 54 

ClD2L2 = 1 . 55 
Cl D2L3 = 1 . 53 
C2D1 Ll = 1 . 84 
C2Dl L2 = 1 . 86 
C 2Dl L3 = 1 . 90 
C2 D2Ll = 1 . 50 
C2D2L2 = 1 . 53 
C 2D2L3 = 1 . 48 

ClElDl Ll = 1 . 97 
Cl E 1 Dl L2 = 

Cl E1 Dl L3  = 

Cl El D2Ll = 

C l E1 D2L2 = 

C l E l D2L3 = 

1 /3 
1 /3 
1 /3 

Means (kg)  

S ( l )  = 1 .  77 
S ( 2 )  = 1 . 64 

1 /3 
1 /3 
1 /3 
2/6 

2 . 1 2 
1 . 80 

1 . 56 
1 . 5 4  

1 . 50 

8 . 20 
0 . 79 
0 . 41 

6 . 25 
1 . 05 
0 . 19 
0 . 07 

Cl E2Dl Ll = 

Cl E2Dl L2 = 

Cl E2Dl L3 = 

Cl E2D2Ll = 

Cl E2D2L2 = 

Cl E2D2L3 = 

C2E1 D1 Ll = 

C 2El Dl L2 = 

C2El Dl L3 = 

C2El D2Ll = 

C2E1 D21�2 = 

C 2El D2L3 = 

C2 E2D1 Ll = 

C2E2 Dl L2 = 

C2E2D1 L3 = 

C2E2D2Ll = 

C2E2 D2L2 = 

C2E2D2L3 = 

1 169 . 6 1 
44 . 29 
16 . 23 

1 . 9 2  
1 . 8 2 
1 . 86 
1 . 52 

1 . 56 
1 . 56 
1 . 8 5 
1 . 82 

1 . 9 4  
1 . 50 
1 . 56 
1 . 47 
1 . 8 4 

1 . 9 0  
1 . 87 
1 . 5 0 
1 . 50 
1 . 48 

* *  
* *  

* 

Dl S l  = 2 . 02 
Dl S2 = 1 . 8 0  
D2S l  = 1 . 51 
D2S2 = 1 . 48 

586 . 72 
1 90 . 3 2 

1 7 . 49 
6 . 7 1 

* *  
* *  

* 
* 

73 



Ta ble 27 . S i gn i f i c a nt Ma i n  Ef f e c t s  a nd Int e ra ctions of Body We i ght 
( Expe r i m e nt Th re e ) . (Can ' t . )  

Mea ns (kg )  

D ( l )  = 1 . 9 2  Dl Sl = 2 . 03 C l Ll = 1 . 7 8 
D { 2 ) = 1 . 55 Dl S 2  = 1 . 80 C l L2 = 1 . 78 

D2Sl = 1 ! 6 1 C l L3  = 1 . 69 
S ( l )  = l . 8 1 D2S 2 = 1 . 5 1 C2Ll = 1 . 70 
S { 2 )  = 1 . 6 6  C2L2 = 1 . 7 2 

C2L3 = 1 . 7 4 

P(7 ) Di et 1 /3 5 . 33 1 042 . 86 * *  
St ra i n  1 /3 1 . 05 1 1 4 . 9 2 * * 
D X  S 1 /3 0 . 3 1  48 . 48 ** 
D X  E x L 2/6 0 . 04 8 . 69 * 
C X E  1 /3 0 . 04 1 0 . 5 1 * 

. �· .... 

Me a ns (kg ) 

D ( l )  = 1 . 9 5  C l El = 1 . 8 2 Dl E2Ll = 1 . 9 7 
D ( 2 )  = 1 . 6 1 C l E2 = 1 . 7 8 Dl E2L2 = 1 . 9 0  

C 2El = 1 . 7 5 Dl E2L3 = 1 . 90 
S ( l )  = 1 . 86 C 2 E2 = 1 . 7 7  D2E1 Ll = 1 . 6 2 
S ( 2 )  = 1 .  7 1  D2ElL2 = 1 . 6 3 

Dl El Ll = 1 . 9 6  D2El L3 = 1 . 57 
DI S !  = 2 . 07 Dl ElL2 = 2 . 06 D2E2Ll = 1 . 6 1 
Dl S 2  = 1 . 83 Dl El L3 = 1 . 93 D2E2L2 = 1 . 6 1 
D2S l  = 1 . 65 D2E2L3 = 1 . 6 6 
D2S 2  = 1 . 58 

1Num e ra t o r  degrees o f  f re e dom ove r d e g re e s  of f ree dom of f a c t o r  u s e d 
t es t i ng s i gn i f i c a nc e . 

* . 
S igni f ic a nt l y  d i f f e re n t  a t  ( P  < 0 .  05 ) . 

**s ign i f i c a nt l y d i f fe rent a t  ( P C:: 0 .  0 1 ) . 

7 4  



7 5  

Resu l t s o f  hen-hou s ed mort a l i t y a re s hown i n  Tabl e 28 . The va r i ou s  

s i gni f i c a nt ma i n  e f fect s a nd i nt e ra c t i ons a re l i s t ed i n  Ta b l e 29 . 

p( l ) onl y  t h e  c X L i n t e ra c t i on w a s  s ign i f i cant . · In P ( 2 )  t h e  E X  

and C X D X S x L int e ra-ct i on we re s i g n i f icant . In P(3 ) on ly t h e  

i n  e ra ct ion wa s s i gni f i cant . Di e t s we re 

t h e i r  e f f e c t  on mort a l i t y  i n  P(4 ) ,  P ( 5 ) , 

othe r s i gn " f i c a nt i nt e ra c t i on not e d  wa s 

Table 2 8 . Pe rc e nt Hen Hou sed Cumu la t ive 

Int e r va l s  ( Ex p e r i m e nt 

Age ( We eks ) 

Ma i n  
Effect s 28 3 2  3 6  4 0  

C ( l ) 3 . 1  6 . 6  8 . 7  1 3 . 2  
C ( 2 ) 2 . 6  5 . 5  8 . 1 1 1 . 7 

E ( l ) 2 . 4  5 . 9 7 . 6  1 2 . 8 
E (2) 3 . 3 6 . 2  9 . 1  1 2 . 1  

D( l )  3 . 7 6 . 7  7 . 5 8 . s 1 

D ( 2 )  2 . 0  5 . 3  9 . 2  1 6 . 4 

S ( l )  2 . 3  4 . 7 7 . 4  1 1 . 8  
S ( 2 )  3 . 4  7 . 4  9 . 4 1 3 . 1  

L( l )  4 . 8 7 . 5  9 . 8  1 4 . 2  
L ( 2 )  3 . 0 5 . 3  8 . 5  1 1 . 6  

L ( 3 } o . s  5 . 2  6 . 9  1 1 . 6  

Ave r .  2 . 9 6 . 0  8 . 4  1 2 . 4  

1 S i gn i f i c a n t l y  d i f f e re nt a t  ( P �  0 .  05 ) . 

2 s i�n i f i c a nt l y  d i f f e re nt a t  ( P  <. 0 .  0 1 ) .  

s ign i f i ca nt l y  d i f f e re nt 

P ( 6 ) a nd P ( 7 ) . The onl y 

E X L i n P( 5 ) . 

Mort a l i t y by Fou r -Week 
Th ree ) . 

44 48 52 

16 . 7  1 7 . 5 19 . 2  
1 4 . 4  1 5 . 6  1 7 . 4 

1 4 . 9 1 7 . 3  1 8 . 2  
1 6 . 2 1 5 . 9 1 8 . 4 

1 0 . 9 1 1 1 . 5 2 1 2 . 1
2 

20 . 2  2 1 . 7 2 4 . 0 

1 4 . 2  1 5 . 0  1 6 . 6 
1 6 . 8  1 8 . 2 2 0 . 0 

1 6 . 5  1 7 . 8 1 9 . l  
15 . 9  1 6 . 7 18 . 1  
14 . l  1 5 . 3 17 . 7  

1 5 . 5  1 6 . 7 1 8 . 3  

For 

D x s 

c x E 

i n  



7 6  

Ta bl e  29 S i gn i f i c a nt Ma i n  E f fe c t s a nd I n t e ra c t i on of Cumu l a t i ve Hen­
Housed ?llo rt a l i  ty ( Ex pe riment Th ree ) .  

P( l ) 

P ( 2 )  

E l Dl S l  
E l Dl S 2  

E l D2 S l  
El D2 S 2  
E2D1 S l  
E2Dl S 2  
E2D2 S l  
E2D2S 2 

P ( 3 ) 

Sou rce 

C X L  

C l Ll ::; 

C l L2 = 

C l L3  = 

E X D X S 
C X D X S X L 

7 . 3  
4 . 9  
3 , 8 
7 . 6  
3 . 5  

1 1 . 5  
4 . 2  
5 . 6  

C X E 

d f  MS 

2/6 23 5 , 02 . 

Mea ns ( pe rc ent ) 

7 . 3  C2Ll = 2 . 4  
2 . 1  C 2L2 = 3 . 9  

0 C 2 L3  = 2 . 4  

1 /3 
2 /6 

Me a ns ( pe rc ent ) 

C l Dl S l Ll = 1 2 . 5  
C l D1 S l L2 = 4 . 2  
C l D1 S l L3  = 0 
C l Dl S 2 Ll = 8 . 3  
C l Dl S 2 L2 = 8 . 4  
C l Dl S 2L3 = 8 . 3  
C l D2S l Ll = 4 . 2  
C l D2S l L2 = 0 
C l D2S l L3  = 4 . 2  
C l D2S 2Ll = 8 . 3  
C l D2S 2L2 = 5 . 6  
Cl D2S 2L3 = 0 

1 /3 

Me a n s  ( p e rc ent ) 

C l  El = 9 . 0  
C l E2 = 8 . 3 
C 2El = 6 . 3 
C2E2 = 9 . 9  

49 4 . 40 
3 47 . 1 4 

225 . 9 8 

F 

5 . 41 *  

1 4 . 9 4* 

5 . 27 *  

C2Dl S 1 Ll = 6 . 2  
C2Dl S l L2 = 3 . 2  
C 2 Dl 8 1 L3  = 6 . 2 
C 2Dl S 2 Ll = 3 . 2 

C 2 Dl S 2L2 = 6 . 3 
C 2Dl S 2L3 = 6 . 2  
C 2D2S 1 Ll = 3 . 2  
C 2D2S l L2 = 6 . 3  
C 2D2 S l L3 = 3 . 2 
C 2D2 S 2Ll = 6 . 2 
C 2D2S 2 L2 = 3 . 2 
C 2D2S 2L3 = 6 . 3 

1 0 . 9 4* 
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Ta b l e 29 Sign i f i c a nt Ma in Ef f e c t s  and I nt e ract i on of Cumu l a t i ve Hen­
Hou·s ed Mort a I i  ty ( Ex pe riment Th ree ) .  ( Con ' t . )  

P( 4)  

P( 5 }  

P ( 6 } 

P(7 ) 

Di et 

Di et 
E X  L 

D( l )  = 

D( 2 )  = 

Di e t  

Di et 

9 . 7 

21 . 3  

1 /3 299 1 . 73 

Me a ns ( pe rcent ) 

D ( l )  = 8 . 5  

1 /3 
2/6 

D ( 2 )  = 16 . 4  

6390 . 6 1 

76 5 . 48 

Me a ns (percent ) 

E l Ll = 13 . 0  
El L2 = 1 8 . 5  
ElJ.,3 = 16 . 4 

1 /3 4770 . 64 

Means ( percent ) 

D ( l )  = 1 1 . 5 D ( 2 )  = 21 . 7 

1 /3 6589 . 25 

Mea ns ( pe rc e n t ) 

D ( l )  = 1 2 . 1  D ( 2) = 24 . 0  

*s i g ni f i ca n t l y d i f f e re nt a t  ( P <. 0 . 0 5 ) . 

** 
S i gni f ic a nt l y  d i f fe rent a t  ( P < 0 . 0 1 ) . 

E2Ll = 

E2L2 = 

E 2L3 = 

16 . 41 * 

9 . 44* 
5 . 1 6 *  

20 . 0  
1 3 . 3  

1 1 . 7 

47 . 99 

1 80 . 75 

** 

* *  
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Du ri ng P ( l )  i nc re a s i ng l e ve l s  of s e l e ni�m low� red mo rt a l i t y  f o r  

hens i n C ( l )  bu t n o t  t ho s e  i n  C ( 2 ) . N o  cons i s t e nt t rends we re not e d  

f rom i nte ra c t i ons obs e rv e d  i n  P ( 2 ) , P ( 3 )  a nd P ( 5 } . The p ra c t i c a l 

corn-soy d i e t  ha d s ign i f i c a nt l y  l owe r mort a l i t y  than t ha t e ncou nt e r e d  

with t he pu r i f i e d  d i e t . 

Ta b l e  3 0  l i s t s re su l t s  of t he ma i n  e f f e ct s of pe rc ent hen- d a y  e gg 

produ c t i on by - f ou r  we ek i nt e rv a l s  i n  Expe r im e nt Th re e . The s i g n i f i c a n t  

Table 30 . Pe rc ent Hen - Da y  Egg Produ c t ion by Fou r 
( Ex p e riment Thre e ) .  

Age (week s ) 
Ma i n  
Ef fect s 2 8  3 2  3 6  4 0  

C ( l ) 3 0 . 1  6 5 . 6  6 1 . 8  59 . 8  
C ( 2 )  2 9 . 5  63 . 5  5 9 . 7  58 . 0  

E ( l ) 3 0 . 1  6 5 . 2 6 0 . 6  5 9 . 0  
E ( 2 )  29 . 5  63 . 8  60 . 9  58 . 8  

D ( l ) 3 8 . 1 2 77 . 1 2 8 0 . 6 2 77 . 7  
D ( 2 )  2 1 . 5 5 2 . 0  40 . 9  40 . 1  

S ( l )  3 4 . 3 2 67 . 7 1 6 2 . 3  59 . 9  
8 ( 2 ) 2 5 . 3  6 1 . 3  59 . 2  57 . 9  

L( l )  29 . 4  6 5 . 2  6 2 . 1  59 . 7  
L( 2 )  29 . 7  6 5 . 2  5 9 . 8  58 . 0  
L ( 3 ) 3 0 . 3  63 . 1  6 0 . 3  5 9 . 0  

Ave r .  2 9 . 8  6 4 . 5  60 . 7  58 . 9  

1S ig n i f i c a nt l y d i f f e re nt a t  ( P  � 0 .  05 ) . 

2
s i g n i f i c a nt l y  d i f f e re nt a t  ( P  <. 0 .  01 ) . 

2 

4 4  

56 . 3  
56 . 4  

56 . 5  
56 . 3  

7 5 . 6 2 

37 . 2 

5 5 . 7  
57 . 1  

57 . 2  
57 . 2  
54 . 8  

56 . 4  

We ek Int e rva l s  

... � . ..  48 5 2  

56 . 2  5 8 . 2  
56 . 3  59 . 6  

56 . 6  58 . 8  
55 . 9  · 5 9  . 1  

2 2 
72 . 3  7 0 . 5  
40 . 2 47 . 4  

5 4 . 5  57 . 7  
58 . 0  6 0 . 1  

56 . 6  6 0 . 6  
57 . 6  5 9 . l  
54 . 6  57 . 0  

56 . 3  58 . 9  



ma i n e f f e c t s , i n t e ra c t i o n s  a nd t he i r  mea ns a re l i st ed i n  Tab l e  3 1 . 

The re wa s a s i g n i f i ca nt d i f f e rence b e twe en d i e t s  i n  a l l  pe r i od s . 

79 

St ra i ns had s i g n i f i ca n t l y d i f f e rent p e rc ent he n-da y p roduc t i o n  i n  the 

ea rly t wo p e r i o d s  w i t h  t h e Reg i ona l Cont r o l  s t r a i n  ha v i n g  t h e  h i ghe r 

ra t e  o f  p rodu ct i o n . No c on s i s t e nt t rends we re not ed with t h e  C X D X L 

i nt e ra c t i on i n  P ( l ) o r  t he D X  S X L  i nt e ra ct i o n  in P ( 6 ) . 

Resu lt s of h e n-da y egg p rodu c t ion ex pre s se d  a s  grams of egg p e r  

hen p e r  d a y  a re l i s t e d  i n  Ta b l e  32 . Tabl e 3 3  l i st s t he s i gni f i c a nt 

ma i n  e f f e c t s  a nd i nt e ra ct i o n s  f o r  he n-da y p rodu c t i on expre s s e d  i n  

g rams p e r h e n  pe r d a y . D i e t s  p ro du c e d  a s ign i f i c a nt (P L.. 0 . 0 1 )  dif­

f e re nce i n  p rodu ct i on in a l l seven p e r i o d s . St ra i ns d i f f e red ( P < 0 . 0 5 )  

o�l y du r i ng p e r i od one . The only intera c t ion not e d  wa s D X E X L but -

no c ons i s t e nt t rend wa s noted f rom the m e a ns ( s e e  Ta b l e 33 ) .  

Ma i n  e f f e c t  me a n s f rom egg we ight a re s h own i n  Ta b l e  3 4 . Type o f  

di e t c ons i s t e nt l y  p r o du c e d  a s i gni f i c a nt l y  (P < 0 . 01 )  d i f fe rent e gg 

we ight . A D X  L i nt e ra c t io n wa s no t e d i n  f ive of s e v e n  p e r i ods du e 

t o  a d e c re a s e d egg s i z e  when s e l en ium l e ve l s  we re i nc re a s e d in corn-soy 

diet s but a reve r s e  e f fec t with the glucose - i sola t ed so y -To ru l a y e a s t  

d i e t . St r a i ns p r o du c e d  s i g n i fi c a n t l y ( P  <. 0 . 01 or P <  0 . 0 5 )  di f fe rent 

egg we i ght s i n  a l l pe r io d s  of t h i s  s tu dy . The s i gn i f i c a nt m a i n  e f f e c t s 

a nd i nt e ra c t i on s a re l i s t e d  i n  Ta b l e  3 5 . 

Ma i n  e f f e c t  me a ns o f  Hau gh U n i t s  a re g i v e n  i n  Ta b l e  3 6 . Wi t h  

c o ns i s t e ncy d i e t s  a nd s t ra ins showed s i gn i f i c a nt ly ( P <. 0 . 0 1  o r  P < 0 . 05 )  



Table 3 1 . S i gn i f icant Ma i n  Effect s a nd l nt e ra c�ions of Pe rcent Hen­
Day Egg Product ion ( Exp e riment Th ree ) . 

P(l ) 

P ( 2 )  

P(3 ) 

P(4 )  

Sou rce 

Die t  
St ra i n  
C X D X L  

D ( l )  = 3 8 . 1  
D ( 2 ) = 2 1 . 5  

S ( l )  = 3 4 . 3  
S ( 2)  = 25 . 3  

Di et 

St ra in 

Di e t  

Die t 

df 

1 /3 
1 /3 

2/6 

MS 

13132 . 41 
3847 . 60 

3 20 . 57 

Mea ns ( pe rcent ) 

ClDl Ll = 33 . 6  
Cl Dl L2 = 23 . 5  
C l Dl L3 = 3 8 . 8  
Cl D2Ll = 23 . 4  
Cl D2L2 = 2 1 . 6  
Cl D2L3 = 20 . 3  

1 /3 3 0290 . 67 
1 /3 1973 . 7 5  

Means ( pe rcent ) 

D( l )  = 77 . 1  
D ( 2 )  = 52 . 0  

1 /3 

S ( l )  = 67 . 7  

S ( 2 )  = 6 1 . 3  

758 1 5 . 12 

Mea ns ( pe rcent ) 

D( l )  = 80 . 6  D ( 2 )  = 40 . 9  

1 /3 68086 . 12 

""'! .. 

F 

97 . 28** 

35 . 26** 

5 . 2 1* 

C2D1 Ll = 

C2Dl L2 = 

C2Dl L3 = 

C2D2Ll = 

C2D2L2 = 

C2D2L3 = 

325 . 2 1 ** 
16 . 54* 

413 . 96** 

433 . 85** 

40 . 4  
1 9 . 4  
37 . 8  

20 . 3  
1 9 . 3  
2 4 . 6  

80  



Ta bl e 3 1  S i gni f i c a nt Ma i n  Ef fe c t s a nd Int e rac t i ons of Pe rc ent He n ­
Day Egg Produ c t i on ( Ex p e ri ment Three ) . ( Con ' t . )  

P ( 5 )  

P{ 6 )  

P(7 ) 

Mea ns ( pe rcent ) 

D ( l )  = 77 . 7  D( 2) = 40 . 1  . 

Diet 1 /3 6 8 09 7 . 1 5 

Me a n s  ( pe rce nt ) 

D ( l ) = 7 5 . 6  D ( 2) = 37 . 6  

Diet 1 /3 
Di e t  X St ra in 

X Level 2 /6 

D( l )  = 72 . 3  
D ( 2 )  = 40 . 2  

Diet 1 /3 

479 17 . 27 

3 48 .• 1 7  

Means (pe rce nt ) 

Dl S l Ll = 68 . 8  
Dl S l L2 = 72 . 9  
Dl S l L3  = 70 . 4  
Dl S 2 Ll = 75 . 1  
Dl S 2L2 = 76 . 2  
Dl S2L3 = 70 . 4  

2 3 5 7 1 . 3 6 

Me ans ( pe rcent ) 

D ( l )  = 70 . 5  D ( 2 )  = 48 . 0  

* 
-

S i g n i f i c a n t l y  d i f f e re nt at ( P L 0 . 05 ) . 

**
s i gn i f i c a nt ly d i f fe rent a t  ( P <  0 . 01 ) . 

358 . 1 0** 

34 1 . 45** 

5 . 46* . 

D2S1Ll = 42 . l  
D2Sl L2 = 39 . 5  
D2S l L3  = 3 3 . 4  

D2S2Ll = 40 . 5  
D2S 2L2 = 4 1 . 6  
D2S2L2 = 44 . 2  

141 . 8 8 ** 

8 1  



Ta bl e 32 . Gra ms o f  Egg Produ c e d  Pe r He n Pe r Da y ·  by 
( Exp e riment Three ) .  

Age (week s ) 
Ma i n 
Ef fe c t s  2 8  3 2  3 6  40 44 

C ( l )  1 4 . 3  3 2 . 4  3 2 . 3  3 2 . 2  3 1 . 3  
C ( 2 )  13 . 9  3 1 . 4  3 1 . 4  3 1 . 3  3 1 . 3 

E ( l ) 1 4 . 4  3 2 . 3  3 1 . 9  3 1 . 8  3 1 . 4 " 
E ( 2) 13 . 8  3 1 . 5, 3 1 . 8  3 1 . 8  3 1 . 2  

D( l ) 18 � 22 39 . 42 43 . 72 43 . 22 43 . 22 

D( 2) 1 0 . 0  24 . 4  20 . 0 20 . 3  19 . 4  

S ( l ) 1 5 . 8 1 3 2 . 5  3 1 . 6  3 1 . 1  29 . 9  
8 ( 2 )  1 2 . 4  3 1 . 4  3 2 . 2  3 2 . 5  3 2 . 6  

L( l ) 13 . 9  - 3 2 . 2  3 2 . 6  3 2 . 3  31 . 8 
L(2) 1 4 . 1  3 2 . 3  3 1 . 5  3 1 . 3  3 1 . 9  
L(3 ) 1 4 . _3 31 . 2  3 1 . 4  3 1 . 8  30 . 1  

Ave r .  1 4 . 1  3 1 . 9  3 1 . 9  3 1 . 8  3 1 . 3  

1 sign i f i c a nt l y  d i f f e r e nt a t  ( P "'- 0 .  0 5 ) . 

2S i gni f i c a nt l y  d i f fe re nt a t  ( P  <. 0 .  01 ) . 

8 2  

Fou r We ek I nt e rva l s  

48 5 2  

32 . 0  33 . 6  
3 2 . 0  3 4 . 4  

3 2 . 1  33 . 9  
3 1 . 9  34 . 1  

42 . 5
2 

41 . 7
2 

2 1 . 6  26 . 3  

3 0 . 3  3 2 . 4  
33 . 7  3 5 . 6  

3 2 . 2  35 . 2  
--33 ; 0 3 4 . 0  
30 . 8  32 . 7  

3 2 . 0  3 4 . 0  

d i f f e re nt Hau gh Un i t  v a l u e s . Dek a l b  1 3 1  hens p rodu c e d  eggs wi t h  

supe r i o r  i nt e ri o r  qu a l i t y  du r i ng a l l  p e riods o f  the expe riment . He n s  

fed t h e  pu r i f i ed t ype d i et h a d  h i ghe r Haugh Uni t v a l u e s . Th i s  p e rh a p s  

was du e t o  t h e  s ma l l e r  e ggs obt a i ned f rom hens fed t he s e t re a t m e n t s . 

Seve ra l ot he r i n t e ra c t i on s  we re not e d  ( s e e  Ta b l e  37 ) . Di f fe re nc e s  

obs e rved f rom t he m e a n s  o f  t h e  i nt e ra c t i on s  we re m i no r  a nd d o  not 

indica t e  imp o rt a nt t rends . 



8 3  

Ta b l e 3 3 . S i gn i f i c ant Ma i n  Ef f e c t s  a nd I nt e r a c t i ons of He n - Da y  
Produ c t i on Ex p re s s e d a s  Gm Egg Per He n Pe r Da y ( Ex pe riment Th ree ) .  

P( l )  

P ( 2 )  

P { 3 ) 

P( 4 )  

Sou rce 

D i e t  

S t ra i n  

D i e t  

D i e t  

Di e t  
D X  E X  L 

d f  

1 /3 
· 1 ;3 

MS 

3 28 5 . 9 1 
5 6 6 . 6 7 

Me a n s (Gm Egg /Hen/Da y )  

D ( l )  = 

D ( 2 )  = 

1 /3 

1 8 . 2 4 
9 . 9 6 

S ( l )  = 

S ( 2 ) = 

1 08 23 . 2 5 

Me a ns {gm )  

1 5 . 8 2 
1 2 . 3 8 

D ( l )  = 3 9 . 42 D ( 2 )  = 22 . 3 1 

1 /3 27 1 22 . 02 

Me a n s  ( gm )  

D ( l ) = 43 . 7 5  D ( 2 ) = 1 9 . 9 8 

1 /3 
2 /6 

Me a n s  

2 5 1 2 6 . 1 2 
109 . 96 

( gm ) 

D ( l )  = 43 . 2 2 Dl El Ll = 45 . 08 
D ( 2 )  = 20 . 3 4  Dl El L2 = 4 1 . 8 8 

Dl El L3 = 40 . 66 
Dl E2Ll = 43 . 9 5 
Dl E�L2 = 43 . 01 
D l E2L3 = 4 4 . 76 

F 

1 27 . 79 * *  
1 3 . 6 5* 

607 . 40* * 

8 13 . 0 1 * *  

7 09 . 27 * *  
5 . 2 4* 

D2E1 Ll = 

D2El L2 = 

D2E1L3 = 

D2E2Ll = 

D2E2L2 = 

D2 E2L3 = 

1 8 . 8 8 
2 2 . 7 1 
2 1 . 3 6 
2 1 . 1 4 
17 . 71 
2 0 . 26 



8 4  

Tabl e  33 . Sign i f i c a nt Ma i n  Effec t s  a nd I n t e ra c tions o f  Hen-Da y Pro­
duct ion Ex p res s e d  as Gm Egg Pe r He n Pe r Day ( Expe riment Th ree ) .  (Con ' t . )  

Sou rce 

P(5) Di e t  

P(6) Diet 

d f  

1/3 

Mea ns (gm ) 

D( l )  = 43 . 2 

1/3 

Me ans ( gm)  

MS 

26 1 13 . 04 

. . � 

D( 2 )  = 19 . 6  

1951 8 . 67 

D ( l ) = 42 . 5  D( 2 )  = 22 . 0  

P(7 ) Diet 1/3 

Mea n s  (gm )  

D ( l )  = 41 . 7 

*signi f i c ant l y  d i f f e rent a t  ( P  '- 0 .  05 ) . 

**sign i f i c a nt ly di f f e rent a t  ( P'- 0 . 01 ) . 

10771 . 3 1 

D( 2) = 26 . 5  

. �.. � 

F 

598 . 72** 

401 . 73 ** 

2 18 . 3 3 ** 



Table 3 4 . Ma i n  Ef f e c t  Me a n s  o f  Egg We i ght s 
{ Ex p e r im e nt Th re e ) . 

Age ( We ek s ) 
Ma i n 
Effec t s  28 3 2  3 6  40 

C ( l )  46 . 7  49 . 0  5 1 . 4  5 2 . 9  
C ( 2 ) 46 . 8  49 . 1  5 1 . 8  5 3 . 3  

E ( l ) 46 . 7  4 9 . 1 5 1 . 6  5 3 . 0  
E ( 2 )  46 . 8  49 . 0  5 1 . 5  53 . 2  

D ( l ) 47 . 8 2 5 1 . 1 2 54 . 3 2 5 5 . 62 
D ( 2 )  4 5 . 7  47 . 0  48 . 9  50 . 7  

S ( l )  4 5 . 2 1 47 . 52 49 . 7  2 5 1 . 01 
S ( 2 )  48 . 4  50 . 7  53 . 4  5 5 . 2  

L( l )  46 . 5  48 . 9  5 1 . 5  5 3 . l  
L ( 2 )  46 . 8  49 . 2  5 1 . 7  53 . 2  
L{3 ) 47 . 0  49 . l  5 1 . 5  5 3 . l  

Ave r .  46 . 8  49 . 1  5 1 . 6  5 3 . l  

1 s i gn i f i c a nt l y  d i f f e rent a t  (P c::. 0 . 05 ) . 

2 s i gn i f i c a nt l y d i f f e re nt a t  (P<: 0 . 0 1 ) . 

by Fou r -Wee k  I nt e rva l s  

4 4  4 8  5 2  

54 . 5  5 6 . l  57 . 2  
54 . 6  5 6 . 0  5 7 . 4  

5 4 . 6  5 5 . 9  5 7 . 3  
54 . 4  5 6 . 2  57 . 2  

57 . 02 
58 . 6 1 59 . 2 2 

5 2 . 0  5 3 . 5  5 5 . 4  

5 2 . 8 2 5 4 . 6 2 5 5 . 8 2 

56 . 3  57 . 5  58 . 7  

54 . 6  5 5 . 8  57 . 5  
5 4 . 9 56 . 5  5 7 . 1  
54 . l  5 5 . 9  57 . 2  

5 4 . 5  5 6 . l  57 . 3  

Ta b l e  3 8  l i s t s  t he p e r ce nt f e rt i l i t y  a nd h a t c h a b i l i t y  summa r i e s  

f rom t wo s e p a ra t e  h a t che s . The t re a t me nt ave ra ge i s  a l s o  g i ve n , a s  

ca l cu la t ed f rom t h e  c omb i n e d  t o t a l s  o f  both h a t c he s . Fe rt i l i t y  wa s 

8 5 

s igni f i c a nt l y  d i f f e re nt ( P ' 0 . 0 1 )  f o r  hens on the two t yp e s  o f  d i e t s . 

The eggs f rom hens f e d  t he c o rn - s oy d i e t  ha d 8 5 . 7  p e rc e nt fe rt i l i t y  

c ompa re d t o  37 . 7  pe rc e nt f e r t i l i t y  f o r  eggs f rom hens f e d  t he pu r i f i e d 

type d i e t . No s i gn i f i c a nt e f f e c t  of s e l e nium or v i t a m i n  E wa s d e t e c t e d . 



Tab l e 3 5 . 

p(l ) 

P( 2 )  

Signi f i c a nt Ma i n  Ef f e c t s  

Sou rce 

Di e t  

D X E 

St ra i n  

D X L 
C X E  X S  x 

D ( l )  = 

D ( 2 )  = 

Dl El = 

Dl E2 = 

D 2 El = 

D2E2 = 

S ( l ) = 

S ( 2 } = 

Dl Ll = 

Dl L2 = 

D1 L3 = 

D2Ll = 

D2L2 = 

D2 L3 = 

Di et 
St ra in 

( Ex pe ri ment 

df 

1 /3 
1 /3 
1 /3 
2/6 

L 2/6 

Me a ns 

47 . 8  
45 . 8  

48 . 2  
47 . 4  
45 . 4  
46 . 2  

45 . 2  
48 . 4  

48 . 2 

47 . 8  
47 . 5  
4 4 . 9 
45 . 8  
46 . 7  

Di e t  X Level 

1 /3 
1 /3 
2/6 

a nd I nt e ra.c t t ons of Egg We i gh t  
Th ree ) .  

(gm) 

MS F 

200 . 08 58 . 67** 
33 . 33 189 . 39** 

499 . 23 20 . 38* 
24 . 62 7 . 93 *  

5 . 66 5 . 3 2 * 

Cl:_El S l Ll = 44 . 7  
ClE1 S l L2 = 45 . 2  
C l E 1 S l L3  = 44 . 0  
C l El S 2Ll = 48 . 2  

ClE1 S 2 L2 = 48 . l  
Cl El S 2L3 ·= ·49 . 8 
Cl E2S l Ll = 4 4 . 2  

C l E 2S l L2 = 45 . 8  
Cl E2S l L3  = 46 . 6  
C l E 2 S 2 Ll = 48 . 0  
ClE2S 2 L2 = 48 . 8  
Cl E 2 S 2 L3  = 47 . 9  
C 2El S 1 Ll = 45 . 6  
C 2El S l L2 = 44 . 6  
C2El S l L3  = 45 . 4  

.C2E l S 2Ll = 47 . 5  
C 2El S 2 L2 = 49 . l 

C2El S 2L3 = 49 . 4  
C2E2S 1 Ll = 45 . 4  
C2E2SlL2 = 45 . 2  
C 2E 2 S l L3  = 45 . 8  
C2E2S 2Ll = 49 . 0  

C2E2 S 2 L2 = 47 . 8  
C2E2S2L3 = 48 . 0  

797 . 89 
504 . 40 

1 4 . 66 

1 5 5 . 3 5* *  
47 . 37** 
20 . 68** 

86 



Tabl e 3 5 .  S i gn i f i ca n t  Ma i n  Ef fect s and Int e ra ct ions of Egg We i ght 
( Exp e riment Three ) .  (Co·n ; t . i  · · 

P( 3 ) 

P ( 4 )  

Di e t  
St ra i n  

D( l ) = 

D( 2 )  . = 

S ( l )  = 

S ( 2 )  = 

Me a ns 

5 1 . 1  
47 . 1  

47 . 5  
50 . 7  

Diet X Level 

1 /3 
1 /3 
2/6 

Di et 
St ra in 
D X  E X  L 

D( l )  
D ( 2 )  

S ( l )  
S ( 2 )  

Means 

D ( l ) = 54 . 3  
D ( 2 )  = 48 . 9  

S ( l ) = 49 . 7  
S ( 2 )  = 53 . 4  

1 /3 
1 /3 
2/6 

Mea ns 

= 55 . 6  
= 50 . 7 

= 5 1 . 0  
= 5 5 . 2  

{ gm ) 

Dl Ll = 48 . 2  
Dl L2 = 47 . 8  
Dl L3 

D2Ll 
D2L2 
D2L3 

(gm ) 

Dl Ll 

= 47 . 5  
= 44 . 9 
= 45 . 8  
= 46 . 7 . . 

1380 . 3 1 
6 69 . 01 

18: 69 

= 5 4 . 6  
DlL2 = 54 . 7  
D1L3 = 53 . 6  
D2Ll = 48 . 6  
D2L2 = 48 . 8  
D2L3 = 49 . 5  

(gm ) 

Dl El Ll = 

Dl El L2 = 

Dl El L3 = 

Dl E2Ll = 

Dl E2L2 = 

Dl E2L3 = 

1 154 . 44 
841 . 68 

19 . 94 

5 5 . 9 
56 . 0  
54 . 2  
5 5 . 7  
55 . 8  
56 . 0  

. � -

338 . 3 1 ** 
50 . 3 1 ** 
1 9 . 88 ** 

120 . 26** 
25 . 46* 
1 7 . 56 ** 

D2 E1Ll = 49 . 8  
D2 El L2 = 50 . 6  
D2 El L3 = 51 . 6  
D2 E2Ll = 51 . 0  
D2 E2L2 = 50 . 6  
D2 E2L3 = 50 . 6  

87 



TablC 3 5 .  S i gn i f i c ant Ma i n  E f f e c t s  a n d  I n t e ra c t i ons of Egg We i gh t  
( Ex p e r ime nt Th re e ) . ( Can ' t . )  

p(S)  Di e t  
St ra i n 

1 /3 
1 /3 

1 1 8 9  . 0 4. 
5 7 5 . 8 5 

Mea ns ( gm )  

1 41 . 6 7 * *  
1 2 2 . 3 8 * *  

D( l )  = 5 7 . 0  
D ( 2 )  = 5 2 . 0  

S ( l ) = 52 . 8  
S ( 2 ) = 56 . 3  

P( 6 )  

P ( 7 )  

D i e t  
S t ra i n  
D X  L 

Di et 
St ra i n 
D X  L 
E X L 

D ( l )  = 

D ( 2 )  = 

S ( l )  = 

8 ( 2 )  = 

59 . 2  
5 5 . 3  

5 5 . 7  
58 . 7  

1 /3 
1 /3 
2/6 

D ( l ) = 

D ( 2 )  = 

S ( l )  = 

S ( 2 )  = 

1 /3 
1 /3 
2/6 
2/6 

1 2 1 7 . 19 
3 8 4 . 5 1 

4 6 . 08 

Me a n s  ( gm )  

5 8 . 6  Dl Ll 
5 3 . 5  Dl L2 

Dl L3 
5 4 . 6  D2Ll 

= 

= 

= 

= 

57 . 5  D2L2 = 

D2L3 == 

7 1 3 . 6 5 
4 2 0 . 08 

44 . 08 
1 7 . 89 

Me a n s  ( gm )  

DlLl = 6 0 . 0  
DlL2 = 59 . 4  
Dl L3 = 5 8 . 1  
D2Ll = 5 4 . 9  
D2L2 = 5 4 . 9  
D2L3 = 56 . 2  

*s i
-
gni f i c a nt l y  d i f f e re nt a t  ( P L  0 . 05 ) .  

* * s i g n i f i c a nt l y d i f f e rent a t  ( P .L  0 . 0 1 ) . 

58 . 8  
59 . 6  
57 . 5  
5 2 . 7  

1 03 . 10 *  
1 6 . 43 * *  

6 . 2 0 *  

53 . 4  
5 4 . 3  

1 59 . 3 0 * *  
4 4 . 3 8 * *  
1 6 . 1 2 * *  

5 . 29 *  

El Ll = 5 7 . 4  
El L2 = 5 6 . 7  
El L3 = 5 7 . 8  
E2Ll = 57 . 5 
E 2L2 = 57 . 5  
E2L3 = 5 6 . 5  

8 8  



Table 36 . Ma i n  Ef f e c t  Mea ns o f  Haugh Unit s by. Fou r . Week Int e rva l s  
( Exp e r i ment Th re e ) . 

Age ( We eks ) 
Ma i n 
Ef fe c t s  28 32 3 6  4 0  

C( l )  89 . 2  87 . 3  86 . 2 8 4 . 1  
C( 2) 8 8 . 4  87 . 6  86 . 2  8 4 . 0 

E(l ) 88 . 8  8 7 . 6  8 6 . 5  8 4 . 3  
E ( 2) 88 . 7  87 . 3  8 5 . 8  83 . 8  

D ( l )  88 . 2  86 . 5 1 8 3 . 0 2 79 . 9 2 

D ( 2 )  89 . 4  8 8 . 4  89 . 3  88 . 2 

S ( l )  88 . 6  8 7 . 1 1 8 5 . 6 1 8 2 . 9 2 

S ( 2) 89 . 0 8 7 . 8  86 . 7  8 5 . 2  

L(l ) 89 . 2  "87 . 6  85 . 9 8 4 . 2 
L ( 2 )  88 . 7  8 7 . 3  86 . 1  8 3 . 9  
L(3 ) 88 . 5 . 87 . 5  8 6 . 4  8 4 . l  

Ave r .  88 . 8  8 7 . 4  8 6 . 2  8 4 . 1  

l si gni f i ca nt l y  d i ff e re nt a t  ( P L-- 0 . 05 ) . 

2Si gni f i c a nt l y  d i f f e re nt a t  ( P < 0 . 01 ) . 

44 

8 2 . 0 
8 2 . 2  

82 . 3  
8 2 . 0 

7 7 . 9 2 

86 . 4 

8 0 . 82 

83 . 5  

82 . 4 
8 1 . 5  
8 2 . 4  

8 2 . 1 

4 8  5 2  

8 1 . 3  80 . 8  
8 1 . 1  79 . 9 

8 1 . 4  8 0 . 7  
81 . 0  80 . 0 

7 5 . 3 2 77 . 4  
2 

87 . 0 83 . 3  

79 . 9 2 79 . 3 1 

8 2 . 4  8 1 . 4  

8 1 . 3  8 0 . 2  
80 . 9 8 0 . 8  
8 1 . 3  80 . 0  

8 1 . 2  80 . 4  

8 9  

Type o f  diet a l s o  s ig n i f i c a nt l y  ( P � 0 . 01 )  inf lu e nc e d  h a t c h a b i l i t y  

of fe rt i l e  eggs . The a ve rage f o r  D ( l )  wa s · 9 2 . 3  p e rcent a nd for D ( 2 ) 

58 . 1 pe rcent . A l t hou gh l e ve l  o f  s e l e nium a dd i t ion d i d  not s i gn i f i -

cant l y  i n.f lu e nc e  h a t c h a b i l i t y ,  i t  a p pea r e d  t h a t  0 . 1  ppm wa s t h e  mos t 

des i ra b l e l ev e l  t o  u s e . I n  a l l  c a s e s , whe n  s e l e nium was i nc re a s e d  t o  

1 . 0 ppm the re wa s a t e nd e nc y  t o  h a ve s l i ght l y  l owe r h a t chab i l i t y . 

Vi t a min E l e v e l  s i gni f i c a nt l y  a f fe ct e d  e gg h a t chab i l i t y . Fe rt i l e  eggs 



Table 37 . S i gni f i c a nt Ma i n  Ef fe c t s a nd I nt e ra ct i ons of Haugh Uni t s  

Sou rce d f  

P(l ) E X  D 1 /3 
C X E  X D 1 /3 
E X  S 1 /3 
C X E  X D X  L 2/6 

ElDl = 88 . 6  

ElD2 = 87 . 9  
E2Dl = 89 . l 
E2D2 = 89 . 7  

ElS l  = 88 . 9  
El S 2  = 88 . 9  
E2S l = 88 . 3  
E2S2 · = 89 . 2  

Cl ElDl = 89 . 0  
Cl El D2 = 87 . 6  
Cl E2Dl = 89 . 5  
Cl E2D2 = 90 . 7  
C2E1 Dl = 88 . 2  
C2El D2 = 88 . 2  
C2E2Dl = 88 . 8  
C2E2D2 = 88 . 7  

P( 2 ) Di et 1 /3 
E X  D 1 /3 
C X E  X D 1 /3 

S t ra in 1 /3 
E X  S X L  2/6 

( Expe riment Th ree ) . 

MS 

20 . 74 

21 . 53 
10 . 3 1 
10 . 18 

Mea ns (H . U . )  

C l El DlLl = 89 . 8  
C l E 1 DlL2 = 88 . 8  
C l E1 Dl L3  = 88 . 4  
Cl El D2Ll = 9 1 . 6  
Cl El D2L2 = 88 . 6  
Cl El D2L3 = 88 . 4  
Cl E2Dl Ll = 87 . 0  
Cl E2DlL2 = 87 . 8  
Cl E2Dl L3 = 87 . 8  

Cl E2D2Ll = 9 1 . 6  
Cl E2D2L2 = 89 . 4  
CI E2D2L3 = 91 . 2  
C2El D1 Ll = 89 . 4  
C2El Dl L2 = 88 . 0  
C2El Dl L3 = 87 . 2  
C2ElD2Ll = 87 . 5  
C2El D2L2 = 89 . 3  
C2El D2 L3 = 89 . 4  

164 . 83 
1 2 . 86 
1 1 . 75 
2 1 . 27 
2 4 . 84 

F 

17 . 18* 

14 . 87* 

40 . 9 5** 

6 . 49* 

C2E2D1 Ll 
C2E2Dl L2 
C2E2Dl L3 
C2E2D2Ll 

C2E2D2L2 
C2E2D2L3 

. - . \ 

= 87 . 8  
= 89 . 2  
= 87 . 6  
= 89 . 6  
= 88 . 4  
= 8 8 . 2 

20 . 96* 
1 2 . 78* 

1 0 . 32* 

10 . 51 * 

7 . 13 * 

9 0  
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Table 37 . S igni f i ca nt Ha i n  Effect s  a nd Int e ra c t i ons of Haugh Uni t s  
( Expe riment Th ree ) .  (Con ' t � ) · 

P(3 ) 

P ( 4 )  

D( l )  = 8 6 . 5  
D( 2 )  = 88 . 4  

S ( l )  = 87 . 1  
S ( 2) = 87 . 8  

El Dl = 87 . 0  
El D2 = 88 . 3  
E2Dl = 86 . 2 
E2D2 = 88 . 5  

Die t  
St ra i n  
E X S X L 

D ( l )  = 83 . 0  
D( 2 ) = 89 . 3  

S ( l )  = 85 . 6  
8 ( 2 ) = 86 . 7  

1 /3 
1/3 
2/6 

Di et 1/3 
E X D 1/3 
St ra i n  1/3 
C X D X S X L 2/6 

Me ans (H . U . )  

Cl El Dl = 86 . 8  
CI E1 D2 = 88 . 0  
Cl E2Dl = 85 . 7  
Cl E2D2 = 88 . 9  
C2E1 Dl = 87 . 1  
C 2ElD2 = 88 . 6  
C2E2Dl = 86 . 7  
C 2E2D2 = 88 . 2  

Means (H . U . )  

El S l J""l = 

El S l L2 = 

El S l L3  = 

El S 2Ll = 

El S 2L2 = 

1 9 5 1 . 38 
63 . 37 
3 5 . 70 

84 . 7  
86 . 2  
86 . 8  
87 . 7  
87 . 4  

ElS2L3 = 86 . 4  

3 23 2 . 43 
64 . 40 

2 45 . 70 
7 . 32 

El S l Ll = 

El°SlL2 ::: 

ElS l L3  = 

El S 2Ll = 

El S2L2 = 

El S2L3 = 

E2S1 Ll = 

E2S1L2 = 

E2S 1 L3  = 

E2S2Ll = 

E2S2L2 = 

E2S2L3 = 

87 . 1  
86 . 8  
87 . 6  
89 . 1  
88 . 4  
86 . 7  
87 . 4  
87 . 0  
87 . 1  
87 . 2 
87 . 0  
88 . 6  

179 . 77** 
1 5 . 1 1* 
1 0 . 54* 

E2S 1 Ll = 85 . 7  
E2S l L2 = 85 . 3  
E2S l L3  = 85 . 1  
E2S 2Ll = 85 . 9  
E2S2L2 = 85 . 6  
E2S 2L3 = 87 . 7  

2506 . 1 1 ** 
10 . 2 1 *  
48 . 56** 

7 . 01 *  



Table 3 7 . 

P( 5 )  

P{6 ) 

9 2  

S igni fi cant Ma i n  Ef fect s and Int e ract i ons of Haugh Uni t s  
( Ex pe riment Th ree ) .  ( Con ' t . )  

D ( l )  = 

D ( 2 )  = 

S ( l )  = 

S ( 2 ) = 

ElDl = 

El D2 = 

E2Dl = 

E2D2 = 

Die t  

St ra i n  
D X E 

D ( l )  = 

D ( 2 )  = 

S ( l ) = 

S ( 2 )  = 

Di e t  

St ra i n  

79 . 9 

88 . 2  

82 . 9  

85 . 2  

80 . 7  

88 . 0  

79 . 2  

88 . 4  

77 . 9  
86 . 4  

80 . 8  

83 . 5  

E X S X L 

D X  E 

1 /3 

1 /3 

1 /3 

1 /3 

1 /3 

2/6 

1 /3 

Means (H . U . )  

Cl Dl S l Ll = 

C l D1 S l L2 = 

C l D1 S l L3  = 

Cl Dl S2Ll = 

C l Dl S2L2 = 

C l Dl S 2L3 ::: 
Cl D2S l Ll = 

Cl D2SlL2 = 

Cl D2S l L3  = 

Cl D2S2Ll = 

ClD2S2L2 = 

ClD2S2L3 = 

80 . 6  

78 . 2  

77 . 2  

80 . 7  

79 . 4  

80 . 6 

87 . 4  

87 . 3 

88 . 2  

90 . 5  

88 . 6  

90 . 8  

3 409 . 27 

336 . 41 

3 2 . 75 

C2Dl S 1 Ll 

C2DlS l L2 

C2Dl S l L3  

C2Dl S2Ll 

C2DlS2L2 

C2Dl S2L3 

C2D2S1 Ll 

C2D2S1 L2 

C2D2 S l L3 

C2D2S 2Ll 

C2D2S2L2 

C2D2S 2L3 

Means ( H .  U . )  

Dl El = 78 . 4  

D1 E2 = 77 . 3  

D2El = 8 6 . l  

D2E2 = 86 . 6  

6348 . 9 6 

285 . 04 

68 . 49 

69 . 00 

= 8 2 . 6  

= 82 . 8  

= 84 . 0  

= 84 . 6  

= 83 . 2  

= 83 . 6  

= 85 . 5  
= 85 . 6  

= 86 . 4  

= 8 8 . 4  

= 9 0 . 6  

= 89 . 2  

2 1 3 0 . 34** 

121 . 56** 

1 3 . 06* 

1 0 1 45 . 37** 

208 . 53** 

1 8 . 0 6 * *  

10 . 3 3 *  



Ta b l e  37 . S i g n i f i c a nt Ma i n  Ef fects a nd I nt e ra c t i o n s  _of Haugh Uni t s  
( Expe riment Th ree ) .  ( Con

.
' t  � )  · 

P(7 ) 

D ( l )  = 75 . 3 
D ( 2 )  = 87 . 0  

S ( l )  = 79 . 9  
S ( 2 ) = 8 2 . 4  

Dl El = 76 . 1  
D1 E2 = 74 . 5  
D2 El = 86 . 6  
D2E2 = 87 . 4  

Diet 
St ra i n 
E X  S X L  

D ( l )  = 77 . 4  

D ( 2 )  = 83 . 3  

S ( l )  = 79 . 3 

S ( 2 )  = 8 1 . 4  

1 /3 
1 /3 
2/6 

Me a ns (H . U . )  

El S l Ll = 

El S l L2 = 

E l S l L3  = 

El S 2Ll = 

E l S2L2 = 

El S 2L3 = 

80 . 4  
78 . 4  
8 1 . 3  
8 4 . 1  
83 . 0  
81 . 0  

1 53 2 . 78 
186 . 77 

77 . 98 

Me a ns (H. U . )  

El S l Ll = 79 . 8  
El S l L2 = 78 . 9  
El S I L3  = 80 . 4  
El S 2Ll = 82 . 8  
El S 2L2 = 82 . 8  
El S 2 L3  = 79 . 5  

*
signi f i ca n t l y  d i f f e re nt a t  ( P L  0 .  05) . 

** 
.S i gni f icant l y  d i f f e re n t  a t  ( P  <::. 0 . 01 ) . 

E2S1Ll = 79 . 7  
E2S l L2 = 80 . 4  
E2S l L3  = 79 . 3  
E2S 2Ll = 8 1 . l 
E2S2L2 = 8 1 . 9  
E2S 2L3 = 83 . 6  

. �--

E2S 1 Ll 
E2S I L2  
E2S l L3  

= 

= 

= 

3 1 4 . 8 0** 
3 3 . 9 1 *  

8 . 87* 

77 . 9  
80 . 8  
78 . 1  

E2S 2Ll = 80 . 3  
E2S 2L2 = 80 . 9  
E2S2L3 = 82 . 2  

93 



Ta b l e  3 8 .  Pe rcent Fe rt i l i t y  a nd Pe rcent Hat chabi l i ty o f  Egg From Hens Fed Va riou s  Level s o f  
Se lenium and Vi t am in E ( Expe riment Three ) .  

Corn-Soy Glu c os e - I s o l a t e d  S oy-To ru l a  Yea s t  

0 ppm Vi t a m i n  E 1 0  p pm Vi t a m i n  E 2 ppm Vi t a m i n  E 1 0  ppm Vi t a m i n  E 
p pm Se ppm S e  ppm Se ppm Se 

0 0 . 1  1 . 0 0 0 . 1 1 . 0  0 0 . 1  1 . 0  0 0 . 1  1 . 0 

Fe rt i l i ty 

85 . 0 1 84 . 9  83 . 6  8 5 . 4  89 . 2  89 . l  4 4 . 1  4 6 . 3  3 4 . 6  2 8 . 6  39 . 0 42 . 0  
89 . 5 2 85 . 6  79 . 2  8 4 . 7  8 5 . 9  8 6 . 0  3 5 . 8  3 3 . 5  45 . 7 3 1 . 0  42 . 1  2 9 . 6  
87 . 3 3 8 5 . 3 8 1 . 6  8 5 . 0 87 . 6  87 . 6  38 . 8  3 7 . 3  4 1 . 7 3 0 . 1  40 . 8  3 3 . 7  

Ha t chab i l i t y  o f  Fe rt i le Eggs 

1 9 5 . 2  9 1 . 4  9 0 . 3  9 6 . 3  9 1 . 3  7 5 . 6  6 5 . 8  72 . 2  3 6 . 7 6 8 . 8  45 . 9  9 4 . 6 2 9 0 . 7  9 1 . l  89 . 0  9 5 . 8  9 1 . 0  9 1 . 3  57 . 6  69 . 7  58 . 8  46 . 6  s2 . 8 · 47 . 2  
92 . 7 3 93 . 1  9 0 . 4  93 . 0  9 3 . 8  9 1 . 3  6 5 . 0  6 8 . 3  6 2 . 8  43 . 2  59 . 2  46 . 7  

lva lu e s  i n  t hi s  row rep resent fe rt i l i t y o r  h a t c h a b i l i t y  of ha t c h one w ith 1 50-200 eggs p e r  
t re a tment . 

2va lu e s  i n  t h i s  row rep re s ent f e rt i l i t y  or h a t chab i l i t y  of ha t c h  t wo w i t h  1 5 0-200 eggs p e r  
t re a t ment . 

3 Va lues i n  t h i s  row re p r e s e nt a ve ra ge f e rt i l i t y  or h a t chab i l i t y  b a s e d  on tot a l s  of t he 

t re a t me nt s  for t wo ha t c hes . 

c.o � 



Ta bl e 39 .  Bod y  We i gh t  Ga i n  of Thre e - Week-Ol d Proge ny ( Ex p e r i m e nt 
Th ree ) . 1 

S t a rt i ng wt . ( gm )  
3 -we ek g a i n  ( gm ) 2 

3 -we ek g a i n ( gm ) 3 

S t a rt i ng wt . ( gm )  

3 -we ek ga i n  ( gm ) 2 

3 -we e k  g a i n  ( gm ) 3 

Co rn-Soy 

0 p pm Vi t am i n  E 10 ppm .Vi t a m i n  E 
p pm Sc ppm Se 

0 0 . 1  1 . 0 0 0 . 1  1 . 0 

3 6  3 7  3 6  3 6  3 6  3 6  
1 1 3 9 1  1 09 1 09 1 05 109 
1 1 1  1 0 9  1 1 1  1 06 1 27 1 2 0  

Gl uc os e - I s ol a t e d Soy-To ru l a  Ye a s t  

2 ppm Vi t am i n  E 10 ppm Vi t a m i n  E 
ppm Se p pm Se 

0 0 . 1  1 . 0 0 0 . 1  1 . 0 

3 3  3 3  3 4  3 3  3 3  3 2  
1 02 1 0 2  1 1 0  1 13 9 1  1 0 8  
1 1 7 1 1 5  1 1 0  1 08 100 1 1 0  

9 5  

1
chi cks we re f e d  t he s t a rt e r  l i s t e d  i n  Tab l e  4 .  He a d ing on t h i s t a b l e  
refe r t o  d a ms d i e t t re a tment . 

2
chi ck s t a rt e r  (Table 4 )  whi c h  cont a i ns 0 . 05 ppm Se . 

3 chi ck s t a rt e r (Ta ble 4 )  p l u s  0 . 05 ppm Se f o r  a 0 . 1 0 ppm t ot a l . 

f rom hens f e d  t h e  l owe r l evel of v i t a m i n  E a ve ra g e d  7 9 . 3  p e rce nt and 

t hos e f rom t h e  h i gh e r  v i t a m i n  E l e ve l  7 1 . l  percent ha t ch a b i l i t y . The r e  

i s  n o  obv i ou s  re a s on f o r  s l i ght ly i nc re a s e d  leve l s  o f  d i e t a ry v i t am i n  E 

t o  re du c e  h a t c h a b i l i t y . The e f f e c t  s e eme d p a rt i cu l a rly e v i dent f o r  e ggs 

f rom hens o n  the pu ri f i e d  d i e t  t re a t me nt s . 

Prog e ny f rom one o f  t he h a t ch e s  w e re u s ed in a t h ree -week g rowt h  

s tudy (Ta b l e  39 ) . T o  d e t e rmi n e  t h e  pos s ib l e  i n f l u e nce o f  s e l e n iu m  
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carry-ove r f rom the  dam wa s a n  obj ect ive of . thi� · short t e rm stu d y . The 

treatment s  shown i n  Ta ble 3 9  i ndi ca t e the dam ' s d i et a ry t rea tment . The 

chicks we re fed a bas a l  s t a rt e r  (Tab l e  4 )  cont a ining 0 . 05 ppm S e  o r  t h e  

same diet with a n  a dd i t i ona l 0 . 05 ppm S e  a dded . Chi cks ha t ched f rom 

dams fed the pu r i f i e d  d i e t s  we re s l igh t l y  sma l l e r  at hat ching . The re 

were no s igni f i c ant e f fect s of the s e  diet  va ri ables  on ch ick weight ga in . 

A s l ight t rend for t he a dd i t i ona l s e l e nium t o  i nc re a s e  we i ght g a i n  

of chicks f rom hens rec e iv i ng t he pu r i f i ed d i et with the 2 ppm v i t am i n  

E wa s not ed . I t  a ppea red that  in ord e r  t o  demons t ra t e  a g rowt h  res ponse 

from s e lenium , a d iet ·  much l owe r i n  ava i lable s e l enium wou l d  be needed . 

' 

Tab l e  40 l i s t s  egg s e l en ium va lu e s  obt a ined f rom . ara lys i s  of e ggs 

saved f rom hens at 3 2  weeks of  age . At t h i s  t ime hens ha d rec e i ve d  

the i r  d i et a ry t rea tment s f o r  1 2  weeks .  Table 41 shows t h e  s igni f i c a nt 

ma in e f fe c t s  a nd i nt e ra ct i ons . Die t s  diffe red s igni f ic a nt l y  ( P � 0 . 01 )  

in t he i r  e f fe c t  on egg s e l e n ium . Thi s  wa s due t o  d i f f e rence in  natu ra l 

s e l enium cont ent ( 0 . 48 vs 0 . 05 ppm ) . 

St ra i ns d i f f e re d  a s  evidenced by t he E X S inte ract ion ; howeve r ,  

the DeKa l b  13 1 hens depos i t e d  s l i ght l y  les s s e lenium i n  the i r  eggs than 

the Regiona l Cont rols fed e ithe r l eve l of vitamin E. Level of s e l en iu m  

f e d  exe rt e d  s ign i f i ca nt l y ( P � 0 . 01 )  d i f f e rent e f fect s o n  the amou n t s  o f  

s e le n ium d epos i t ed i n  the egg . T h e  i nc rease  i n  di et a ry s e l en ium d i d  

not c a u s e  t he s ame i nc re a s e  i n  egg s e l enium for both diet s . Hens f e d  

the c orn-s oy d i e t s cont a ining a l ibera l amou nt o f  na tu ra l  s e l e n iu m  

depos i t ed only s l ight l y  more s e l en ium i n  the i r  eggs a s  l eve l s  we re 



Tabl e 40 . Effect of Di e t a ry Se l e n ium Add it ions on E�a S e l enium 
( Ex pe riment Th r�e

"
> ·. 1 

· u o  

S e  Vi t ami n E Se Cont e nt 
Added Added of Eggs S t a nda rd 
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Di et (ppm) (ppm) (ppm ) De v i a t i on 

Corn-Soy2 
0 . 424 

10 0 . 43 
0 . 1  0 . 45 
0 . 1  10 0 . 45 
1 . 0 0 . 51 
1 . 0 10  0 . 54 

Glucose- I s o l a t e d  2 0 . 1 1 
Soy-Toru l a  10 0 . 1 1 
Yea s t3 0 . 1  2 0 . 19 

0 . 1  10 0 . 17 
1 . 0 2 . 0 . 41 
1 . 0 10 0 . 37 

� ..... 

1He ns rece ived d i e t s  f o r  1 2  weeks b e f o re eggs were s ampled . 

2
Die t  cont a i ns 0 . 48 ppm s e l e nium . 

3Diet cont a ins 0 . 05 ppm s e l e n iu m . 

0 . 02 

0 . 01 

0 . 02 

0 . 03 

0 . 03 

0 . 03 . 

0 . 01 

0 . 02 

0 . 03 
0 . 02 

0 . 03 

0 . 03 

4 
Each va lu e re.p res ent s  t he ave ra ge of e i ght expe rime nt a l  u n i  t s  ( 3  hens 
each ) . Poo l e d  s a mp l e s  o f  f i ve eggs we re u &ed for e a c h  a na lys i s . 

inc rea s e d . Howeve r , t h o s e  hens f e d  the pu r i f ied d i et s cont a i n i ng l i t t l e 

na tu ra l  s e l enium depos i t ed a gre a t e r  p o rt ion of the di�t a ry add i t i o n  

i n  t he i r  eggs . Hens f e d  t he h i ghe s t  l evel ( 1 . 0  ppm Se ) i n  pu ri f i e d  d i e t s  

did not depos i t  a s  much s e l e n ium i n  t he i r  eggs a s  wa s fou nd i n  e ggs f rom 

the unsupplement ed corn-s oy d i e t s . Thi s  sugge s t s  t h a t  ino rga n i c  s e le -

nium a d d i t ions t o  a d i e t  c ont a ini ng fa i rl y  h igh leve l s  o f  natu ra l 

di et a ry s e lenium wi l l  not cau s e  exc e s s i ve l evels of s e l e nium do be 



Ta ble 41 : S i g n i f i c a nt Ma i n  Ef f ec t s  a nd I nt e ra c t i on of Egg Sel eni um 
Cont ent a t  3 2  Wee k s  ( Expe riment Th ree ) . 

Sou rce df MS F 

Diet 1 /3 1 29 3 . 6 3 49 3 7 . 53 * *  
E X  S 1 /3 1 . 3 3 1 0 . 49 *  
Leve l ( Se ) 2 /6 3 47 . 8 1  7 2 3 . 0 5 * *  
D X  L 2/6 87 . 5 3 1 9 6 . 9 7 * *  

Me a n s ( p pm ) 

D ( l )  = 0 . 46 6  L ( l )  = 0 . 26 7  
D ( 2 )  = 0 . 23 3  L ( 2 ) = 0 . 3 1 5  

L ( 3 )  = 0 . 4 67 
E l S l  = 0 . 3 5 7 

El S 2  ::: 0 . 3 3 8  Dl Ll = 0 . 423 
E2Sl = 0 . 3 5 4  Dl l..2 = 0 . 4 5 1  
E2 S 2  = 0 . 3 49 Dl L3 = 0 . 5 2 4  

D2Ll = 0 . 1 1 1  
D2L2 = 0 . 1 8 0  

D2L3 = 0 . 4 1 0  

*
s i gni f i c a n t l y  d i f f e rent a t  ( P .L 0 . 0 5 ) . 

* 
S i gn i f i c a n t l y  d i f f e re nt a t  ( P C:: 0 . 0 1 ) . 

depos i t ed i n  eggs . From a p ra c t i c a l v iew , i f  ino rga n ic Se a d d i t i ons 

we re made to a l ow Se d i e t  i t  wou l d  i nc re a se e g g  s e l e nium . I f  a 

9 8  

s im i l a r  a d d i t i on wa s ma de t o  a d i e t  a l rea dy c ont a i n i ng su f f i c i e nt S e ,  

· 1 1 t t l e  inc re a s e shou l d  be exp e c t e d  i n  t h e  sel enium cont ent o f  t he eggs . 
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GENERAL DI SCU S S ION 

Th re e ex pe r i m e n t s we re c ondu c t e d to stu dy e f f e c t s  o f  va r i ous die t a r y 

a dd i t i on s  o f  s e l e n i um a nd a rse n i c  on c h i c kens . Add i t i ons w e r e  m a d e  t o 

c o rn - s o y  a nq pu r i f i e d d i e t s . Wh e n  a s i ng l e  p r ot e i n  sou rce ( To rula 

yeast o r  i s o l a t e d s oy p ro t e i n ) wa s f e d , g rowt h wa s s l owe r r e su l t i n g 

i n  matu re body we i g h t s wh i c h w e r e  l e s s  t ha n  t h ose obt a i n ed w i t h  t h e  

c o rn -soy d i e t . I m p ro v e d  p rodu c t i o n wa s obt a i ne d  when b o t h  T o ru l a  y e a s t  

a nd i s o l at ed s o y  p r ot e i n  w e r e  us e d  t o ge t he r  i n  a d i e t  h a v i ng s l i ghtly 

h i g he r e n e rgy a nd p rot e i n .  Th i s  i n d i c a t e s t ha t  pe rha ps t h e  p ro p e r 

a m i n o ba l a nc e  w a s  not a v a i l a b l e  u s i ng t h e  s i ng l e  p rot e i n  s ou rc e . H e n s  

s h ou l d. ha v e  a dj u s t e d  t he i r f e e d i n t a ke s o  t h a t  l a ck o f  e ne rgy s h ou l d  

not ha v e  c a u s e d t h e  poor p rodu c t i on . 

Ade qu a t e v i t a m i n  E ,  a nti ox i dant s a n d  su l fu r  a m i no a c i d s  as w el l 

a s  a l l  o t h e r k nown nu t ri e nt s  nec e s s a ry f o r  pou lt ry nu t r it i on w e r e  

i n c l u d e d  i n  a l l  d i e t s  i n  o rde r t o  b e  a b l e  t o  a t t r i bu t e  a ny re s po ns e  t o  

t h e  s e l e n iu m a nd a rse n i c a d d i t i o n s . Wh e n  s ev e r a l d i e t s  we re p re p a red 

t h e y  we re b l e n d e d  b e f o re t he s e l e n i u m  a dd i t i ons w e re m a d e  in o rd e r t o  

a l l ev iate d i f f e re n c e s  du e to v a r i a t i o n i n  the sele niu m c onte nt o f  

i ng re d i e nt s . 

I n  o n e  ex p e r i m e n t  t h e u s e  of isolat ed soybean p rot e i n re s u l t e d i n  

sig ni ficantly ( P � 0 . 0 1 )  t hi n n e r e g g  s he ll t h a n  wa s ob t a i ned wi t h  h e n s  f e d  

t he c o rn - s oy d i e t . Th i s  t y pe of p rot e i n  re qu i re s· a mo r e  c r i t i c a l  

b a l� n c e  a mong calcium , ph os pho ru s  a nd v i t a m i n  D3 , a nd p e r haps nu t r i e n t s  

i n  t h i s  d i e t p ro v i d e d  h e r e  we re not _ a d e qu ate t o  m e e t  t h e  ex a c t re qu i r e m e n t . 



� r t h e r s t u dy w i t h  t h i s  t y p e  o f  d i e t  wou l d. a l l ow on e t o  det e rm i n e t h e  

opt i mum ca l c iu m a nd phos ph o ru s l e v e l s  t o  u s e ; a l t hou gh p e r f o rm a nc e  

e e n  s a  1 s a c  o ry i n  w o rk re po rt e d by Wl' t h  t h 1' s  t y pe of d 1' e t h a s n ot b t '  f t 

o t h e rs (Tha p a r et �· , 1 9 69 ) . 
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Ex c es s i v e l y  h i gh m o rt a l i t y  oc cu r re d  w i t h  pu r i f i ed d i et s . Th i s  w a s 

m os t  ev i dent whe n a g lu c o s e - i s o l a t e d s oy d i e t  wa s fed . Th ru s h  

( Ca nd i d i a s i s ) wa s t he cau s e  o f  ne a r l y  a l l  o f  t h e s e  de a t h s . A mo l d  

i nh i b i t i ng d 1u g , Ny s t a t i n , a n d  imp rov e d  m a na g ement p r a c t i c e s  i n  f e e d i ng 

hel ped a l l e v i a t e t h i s  p rob l em . I f  f e ed rema i ning i n  t he t rou ghs b e c a m e  

m o i s t , a n i de a l e n v i ronm e nt f o r  m o l d  g row t h  dev e l ope d .  How e v e r ,  i f  t h i s  

feed wa s pe r i od i c a l l y removed ,  a nd h e n s  f ed mo re n e a rl y wha t t he y  wou l d  

consum e da i l y ,  th e p robl em b e c a m e  l e s s  s e v e re . 

Two ppm r p re s ent s a l ev e l  a bou t 1 0  t ime s t h a t sugges t ed t o  be the 

s e l e n i u m  re qu i rement ( Thom p s on a nd Scot t , 1 9 6 9 ) . E i gh t  p p m  Se i s  a n  

u pp e r  m a rg i na l l e v e l  becu a s e  i t  b o rd e rs on t ox i c i t y . The one ex pe r ime nt 

whe re l owe r l e v e l s  ( O . l  a nd 1 . 0 ppm ) of s e l e n i u m  we re a dded t h e re wa s no 

e ffe ct on e gg s i z e  o r  feed consump t i on , as wa s ob s e rved i n  a l l ca s e s  

whe re 2 ppm wa s u s e d  i n  t ha t  s i z e  a n d  i n t ake we re reduc ed . Lowe r f e e d  

consu mpt i on w a s a l s o  not ed by ot he rs ( Po l e y  et a l . ,  1 9 41 ; Th a p a r ,  1 9 6 4 )  

when 2 p pm Se wa s i nc luded i n  l a y i ng he n d i et s . 

Se l enium a dd i t i ons o f  2 ppm o r  l e s s produ c e d va ri e d  re s p o n s e s . 

Mo rt a l i t y  wa s l ow e s t i n  g rou p s  f e d  2 ppm Se i n  both t he g row i n g  a nd 

l a � i ng p e r i o d s . Th i s  wa s t ru e  i n  a l l  c a s e s exc e pt one i n  wh i c h  8 p pm Se 

r e s u l t ed in s l i gh t l y l owe r mo rt a l i t y  du ri ng t h e  l a y i ng p e r i od whe n t he 



1 01 

Toru l a  y e a s t  d i e t  w a s f e d . Wh e n  t h e  l owe r a d d i t i on s  ( O . l  a nd 1 . 0  p pm ) 

were u s e d , t h e re wa s no s ign i f i c a nt e f f e c t  on m o rt a l i t y  du e t o  l e v e l  o f  

s el en i u m . I n  g en e r a l , 8 p pm r e s u l t e d i n  t he h i ghe s t m o rt a l i t y , bu t 

thi s  t ox i c e f f e c t  wa s ove r c om e by a rs e n i c . E f f e c t s o f s e l e n iu m  a nd 

a rs e n i c  i n  mo rt a l i t y  a g re e we l l  wi t h r e s u l t s  of Tha pa r � �· (1969) , 

howe v e r on t h e  p re s e n t  s t u d y  t he b e n e f i c i a l  c f f  e c t  o f  2 ppm was e v e n  

m o r e  obv i ou s . 

Ch i ck g rowt h wa s i m p ro v e d  s l i ght l y  a t  y ou n ge r ages ( 8  w e e k s  o r  l e s s ) 

wh e n  2 ppm Se wa s i n c l u d e d  i n  t h e  d i e t s . Th e re wa s no a dv a nt a ge f o r  

g rowt h f rom s e len i u m  a dd e d  t o  f e e d  f o r  pu l l e t s  a s  t hey m a t u r e d . Ma t u re 

hens f e d  a d d i t i on a l s e l e n i u m  w e i gh e d  l e s s  t h rou ghou t the l a y i n g p e r i od . 

Thi s m a y  ha v e  b e e n  du e t o  h i gh e r p rodu c t i on o r  t o  t he r e du c e d  f e e d  i nt ak e  

whi ch w a s  not e d  wh e n  e i t h e r 2 p pm o r  8 ppm s e le nium we r e  a dd e d . The b o dy 

we i ght de p re s s i o n  du e t o 8 ppm Se w a s c omp l e t e l y  ov e rcome by i nc lud i ng 

15 ppm a rs e n i c  in the c o r n - s oy d i e t a nd 8 ppm a rs en i c in t h e  pu r i f i e d 

d i e t s . Prev i ou s  wo rk a t  t h i s  l a bo ra t o ry ha d s h own a rs e n i c  t o  b e  mos t 

e f f e c t i ve i n  p ra c t i c a l  a nd pu r i f i e d  d i e t s  a t  1 5  a nd 8 ppm , re s pe c t i ve l y . 

The a d d i t i on o f  2 p pm s e l e n i u m  t o  a c o rn -s oy d i e t  c on t a i n i n g  0 . 4 5 

ppm S e  r e su l t ed i n  h i ghe r h e n - d a y egg p rodu c t i on . Th e e f f e c t  wa s s i gn i ­

f i c a nt du ri ng t he f i rs t  p ro du c t i o n cy c l e bu t o f  l e s s  m a gn i tu de du ri n g  

t he s e c o n d . Pe rh a p s  younge r a n i m a l s  re s pond t o  s e l e n i u m  s u p p l em e n t s ,  bu t 

o l d e r  o n e s  who h a v e  s u f f i c i e nt Se wi t h i n  t h e i r b od i e s  d o  n o t  r e s p o n d  a s  

re a d i l y o r  re qu i re a dd i t i on a l s u p p l em e nt s o r t hose t ha t  re qu i re d s e l e nium 

had a l re a dy su c cumbe d .  Egg p rodu c t i on wa s s l i ght l y  i mp rov e d by a dd i n g  
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z ppm Se t o  t h e g lu co s e- i s o l a t ed soy d i e t . Wo rk by Tha p a r e t  �· ( 1969 ) 

d i d not s h ow a ny bene f i c i a l  e f f ec t f rom a 2 ppm Se a dd i t i on t o  a s i m i l a r  

d i e t .  In t h e  p re s e n t stu dy , no imp roveme nt i n  p rodu ct i on wa s not e d when · 

s im i l a r  a d d i t i on s  we r e  m a de t o  t h e  g l u c o s e -To ru l a  ye a st d i e t . Pe r f o rm a n c e 

wa s qu i t e poor w i t h  t he s e  pu r i f i ed d i et s  s o  pe rha p s  i nf o rma t i on ob t a i n e d  

wou l d  h a ve been m o re mea n i n gfu l ha d m o re n o rma l p rodu c t i on b e e n  a t t a i n e d . 

The pu r i f i e d d i e t s we re ra t he r  l ow i n  s e l e n iu m  s o  res po ns es n h ou l d  h a v e  

be e n  d e t e c t e d  i f  p e rf o rma nc e h a d  b e e n  m o re a c c e pt a b l e . 

Lowe r s e le niu m a ddit i ons (O . l ,  0 . 2 ,  and 1 . 0 ppm )  d i d  not s i g n i f i ­

c a n t l y  a f f e c t h e n -d a y egg p r o du c t ion . In s e ve ra l c a s e s  i t  a p p e a red t h a t  

t h e ba s a l  co r n- s oy d i e t g a v e  su pe r i o r pe r f o rm a n c e , ind i c a t i ng t h e r e  wa s 

no a dv a nt a ge t o  a d d  s e le n iu m t o  a d i e t  cont a i ning 0 . 5  p pm . A l t h ou gh no 

s i g n i f i c a nt d i f f e renc e s  we re det ec t e d , l ow l eve l s e l e n i u m  a d d i t i on s  t o  

a pu ri f i e d  d i e t m a y  h a ve b e e n  h e l p fu l , bu t t h e  resu l t s  we re not c on-

s i s t a nt . 

The h i gh l evel of 8 p p m  Se l owe r ed h en-da y  egg p roduct i on a nd reduc e d  

e g g  s i z e  i n  a l l  c a s e s . The r e du c t i on wa s not s i gni f i c a nt ex c e p t  w i t h 

t h e  gluco s e -To ru l a  ye a st d i e t . Ars e n i c i nc l u d e d  w i t h  t he 8 p p m  S e  

i nc re a s e d  egg p r odu c t i on i n  t he c o rn-s oy d i e t s  bu t ha d l i t t l e e f f e c t  i n  

t h i s  rega rd i n  pu ri f i ed d i e t s . Re su l t s  o f  t he p re s ent s tu d y  a g re e i n  

gene ra l w i t h  t ho s e  of Th a p a r e t  � ·  ( 1969 ) wh e re 8 ppm Se s i gn i f i c a nt l y 

l owe red egg p rodu c t i on and a r s e ni c e f f e c t i ve l y  ov e rc a me t h i s  t ox i c i t y . 

Ad d i t i on o f  2 ppm Se t o  a c o rn-s oy d i e t re su l t ed i n  p rodu c t i on of 

s m a l l e r eggs i n  a l l  c a s e s . I n  one o f  t wo e x pe r iment s t h i s  w a s a 
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s i gn i f i c a nt re du c t i on . Add i ng 1 ppm o f  s e l eniu m  t o  c o rn- s oy d i e t s  

resu l t e d i n  a s l i gh t l y  sma l l e r  e g g  b e i ng p rodu c ed . I t  s e ems t h a t  f o r 

opt imum e gg s iz e  t he t ot a l  s e l e n iu m  c o nt e n t  of t he d i e t  
·
s hou l d  n ot 

exce ed  1 - 2  ppm . No r e du c t i on i n  e gg s i z e  wa s obs e rv e d  whe n  2 ppm Se 

wa s a dd e d  to pu r i f i ed d i e t s wh i c h cont a i ne d  on l y a b ou t 0 . 07 ppm S e . 

E i gh t p pm a d d e d  s e l e n i um re du c e d  egg s i z e  t o  e ve n a g re a t e r  ex t ent t h a n  

d i d  2 p pm i n  mos t  c a s e s . Thapa r ( 1 9 6 4 )  r e p o r t e d  a s i gn i f i c a nt dec rea s e  

i n  egg w e i ght w i t h  8 ppm S e  bu t no e f f e c t  on egg s i z e  when 2 ppm wa s 

added t o  t he c o rn- s oy d i e t . 

The m e c h a ni s m  i n vol v e d  w i t h  t he egg s i z e  depre s s i on i s  u nknown . 

Pe rha ps s e l e niu m a t  exce s s i ve l e v e l s a c t s  a s  a c ompe t i ve i nh i b i t o r  i n  

ce rt a in en z yme � ys t em s . Se l e n i u m i s  known t o  be c ome c o nc e n t ra� e d  i n  

l i v e r and ot h e r  o rg a n s a s s oc i a t e d  wi t h  p rot e i n  s y nthe s i s ( McFa rl and 

e t  a l . ,  1 9 7 0 ) . Pe rha p s  ex c e s s  s e l en iu m  int e r f e rs w i t h  e gg f o rm a t i on ,  

bu t one s h ou l d  s t u d y  t ot a l  p ro t e i n  ou t pu t  t o  mea s u re t h i s . Egg s i z e  

i s  more often a s s oc i a t ed w i t h l i p i d s , tha t i s , i na dequ a t e  l i no l e i c  d o e s  

n o t  a l l ow f o r  op t i mum egg s iz e . Pe rh a p s  ex c e s s i ve s e l e n i u m  i nt e r f e rs 

w i t h  t h e  p rope r m e t a b o l i s m i n vo l v i ng the f o rma t i on of l i pi d m a t e ri a l s  

i n  t h i s  egg . 

Wh e n  2 ppm S e  wa s a dded t o  t h e  c o rn-s oy d i e t s l i ght l y  th i n n e r e gg 

s he l l s resu l t e d . The d e c re a s e  w a s  not s i g n i f i c a n t , bu t wa s obs e rve d i n  

bot h s t u d i e s  whe re mea su red . E i gh t  ppm d id not cau s e  a fu rt he r de c re a s e  

i n  s h e l l t h i c k n e s s  no r we re a ny a dve rse e f f e c t s  not e d  w i t h  s e l en i u m  

a dd i t i ons t o  pu ri f i e d d i e t s . Pe rha p s  the thi nne r sh e l l  p rodu c e d b y  hens 
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fed t h e c o rn- s oy d i e t s  w i t h 2 p p m  a d d e d  s e l e n iu m wa s a re s u l t o f  m o r e 

egg s b e i ng p rodu c e d  by t h os e g rou p s  a nd not du e t o a ny t ox i c i t y  o f  s e l e -

n iu m . 

I n t e ri o r  egg qu a l i t y me a su re d  i n  Ha u gh U n i t s wa s u na f f e c t ed b y  

a d d i ng 2 p pm s e l e n i u m  t o  a ny o f  t h e  d i e t s t e s t ed . I n  s ome i ns t a nc e s  h i ghe r 

s e l en i u m  a d d i t ion s r s u l t c d i n  h i ghe r i n t e r i o r  qu a l i t y bu t p rob a b l y  

t he s e  d i f f e re nc e s  we r e  du e t o  f ewe r e g g s b e i ng p rodu c e d  i n  t h e s e t re a t -

ment s . T re a t ment s c ont a i n i ng t h e  s e l e n iu m - a r s e n i c  comb i na t i o n  f re -

qu ent l y  h a d  e g g s  wi t h  t he h i gh e s t  Hau gh U n i t  v a lu e s . Th e re i s  no 

a pp a re nt ex p l a n a t i on for t h i s . He n s  fed pu r i f i ed d i e t s  p ro du c e d  e gg s  

ha v i ng s i g n i f i c a nt l y  h i g he r  Hau gh U n i t  v a lu e s t ha n  f rom tho s e  f e d  t h e  

\ 

co rn- s oy d i e t s . Th i s  wa s p roba b l y  be c a u s e  of the re du c e d numbe rs 

p ro du c e d . The DeKa l b  1 3 1  s t ra i n c on s i s t e nt l y  p rodu c e d eggs w i th h i ghe r  

i nt e r i o r qu a l i t y . 

Fe r t i l i t y  of eggs wa s n o t  i n f lu e nc e d  by d i e t a ry s e l e n iu m  a dd i t i on s  

o f  2 ppm o r  l e s s . Wh e n  8 p pm s e l e n ium wa s a dd e d  f e rt i l i ty a p p e a r e d  t o  

b e  l owe r bu t t he d i f f e re n c e s  we re not s i gn i f i cant . Tha p a r ( 1 9 6 4 )  f ou nd 

t h a t he ns re c e i v i ng d i e t a ry a dd i t i on s  o f  8 ppm h a d h i gh e r  e gg f e rt i l i t y  

t h a n  ob s e rv e d w i t h  eggs f rom h e n s  f e d  u ns u p p l ement e d  d i e t s . Po l ey e t  �· 

( 19 3 7 ) f ou nd f e rt i l i t y  u n a f f e c t e d e v e n  whe n  1 5  ppm S e  wa s p rov i d e d  i n  

h e n . d i e t s b y  s e l e n i fe rou s g ra ins . The re i s  n o  a p pa re nt ex p l a n a t i o n  f o r  

t he s e  c on f l i c t i ng r e su l t s . One s hou l d  b e c au t i ou s wh e n  c ons i d e r i ng e g g  

f e rt i l i t y  da t a  be c a u s e h e ns wh i ch a re l a y i ng poo r l y  d o  not be c om e 

f e rt i l e a s  re a d i l y  a s  good l a y e r s . More p roblems a re encou nt e re d  i n  the 
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t ec h ni qu e s  o f  a rt i f i c i a l  i n s em i n a t i on w i t h  poor l a y e rs such a s  wou ld b e  

fou nd a m ong hens on t he 8 p pm Se t rea tments . Unl e s s  u nha t c hed e g g s  are 

ex am ined c a re fu l l y ,  e r ro rs c a n  a l s o  oc cu r i n  d i st inqu i s h ing f e rt i l e 

f rom non- f e rt i l e  eggs . 

Hatchab i l i t y c a n  r e a di l y  be obs e rved be cau s e  e i t h e r c h i c k s  h a t ch o r  

t h ey d o  not , the re f ore few e r ro rs c a n  b e  m a d e  whe n det e rm i n ing t h i s  

c ri t e ri a . In a l l  c a s e s  when 8 ppm Se wa s a dde d ,  ha t cha b i l i t y  of f e rt i l e 

eggs wa s s i gn i f ica nt l y  l owe red . Th i s  wa s t ru e  with both t he c o rn- s oy 

and pu ri f i e d d i et s . The t ox i c  e f f e ct o f  8 ppm Se was most not i ceabl e 

wh e n  the g lu c os e - i s o l a t e d  s oy d i e t  wa s u s e d . Tha p a r c t  � ·  ( 1969 ) d i d 

not ob s e rve such a t ox i c  e f  fc c t  on hatchab i l i t y  whe n a s im i l a r  i s o l a t e d  

soy d i e t  wa s f e d . Wi thou t  qu e s t i on hat c ha b i l i t y  o f  fe rt i l e  eggs wa s the 

mos t s e ns i t i v e mea su re o f  s e l enium t ox i c i t y . A rs e n i c  p a rt i a l l y  p ro ­

tect ed a ga i n s t  t h i s  t ox i c i t y  a s  e v i denced by t h e  high e r  ha t c ha b i l i t y  

in t re a t m e nt s con t a i n i ng a r s e n i c  a l ong wi th the h i gh l e v e l  of s e l enium . 

Lowe r l e v e l s  o f  s e l enium ha d no s i gni f i cant e f fect on h a t chab i l i t y . No 

rea s on can be g i ve n  for t he l owe r hat chabi l i t y  ob s e rve d wi t h  the g l u c o s e ­

i s o l a t ed soy -Toru l a  y e a s t  d i e t  com pa red t o  t hat whe n  onl y  o n e  p rot e in 

w a s  u s e d  i n  t he pu r i f i e d  d i et s . 

Va lu e s obs e rv e d  for l i ve r  s e l e nium c ont ent we re qu i t e  s imi l a r t o  

t h o s e  o f  Tha p a r e t  a l . ( 19 69 ) . A r s e n i c  redu c ed l i v e r  s e le nium i n  t h e  

corn-s oy d i e t s  bu t not i n  t h e  pu r i f i ed t ype d i e t s . The re i s  n o  a p pa rent 

exp l a na t i on f or t h i s  d i f f e rence . Va r i ou s  t is sues s ampl e d  f o r  Se a na l ys i s  

f rom 64-we ek -old hens show ed i nc re a s i ng amou n t s  o f  S e  a s  d i e t a ry l eve l s  

we re i nc re a sed a l t hou gh t he e f f i c i e nc y  o f  s e l enium depos i t i on wa s mu ch 
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redu c e d  w i t h  t he h i gh e r  S e  level s .  Th i gh a nd b re a st mu s c l e did not 

cont a i n  as mu ch· Se a s  wa s f ou n d  i n  t he k i dney a nd l i ve r a nd fu rt h e rm o re 

t h e s e  e d i b l e  t i s su e s  we re l e s s  i n f lu e nc e d  by d i et a ry Se ; Fe a t he rs 

cont a i ned high l ev e l s  of S e  i n  c om pa r i s o n  t o the oth e r t i s su es . Th i s  

m i ght b e  du e t o  t h e  re p l a c eme nt o f  s u l fu r w i t h  S e  i n  t he su l fu r  a m ino 

a c i ds or mo re l i ke l y  t he s e l e nium is s t o re d in f e a t he r s  i n  s ome o t h e r 

ma nne r .  The e f f� c t s o f  a rs e n i c  we re not cons i s t ent among t he t i s su e s 

s tu died . 

S imi l a r l y , d i e t a ry a d d i t i ons o f  s e l � n ium i nc re a s ed egg s e l e n i u m , 

howeve r ,  on l y  a sma l l  p o rt i on o f  d i e t a ry Se wa s depos i t e d  i n  the eggs . 

Assu m i ng a h e n  e a t s 1 00 gm o f  fe ed p e r d a y  c ont a i n i ng 2 ppm S e , s h e  

consumes 0 . 2  mg o f  s e l en iu m  da i l y . I f  4 0  gm of egg i s  p rodu c e d  p e r  hen 

pe r d a y , in wh i ch t he re is 0 . 56 ppm Se , t he re wou l d  b e  on l y  0 . 02 m g  o f  

S e  depos i t e d d a i l y o r  a b ou t  1 /10 o f  t he a mou n t  i nge s t ed . S i m i l a·r 

c a l cu l a t i ons f o r  a hen c onsum ing f e e d  cont a i ni ng 8 ppm Se i nd i c a t e  t h a t  

a b ou t 6 pe rc e nt o f  t h e  amou nt i nge s t e d wa s de pos i t e d i n  t h e  egg . 

Ca l cu l a t i ons m a d e  f o r  egg s e l e n i u m  f rom t he ba s a l  d i e t s  c ompa r e d  t o  tha t 

f o r  t he s u p p l eme nt e d  d i e t s i nd i c a t e  the re w a s  mu c h  l e s s  s e l en i um d epos i t e d 

i n  eggs du e t o  t he d i e t a r y a d di t i on s . Th i s  m a y  be b e c au s e  t h e  n a t u ra l  

s e l en i um i s  i n  t h e  org a n i c  f o rm and h ighl y a v a i l ab l e , wh e re a s the a dded 

i no rg a n i c  f o rm i s  l e s s p o t e n t , 

In nea rl y a l l  c a s e s ,  a rs e n i c  l ow e red t he amou nt o f  s e l e n i u m  i n t h e  

e g g s .  V i t a m i n  E h a d  no e f f e c t . The re w a s  no i n c re a s e i n  egg Se w i t h  

l e ngt h o f  t i me o n  t re a t m e n t s . The r e su l t s  i nd i c a t e d  t h a t whe n S e  w a s 
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added to a diet cont a i ni ng f a i r l y  a d e qu a t e l eve l s  o f  s e l en i u m  the re wa s 

o�l y a s l i gh t i nc re a s e i n  egg s e l eniu m ,  whe re a s  when s e l en iu m  wa s 

a dded t o  a l ow s e l e nium d ie t , t he sma l l  inc re a s e  i n  egg s e lenium w a s  

mo re rea d i l y  de t e c t ed . Eggs f rom hens f e d  pu r i f i e d · d i et s w i t h  0 . 2  

o r  2 p pm a dd e d  S e  cont a i ne d  amou nt s  o f  s e l enium s i m i l a r  to thos e 

f rom t he co rn-soy u ns u p p l e m e n t e d  d i et . Th i s  fu rthe r shows t h a t  Se 

a dded a s  s od ium s e l e n i t e  i s  n ot d e p o s i t e d  in e d ib l e  p rodu c t s  as re a d i l y  

a s  t ha t wh i ch occu rs i n  t he na tu ra l f o rm i n  f e e d s . 



SUMMARY 

I 
Di e t a ry s e lenium add it i ons f rom 0 . 1  ppm t o  8 . 0  p pm we re m a de t o  

s e v e ra l  t y p e s  o f  d i et s f o r  l a y e r- t yp e hens i n  t h re e  expe riment s . I n  

on expe r iment a s i gni f i ca nt ( P  � 0 .  0 1 ) i nc re a s e i n  hen- d a y  e gg p ro-

1 08 

du c t i on f rom 2 ppm Se wa s obs e rved f rom hens f e d  a corn-soy d i et . I n  

a l l  s tu di es t he l owe r leve l s  ( O . l ,  0 . 2 , 2 . 0 ppm Se ) we re not  d e t riment a l  

t o  egg p rodu c t i on w i t h  a n y  o f  t he v a r i ou s  types o f  d i et s u s ed . E i ght 

ppm Se redu ced egg p rodu c t i on in t wo expe rimen t s  a nd t h e  t ox i c  e f fe c t  

wa s cou nt e ra c t e d  b y  a rs e n i c  a dd i t i ons . 

The pu ri f i ed d i e t s  fed t o  l a y ing hens cons i s t e nt l y  resu l t ed i n  

s igni f i ca nt ly l owe r ( P < 0 . 0 1 )  h e n- d a y  egg produ ct i on tha n t h a t  

obt a ined w i t h  the c o rn-soy d i e t . Cage s i ze or v i t amin E l e v e l  d i d  not 

a f f e c t  hen-day gg p roduct i on . Poo r  p e rf orm a nc e  wa s obt a i ned when a 

g lu cos e - is ol a t ed s oy or glu c os e-To ru l a  yea s t  d i et wa s f ed . Howe ve r ,  

wh e n  a pu r i f i e d  d i et c omp o s e d  o f  g lu c os e , i s o l a t e d  s oy p rot e in and 

Toru l a  ye a st wa s f e d , gre a t l y i mp roved pe rform a nce re su l t e d . 

Ei the r 2 ppm o r  8 ppm Se s i gni f i c a nt ly· �ec re a s e d  egg s i z e  whe n 

a dded t o  the corn- s oy d i e t . When t he glu co s e- i s ol a t e d  s oy d i e t  w a s f e d  

ne i th e r  2 ppm n o r  8 ppm s e l enium r e su l t e d  in  a s igni f ic a nt dec re a s e  i n  

e gg s i z e . Add i t i on o f  8 ppm Se o r  t h e  8 ppm Se p lu s  8 ppm As c omb ina -

t i cin resu l t e d  in s i gn i f i c a n t l y  sma l l  r ( P Z 0 . 0 1 )  e g g  s iz e  w i t h  the 

glu c o s e -Toru l a  yeast d i e t . The l owe r s e l en iu m  a ddi t i ons ( O . l  a nd 1 . 0 

ppm ) u s ed i n  Ex p e r iment Three d i d  not dec re a s e  egg s i z e  s i gni f i c a nt l y . 



Howev e r , i n  mos t c a s e s  eggs f r om h e n s  f e d t h e  1 ppm Se w e re s l i ght l y  

s ma l l e r . Egg s  p rodu c e d  by h e n s  f e d  t h e  pu r i f i e d  d i e t s  we re s i g n i f i ­

c a nt l y  sm a l l e r  i n  a l l  ex p e r i m e nt s . DeKa l b  1 3 1 hens p r odu c e d  s i gn i ­

f i c a nt l y  l a rg e r e g g s  t h a n  d i d  t h e  Reg i o n a l Cont ro l . s t ra i n .  

1 09 

Se l e n i u m  su p p l eme nt a t i on h a d  no s i gn i f i c a nt e f f ect on body we i gh t 

ga i n . When 2 p pm Se wa s f e d  c h i ck s  g a i n ed s l i ght l y  f a s t e r  i n i t i a l l y 

bu t we re no h e a v i e r t ha n  t h o s e  f e d  b a s a l  d i e t s  by 2 0  we eks o f  a ge . 

Ch i cks ha t ch e d  f rom h e ns f e d  pu r i f i e d d i e t s  s howed no s i gn i f i c a nt 

re s pon s e t o  s e l e n i u m  s u p p l em e nt s  t o  t he d i e t  of t h e  d a ms ; a l t hou gh , 

t hey g rew f a s t e r  wi t h  s e l e n i um A dd i t i on s  t o  t he i r  d i e t . H e n s  f e d  2 

ppm Se we re s omewh a t l i ght e r  t h a n  t h o s e  f e d  t h e  ba s a l  d i e t s t h rou g h ­

out bot h Ex pe r i me nt s One a n d  Two . 

Mo rt a l i t y  wa s l owe red s l i ght l y  by f e ed i ng 2 p pm Se du r i ng t he 

g rowi ng pe r i o d  a s  we l l  a s  t he l a y i ng p e r i od . Lowe r m o rt a l i t y  was 

obs e rved in l a y i n g pe r i ods of b o t h  Ex pe r i m e nt One a nd Two whe n  2 p pm 

Se wa s a dded , Low e r s e l e n i um l e ve l s  u s e d i n  Ex p e r i m e nt Th r e e  h a d n o  

s i g n i f i c a nt e f f e c t  on m o rt a l i t y . T h r ou ghou t a l l  e x p e riment s m o re h e n s  

d i e d  w h e n  t h e pu r i f i e d  d i e t s  we re f e d . S l i gh t l y  m o re d e a t h  l o s s  

occu r r e d  a mong h e n s  o n  t h e  8 ppm S e  a nd t he Se -As c omb i n a t i o n  t re a t me n t s . 

When one c ons i d e rs t h e  l a y i ng pe r i od s  o f  b o t h  Ex pe r i me n t  One a nd Two 

( t h e  t o t a l  pe r i o d f rom 24- 1 0 4  w e ek s ) , m o rt a l i ty of hens f e d  the 2 p pm 

Se wa s h a l f  t h a t  o f  t he b a s a l  t re a t m e nt s . The re we r e  no s i g n i f i c a nt 

m o r t a l i t y  d i f fe re n c e s  du e t o  l e v e l o f  s e l e n iu m  o r  v i t a m i n E i n  Ex p e ri -

m e nt Th re e , 



Fe rt i l i t y  wa s re du c e d  whe n  8 p pm Se we re a dded t o  t he c o rn- s oy 

a nd glucose -Toru l a  yeast  d i e t  of Ex pe riment One . Ars e n i c  c omp l e t e l y 

re s t o re d  p e r c e nt f e rt i l i t y t o  t h a t  o f  t h e  b a s a l  t re a t m e nt s . A 

reduct i on o f  f e rt i l i t y  oc cu r r e d  w i t h  e i t h e r  2 p pm o r  8 p pm Se i n  t h e 

c o rn - s oy d i e t �  f e d  i n  Expe r im e nt Two . A r s e n i c  only pa rt ia l ly a l l e ­

v i a t e d  t h i s  d e p re s s i on . No e f f ect on fe rt i l it y occu rred w i t h  t h e  

l owe r s e l e n i u m  s u p p l e m e nt s . 

1 1 0  

N o  a d v e rs e e f f e c t  on h a t c h ab i l i t y  o f  f e rt i l e eggs wa s not e d  w i t h  

s e l e n ium a d d i t i ons o f  2 p pm o r  l ow e r .  E i ght ppm S e  produ c e d  a d ra m a t i c 

t ox i c  e f f e c t  on embryos e v i d e nced by t he i r  d ea t h  du r i ng l a t e  s t a ge s  o f  

dev e l opme nt . A rs e n i c  pa r t i a l l y ove rcame t h i s  e f f e c t . 

As d i e t a ry a dd i t i ons o f  s e l e n ium we re i nc re a s e d  t h e  l ev e l �  of  

s e l e n ium i n  t i s su e s  a nd eggs inc re a s e d . Howe ve r ,  a t  h i ghe r i n t a k e  

l eve l s  t he r e  wa s a l owe r p ropo rt i o n  o f  t h e  d i e t a ry i nt a k e  d e p o s i t e d  i n  

t h e  eggs a nd t i s su e s . Live r ,  k i dney a nd e s p e c i a l l y feathe rs we re 

h i gh e s t  i n  s e l e ni u m . Thigh a nd b re a s t  mu s c l e  c ont a i n e d  re l a t i ve l y  low 

l e v e l s . In mo s t i ns t anc e s , t he a rs en i c  l owe re d t i s su e  d epos i t i on o f  

s e l e nium . 

When pu ri f ied  di e t s we re su p p l em ent e d  wi t h  s e l e n iu m  a t  0 . 1 , 0 . 2 ,  

1 . 0 o r  e v e n  2 . 0  ppm t he s e l e n ium f ou n d  i n  eggs wa s n o t  g re a t e r  t h a n  

t ha t  obs e rv e d  in  e ggs l a i d  b y  h e n s  f e d  t he u n su p p l em e nt e d  c o rn- s oy d i e t s . 

Se l e ni u m  a t  a nu t rit iona l l e v e l  ( O . l  p pm ) a dd e d  t o  a l a ye r diet 

c ont a i n i ng fa i r  a m ou n t s  o f  n a t u ra l s e l e n i u m  s hou l d  h a v e  l i t t l e e f f e c t  o n  

t h e  amou n t  d e p o s i t e d  i n  t he eggs . 
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Appendix Ta ble l .  Int e rrel a t ionships of S e l e nium , Vi t a m i n  E ,  Ant i ox i dant s , 

Fa t t y  Acids . 4 

\ Di s ea s e An i ma l Ti s su e 

I .  Reprodu c t ive f a i lu re 

Emb ryon i c  degene ra t i on 

Type A Fema l e  ra t ,  hen Va s cu l a r  s ys t em 

tu rkey of emb ryo 
Ty pe B Cow , ewe 

S t e ri l i t y  Ma l e ra t ,  gu i nea p i g , Ma l e  gonads 

ha m s t e r ,  dog , cock 

I I .  Li ve r ,  b l ood , b ra i n ,  cap i l l a ri es , ps ncre a s  

Live r nec ros i s Ra t ,  p i g  Li ve r 

F i b ros i s  Ch i ck , mou s e  Pa nc rea s 
Eryth rocyte Rat , c h i ck , m a n  Eryt h rocytes 

hcmol y s i s  ( p re m a t u re infant ) 
Pl a sma p rot e i n Ch i ck , tu rkey Se ru m  

los s a lbumen 

Anem i a  Monkey Bone m a r row 

En c c p h o l o- Ch i ck Ce rebe l lum 

m a l a c i n  
Exu d o t i vc Ch i ck , tu rkey Va s cu l a r  

d i a t hes i s  sys t em 
K i dney Ra t ,  mou s e  K i d ney tubu l a r  

d e ge n e ra t i on monkey , m i nk e p i t he l ium 

Stea t i t i s  ( ce riod) Mink , p i g , chick Ad i pos e t i s su e  

De p i gment a t i on Ra t Inc is ors 

Su l f\l r  Amino Ac i d s  and Polyunsatu rated 

Prevent ed by 

Influ ence Ant i - Su l fu r  

b y  PUFA Vi t .  E S e  Oxi d . A . A .  

x x x 
1 x2 , 
x 

x x 
x 

x x x 

x x 

x x 
x x x 

x x 

x x x 

x x x 
x x x 

� 
� � 



\ 

�ppendix Table l .  Int errelat ionships o f  Selenium , Vitamin E ,  Ant i ox idant s , Sulfu r Amino Acids and Polyunsatu rated 
Fatty Ac i d s . 4  

Di s e a s e  Anima l 

I I I .  Nu t r it i ona l myopathies 

Type A ( Nu t ri Rabb i t , gu inea pig , 

t iona l mu s cula r  monkey ,  du ck , 
dyst rophy ) mou s e , m i nk 

Type B ( Wh i t e  
muscle disease)  Lamb , c a l f , k i d  

Type C Tu rkey 

Type D Chicken 

Ti s su e 

Ske l e t a l  
mu s c l e  

Ske l e t a l  a nd 

he a rt mu s c l e s  
Gizzard ,  h e a rt 

Sk e l e t a l  rnu s c l e3 

I n f l u ence 
by FU FA Vit . E 

x 

1 
l 
x 

Prevent ed by 

Se 

x2 

x 

Ant i ­

Ox i d . 

? 

Su l fu r  
A . A .  

x 

1 Not e f f e c t i ve in d i e t s  s e ve re l y  d e f i c i e nt in s e l enium . 

2 Wh c n  a d ded to d i e t s  cont a ining l ow l e ve ls of vi tami n E .  

3
Low level (0 . 53) o f  l i nol e i c  a c i d  nec e s s a ry t o  p rodu ce dys t rophy ; highe r levels did not inc rease vi t amin E requ i red for 

p revent i on .  

4 
From Scot t ,  (1969) and Feed s tu f fs of May 9 ,  1970 . 

I-' 
I-' 
00 
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Append ix TRb l e  2 .  Ca l cu l a t e d  Nut ri ents o f  Pra c t i c a l  Ty pe Di et s U s e d . 

Pra ct i c a l Di e t s  

Nu t ri ent St a rt e r  Growe r La ye r 

P rot e i n , 3 2 1 . 6 1 4 . 0  1 6 . 0  
M . E . , k c a l/k g  2876 . 0  2372 . 0  3 0 4 5 . 0  
c . Fa t , 3 2 . 9 5 4 . 3 1 5 . 84 
c .  Fibe r ,  3 3 . 8 5 9 . 86 3 . 0 
S a l t , % 0 . 6 5 0 . 5 5 
Ca , 3 1 . 05 1 . 6 5 2 . 5  
P(Tot a l ) , 3 0 . 89 1 . 03 0 . 6 7 
P ( Ava i l . ) ,  3 0 . 8 2 0 . 48 
Na , 3 0 . 26 0 . 3 1  
K ,  3 0 . 5 3  0 . 63 
Mg , 3 0 . 19 0 . 1 4 
Mn , ppm 6 2 . 3  3 6 . 5  
Zn , p pm 53 . 9  43 . 4  
Fe , p pm 1 28 . 8  7 1 . 0  
Cu ,  ppm 1 1 . 6 1 8 . 6 4 
Co , ppm 0 . 96 0 . 8 4 
I ,  ppm 0 . 76 0 . 6 2 
A rg , 3 0 . 87 1 . 09 
Ly s , 3 0 . 6 2 0 . 8 1 
Met , 3 0 . 3 8 0 . 2 1 0 . 29 
M e t  + Cys , % 0 . 69 0 . 4 4 0 . 54 
T rp ,  3 0 . 1 7 0 . 2 1 
Gl y ,  3 0 . 66 0 . 73 
Hi s ,  3 0 . 28 0 . 3 8 
Leu , 3 0 . 99 1 . 52 
I l e , 3 0 . 60 0 . 77 
Phe , 3 0 . 63 0 . 8 1 
Ph e + Ty r ,  3 1 . 20 1 . 42 
Th r , 3 0 . 49 0 . 66 
Va l ,  3 o .  7 4  0 . 8 2 

I 
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Appendix Ta b l e  3 .  Ca l cu l a t ed Nu t r i ent s o f  Gl u c o s e - I s o l a t ed Soy Prot e i n 
D i e t s  U s e d  i n  Ex p e r i ment One . 

Nu t ri e nt 

Prot e i n , 3 
M .  E . , k c a l /kg 
C .  Fa t ,  3 
C .  Fibe r ,  % 
Ca , 3 
P (Tot a l ) , % 
P ( Ava i l . ) ,  3 
A rg , % 
Ly s , 3 
Me t , 3 
Met + Cys , 3 

Tvp , 3 
Gl y ,  3 
H i s , 3 
Leu ,  3 
I l e , . 3 
Ph e , 3 
Ph e + Ty r ,  % 
Th r ,  3 
Va l ,  3 

St a rt e r  

2 1 . 6  

3 0 7 5 . 0  

0 . 56 
0 . 70 

Glu c o s e - I s ol a t �d Soy 1 

G rowe r 

1 4 . 0  

3060 . 0  

0 . 48 
0 . 5 8 

La y e r  

1 6 . 0  

29 5 5 . 0  
2 . 05 

5 . 04 
2 . 59 
0 . 2 8 

0 . 1 9 

1 . 1 2 
0 . 9 4  
0 . 3 9 
0 . 6 2 

. 1 2 
0 . 6 6 
0 . 3 9 
1 . 3 2  
0 . 7 5  
0 . 87 
1 . 49 
0 . 5 5 
0 . 7 6 

l
Nu t ri e nt s  p rovi de d  by v i t a m i n  a nd s a l t mixes a re not i ncluded i n  t hi s  
t ab l e . 
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Appendix Ta b l e  4 .  Ca lcu l a t ed Nu t ri ent s o f  Glu cos e-To ru l a  Yea s t  Di e t s 
U s e d  i n  Ex p e ri ment One . 

Glu c os e -To ru l a  Ye a s t 1 

Nu t ri e nt St a rt e r  Growe r La ye r 

Prot ei n ,  3 2 1 . 6  1 4 . 0  1 6 . 0  
M .  E • ,  kca l/kg 2570 . 0  273 5 . 0  2580 . 0  
c .  Fa t ,  % 2 . 0  
c .  Fib e r ,  3 5 . 1 2 
Ca , 3 0 . 9 4 2 . 63 
P (Tota l ) ,  3 0 . 3 7 0 . 73 
P (Ava i l . ) ,  3 0 . 1 8 
A rg , 3 0 . 8 5 
Ly s ,  3 1 . 3 3  
Me t ,  3 0 . 4 4 0 . 46 0 . 42 
�e t + Cys , % 0 . 69 0 . 57 0 . 57 

T rp , 3 0 . 22 
Gl y ,  3 0 . 69 
H i s ,  3 0 . 3 4 
Leu , 3 1 . 26 
I l e ,  3 1 . 00 
Phe , 3 0 . 80 
Phe + Ty r ,  3 1 . 4 8 
Th r ,  % o . s o 
Va l ,  3 0 . 88 

1Nu t ri e nt s  p rovi d e d  by v i t a m i n  a n d  s a l t mixes a re not i nc l u d e d  i n  t h i s  
t a b l e . 
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Append ix Ta ble 5 .  Ca lcu l a t ed Nut r ient Cont ent of Glucose- I s o l a t ed Soy­
Toru l a  Ye a s t  Di et s . 

Glu cos e - I s ol a t ed Soy-Toru l a  Ye a s t l 

Nu t rient St a rt e r  La ye r 

Prot e i n , 3 2 2 . 0  17 . 2  
M . E . , kca l  /kg 2770 . 0  2800 . 0  
c . Fa t , 3 2 . 04 3 . 02 
c . Fibe r ,  3 5 . 1 1 5 . 09 
Ca , 3 0 . 97 2 . 7 2 
P (Tot a l ) , 3 0 . 83 0 . 73 
P (Ava i l . ) ,  3 0 . 37 0 . 37 
A rg ,  3 1 . 40 1 . 08 
Lys , 3 1 . 62 1 . 26 

e t , 3 0 . 50 0 . 43 
Me t + Cys , 3 0 . 77 0 . 64 
Trp , 3 0 . 24 0 . 19 
Gly , % 1 . 1 4 0 . 73 
H i s , 3 0 . 52 0 . 41 
Leu , 3 1 . 82 1 . 42 
I l e , 3 1 . 24 0 . 97  
Phe , 3 1 . 19 0 . 92 
Phe + Ty r ,  3 2 . 10 1 . 6 4 
Th r ,  % 0 . 96 0 . 7 5  
Va l , 3 1 . 16 0 . 9 1 

1Nut rient s  prov i ded by v i t a m i n  a nd s a lt m ixes a re not inclu ded i n  this 
table . 

. . . ' 
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s i gni f i c a nt redu ct i on . Add i ng 1 ppm o f  s e l enium t o  c o rn-s oy d i e t s  

resu l ted i n  a s l i gh t l y  sma l l e r  egg b e i ng p roduced . I t  seems t h a t f o r  

op t i mu m  egg s iz e  t h e t ot a l  s e l en iu m cont ent of t he d i e t  s hou l d  n ot 

exceed 1 - 2 ppm . No redu c t ion in e gg s i z e  wa s obs e rved whe n  2 ppm Se 

wa s a d de d to pu r i f i ed d i e t s  wh i ch c ont a i ned only a bou t 0 . 07 ppm Se . 

Eight ppm added s e l en ium re du c e d  egg s i z e  t o  eve n a g rea t e r ext e nt t ha n  

did 2 ppm i n  mos t ca s e s . Tha pa r ( 1 9 6 4 )  re port ed a s i gn i f i c a nt d e c re a s e 

i n  e gg weight wi t h  8 ppm Se bu t no e f fect on egg s i z e  whe n 2 ppm wa s 

a dded t o  the c o rn- s oy d i e t . 

The mecha n i s m  i n vol v e d  w i t h  t he egg s ize depre s s i on i s  u nknown . 

Pe rha ps s e lenium a t  ex ce s s i ve l e ve l s  a c t s  a s  a c ompet i v e i nhi b i t o r  i n  

c e rt a i n enzyme s ys t ems . Se l e n ium i s  known t o  become co ncent ra t ed i n  

l i v e r  a nd ot h e r  o rgans a s s oc i a t ed w i t h  prot e i n  s ynt he s i s  ( McFa rl a nd 

� a l . , 1 9 70 ) . Pe rha ps e x c e s s  s e l e n iu m  i nt e rfe rs w i t h  egg f o rm a t i on ,  

bu t one shou l d  s t u d y  t ot a l p rot e i n  ou t pu t  t o  me a su re t h i s . Egg s iz e  

i s  more o f t e n  a s s oc i a t ed w i t h  l i p i d s , t h a t  i s , i na d equ a t e  l i no l e i c  does 

not a l l ow for opt i mum egg s iz e . Pe rh a p s  ex ces s i ve s el e niu m i nt e rf e rs 

w i t h  t h e  p rope r met a bo l i s m  i nvol vi ng t he fo rma t i on of l i p i d  ma t e ri a l s  

i n  t hi s  egg . 

When 2 ppm Se wa s a dded t o  t he c o rn - s oy d i et s l i gh t l y  t h i nne r egg 

s h e l ls re su l t ed . The dec re a s e  wa s not s i gni f i c a nt , bu t wa s ob s e rve d i n  

bot h s tu d ie s whe re mea su red . Eight ppm d i d  n ot cau s e  a fu rt he r d e c re a s e  

in s h e l l  t h i c k n e s s  no r  we re a ny a dve rse e f f ec t s  not e d  w i t h  s e l eniu m 

a dd i t i ons t o  pu ri f i ed d i e t s . Pe rhaps t h e  t h i nn e r  s h e l l  p rodu c e d  b y  hens 
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