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ABSTRACT

A series of experímenLs wâs conducted with gror^7ing chicks ín

an atteBpt to (1) observe Ëhe detrimental effects assocíated with the

feeding of xye, and (2) develop díetary formulations that woul,d either

maximize or minímize these effects. Varíous dieËary treatments rrere

âdministered in feeding trials designed to study the effects of: the

substitution of íncreasÍng levels of rye for r,7heaË; the incorporation

of rye grain fractions in diets containing complementary wheat graín

fractions; different levels of a lyophilized water extract of rye;

water extracted rye; the additíon of ergot boilíes; the daily cleaning

of chicksr beaks or vents; autoclaving of rye for increasing time

periods; the type and the level- of dietarcy faÈ; Ëwo energy levels;

increasing 1evels of vitanín D3; pelleting of the diets; proËein

1eve1 and source (quality); and increasing levels of procaine penicillin

suppl-eûEntation.

The results j.ndicate ËhâË several- factors uray affect the utilizatíon

of rye by growing chícks. A lyophij-ízed water extracÈ of rye ü7as grorrTth

depressing; and the ltrater extracted rye was utilized as efficíenËl-y as

wheat even though it seemed to be less palatable than rarheat. The accu-

mulation of feed on the chickst beaks, vent blockage and feces I,retness

['ere associated r,¡ith feeding the lyophilized lrater extract of rye,

However, lhe observation that there was no close assocíation between vent

blockage and chick perfornance suggested ÈhaL growLh depression was caused

by factor(s) dífferent from those responsible for feed accumulation on

the chicks t beaks, vent blockage or feces r4retness. The desLrucÈion of

thermolabile facÈors followíng autoclave treatment only slíghrly corrected

1a
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INTRODUCTION

Ðuring the last t!,'o decades in Canada Lhe increasing use of rye

as an animal feed grairr has been accompanied by its declíne as a hunan

food (bread) grain. Although rye shows chenical compositíon siurí1ar

to r,íheat, the feeding of hígh leve1s of rye in diets Ëo domestic animals

has shown consistenLly that rye depresses groírth and lowers the

efficiency of feed conversion. In addition, problems such as the

accumulation of feed on the beaks of chicks, the productíon of sticky

feces and vent blockage have been reporLed.

Since rye thrives on marginal lands and survives ín cold regíons,

iÈ shoul¿l be quiËe feasÍble to extend the cultívation of rye to the

marginal lands in norLhern Manitobã and other Canadian provinces Í'ithout

affecting the production of other cereal crops. Developing a meLhod to

eliminate the grora'th inhibítíng factors of rye will be a necessary fírsÈ

step to!¡ards the ready acceptance of rye by feed manufacturers for diet

forurulation. Therefore, the increased revenue to be derived by eliurina-

tion of the rye growth inhíbitor(s) plus the expected increase in rye

production justify an investigation of the problens associated rtith

feeding rye to doBeslÍc animals.

Before any meaningful progress could be made in the isolation,

idenËification and characterization of the rye gronth inhibitor(s), a

suitable bioassa)¡ must be developed. The objectíve of thís study r^7as to

develop dietary formulaËions which would maximize the detrimental effects

of the groü'th inhibiror(s) in order to facilitâte identification work,

or minimize these effects so as to enhance Ëhe nutrÍËional value of rye.



LITERATTJRE REVIEI,,I

A. Classification ând Geographical DisLribution of Rye

Rye is a member of the grass fauily, Graminae, whích includes

such common grain crops as wheaË, oats and barley; Cultivated rye is

classified botanícally as Secal-e cereale L. Plants of the cereal-e

species may be spríng or r,.7inter annuals.

Rye appeared to have evolved in southlrestern Asia, the region also

reputed to be Èhe cenLre of origin of wheat, oats and barley (Deodikar,

f963), During the first rnÍlleníum 8.C., rye reached norËhern Europe and

gradualJ-y was spread throughout ûosË of Europe. !üith the settling of the

Americês by Europeans in the 16th an¿l 17th cenËuries, rye r.ras brcought to

the New trlorld. In the 19th and 20th centuries, it lras introduced to

ArgenLina, Uruguay, Australia and South Africa (Bushuk, 1976). This wide

geographical distribution of rye has been attributed to íts extreme r,rinter

hardiness and ability to grow on very marginal soiIs. Rye Ís the ulost

diought-resisËant of the cereals on account of iÈs extensive root system

and its ínherent ability to adjust iLs maturity to moisture condiËions

(Deodíkar, 1963).

Like r^7heat and other cereal- crops, rye thrives on arable land and

responds to good soil fertility and moisËure conditions; but unlike these

crops rye groLis well in dríer enviroornents, will survive more severe

I{inters and produce larger yields of grain on soils of lo¡¿er capability.

In addítion, rye ripens earlíest of all the grain crops (Majors, 1951).

This conìbjnation of agronomic features has been largely responsíble for

rye being relegated to marginal lands of temperâte regions,



In North America mosÈ of the rye area is seeded in the fâll to

r,Tinter cultívars on accounË of their radnter hardiness and ability to

utilize early spring moisture. BesÍdes, fa}1 seeding enables the

farner to alisÈribute his !¡ork-load more evenly between spring and fall,

and aids in good soil rnanageroent by reducÍng or checking soil erosion

by wind. Frequently, fallisown rye ís grazed ín the laLe fa11 and

early spring and then lefÈ to produce a grain crop (Bushuk, 1976).

3. Production and C onsunp

Agricultural data for Lhe period 1961 to L974 ínò.íeaxe an increasing

trend in the total world production of cereal grain (I'.4,O. , L972, 1974).

Compared to 1961, \,rorld productíon rose by 447" in L974i ín Canada the

corresponding increase was 47% duríng the sarne period. However, total

world production of rye shor¡ed a drop of 82. In contrast Canadian rye

production fluctuated (l'ig. 1). The corresponding production and price

per ton in Manitoba arepresented ín Ïig. 2.

0f the Inajor rye producíng regions, Europe and tbe USSR have long

dominated productíon. theír combined producti-on in L974 accounted for

947" of Lhe total norld outpu,t (Table 1). The continued imporlance of

rye in the agrÍculture of Lhese counLries has been influenced by climatic

factors ând the high eost or the Lo¡^r supply of wheat (F.A.O. 1965).

Historically, the chief use of rye has been in bread-naking but

changing patterns in hunan consumption of rye bread, especially ín

Europe, have largely been responsible for the decline in Lhe demand for rye

and the resultíng decrease in production (I'.4.o. 1965). sínce the dark

bread produeed fron rye has long been associaËed !,'ith the lower classes

consumers have naturally shor,m a preference for ütheat breads vhich they
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consider a status synbol. Funther, the improvement of r^'heat through

selective breed.ing, the opening up of ne\4t ìarheat 1ânds and the increasing

application of synthetic fertilÍzers have all contributed to the relâtive

decl-ine in rye production.

The disposal of Caíadían rye for three selected tíme periods is

Íllustrated (Iig. 3). Although the numb er of Ëons of rye used for human

consumptíon has remained constant during these periods, the number of Èons

of rye expressed as a percentage of the total rye consumption in each period

actually declined (Conrnonwealth Secretaríat, 1973). Industrial use, mainly

Èhe distilling of whiskies, utilized abouË a quarter of the totâl. 0n the

other hand the amount of rye used in the manufacËune of animal feeds has

shor^m a consistent increase, .accounting for over 602 of Èhe Ëotal domestic

consumplion during the last period. The datâ clearly suggest thaÈ rye is

a pôtentially iEportant animal feed graín and therefore research should be

dírected tor^rard ilnproving the nutritive value of rye as a feed ingredient.

C. Rye as an Animal Feed Ingredient

Modern agricultural practice requires the fornulation of balanced

livestock and poultry rations containing the correct propoltions of all the

nuLrients essenËial for optiuum performance. Cereal grâins are incorporated

inËo rations to serve ås the Î0ajor energy, proËein and mícronutrient

sources.

After reviev¡ing the available liLerature on the feeding of various

cereal grains to cattle, sheep, swine and poul-try, Crâmpton (1933) concluded

that Ëhe performance of the animals was poorest when rye diets l.rere fed.

The adverse effects of rye were moïe appârent as increasing levels of rye



196I-62 xo 1965-66

t966-67 to 1967-68

1966-67 to l97O-7 |
240

220

200

180

160

140

t20

100

80

60

40

20

0
Ilunan Animal Industrial- Seed Exports
Food Feed Use

TIGIJRE 3: DISPOSAI- 0I' CANADIAN RYE DIIRING TITREE SELECTED TIME ?ERIODS.

SOURCE: Comno nteal-Èh Secretariat, 1973



9

r,7ere included Ín Ëhe diets.

The results of feeding trÍals in which rye has been used to

replace other cereal grains in animal rations have been conflictÍng,

and in some instances contradictory. Horrever, it musÈ be recognized

that Ëhe "rye ttsamples used Ín these feedíng trials $7ere a heterogeneous

assortment of rye cultivafs of varying protein contents, and produced

in different geographical regíons. ln addition the experimental animals

were of different genera and ín different stages of growth and producÈion.

In his review of Ëhe literatuïe, IleÍring a (7967) índicated that as

early as 1900, Gerrnan researchers had reported delrimental effects of

feedÍng rye lo a number of farm animals. These workers had attributed

the decreased gro\,rËh rate observed ín rye-fed animals to a reduced feed

intake caused by the unpalatabiliÈy of rye. tr{eirÍnga referred to the Írork

of Van Weiringen which suggested that a harnful physiological effect r,¡as

more to blame for rye-índuced growLh depression than any palatabilíty

factor; and by Dammers who sho¡,¡ed that rye bran and grit were more harmful

tban rye flour.

Feeding rye at 1eve1s of up to 457" of t}j.e concentrate mixture has

proved saLisfactory for dairy cows, but higher 1eve1s produced a hard,

unsatisfactory butter (Cullíson, 1975). The rye should be coarsely ground

or rolled in order to counteracË the hårdness of the kernels and to promoËe

better digestíon. In one íeeding trial conducted by I^Iinter (i975),.the

inclusion of up to 8O7" rye in the gïain diet foï steers díd not apÞrecíably

reduce feed inÈake and only slightly reduced rdeigbt gain. On the other

hand, feeding rye Ëo faËtening lambs has produced as good resu-lts as bar:ley

or wheaË (Morríson, 1969).
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Bel1 and Owen (1973) recornmended that rye should consËitute a

maxÍmum of one-third of the final nixed diet for swine, Ilhen rye re-

pTaced 25% of the raTheat or ürheat plus barley in a finishing diet,

Bowland (1.966) found a reduction in grorüth rate of swíne. I^Ie iringâ

(1967) obtained a 12"Á lor,rer grohrth ïate ín swine fed a diet contaíning

50"Á rye as cornpared to å. similar diet containing 5O7" barley. He in-

dicated thaË the ¡ecomnended maxímum 1eve1s of rye for pigs in the

Netherlands $'as zero for piglets and sows, 15% Ío'r pígs weighing 30 to

50 kg. and 3Q% rye in diets of older pigs.

The perforrnance of pigs fed rye diets has varied greatly. The age

and the sex of the animals as well âs the physical form of Ëhe diets have

all influenced results. Fríend and l"faclnùyre (1969) found that feed intake

rn¡as reduced when pigs were changed from a grower to a fínisher diet ín

which rye replaced barley. AlËhough gilts showe¿l greater !Íeight gains than

barror,¡s r¡hen fed no rye, the situation was reversed as rye replaced 30 or

60% of the barley in the diet. Number tr¡ro grade rye promoted greâteï

weight gains in barro¡¡s than mrmber 3 grade rye. Pelleting the entire

diet inproved the feeding value of rye by lowering feed consumpÈion and

improvíng feed conversion.

Rye has never been considered favourabiy as a poulËry feed ingredient.

Seveïal researchers have repoïted poor gror,Jth in chicks fed díets con-

tainíng rye (Halpj.n and Holmes, 1932: Morân et al, 1969; McAulÍffe and

McGlnnis, 1971; Fernandez, Lucas and McGinnis, 1973; I,lilson and McNab,

1975). North (1933) noted that rye had a laxative effect on hens but other

wise did not appear Ëo ínjure their health. Another highly undesirable

result observed r,¡hen feeding rye to chicks has been the excretion of l.tet

and exËremely sticky feces resulting in a very damp floor 1itËer (Hâl-pin et al
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1963),The accumulation of feces on the chicksrvents and feet prevented

successful defêcation and locomotion respectively. In their never-

ending effort Lo clear theír vents and theÍr feeL of this hard caked

fecal adherence, some feces would ínvariably col-lect on the chicks I

beaks, thereby limiting their fee¿ling. In general, both âdverse

perfornance and excreta problerns appeared to be rnanífested more severel-y

r^,ilh the young growing than the adult animal.

l"fany r^rorkers have attempted to improve the nutrítional value of rye.

l'ry et al (1958) reported that soaking rye Ln an equal weight of waLer

overnight followed by drying in an oven at 70o C. gave a signÍficanL

improvement ín chick growth as compared to the untteâted rye. However, this

treatment did not increâse chick grovth to levels obËained rrith other cereal

grains such as corn or barley. Smíth, an¿l Mclntyre (1960) could not

dupu.cate Ëhese results.

'Ihe addition of fermentaÈion enzyme supplements to rye containing

díets did not improve the feeding value of rye (Moran et al, 1969). FurÈher,

the addition of a mixture of four ânt.íbiotícs totalling 8.8 ng of antí-

bíoËícs per kilogram of diet and consisting of equal parÈs of penicillin,

tylosíne, chlortetracycline and oleandomycin failêd to êive a gror^,th increase.

Hor,trever, r,¿hen the díets ürere fed in the pelleted form as conpared to ratÍons

in the mash form, these vorkers observed dn improvement Ín gror,zth and feed

utÍlization at a dietary rye leve1 of 64%. They attributed thèse results

to a prevenËÍon of the accumulation of feed on the beaks of the chicks r,¡hich

could not thereby consume enough feed Èo gror,J optinflally.

Mac Auliffe and Mccinnj.s (1971) treated rye by adding (1) an equal

'trreight of I.7ater to the ground grain, spreading it on trays and oven-dryíng

at 70o C., and (2) an equal r^,eight of water, autoclaving for 15 minutes at
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121oC. and. then oven-dryíng at 70oC. I,lateï treatment of rye gave

rise to å signifícant improvement in chick grolrth and feed effÍciency.

Alternatively, the harrnful effects of rye were largely oveïcome by

addition of antibiotÍcs, terramycin or procaine penicillin G,. but not

by zíne bacitracin. These reseàrchers suggested that Ëbe lorar nutritional

value of rye could be related to a component, possíbly high peûtose

content, which stimulates the growLh of adverse microflora in the

intestínal x]raet oÍ the chick.

Mild acid treatment, followed by autoclaving, irnproved the nutri-

tíonal- val-ue of rye in chíck diets; a furthel: inprovement r¿as observed

when penicillin was added. On the contrary, alkali tteatment of rye,

folloçed by autoclaving did not effect improvement, Three conmercial

enzyrne products, Rho zl¡me H39, Rho zyme CL and l,ipase B, improved the

utilization of rye by chicks to the same extent as penicillin, but the

supplements in combinaÈion r,rere not more effecËive than penicillin a1one.

Inactivation of Èhe enzl¡me producLs by autoclaving desËroyed the property

of chick growth improvement (McGinnís, 1977).

ln a seríes of experiments, involving young chicks, Fernandez, Lucas

and McGinnis (1973) shor¿ed that Ëhe procaíne penieillín supplementation at

50 p.p.n. significantly ínereased the groi',th of chicks receivlng the rye

dj-et but not the r{heat-containing diet. Acetone extraction of rye which

¡¿ould be expected lo remove the groürth-inhibiting effects of rye as reported

by l,rleiringa (1967) faí1ed to improve the nutritional value of rye. In

conÈrast, r4rater extraction of rye removed the growth Ínhibiting effects

since chícks fed the diet containíng r¡'a t er-extrâcted. rye were equal in body

weight to those fed the corlì diet, and significantly larger than those chicks

fed the untreated rye dieÈ. The lyophilized wâter extract of rye
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was growth depressing whereas Lhe !¡ater-extract dried by heat

evãporatíon did not depress grorr'th. The petroleum ether extract of the

distí11ate of r¿ater solubl-e fraction of rye had no effect on chick

gror,lrth or feed efficíency. the feces condiÈion r,7as significantly

improved by water extractíon of rye and Lhe dried rÀ7ater extïact of rye

caused the characterlstlc stícky feces condition r¿hen added to a dleÈ

containing corn as the graín. C1ear1y, these resulËs indicated that

boËh the gro\,/th inhÍbítíng factor(s) in rye and the factoï causing feces

stickí[ess rrere ]rater extractable, but that whereas the former r^rere

thennolabile l-he 1atËer L'as unaffected by heat.

Using wheat containing dieLs as controls, Graber et aI (I97 6) reported

a dramalic increase in the r,reight gain of chicks fed a penicillin sup-

plemented rye diet conËaining LO% meax Eeal replacing an equivalent per-

centage of fish meal as compared to a simí1ar rye diet contaÍning onLy 5"/"

meat mea1, Of the antibiotícs ehlorte tracycline, penícillin and zínc

bacitracin used Ëo supplement vheat or rye díets, penicillin produced the

greatest weíght gain in chícks. Thus iË would seem that the type of proteín

(neat meal vs. fish meal) as well as the anËÍtiotic used to supplemenÈ rye

díetscombined to influence the nuÈritíonål value of rye.

In víew of the 1íníted success achieved in aÈtenpting to improve the

nutritional value of rye, it was considered that the next best sofution Ëo

the probleü of usíng rye ín practical- conmercíal chick diets was to deter-

mine the highest concentïation at whích this cereal could be fe¿l without

adverse effecÈs. For broiler chicks, Moran et al (1970) ascertained. that

rye coul-d comprise up to 25% of the grain component r^7ithóut adverse effects.

Increasing rye in diets above thís 1eve1 resulted in progressively poorer
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live performance, dressed yield and carcass qualiLy. Sosulski eL al_

(1976) found thaË feed íntakes of male broiler chicks were enhanced at

dieÈary rye 1eve1s of up to 502, but feed efficiency was reduced sub-

stantially ín a 707" rye diet. In tû7o egg production triâls conducted

by Halpin et a1 (1936) the inclusion of up ro 45% rye in the díet had no

adverse effect on the rate of laying, However, Fernandez, Kim, Buenrostro

and Mccinnis (1973) found that rye feð ax 80"Á of the diet caused a sharp

decline in egg production follo.r^red by a subsequent pârtial recovery,

seeming Ëo indicåte a toxic effect of the diet ïather than a nutrient

defíciency,

Iùorkíng rrith male l\Ìístar râËs avera.ging 167g iniÈia1 body weight,

Friend (1970) fed ad libitun a basal diet in w:hict, 427" of the roral dieL r^'as

provided by (1) ground barley, (2) ground rye, (3) barley flour plus rye

bran and (4) rye flour plus barley bran. Those rars fed the díet (3) eon-

tåining barley flour plus rye bran had the highest feed intâke, gained

more weight and retained Ðore nitrogen than rats fed Èhe other diets. The

poorest performance was obtained in those rats fed the ground rye diet (2)

r¡hereas Ëhe weighL gâins in rats fed diet (4) containing rye flour plus

barJ-ey bran r,!'ere betLer than the ground rye diet (2), but less than the

values obtained r{ith the other t\ro díets, Rye flour, rather Èhan rye bran,

appeared. to elicit the 1o!ùer food consuuption associated h7íth diets con-

tåining rye gïain. This result âgïees rrrith thar of McDonald et a1 (1974) who

fcund the addition of rye bran to a wheat-based diet ât l-evels equivålent to

3OZ and. 602 of the lrbeat flour had no adverse effects on veight gain and

feed consumption of weanling male mice. I^Ieiringã (1967) had previously

locaËed Lhe growth depressing factor in the pericarp of rye,
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D. The Conposítíon of Rve and Related Cereals

ProxiDate analyses of cereal graÍns reveal great vâríation,

especially in Ëhe protein content. The compodition of four common

cereal grains, found typically in North America, j-s presented ín Table

2. One strÍking feaÈure of the cereals is that Ëhey are low ín protein

and high ín nitrogen-free extract but Ëhere is much vatíaËiorl in the crude

fíbre content. Rye and rrheat are símilar in all respects except that rye

ís slightly higher ín crude protein but slightly lower ín gross enêrgy.

An examinaËion of the average cornpositíon of cereal grains shornts that rye

ranks lor¿est in niacin, i.e.,1.3 rng/kg as compared xo 63.6, 64.5 and

17.8 r;Lg/kg for wheat, barley and oats respectively. (Joint U.S. - Canad.ían

Tabi-es of Feed Composition, 1964). Usually in the formul-ation of diers

used in feeding trials, sufficient niacin is included in the viËanin premix

to meet mininum requiremenLs. Yet adverse effects are observed in anirnals

fed high levels of rye in diets made isonítrogenous and isocaloric compared

to control diets. Obvíously some factor(s) other than a nutrient defÍciency

must be responsÍble for these adverse effects.

E. The QualÍty of Rye Proteín

The amino acÍd composition of vhole rye and whole ¡¡heat fron Lwo

independent sources is given Ín iable 3. Noteworthy ís the larger ratio

of essential amino acids to non-essentía1 amino acids for rye. This

superior quâ1iËy of rye proteín as a whole over the protein in r.trheât and

Ðost other cereals is attributed Ëo Ëhe comparatively higher proportíon of

water-and. salt-solubl-e protein, both of vhich have an improved conËent of



TABI,E 2

ComposiÈion of Conmon Cereal Grains (Moisture Free Basís)

com¡oneni Barley 1 oats 2 Ru" 3 Wh.tt 4

Astl, %

Crrde Tíbxe, 7"

Ether Extract, Z

?rotein (N x 6 .25) , "l 12 .6

3.1

5.0

1.1

NiÈrogeû-Free Extracl, 7" 7 8.3

Energy, cross-Mcal/kg

12.7 LZ.8 t2.3

3.9 2.0 2.0

1.9 r,7 r.8

7 0.2 8t.2 8t.4

- 3.75 3.95

Sorlt""" 1-3, National Academy of Sciences, 1971,

4 ? Crampton and llarris, 1968.

1 *uf. 
"o. 

4 08 r58
2 Ref. No. 4 08 161

3 *.r. *o. 4 04 047

4 *"r. 
"o. 

4 04 zg4



TABLE 3

Amíno Acíd ComposÍtionl of !ühole Rye and L{hole hrhea t Grains¡

Arnino Acids

Essential

Itheat

r' .A.0 . ,
( r970) -

Tkachuk & Tkachuk &

Irvine I',4.O. Irvíne
(Lg6Ð3 (rg72\2 (1969)3

Arginine
Histidine
fsoleucine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Tryptophan
Valine

Non-EssenLía1

Alanine
Aspartic acid
Cys teine/cystine
Glutanic acid
Glycine
Proline
Serine
Tyrosine

EssenËia1 AA/Nonessential

Amino acids

28 .6
13.8
2r .9
Jð .5

9.1
27.6
20.9
4.6

'>o 1

26.6
44.7
11.9

151.1
27 .I
58. 6

27 .0
L2.0

0.6

26.2
r3.1
22.8
37.4
18.I

28.0
20.9
7.6

30.6

40.4
14 .3

t7z.o
22 .7
65. 0
26.8
11.8

U.C'

28.8
14 .3
20 .4
4t.7
t7 .9

28.2
18. 3
6.8

27 .6

22.6
30. I
15. 9

186. 6
25 .4
62.L
,,4 1

r8. 7

0.5

24.9
13.8
23.9
42.0
t4 .5
10. 5
.>õ 1
r7 .3
9.6

27.9

20 .4
29.2
16.2

207 .0
23 .5
69.6
J .t- . .'
16.7

0.5

' g Arnino acid / 1009 sample N.
2-- Average of several samples.
3^ uanadlan varaetaes .
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1ysíne (Bushuk, L976). hrhile higher in lysine and threonine than

I^rheat rye is somer,/hat lo¡,¡er 1n methionine and tryptophan. A comparison

of the chemical scores for these four essentÍal amino acids reveals

higher values for 1ysíne and threonine in rye Ëhan the corresponding values

for nrheåt (Table 4). In spite of its higher lysine conLent, this amino

âcid is sEi11 likely to be the first nutritíonally lirnítíng amino acid in

-rye, wíth tryptophân or threonine as the second depending on the sample,

On the basis of the chemÍcal scores of the most limiting amino acids, the

Canadian rye sample is clearly superior Ëo wheat,

The nutrítional superíority of rye, on account of its higher lysine

content, has been documented by several r^rorkers (Jones et aI, L948i Knlpfel,

1969; Kies and Fox, 1970). Higher trot.i.r'Efficiency Ratio for rye

compared to those of wheat have been obLained. (Sure, 1954; Knipfel, 1969).

These observatíons would suggest that rye should be a nutritionally

adequate feedstuff Íngredíent for animals.

¡. Hypotheses to accomt for the Poor Performance of Animals fed Rye Diets

The presence of naturally-o ccurring fact ors in rye is thought to interfere

r'lith the digestibilíty and/or availability to animals of one or more of íts

riutrient components. As a consequence the performance of -these anj,ulals is

adversely affecËed. Although Lhe mechanism of the physiological acÈion of

these factors is not cleaïIy understood a nlrmber of hypotheses has been pro-

posed to províde possíble explanatíons for the poor performance of animals

fed dieËs contaíning large amounts of rye,

1. The Effects of Naturallv-Oc curri n ø Nutr iË ional Inhíbitors

The presence of these in rye is delected by a lower than anticipated
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TABLE 4

Che¡rica1 Scores for hrhole Rye and lJhole l,iheat compared !¡ith the
tr{orld Health Organization SËandard Reference Pattern. (The data ín
Table 3 have been used as the basis for calculation. )

Amino Acíd

t{Ho1(1973) Rye IaÌhear:
Standard
Reference 

- -2 Tkachuk 2 _ _ Z Tkl"hyk Znglg F.A,O.- & Irvine- ¡.4.O,- & Irvine
Drotein (f970) (1969) (1970) 11969)

I-ysine 55 62 53 52 /+2

Threonine 40 84 84 73 69

Ifethionine & cystine 35 96 100 116 L22

Tryptophan I0 74 I22 109 154

Souïce: I 
"lr1". 

and Laing (1974),
2,- Câlculated from values in Table 3.
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raËe of growth in the anlmals, in relation to the quantity and quality

of the nutrienÈs ingested.

(a) Resoreíno1s

In experíments designed to isolate the growth-inhib iting factor

in rye and to develop an analytical method to detecË and measure ít in
ffmicro quantiÈíesl', tr{eírínga (I967) fed PeËkuser !¡inter rye to lreanling

male lrhite l4Ïistar rats. He reported that the gro\,7th- inhibí t ing factor

r^ras soluble in petroleum ether and acetone, could be concentrated by

solvent fracËionation and isolated chromatographically. It was sub-

sequentl-y ídentÍfied as a mixture of 5-n-alkylreso¡cino ls r,rith odd-

numbered síde chains of 15-23 Carbon atoms, togethen r,¡iLh smaller anounts

of 5-n-alkenylresorcinols . Although thís same group of ehemical compounds

had been found in the non-saponifiable fraction of !¡heat bran (I{enckert et al,

1964), I,Ieíringa found that rye resorcinols or wheat resorcinols produced

ÈlÌe same degree of grov/th inhibition in rats. He at.tributed the hígher

"valuation" of wheat as a feedstuff ingredíenË for domestic livestock

diets to its lower resorcinol content. synthetíc 5-n-pentad ecylr esorcinols

had only 50 xo 60% of the gro!¡th-depres s ing potency of the grain resorcínols.

Since hydrogenation of the gråin resorcinols did not alter Ëheir growth-

depressing properties, l,'Ieiringa concluded that the difference betr^reen the

synthetic resorcínols and the grain resorcíno1s v¡as not due to the alkenyl

side chains. l,Jeiringa developed a fluorometric analysis for 5-n-a1ky1-

resorcinols and by means of this method located the growth-depre.ssíng

factor in the pericarp of rye grain, and not in the endosperm or the germ.

He concluded that the resorcinol contenÈ of rye was proportional to the

surface area of Lhe kernel. Accordíngly, heavier kernels .would contain less
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resorcj-nols than lighter, more shrivelled ones having a higher bran to

endosperm ratío, In er,periments with rats laleíringa observed Èhat young

animals were more suscept.ible to the effecÈs of resorcinols than older

ones.

The alkylresorcínol content of Lhe grain of spri-ng rye cultivars

was found by Evans et â1 (1973) to be h.tlgher than for rr'inter rye cultivars;

furthermore there was greater variability in the ïesorcirrol coÐLent in spring

cultivars than in ¡/inter culrivars: O.O462 to 0.322% vs. e.036% xo

0,279"1 respectively. A high resorcinol content in &tinter rye uTas

correlaËed wilh a 1or,¡ protein conterÌt (Munck, 1969). A very high posítive

correlation (r = ,gS) was found betr^leen thê crude fibre and ¡esorcinol

contents íû wheat grain, again indicating the associâtion of resorcinols

r^rith Ëhe bran component (Munck, 1972); but the average resorcinol_ cont.enÈ

of rye was more than tl'ice that present in wheaË, i.e: 16I "units"

compared to 69 "r¡níts". This value agrees with the r^¡ork of Haeberle (1974)

who found an average of 36.0 and 17,8 ng/ L00g for Maniroba rye and I'heât

cultivars respectivel-y, Recent work by Verdeal and LorenF (1977) shor^¡ed

thaË rye contained Lhe highest resorcinol content, v/heat the lor^rest and

Ërlticale inËer.mediate. Milling these gtaiûs into bran, shorts and flour

fractions and subsequent analyses revealed thât the bïan contained the

highest 1eve1 of alkylres orcinols,

Results contrâdicting those of tr{eiringa (1967) were reporÈed by

McGínnis G972) $t:no fou¡d thaL åceËone extraction, which was expected to

remove any resorcinols present, did not elimínate the growth-d.epressing

effect of rye. Iurthermore the acetone extracÈ of rye did not depress

chick growth when added to a diet conLaining r^rheat. In feedíng triå1s
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with weanling rnale white mice conducted by McDonâld et aI (Ig74),

alkylresorcinols at levels of up to 160 urg/100g of diet had no adverse

effects on voluntary feed intâke or weight gai.n. These rrorkers

atËributed the apparent discrepancy between theÍr results and those of

!Íeiringa (1967) to the lorn'er alkylresorcinol levels in the diets they

fed, buÈ these resorcinol levels were comparable to those normally

present j-n diets formulated r^rith l^Iestern Canadian tríticale or rye.

These results were in agreemenË wíth those of liaeberle (1974) who found

that íncreasíng the rye level from 40 to 80'Á of the diei: faí1ed to

affect sígnificantly the growth of weanling male r¡hite mice. Consequently

Haeberle concluded that the alkylresorcinol content in the rye \^'âs not

responsible for iLs poor nutritionâ1 staLus.

Tr in ínhibitors.

Trypsin is one of the proteolytíc enzyme systems present in the

pancreatic secretion and is essential to the efficienL digestíon of j"n-

gested proteins. Trypsin inhíbilors are proteinaceous substances capatrte

of cornbining with and inâctivatíng trypsih, They have been identifÍed in

a wide range of plants including wheat (LearmonÈh ând l{ood, 1963), and

barley, !¡heat and rye (Mikola and Kirsi, 1972). The nutritional and

physiological effects ascribed to legume ttypsin inhibitors include groI,rth

depression and hypeIthrophy or enlargement of the pancreas (Liener, 1976).

L)¡man and Lepkovsky (1957) suggested thât the gro!¡Ëh depression caused by

trypsin inhibitor may be the result of the endogenous loss of essential

âmíno acids derived from a hyperactíve pancreas which is responding in a

(b)
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compensatory fashion to Ëhe effects of the trypsin inhibitor.

Lâporte and Trernolieres (1962) reporLed that cooking whear flour

at 98oC foï 4 minutês effectively destroyed its trypsÍn j.nhibitory

activíty, whereas the same Lreatment reduced the inhibiÈory activíty

of rye flour by only 207.. PolanowskÍ (1967) identifíed a trypsin in-

hibitor in the aqueous extrac! of rye. It rr'as located only in the

endosperm, and noË in the gerur or seed coats. HeaËing Ëhe extract at

75oC resulted. in loss of inhibitory actíviÈy, the inhibiËor being

completêly inacLivated after heating for 25 minuËes.

The trypsin inhibitory activity of six rye cultivars grown ín

Saskatchewan was found by Sosulskí et a1 (1976) to range from 22.4 to

52.5"Á. HorÀ'ever, these r,rorkers obtained superior weight gains in male

broiler chicks fed diets containing 25 or 507" rye eompared Lo a casein

control díet. This, coupled wíËh the absence of pancreatic hypertrophy,

1ed those workers to conclude that Lrypsín inhibítors ín rye did not

contrj-bute greåtly to the overall poor utilization geneïa11y attribuËed

to rye. AlËbough autoclaving for 30 minutes desLroyed Èhe trypsin

inhibitory activity of rye, feedíng Ërials rríth mice ¡esulted in poorer

performance sÍnce slight decreases in feed efficiency, protein efficiency

ratio and biological value of rye protein were recorded. This failure

of autoclaving to improve the nutr.itive value of rye had also been

reported by Moïan et a1 (1969) r.rho found a significanË decrease in weight

gaín of chicks fed autoclaved as compared to rar4r rye. The results of

Èhese feeding tríal-s plus the ín vitro experimenLs of Míkola and Kirsi
(1972) rsould indicaËe Lhat the Èrypsin inhíbítoïs in rye do not markedly

affecË lhe utílizaÈion of rye by d.omestic livestock.
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(c) RâchiLo ic factor

I

The rachitogenic effect of cereals was noted by NIe11anby (1922,

1924) w]no reported that different cereals when fed to puppies inËer-

fered raTith bone calcificãÈion to varyíng degrees, The raehitogenic

substance proved to be phytlc acid or inosítol hexaphosphoric acid

(Mellanby, 1950) whieh togerher r,ri th its derived salts, the phyrates,

occur Ín the aleurone cells of rye and many other cereals (Bushuk,

1976). In cor¡¡mercial rarheat products phytÍc acid runs parallel to fibre

content and to a large extent is fixed in the form of calcirrm magnesium

phytate (Í1ay, 1942). Although phyric âcid represenrs 35 Lo g7Z of t:he

total phosphorus Ín the cereal grains (Gor.Lzea and SuËzescu, 1968), it
is a poor source of phosphorus to monogastric anímals.

The mechanisu of the rachltogenic actíon of phytic acíd depends

upon its abílity to form insoluble or nearly insoluble conpounds !üith

caËions including calcium, iron, magnesiutr ând zinc; the resulting phytates

are excreted in the feces. The eonsequent loss of dieÈary calcium over an

extended period results in rickets, whereas loss of the otheï catíons

produce characLerístic deficiency symptoms.

Both phytic acid and its salts are hydrolyzed by the enzyme phytase

to yíe1d inositol and phosphoric acid. I,,treaË and rye åre rich in phytase

r,rhose distribuËíon throughout the graín para11e1s thaÈ of the substrate.

The phyLase of rye is Eore actíve Ëhan that of rnrheat (Gontzea and

Sutzescu, 1968) but the extent to which the phytic acid of these cereals

may be harmful in the diets r^rill depend not onJ-y upon its phytic acÍd

content but also upon the extent to r¿hich this compound has been acted

upon by phytâse during preparatíon of rhe dieÈ. Therefore, if a diet is
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adequate j-n calcíum and phosphorus but contains exeessive phytic

acid, the effect on the animal may be the same as if the d.ieÈ were

too 1ow in calcíum and faulty bone formation r,ri11 take place; ín

exÈreme câses, ríckets may resulË. Vitamín D, however, assists in

the proper assimilation of calcium and to some extent can counteract

the effect of phytic acid (Kent-Jones and Anos, 1967).

The rachitogenic effecL of rye in turkey poults r{as investigated

by MacAuliffeet at (1976a) who fed díets contaíning 40 to 467" xye,

and adequaLe amounts of vitamin Dy calcuirn and phosphorus. Before the

birds reached two weeks of âge, they developed severe rÍckets. Thís

condition was significantly reduced when either Íax arrð./ or penicJ-llin

¡,¡ere added to the diets, :fhe addition of extra vitamin D, or penicillin

significantly improved grol,¡th and increased bone ash content when rye

rather than corn lras rhe grain. These results 1ed McAuliffe eË al (1976a)

to conclude thaË rye ínterfered Ìrith the utílization of vitamin D3 by

turkey poults. The fact that faÈ reduced the severity of rickets

suggesled LhaË rye was probably interfering r^7i!h vitauin D3 absorpÈíon.

McAuliffe et a1 (1976b) found that the gror4'th and the bone ash

contenÈ of broiler chicks r"¡ere depressed when rye replaced corn in the

dieÈ. However, these effects lrere pârtially reversed when either fat or

procaine peníci11in was added to the diet, and eompletely prevented by

feeding 2,000 I.C.U. vitaoin D3/kg dier (10 x normal requirements).

Iurther, rnTaËer extraction removed the factor responsible for depressed

borre mineralizatío\. Acid autoclaving of rye partially destroyed the

rachitogenic faclor, but a combÍnation of acid autoclaved tteatmenl and

penicíl}ín supplemenÈation prevented the depression in bone ash content.



In feeding tríâ1s designed to investigate Lhe rye - vitamin D

antagonism in growing broí1er chicks, ù{acAulíffe and McGinnís (1976)

reported that acid autoclaved treatment inacLivated the vitamin D

i-nterfering factor, and that r4râter extrâction appeared to have removed

most of this factor. These resul_Ès agree r,lith Ëhose of MacAuliffe et al

(1976b). Furthermore rye rdas found to interfeÍe r^ríth the absorpËion of

vitamin D3, thereby supporting the previous suggestion of MacAuliffe et al,
(f976a) nho did similar work with turkey poults. Treatment of the chicks

vith ulËraviolet light in addítíon to single orâ1 doses of viËamín D3,

indicated that rye l'Jas noL interfering .with vítamin D activation and/or

metabolisÐ sínce its precursor was fuI1y activated after the birds were

exposed to ultraviolet 1ight. In consequence, these ¡.¿orkers postulated

the existence in rye of a factor which blocks or reduces nutïient absorption

fron the gut rather than â metabolic t¡rpe of antagonism.

(d) Pectin and relâted carbohydrates

The reduced grorqth rate, feed efficiency and charac teristically wet,

extremely sticky feces associåLed with feeding chicks diets containing hígh

1evels of rye had also been observed in experinents !r'ith chicks fed tr¡estern

barley (Willingham et aI 1959; Adaus and Naber, 1969). llater tïeatmenr

of rye gawe rise to å significant jÍprovement of growth and feed efficiency

of chícks (MacAuliffeand McGinnis, 1971; McGínnis, 1972; Fernandez, Lucas

and McGinnis, 1973) and in turkey poults (Fry er al, 1958), I^Iarer treâr-

nent of barley si-milaríly alleviated these perfonnance reducÈions in chícks

(Jerrsen et a\ 1957 t llillingharn et al 1959; Ada¡ns and Naber, 1969). Anti-
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Q4acAutiffe and McGínnis, 1971; Fernandez, l-ucas and McGínnis, 1973;

?atel and McGÍnnis, 1976; I,tagner et a7, L976)i a combinaËion of watet

Ëreatment and penicl1Iín supplementation furLher improved rye to a level

equÍvalent to that of the control" (MacAuliffe and McGinnís, 1971;

McGinnis, 1972). A similar improvement of barley diets Lras brought âbout

by adding anlibíotics; supplementation r^¡ith the antibiotic oleandomycin

plus enz¡nne resulted in a further ímprovement (Moran et al, 1965).

Gums consisting primarily of high molecular Íreight pentose po1¡iurers

admixed with protejnaceous material hacl been isolated fïon cereal grains

by Freeman and Gortner (1932). These r{orkers found that the pentose

fractiori of these gums could be hydrated to the extent of at least 800 per

cenÈ. In Lheir att.erDpt to fínd substancê(s) common to both rye and. barley

that might explaín some of the fecal problems associated rnrith their use in

poultry dieÈs, Preece aod McKenzíe (1952) found Ëhat boËh of Lhese grains

contained large amounts of heuriceilulose gums, but that whereas barley

has a high percentage of l-glucosans, rye LTas rich in pentosans. Burnett

(1966) reported thaL fairly viscous condiLions could develop in the gur of

barley fed chicks, interferíng wíth digestion and absorptj.on of nutrienËs,

and that such a condítion could accounË for the poor nuLritional value of

untreated barley as well as the associated sticky feces.

Analyses of cereal grains by McNab and Shannon (1974, L975) indicated

highest levels of unavailable carbohydrates in rye followed next by

barley, (Table 5). I,Jhereas barley had a high hemicellulose conrent, rye

was thê richest source of pectin.



TABI,E 5

Percentage Unavailâble Carbohydrates in Cereal Graíns (Dry Matter Basis)

Cereatr Hernicellulose Pectin ToLâ1

3ar1ey1

Maízel

-1Uats

-2Rye

Triticale2

I{heat I

7.96

6.00

4 .33

3. 90

).Jt)

0.56

0 .22

0. 68

9.30

0.35

7 .34

I .32

6.ZZ

5.01

t3.20

5.7L

6.72

IfcNab and Shannon, 19 74.

McNab and Shannon, 1975.
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A bela glucanase isolated frorn Bacillus subtilis by Moscatelli

et al (1961) and Rickles et aL (L9 62) cleaved the heEicellulose fraction

of barley an¿l modified the gut contents in barley fed chicks so that the

feces appeared normal. Bacterial and fungal crude enzJzme concentrates

known to be effecLive in drastically ímproving perforñance of larestern

barley fed chicks and substantially reducing the sticky nature of the

feces r¡as found to be íneffective in improving the performance of chicks

fed rye diets (Moran et al 1969). The ineffectiveness of treatments

and/or supplements rrith rye which had previously sho.nn responses Lrith

barley should not be surprising âs the pentosân and glucan gums, though

comnon in Itrany physical ptopertíes, have very different ïequirements for

biodegradation (Moran, et a1, 1969).

BurnetL (1966) had shor¡n thar pectín added to a basal barley diet

sígnifícantly reduced chíck perforrnance ãnd Èhe droppings produced were

very sËicky. A pectin-degradíng enzyme quíck1y reduced the viscosity of

a solution of pectin and signíficantly improved chick performance. Due

Ëo the correlâtion between the relatively high pectin content of rye and

Èhe poor growth of chicks fed rye, Wagner and Thonas (1977) speculared

that pecËín might nel1 be Lhe grorrrth depressing component in rye. pectin,

a pol1'rneric homopolysaccharide of methyl-D-ga lacturånate (Lehnínger, 1975)

is known to possess considerable gelling properties and could be

responsÍble for the stícky feces observed when chickens are fed diets

containíng hígh levels of lye. Using balanced diets cóntaíning siuIulated

rye r^rith and r^7iËhout cormnercíal pectin and fornulated according to Èhe

analysís of McNab and Shannon (L974), Wagner and Thomas (J.977) shor.'ed

pectÍn Ëo be gror,rth depressing but non-toxic to chicks. The alleviatÍou

of the grovth depression by supplementary penicillin 1ed these r¡/orkers to
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conclude that pectin brought abouË some change ín the intestinal mícro-

flora that was detrimental to the chick. Horüever, Lhe fact that at high

pectÍn concentrations penicilJ"in alleviated only parË of the depression

in I,reight gain suggested an ínvol-vement of some other fâcÈor(s). By

analogy the gror,Tth depressing effect of rye could be explaíned by its

high pectin cortent as indicated by McNab and Shannon (1974). The \,rork

of I'ilagner and Thomas (1977) províded no evídence that rye contained some

indigenous microorganism rn¡hich r¿as pâthogenic to the chick. However, j-f

lhe grorÀrth depression r¿as due to the proliferation of some microorganism

in the inÈestine, then the mícroorganism was either resident in the

intesËine or r¿as derived from dietary components other than rye.

It should be emphasized Lhât the effectiveness of antibiotíc

supplerDenLs in improving the nutriËional value of ïye lends support to

the hypothesis that rye promoËes the grorsth of an adverse microflora ín

the gut of the chíck. l4ragner eL a1 (1976) found thar the growth of chicks

fed rye díets r^'as depressed duríng the first week buË the chicks sub-

sequently becâme adapted to the rye diets and their grotarth rate increased.

This same adaptj-ve response observed ín laying hens by Ïernandez, Kim,

Buenrostro and }fcGinnis (1973) adds support to the adverse rnicroflora

hypothesis,

2. Toxic Substances

These are.produced by infection of the rye grain with microorganisns,

and include: ergot, and Èo a lesser extent aflatoxin. The tolerence 1eve1s

of animals are variable but in general åre guíte 1or{.
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(") Ergot

Ergo! results froE the infection of Lhe developing rye florets

by the parasític fungus, Claviceps purpurea. The fungus infects the

flowers, prevents seeds from developíng, and replaces rrrâny kernels with

hard, seed-like fungus bodies or sclerotia, commonly known as ergot

(Seaman, 1971),

Ergot sclerotía contain several alkaloids that cause poisoning in

humans, anímals and birds. Because Lhe concentration of alkaloids in

sclerotia may vary among stTaíns of Ëhe fungus, and because animals

dÍffer ín Lheir tolerânce for the poison, it is diffícult to specify

toxic concentratíons of ergoË, Ho!Íever, S earnan (1971) ad.víses tbaË

feeds contaín íng 0.L7" ergot shouLd be regarded as dangerous.

In revíewíng the history of ergotism, t'ríend and Mclntyre (1970)

noted that the disease dated as far back as 857 A.D. for humans and to

1630 for domestic animal-s, rarith a report on pig ergotisn in 1690. Fr.iend

and }4cInÈyre (1969) had observed greater reducËjon in body !ùeight gain

in pigs fed No, 3 rye (0.20% ergot) rhan in pigs fed No, 2 rye (0, O3y"

ergot) and attributed this difference to Ëhe level of ergot contaEinaÈion.

In another experiment, t'riend and. Mclntyre (1970) fed barley basecl diets

to growing pigs. The ínclusion of as low as 0.052 rye ergoË in the diet

reduced feed íntake by 11Z cornpared to the control, probably due to the

extre'e unpalatabilÍËy of the ergot in rhe rye (Bushuk, 1976), Fuïthermore, pigs

fed O.70% rye ergoË retained less niÈrogen than Ëhe control pigs. Thís

could have been caused by the increased urinai-ion ín these pigs, tïiggeïed

no doubt by the high 1eve1 of dietary ergocristíne, the alkaloid presenr

in the ergot sa.trlple Ëo the exrent of o.2o8z (7 LiI of the totâl_ alkaloid
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content) and knoun to selectively constrict smooth muscles and blood.

vessels (coth, 1961).

Feeding graded doses of ergot, 0rNeí1 and Rae (1965) determined

that the Ëolercance of chicks to ergot was 0.302. Higher Leve1s resulted

in growth depression and Eortâlity. Symptons of ergot poisoníng

observed included blackening of Ëhe naíls, toes and shanks, beaks and

combs. For 1ayíng hens, 0.20 - O.4Oi¿ of ergot in the díet appeared to be

Lhe critical leve1 r¡ith respect to egg production, feed consumption and

maintenance of body lreÍghË. No mortality was observed even ¡,¡hen as much

as 97" ergot. was fed. Hor{ever, a 1eve1 of L.I77" ergot ín rüheat screenings

l¡'âs 1elha1 wíthín 48 hours to Muscovy ducklings (Rosenfeld and Beath,

1950). In addition to species difference, the evidence suggested a

relationshíp betr^7een ergot Ëolerânce and the age or maturity of the animal

(Rosenfeld and Beath, 1950; OrNeil and Rae, 1965).

Modern seed-cleaning nethods remove many ergot bodies. For research

purposes hand-píckíng, grâvity separation and dilution with ergot-free

rye are methods currently employed to ensure that Lhe results from feedíng

trials are not confounded by ergot contaminatio'. Ðespite these precauÈions

the characteristic reduction in feed intake, body weíght gain and feed

efficiency in animals fed rye diets have been consistently observed.

Consequently, ergot coú1d be ruled out as a cause for the 1o.hr nutritional

value of rye.

(b) Aflatoxin

Mycotoxins produced by mould fungi grow upon the seeds of a wide

range of crops incLuding the cereals. A consíderable volume of literâture
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has appeared in recent years concerning aflatoxins. Apart from the

serious acute and chronic toxicity syrnptoms attributable to the

aflatoxins the presence in grairrs of Ëhe mould fungus, Aspergillus flavus,

whích produces afflatoxin has been shor^'n to reduce sÍgnifícantly the

proportÍon of totâl amino acids and cerLain essential amíno acids

originally presenL. Other mould fungi may cause å loss of protein

qualíËy by selectively destroying some essential amino acids (Hulse and

Laíng, 1974).

Lafont and LafonL (1970) conducted chromatographic analyses of

samples of rnixed animal feeds from two factories ín France, and the raw

materials of ¡,¡hich they rarere composed, taken directly from Lhe storage

silos. Detectable levels (in excess of 0.25 wg/kÐ of aflatoxin BI rrere

found in 19% of tine rye samples. However, liferâture on the effects of

afflaËoxin when rye is fed to domestic animals ís almost non-existeqt,

and Ëhus it ís not clear whether aflatoxin has in fact been responsible

for Èhe adverse performance so får reported.

3. Nutrient Limjtation - Energy Defícjency

Water ËreatmenË or enzJrEe supplementatíon of West.êrn barley had been

sholrn to improve chick growth and feed utilizaÈion. These results r¡ou1d

suggesl a substantíal increase in the utilization of energy, Leong et aI

(1962) found ËhaL the addítíon of an enz)rme supplement to barley diets

consistently Íncreâsed the metabolizable energy (ME) of barJ_ey and. water

extracLion resulÈed in a greater increase in ME. This greateï improve-

ment rras attributed in part to microbial synthesis of antibiotíc-like

substance(s) duríng watet treatmenË, since trIillinghãm et a1 (1960) had
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suggested that an antibíotÍc supplemenÈ increased the ME of a diet.

Rye is knom to be 1ou' in gross energy (Table 2). In studying

the influence of 1eve1 of subsLitution of rye for glucose ín test diets

on its ME value, MacAulj.ffe and Mccinnis (1971) found thaË feedíng rye

at levels of 20 and 402 caused gror4rth depression. The observation Èhat

at tl'e 4O7" 1eve1 the ME of rye was signífÍcantly reduced 1ed these

workers Lo conclude thaÈ at Ëhis level of substitution rye either inter-

fered r,¡ith digesÈj-on of other dietary components or stimulated the

growth of intestinal mícroorganisms thaL utilízed dietary nutrienËs.

Earlier, Moran et al (1969) had formd thât changíng the physical form

of Ëhe diet from mash to crumbles (pe1leted) resulted ín sígnificant

improvemenËs not only in live chick performance but also in whole diet

ME r,ihen the birds were fed rye but not corn. Autoclaving tended to

lower the l'IE value of both grains ín a manner paralleling the reduction

in their respective nutrient values. FurËher, the rooster was capable of

extTâcting more energy per unit feed than the chick, âpparently because

of the maËurity and consequently increased efficiency of the digesLive

system. The use of a fungal crude enz¡¡me concentrate Lesulted in small

but consistent increases in 18 for rye, but not for corn. A slightly

larger ME was ueasured r,\riLh an Eastern gror4n TelrapeÈkus rye as opposed

to a I.IesLern cultivar.

Since Ëhe ME value of rye seeBs to be dependent upon the level of

rye in the diet, the varíeËy of rye andthe age of the animals fed the rye

diets, it is quite possible that, in the formulaËion of chick d.íets

containing high 1eve1s of rye and calculated to meet the minimum NRC

recouunended levels, the actual ME obtained by the animals r¡as much lor¿er

than theír Eirìimuo requirements. Thís could help to explain, in part,
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the 1ow nutritional" vâlue of rye observed in feeding trials.

G. Antibiotics in Anirnal I'eedi

1. The Nature ând Role of Intestinal Microorganisms

The routine inclusÍon of antibioËics in animal feeds can be

justified by an understanding of the complex relationshíps which exist

betr,zeen all anj-mal species and their resident intestinal microorganísms.

The presence and naËure of these mlcrobes are ínext¡icably linked with

the nuËrítion, age and physiologieal state of the host (Faueonneau and

lfichel, 1970).

Much ínformation concerníng Ëhe role of intestinal ûricroorganisms

has been obtained by the use of animâls thaË are either aseptic (gnoLo-

biotic, axeníc), contâminated wíth microorganisms in a controlled fashíon,

or conventíonâ.l1y contaminated, It ís noteworthy that lThereas the mo,no-

gastric animals have a microflora in theír alimentary tract, ruminants

have a microfauna composed lârgely of anaerobíC protozoans associaled

with a microflora (Bryant and Surkey, 1953).

The presence of the intestinal microflora modifies the physiology

and biochenisLry of the intestinål tracÈ ín different ways:

(a) Compared r{ith âseptic rats, conventional animals have a thÍck-

ened intestinal mucosa and a cecum of greatly redúced \,JeÍght. In the

case of Èhe mouse, Lesher et al (1964) found that the presence of an ín-

testinal flora gre¿t1y augmented the turnover of epithelial cells in the

smâ11 ínËestine. Furthermore, the presence of a microflora stimulated

gastríc eEptying ånd intestÍna1 perisËa1sis. On the other hand, the
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presence of a microflora in the hen aggravated the destruction of

certaiD aüino acids, notably methionine, so Ëhat re-utilization of

amino acids from Ëhe secreted endogenous proËein would not be the

sarne in âseptic and conventíonal groups (Mí11er and Coates, 1966).

(b) The microflora shows a high ûÌetabolic activity toraTard nany

nitrogenous substances. One likely action of the flora r,íould be to

change loss of N in the feces, but reported observâtions on fecal N

are contradicËory. In the cecr¡m of the chicken, the flora seeEs to

influence Èhe proteolysís of poorly digestibl_e proLeíns such as rar¿

soybean (Nitsan, 1965) and deterÍorated proLeín concentraËe (payne

et al 1968). The complex enzyme systems provÍded by the íntestínal flora,

are capable of degrâding all amino acids by decarboxylation or deamination.

However, it \rould âppear that the nutritional effects of the presence of

the microflora mÍght be more important than the presumed toxic action

of the amines formed (Fauconneau and ltichel, 1970).

2. The Action of Antibiotics.

The ability of anti.biotics to suppress or inhibit the growth of

certain microorganisms has been responsible for their use as animal feed

addíËives. Their wide acceptance has been based on their estâblished

benefits of increâsing grol,r'th liate, improving feed conversion and reducíng

mortality and norbidiËy from clinical and subclínícal infections. The

grorTth-promoËing effecËs of antibioLics appears to be concerned irith
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r^7hich has come to be recognized as the I'environmental-disease 1evel"

(ScoÈt et aL, L976). Since this disease 1eve1 may occur Ín different

forms and in varíous degrees of severity, it is apparent that no single

mode of action can possíb1y explain all the gror4Tth-promo tíng effects

of antibiotics under wide ranges of environmental conditions. AË least

fou¡ modes of actíons have been proposed to âccount for the gro!¡th-

promoting acÈivity of antibíotics,

(a) Metabolíc Effect

lufany researchers had sho!¡n that metabolic reactions in the host

animal were influenced by anËibioties. Sraude and Johnson (1953) reported

that feeding of chlor teÈracycline affected vrater and nítrogen excretíon

ín pigs. Using rat liver homogenates, Brody er al (1954) sho¡¡ed Ëhat

tetracycJ-ine anËibiotics ínhibited fatty acid oxidation by mitochondría.

Thus the bacËeriostatíc or bactericidal properties of antibíotics could

be largely explained on the basÍs of metabolic effects. Håwe-rer, in view

of the nature of the anímal ïesponses aûd the normal tíssue 1eve1s of the

antibíotics qThen âdded Ëo the diet at growth-promo tant levels, such neta-

bolic effects could hardly accounË fo¡ Lhe growth promotíon in animals

fed diets supplemenÈed. t¡ith moderate levels of ånËibiotics.

(b) Nutrj.ent-spå.ríngEffect

It is l,se1l recognized that certain microorganisms s)mthesíze

vitamÍns and amino acids that are essential to animals ¿nd thaL other
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essential nutrients. Moore et al (1946) reported that streptomycÍn

stimulâted the gror,rth or permitËed the rapid grorarth of some yeasts

¡¿hile Anderson et a1 (1952) found that feedíng díets containing penicillin

increased the numbers of íntestinal coliforms other than Eschericha eoli.

Such organisms synthesize nutrients that are dietary essentials for the

anímals. Thus a ¿tiet deficient in certain vitamins can be partly

corrected by the üicrobial synLhesis.

Beaeorn (1959a, 1959b) suggested Ehat the 1eve1 of protein required

by pigs for maximum perforunnee ¡¡as less in the presence of anÈibiotics.

Although the growth rate of young dairy calves was higher on the higher

1eve1s of milk (hígh quality diet) the response to chlortetrâcycline was

greater on the lower milk (poorer qualÍty) diet (Hogue et a1, 1957),

Stokstâd (1954) produced evídence r¡hich indicated thaË the response to

aûtibiotics r47as greater r{hen they r,¡ere included in an inadequate diet.

The response suggested an improved utÍlization of nutrients at critical

or suboptiEal fevels. This could be attributed to nutrient slmlheses by

intestínal microorganisms, reduced coEpetition from bacteria for crítical

nutríenls, or ímproved absorption of nutríenËs from the ínËestinal tracÈ.

(c) Effect on the IntesLinal ida11

The inclusion of anËibiotics ín animal feeds prevents thickening of

the int€stínâl wa11, thus facílj-tatÍng increased absorption of amino acids,

fâtty acids and other nutïients (Bird, 1968). Catron et â1 (1953)

reported an increased raËe of glucose absorption in animals fêd râtions

fortified with antíbiotics. Coates (1953) had observed Ëhat the gut walls
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of calves and chicks fed ântibiotics r^7ere thinner than those of Ëhe

conÈrol animals fed díets containing no antibiotics. Furthermore,

feeding chícks the Íntestinal contents of infected chicks resulted in

å Èhickening of lhe intesti"nal r¡a1l. The potential for improved

absorption of nutrients seem to be a result of the inhibition of the

organisEs which damage the inLestinal r,¡a1l or produce toxins which in

turn damage inÈestinâl- Lissue.

(d) Disease-control Effect

Perhaps the major benefits derived from Èhe inclusion of anËibÍotics

as routÍne feed addíËives result fTom suppressíon or control of sub-

c1ínica1 or non-specific diseases.

Early Ìrork on antibiotics as supplements Ëo anirnal feeds has sho¡m

that the degree of response to antibíotics was inversely r.elated to the

general r^rell-being of the experiüental animals. Day o1d chicks when

kept ín clean, new and previously unused starting batteríes did no¡

respond lo procaine penieillin G supplements for the first three rnreeks,

although there was a marked response for chicks kept in oId batteries

(Hi1l et al-, f952). Though oËher variables such as cliTDatic condÍtions

and diffe¡ent animal species rnight have influenced animal performance,

the relative contaminaLÍon of buildings has had an important bearing on

Lhe response to antibiotics. The gradual build-up of non-specific infection

in buildíngs, continuously used to house animals, can depress the

performance ín animals r,Jith no âpparent s)rmptoms of disease, Such is the

type of problem ü7hich routíne antibiotic ,feeding aids ín cornbatËing.

It must be recognízed Ëhat Lhe use of nutritionally balanced diets



and keepíng animals in clean quarters reduce the need for åntibÍotics.

However, current practices in large cormrercíal operations invo lve

confining the animals in as sma1l an area as possible ín order to release

land for alternatíve uses and to facÍlitate mechanizatíon of feeding

and r¡aste disposal. This increased concentralion of anímals in a lírnited

spacè can lead Ëo a higher incídence of c1ínica1 and subclinical diseases

because of the greaÈer ease of transmitLance from one aûima1 to anoLher.

The extensive use of antíb.iotics has contributed to the success of many

of these intensive aniual operations.
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MATERTALS AND }MTHODS

A, Preparation of Rye Samples

The rye samples used in these experÍments urere an unknov¡n cultivar(I)

obtâined from a commercial grain company, or the culÈivar "Puma" (II).

The 1,000 - kernel weight of these cultivars r¡¡ere 18,8 + 0.1g and

25.L + O.1g respectively. For the wheat diets the utility cultivar

"Glenlea" was used. Both Lhe Puma rye and the Glenlea wheat were

harvested from plots at the Glenlea Agricultural Research Statíon,

Manitoba by the Department of Plant Science of the University of }4anitoba,

ljnlike the wheat samples ¡¿hích were ergot-free, tTre rye samples contâined

a 1or,7 percentage of ergot bodles. Pïíor Ëo their incorpoïation into diets,

the graÍn samples were cLeaned by hand-picking of all foreign materlals

including ergot bodíes and partly infested (blackened) grains. Ilowever,

when Ëhe 1evel of ergoË io the rye samples was found to have no adverse

effects on chick performance, the rye samples were used without cleaning

in díetary forEulations. A1-1 grain samples r{ere ground to pass through

a 2rm screen using the facilíËíes at Ëhe Universítyts Poultry Shed or

Feed Mil1.

B. Formulation of Diets.

Generally all the diets r{ere forrûulated to meeÈ Lhe minimum NRC

recoEmendations (1971) for replacement pullets, unless a nuËrienË

deficiency was tested. The diets were made isonitrogenous by varying the

amount of protein suppleuent, and ísocaloric by addíng either corn starch

or fat to increase the energy content, or alpha-floc to decrease the



energy content. The dietary ingredients were mixed by means of a

Hobart 3-speed mixer. Unless specífiea11y stated non-pe1leted mash

díets were fed.

C. Chicks and ¡{anagement

One day-o1d chicks r,¡ere purcbased from a commercíal hatchery.

Sroiler chicks rsere used in experiment I whereas Leghorn cockerels

u,ere used in the other experíments. All the chicks were housed. in

elecËrica11y heated, thermos tatically controlled batteries r^rith raísed

wire fl-oors and provided r,¡ith continuous lighting. Fïom the time of

theír arrivâl to the coEmencement of the growth trials, the chicks were

fed comrercial chick starter diets containing a minimum protein of. ZIT..

. Prior to the inÍtiation of each experiment the chicks we¡e starved

fo¡ 4 hours to reduce gastro ínËestinal trâcË fí11. The chicks lrere then

individuall,y weighed and placed inËo appropriate small-range weíght

groups. In order to uinimize the variation of the weight of chicks in

each pen, only the "median" weight-range groups ürere used in the experi-

ments. The random selection of birds from each of these ïepresentative

weighË range groups was conducted in such a nannet that the group

weíghts of the bird.s in the various pens !¡ere not signifícantly differenÈ.

The number of treatments, replicates per tïeatment and birds per replicate

varied from one experiment Ëo ânother. tr'eed and water were provided

ad libíturn. The ehicks r¿ere fasied for 4 hours before the termination of

each experiment. At thaÈ time the Íreight of each group (pen) of birds

wâs taken. The amount of feed consumed by each group of birds was

determined by subtracting the amount of feed remaíning in the feedÍng

Lroughs plus the spiIlage, from the total feed supplied Èo each pen. The
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difference betr'7een the íníÈial and the fÍna1 pen weight of each group

of bírds Í7as taken as Lhe gaÍn in body weíght. The feed: gaín ratio
was calculaterl by díviding the feed intake (g) by the body veíghË

gain (g). Otheï parameters measured are described for the appropriaËe

experiments .

D. .Analyses

The graín and grain fraction samples were analyzed for crude

protein (N x 6.25), and the díeLs for crude protein, fat, crude fibre and ash

by the rnethods of the Association of officía1 Agrícultura1- chemÍsts (1970).

The analyses for alkylresorcinol were conducted according to the

procedure of Evans et al (1973). The deÈernínation of chromic oxide üras

by the nerhod of l,Íil1ians er a1 (1963).

lreâËmenL differences obLaíned from the ståtistical analysis of the

data (Snedecor, 1956) I,rere subjected to the Student-Ne!¡nan-Keul s multiple

range tesË (Kirk, 1968) .

E. Chick Gror,¡th Exoerí

The experiments involved administering different dietâry ËreatmenEs

Ëo growing chicks. ExperiÐental- rye-based diets and control r,\rheat díets

!,rere fed thtoughout the groi,rth trials, SÍnce significanL respoûses Ín

the criteïía of performance were obtaÍned r,¡hen the bírds rdeïe on test for

only a week, the duration of the experiments was ïeËtricted to periods of

7 to 14 ð.ays.
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E)GERI}IENT I

The Effects of Different ]-evels of l,Ihêat ând Rye on the crowth of

Broiler Chícks

(a) Startíng Chicks

The experimentâl design involved four treatments consistÍng of

increasing 1eve1s of rye replacing wheat (Table 6) in five replicates;

each replicate contained 10 bírds. The experiment rrås inítiated ¡¡hen

Èhe birds were four days of age and Ëerrlinâted 14 days later. Feed

íntake and r,reighÈ gain wete determíned, and the corresponding feed:gain

ratio câlcul-ated on both days 7 and 14.

(b) Finíshíng Chicks

The experimental design ínvolved four trêâtüenËs of increasing rye

levels replacing r^rheat (Tab1e 7) in seven replicaÈesi each replicate

contained six bírds. Prior to being put on test, the birds had been fed

the contïol wheat (0% rye) diet as above. The experimenÈ !,ras initiated

hrhen Ëhe birds rsere 30 days of age and r,üas Ëerminated 12 days later.

The birds had been starved for 12 hours both before being put on test and

before the final pen r,,Teights of birds r{ere determined.
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TABIE 7

Fornulas and analyses of finisher diets (Experinent Ib),

ngredients Diet A Diet B DieË C Dier D

JE (I)
heat
asal míxLurel

lhernical analyses of díets3
rry nåtter
.rotein (N x 6,25)
at (eËher ex trac t)
rude fibre
.sh

o/ dt

3¿. J
32.5
35. 0

91.8 l 0.0 92.3 t 0.0
2I.2 ! O.1 19.7 r 0.1
6.6 r 0.1 6.4 r 0.0
2.9 ! O.O 2.8 r 0.0
5.6 1 0.0 5.5 t 0.0

The composition of the basal mixture (% of tlne total diet) was: soybean mea7, 22.0;
fish (herring) rneal, 2.0; dehydrated alfalfa, 2.0; tallow, 4.5; calcÍurn phosphate,
,2.2; calciurn carbonaÈe 0.8; viLamin mixZ, 1.0; and Ðineïal mix2, 0.5.
irhe vitamin and the mineral míxes uTere the same as Ëhose used i-n Experiment 1a.
Analyses ïepïesent average dietary composition t S.E,M, for each diet.

oslo
35. 0

91.4 t 0.0
22.I ! O,O
6.3 r 0.0
2.9 ! 0.0
5.9 r'0.0

/"
16 .25
48.7 5
35. 00

92.6 ! O.3
27.4 ! O,r
6.2 ! 0.0
2.9 t 0.0
5.6 r 0.0

65. 0

35 .0
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E)GERIMENT II

The Effects of Different Milled f'ractions of tr{heat and Rye

Samples of cleaned wheat and ergot-free rye !¡ere subjected to

"scouring" in a machine which removed dust and other líght parÈicles.

The grains r.rere nexÈ tempered to achieve a final moisture content of

L6.57" tor ¡rheat and L4.57" for rye. The tenpered graíns were stored

overnight in J-arge covered tin cans before being ground 24 hours later

ín a Buhler mil1 to produce flours, uriddlíngs and brans. Recovery of

the combined weights of Ëhe three milled fractions expressed as a

percentage of the uÐtempered graín Inrere respectiv eAy 9Oi! for wheat and

89"Á fox rye.

In the formulation of dieÈs, the grain fractions l,.rere combined j-n

the sâme proporÈions as obtained in nillÍng of the rye sample rather

than Èhe rÀrheât sampl-e. (Table 8). This was considered necessary in vier¡

of Èhe sËated objectives of this study.

The experirnent r{'as a completely randomized design involving 10

treatments !,rith síx replícâtes of five birds each. I'ive-day o1d birds

were put on test which lasted níne days. All the dieLs r.rrere pelleted

in order Ëo reduce oï elimínate Ëhe accumulatíon of feed on the chícksr

beaks ("beak irapaction") noted in the prevíous experiments, where hígh

1eve1s of rye were f e.d. To facilÍtaLe pelletíng 102 r.rater was added to

the diets which were then thoroughly mixed, A superior Templewood

pe11etíng machine equipped with a No. 2 die was used. AfLer pelleting,

the diets were spread thinly (1 cm) on sheets of bror^m paper and air-

dïied at 24oC for Èr,ro days. -The compositíon of the dÍets ís given in
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Table 9. In additÍon to the feed intake and body weight gain, the

"feces condition" vas measured, This v¡as done by an arbitrary visual

inspection of Èhe amount of moisture ("degree of vetness") of the feces

present on lhe paper-lj,ned co11àction trays beJ-ow each pen. An index

of I to 3 was eurployed with a high nr:mber índicating feces with high

rnoisture content.

TASLE 8

Fraction l,¡heat R¡¡e

Yield of Bran. Middlinss and Ïlour obtâined from Millinq ftlìêâf an¿l Rve lTl

Bran

Middlings

I.lour

L9.2

9.0

71.8

/"

25 .4

tt .9

56.7
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E)PERIMENT IIT

The Effects of a Lyophilízed !üater ExtracË of Rye, Water Extractíon

or 1ûo Processing Methods

Rye was extracted by adding fíve parts of distilled water (by

weight) t.o one part of ground rye in a 50-1itre plastic pail and mixing

at tr^ro-hour íntervals using a plastic stírrer. The pail conLâining the

rye-r,râËer mixture ¡¡as covered and allowed to stand overnlght. The

clear brown supernatânt r{as filtered through several- layers of fíne

cheese eloth into a flat stainlesb steel tray of 5 cm depth. The ín-

soluble rye suspensíon was centrifuged ât 20,000 x g for 15 minuÈes in

a Sorvall Superspeed RC2-B cenÈrifuge. ¡o11owing this, the insoluble

material was resuspended in three parts of distí11ed water and subjected

to the same extrâction procedure as describe¿l above. All the supernatant

fracÈions were pooled, poured into sinilar trays, and placed in a Virtis

Research freeze-drier for 72 hours. A brown, fluffy, hygroscopic solió

îepresenting 187" of xirre oríginal ground rye rras obtained. The insoluble

extracted rye was spread thinly (1 cm) on sheets of brorm paper and air-

dried at 24oC for two dâys. The rúater extracted rye thus obtained

represented 8lZ of the original ground rye. Just before inclusion in

i:he diets, the lyophilized r^'ater extTact of rye was carefully ground in

å r{åËer-cooled Chenical Rubber Company grínder. The dried vater extracted

rye was ground in a !Íi1ey lti-ll equípped rn'íth a 2 rnm screen.

Autoclaving of the ground rye samples r¡ras carried out prior to their

incorporation inËo the diets. The samples were spread ín porcelaín trays

to a d.epËh of 2 cm and. auÈoclaved at 121oC for 10 or 30 üinutes.



?elleting of one díet v/as by the same procedure as described in

experiment II.

(a) Diets conÈaining One Level of the Lyophilized l,¡aËer Extract

of Rye, One Level of hTater Extracted Rye ând Rye subjecËed to Two Pro-

cessing Methods

A completely randomized desígn involving six treatmeDËs with síx

replicates of five birds each was ernployed. The experiment r.7as initiated

r¡hen the birds r¿ere five days old and rrTas terminated after eight days.

The fornul-a and analyses of the diets are given ín Table 10. The percentage

of the lyophi]ízed rye extract added to â wheat díet was iir excess of that
1.

obtained upon water extraction. (í,e: 22"1 r¿s. 182) ParaTneters measured

were feed íntake, r^'eight gain, feces condition, beak impaction and vent

blockage. The last two factors Ì¡ere determined by arbitrari.ly assigning

a scoïe to indieate the degree of feed accumulation on the chickst beaks,

or the amounË of feces adhering onto their vents. A scoÌing index of 1 to

3 was employed: a hígh score denoted a high degree of beak jnrpaction or

venË blockage

(b) Díetary Treatments Containing Two I-evels of the Lyophilized

Ilater Extract of Rye, One Level of tr{ater-ExËracËed Rye and Rye subjected to

Two Autoclaving ?eriods -

The experímental desÍgn involved seven tr:eaÈments in six replicates,

each of whích contained fíve birds. The expeïíDent r4'as conducted using

four-day o1d birds and lasted seven days. Î¡o levels (67., lZ7") of

I 12.52 rye extract adcied v rnna/ - ,1 e"/
57.4"/" grair' in the diet
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lyophilized water exÈract of rye were âdded to díets contâining

wheat as the cereal in order to âssess the influence of these levels

oA chíck perforrnance. Díets containÍng rarater-exLrac ted rye or rye

âuËoclâved. for 10 or 30 minutes were also fed (Tabl-e ll),

E)PERIMENT IV

The EffecÈs of Ergot, Procaine Penicillin SupplenentatÍon, pelleting

of Lhe diets or Treatment of the Chicks in Trro DifferenÈ liays.

. Iive-day old chícks were used in this 14 day growrh Lriâ1. A

compJ-etely randomized desígn involvigg eight Èreatments with síx

ïeplicaEes of 10 bírds each was enployed. The formul;s aod analyses of

the diets are given ín Table 12. The effecBof feed.ing diets conraiding

uncleaned rye, uncleaned rye plus 2"1 "ergox bodies" or ergot-free rye

were compared Lo the effects of feeding l,rheat diets. A total of five

diets was prepared from Èhe ergot-free rye, The first of these díets

r¿as fed in the non-pelleted (nash) forn; the second was pelleted and

the third was non-pelleted and suppleme¡ted r¿íth 50 Tng/kg procaine

penicillin. The beaks of all the bírds fed the fourth díet were cleaned

daily whereas Lhe vents of the firds fect the fifth diet ¡^rere cleaned

daíly. These 1asË ËtÀ'o treatments r¡rere adminístered in order to evaluate

the effects of the daily cleaning of these organs on the chickst

performance. The parameters measured were feed consumption, weight gain

and feed:gaÍn raËio; in addition the degree of beak impacÈion, vent

blockage and feces conditÍon veïe deteïiined.
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E)EERIMENT V

The Effect of Diets ContainÍng Rye Autoclaved. for Increasíng Tinle

Periods.

Ground uneleaned rye rÁ7as autoclaved as descríbed for Experíment

III for íncreasing periods of time (0,5,rc,ß,25 and. 50 minutes).

A completely randornized design ínvolving six tïeatments (autoclaving

tines) wíth six replicates of eÍght birds each was employed. The experimenË

was inÍtiated when Èhe birds were fíve days of age and .ftrâs terninated

seven days 1ater. The conposíËion of the diets is given in Table 13.



TABLE 13

Formulas and arìålyses diets (Experinent V).

Ingredients
Dietsl
A-t'

Rye (II)
Meat meal
Soybean oi1
VitaTnin Mixz
Mineral míx2
Amino acid mix3

Crude protein conrent4 (N x 6,25)

70.0
23. O

5.0
1.0

. 0.5
0.5

21.0 I 0.0

1

Prior to mixing thediets, ground rye was spread in
porcelain trays to a depth of 2 cm and autoclaved
at L?LoC for 0, 5, 10, 15, 25 or 5O minures.

t-The vitamin and the nineral mixes were the sâ.me as
those used in Experiment 1a.

-Amino acíd rnix r4ras composed of (i4 of diet): L-lysÍne
HC1, 0.1; DL-methionine, 0.3; and corn starch, 0.1.

L'Average dietary proËein composition t S.E.M.
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E)CERIMENT VI

The Effect of Fat and Energy

(a) Díets Contaíning T!üo Levels and ftüo Types of Ïat.

Eight Ërealment combinations were obtained. by a 2 X 2 X 2 factori-:a!

arrangement of two grain types (ïye or wheat), two fat type (soybean oil

or tal1ow) and t!,'o fat levels (27" or 57") with six replicates of six birds

each. The experiment was ÍníËiated when the birds rnzere six days o1d and

r,i7as terEinated eight days 1ater. The diets hrere calculated to be iso-

nítrogenous and isocaloric (Table 14). However, the ereïgy contenË was

calculated to be slighËly.be1ow (by 7i() Èhe reconlnended NRC requírements.

(b) Ðiets Containíng Two Energy Levels.

A 2 X 2 factoría1 arrangement of treatEents rnrith six replicates of

eight birds each v¡as used Ëo evaluate the tvro graias (rye oï wheât) and

tlío energy leve1s (low or high). The lov¡ and hígh energy levels were

ïespectively calculated to be 97 belorv and 7"Á aboye the recormended NRC

requirements (Table 15). The age of the birds and the durarion of the

experinent were Ëhe same as in VI(a) above.
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TABLE 15

Formulas and analyses of diets (Experinent VIb).

lngredíents Diet A Diet B Díet C Díet D

.l ot

u:.0 u:.0

5.0 3.0
4.0
2.O 8.0

29.0 29.0

./ .t

Rye (II)
I^Iheat
Corn starch
Alpha-floc
Sovbean oil
Ba'sal urixturel

ss. o
6.0
8.0
z.o

29.O

ss. o
4.O
4.O
8.0

29.O

Chernícal and calculated analvses of diets:
Dry marter4 93.010.0 93.110.0 92.5J0.0 93.110.0
Proteín (N x 6.2S)+ 2I.5!0.1 21.510.1 2I.6!0.2 2I.g!0.0
Fat (ether extracr)4 _ 5.9i0.1 11.810.0 5.810.1 10.2r0.1
Metabolizable Energ (kca7/kÐ5 zø+l 3lt1 264g 3:t72

lTh"-b""rl mixture (Z of the díet)
mix2, 1.0; mineral'rix2, 0.5; anå

consisted of: DeaË meal. , 27.0; vitaeín
amino acid urix? 0.5

2The vifanin and the mineïal mixes r^rere the same âs those used. as in
Experiment 1a.

3Amino acid mix consisted ol ("/" ot the dier).: l,-Iysíne HCl, 0.1; DL-
meËhíonine, 0.3; and corn starch, 0,1.

4Arr.t"g. dietary composition 1 S.E.M. for eâch diet.
5ca1cu1ated.
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E)CERIMENT VII

The ËffecÈ of VíÈamin D

(a) Diets with or without Added Vitamín D?

A 2 (rye or \^7heat) X 2 (no ådded vÍtamin D3 or 5 X NRC vitaTnín D3

recommended leve1) factorial arrangernent of treatments was designed,

!r'ith six replicates of five birds each, The forrnulas and analyses of

the diets are given ín Table 16. Five-day o1d birds ¡¡ere used in this

14 day growth tria1. Feed constunption was determined on both day 7

and day 14, when the expeïiment rdas terminated.

(b) Diets \¿ith Three Levels of Excess Viraoin D3

A 2 X 3 factorial arrangeEent of treatmenÈs was desígned to evaluate

t\,ro grain types (rye or wbeat) and three íncreasing 1eve1s of excess

vitamin Ð3 (5X, 100X, or 1,000X NRC recommendation). Each treatnent

combination consísted of si* replicates of six birds each. The experiment

vå.s initiated ¡nrhen the birds vere síx days of age and vas terminâted

eight days later. The formulas and analyses of the diets are given in

Table 17.



TABLE 16

Formulas and analyses of diets (Experirnent VIIa).

Ingredients Diet A Diet B Diet C Dier D

Rye (II)
trrfheåt
Alpha-f1o c
-_.: .1va¿aman mr-x (comp_Lete)'
Vitanin mix, less vitamin D?
Basal- mixtuie3 3

Chemical analyses of diets
Dry maËter
Prorein (N x 6.25)
Fat (ether extrâct)
Fibre
Ash

89.410.0 89.6j0.0
21 . 0r0. 0 21. 110 . 0
5. 610.0 3.7r0.0
5.710.0 5. 710. 0
6.7r0.0 6. 510. 0

90. 610. 0 90.5r0.0
20. 910. 0 20.7 lo.7
4.3r0.0 4.110.0
3.010.0 2.8Ì0.0
1.2!o.0 7 .2!O.O

/"

ao.+
4.0
1.0

34.6

oo.+
4.0

t_. 0
34.6

u!.0

1.0

zi.ø

/"
u1'o

i.o
34 .6

1S"*. 
"" that used ín ExperÍment la.

25æ. 
"" above except that no vitamin Db was included.

3Th" composítion of the basal mixËure (7" of íne dÍet) was: soybean
meal, 26.0; fish (herring) meal, 2,0; ta11ow, 2.0; calcium phòsphare,
1.8; calciurn carbonate, 1.8; urineral rnix4, 0.5; and chroníc oxide-
amino acid míxl, 0,5.

4The nineral mix hTas the same as that used in ExperÍment Ia.
5The chromíc oxide-methionine mix consisted of (Z of the diet):
chromíc oxide, 0.2; Dl-methíonine, 0.1; and corn starch, 0.2.
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TABLE 17

I'ormulas and analyses of diets (ExperinenË VIIb) -

ïngredients DíeI A Diet B Diet C Di.et D Diet E Dier I'

Rye ( II)
htreat
Corn starch
Alpha-f1oc

..tvrtamln max¡
Basal míxÈureZ

s4.4
- 50.4
8.0 8.5
- 3.5
1.0 1.0

36.6 36.6

54 .4
- 54.4
8.0 8.0

1.0 1.0
36.6 36.6

50.4
_ 50.4
8.5 8.5
3.5 3.5
1.0 1.0

36.6 36.6

r9.9 l-9.9 19.9
20,000 200,000 200,000

CalculaLed analyses of diet
Prorein (N x 6.25) 19.9 I9.9 19.9
Vitamin D (ICU/kg díet) 1,000 1,000 20,000

t_,Ihe vitamin mix r.ras the sâme as ín Experiment 1a except for level of vitamín D
included in the mix, The amounts of cholecal-cif erol added in this míx are indicaLed
under calculated analyses of diet,

)-The composition of the basal mixture (7" of l.he diet) was: soybean rnea1, 29.0;
fish (herring) meat, 1.0; tallow, 2.0; calciuur phosphate, 1.8; calcium carbon-
ate, 1,8; mineral míxj, 0.5; and chromíc oxide-methionine mi-x4, 0.5.

3S"r. r" those used as in ExperimenË la.
4_.The chromÍc oxid e-methionine mix (7 of xlne di.et) was made up of chromic oxide,
0.2; and Dl-methionine, 0,2; r^'heat rniddlings, 0.1.
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E)CERI}4ENT VIII

The Effects of Grian Type, Proiein Source and ]-evel, and Ïorp of

the Diets.

(a) Tbe Interaction of Grain Type, Protein Source and Form

of The Diets

The arrangement of the treatments vas a 2 (grain type) X 3

(protein sources) X 2 (forrns of diet) factorial, ¡¿ith four replicates

of èight birds each. Seven day old chicks were used in this seven day

gro!¡th trial. The dietary foruulations and analyses are in Table 18.

(b) the lnteraction of Grain Type, Protein Level and f'orm of

the Díets.

A ? X 2 X 2 factoríal- experiÐenË was deslgned to assess the effects

of two grain Èypes (rye or !¡tìeat), 2 protein IeveLs (2!il or 26il), and 2

forms of the diets (non-pelleted or pelleted) in four replicates each

consisting of eight birds. This experiurent whích was run cuncurrently

with VIIl(a) involved the use of seven day o1d birds, and lasted for seven

days. The formulas and analyses of the diets are gjven Ín Table 19,

InLeraction of Grain Type, ?rotein Source and ?rotein l,evel

Rye or l"'heat were supplearented vith meat u¡eâl or fish meal in diets

containing L$Z or 26"Á of protein ín a 2 X 2 X 2 factorial arrangeTDent of

treatments. Each of the eight treâtments consisLed of six replicaËes of

eight birds each. DieEary fornulations and analyses are in Table 20.

The experiment lras initíated ¡^¡hen the birds were four days oId and

was cerminated seven days 1ater.

(c)



TABI,E 18

Formulas and analyses of diets (Experiment VIIIa).

Diets - Non-pelleted and pelletedl

gredients

e (II)
eat
rn sËarch
pha*floc
ybean meal-
sh (herring) meal
lt meâl
ybean oí1
Lcium phosphale
Lcíum carbonate
tamin mix2
reral ¡oix2
ino acid rnÍx3

- 32.O

28-O

L4 .2 6.9

20.o
- 28.0
5.0 5.0
0.5
L.2

/"

tr_. o

':.0

5.0
t.6
2.O
1.0
0.5
0- 5

s7.4

4.o
IO .4

20.0

t.o
0.5
1a

1.0
0.5

4,5
3.1

53.1
0.5
3.8

sã. r
4.5

s3. 1
5.0

57 .4

5.0

1.0
0.5
0.5

5.0
r-6
2.0
1.0
0.5
0.5

1.0
0.5

1.0
0.5_ 0.5

lde protein content
(Ñ x 6.25), % 22.6!0.L 20.810.1 ZI.7!O.r 21.910.0 21.110.0 21.8J0.0

re-half of each diet was mixed wiÈh 1O7" water and ¡,ras pelleËed. The pelleted diets:re spread as a thin layer ( 1 cm in depth) and we¡e dried ax 24oC for 4 days.
ìme as in Experiment 1a,

re a'oíno acid mix conrained (z of the diet): L-lysine Hc1, 0,1; Dl-rnethion:'_ne, 0,2;I corn starch, 0.2.



TABLE 19

Formulas and analyses of diets (Experinent VIIIb)

Diets - Non-pelleted and pelletedl

Ingred ients

Rye (II)
I^thea t
Corn stårch
Alpha-floc
I'ish (herring) ureal
Soybean oil-
CalcÍum phosphête
Calcium carbonate
Vitamin mixZ
Mineral mix2

Crude protein contenL (N x 6.25) 20.810.1 26 .4!0.1

53.1 53. I
4.5 1,0

T4.2 LL.z
20. 0 28.O
5.0 4,O
0.5
7.2 t.2
1.0 1.0
0.5 0.5

21.110.0 26. 010. 0

/"

57 .4

4.O
LO .4
20 .o
5.0
0.5
t.z
1.0
0.5

57 .4

0.5
7.4

28. 0
4.0

11
1.0
0.5

-One-half of eâch diet was pelleted as described uader ExperimenË
2S"*. 

"" those in Experiment la.
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E)@ERIMENT IX

nSu lementatíon of a DÍet

A completely randomized desígn involving tr,/o treatments Trith six

replicates was employed. Each replicate contained eight birds. I'íve-

day o1d chicks r^rere used in this seven day feeding trial. The com-

position of the control rye diet was the same as those in Experiment

V (Table 13). The Ëryptophan supplemented rye ¿liets was formulated by

addírr¡g O.Z"/" l-tryptophan to a diet having the same compositíon as the

control díet. The experíment \^ras inítiated. when the bírcls were five

dâys old and vas ternínated after seven days.
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ÐEERIMENT X

the Effects of Increasing Level-s of Procâíne Penicillín and Tr,/o

Protein Sources.

(") Increasíng Levels of ?rocaine Penícillín

(Í) The experiment. involved four treâtments: a rdheat control

diet and three rye (I) diets supplemenËed with 0, 50 or 100 rng/kg

procaine penicí11in (Table 21). Each tïearment consisted of six

replicates of 10 birds each. Five-day old chícks were used in this

14 day growth trial. In addítíon to feed consumption, gain in body

weíght and feed: gain ratio, beak ímpacËíon, vent blockage and feces

condíÈíon ¡¡ere measured.

(ii) Rye (II) diers were supplemenred wíth 0, 10, 20, 40, 80 or

160 rng/kg procaÍne penicílJ-in (TabLe 22). A conpletely randomized design

involving these síx Èreatments with sÍx replicates of eight bírds eaeh

was employed, The experíment was initiated when the birds were five days

of age and r,7as termínaled âfter seven days.

(b) The Interaction of Procaine Penicíllin and Protein Sources

EighÈ treatment combÍnations were obtained in a 2 (rye or wheat) X

2 (rneat meal or fish rneal) X 2 (0 or 160 rng/kg procaine penicillin)

facËorial ârrangement ín six replicates of eight birds each, The forroulas and

analyses of Èhe dieÈs are given in Tab1e 23. This seven day experiment

involved the use of six-day o1d chicks, AparË from measuring thè feed
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ÎABLE 21

I'ormulas..and analyses of diets (Experinent Xa(i).

IngredierËs Diet A Dier B Diêt C Ðier D

Rye (I)
I^rhea t
Corn starch
Procaine penicillin mix
Basal mixture3

Calculated crude protein content
(N x 6.25), il

./ ot

- s6.9
32 .6
24.8 0.5

42.6 42.6

22.0 2r.9

/c /.

56.9 56.9

0.5r o.5¿
42.6 42.6

2I.9 27.9

1"no-pn"

óome. 2

ture was
kg diet.

(502 procaine penicillin) was supplied by Merek, Sharp and
g ?RO-PEN was added to 98 g corn starch; 75 g of rhis mix-
added to rnake up a 15 kg diet. lhis uras equivalent to 50 ng/

275 g ot a rnixture of 4 g PRO-PEN and 96 g corn srâïch was added to
make up a 15 kg diet. This rdas equívalent Lo 100 ng/kg dier.

1'The composition of the basal mixture (7" of tine diet) r,ras: soybean
meal, 28.0; físh (herring) roeal, 6.0; soybean oil, 3.0; calciurn
phosphate, 1.8; cat cir:ur carbonate, l.8l vítanin roix4, 1.0; míneral
rnix,'! 0.5; and chromíc oxid e-methiontr.r. .i¡¡5, 0.5

4S"*" 
"" those used ín Experiment la.

5The chromic oxide-methionine mix consisted of (7" of the dÍet):
chrouic oxide, 0.2; Dl-methíoníne, 0,1; and corn starch, 0.2.



TABLE 22

ïorrnulas and analyses of diets (Experinrent Xa(ii),

Ingredients
D írts
A-¡'

Rye (II)
Meal meål
Sovbean oil
vlEam1n mlx_
Mineral mixl
Amino acíd rníx2
?enicillin rnix3

Crude proteín conrent (N x 6.25), Z

/"

70. 0
23 .O
5.0
1.0
0.5
0.5

20.9 ! 0.7

1'Sane as t}¡ose used in Experinent 1a.
t-Same as those used in Ðxperiment 6.
'The penicillin (PEN-P) used ro prepare the peníci1lin
mix was supplied as Penicillin G Procaine salt by the
Sigma Chernical Co., St. Louis, Mo., U.S.A. and contain-
ed 1,000 units/trrg. A 1-kg stock sample of PEN-P vas
prepared by rnixing 20 g PEN-P and 980 g corn starch.
An aliquot of this stock solution was then added to each
of Lhe different diets so lhât the final concentration of
peniclllin in the diets A to ¡ vere 0, 10, 20, 40, 80 and
160 urg/kg diet respectively.
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consumption and gaÍn in body r^teighÈ fron which were calculaled the

corresponding feed:gain ratios, the feed dry matLer and proLein

retention for each dieË were. determined, Excreta col-LecÈions for

nutrient ïetenËion evaluations were inÍÈiated after the birds rarere

three days on Lest. The feces whÍch ¡¡ere a11or¡ed to âccumulate Ín

the trays under the pens for the last four days were air-dried aÈ

24oC fox three more daysl traces of feathers anil spÍlt feed were

removed. The fecal material from each pen (replicate) was ground

and stored. frozen (-2Oo C) in polyethylene bags until analyzed. The

percent of dietary nutrient retained equalled grams nutrient per

gram of díet minus grams nutrient per gram of excreta tiÍies Cr2O3

ín the diel divided b! CrrO, ín the excreta X 100.
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RESI]LTS

I'or eâch experimenË, the performânce crÍteria data ín eâch table

âre presented on an average chíck basís.

ÐPERIMENT I (a)

l'eed consumption, body weÍght gaín and feed:gain ratios of young

broíler chicks fed diets contâiníng varying levels of ¡,¡heat and rye are

presenled in Table 24. At the end of the first lreek, the results sho¡nr

that feed consuïption r'7ås the same for the rye diet.s but signíficantly

(P<0.01) 1or.{er thån for the r{heat diets. There were horn ever no differ-

ences in consumption of any of the diets by Ëhe end of the second week,

índicating that the bÍrds became adapted to consuming high levels of

rye in the diets. AÈ the enil of each week, the gain in body weíght was

progressivel-y reduced as increasing 1eve1s of rye.r47ere substituted for

wheat in the dÍets: the all-rye diets depressed weight gain by 217r. and

26% i¡ week:s 1 and 2 respectively. The efficiency of feed conversion

fo11or,¡ed a pattern similar to that of weight gaín.

E)GERIMENT I(b)

This sEudy r,¡hich r,zas sinilar in design to Experiment I(a) was con-

ducted !"ith finíshíng broiler chicks. The data presented in Tablè 25 and

Fig. 4 reveal no sígnificant dífferenceg in consumption of the four diets.

fn contrast, body weíghÈ gaíns decreased and feed:gâin raLio increased as

thê 1eve1 of rye in the dÍet inereased (P<0.01), the correspondÍng changes

beíng - 777" and + 42'Á Tesp,ecxively for the al-L-rye âs compared to the

all-wheat diet.



TABLE 24

The effects of feedlng different level-s of wheat and rye on the growth of
startíng broiler chicks (Experíment Ia)

Response críteri.a2

Feed intake I,leíght'gain Feed: gain

Treatmentl Week 1 t¡leek 2 Week 1 l,teek 2 Week I fJeek 2

6O"t[ w}:.eat, O% rye
452 wheat, L5% rye
302 wheat, 30"l rye
O"A ,,theax , 6O% ry e

SEM

178 A

165 B

167 B

166 3

..2,4

c

516

506

507

509

o.L

ea
1,35 A 335 A

L22 B 303 B

T2I B 299 B

106 c 249 C

L.7 4.0

sls clg
L.32 B 1.54 C

1.35 B r,67 B

1.38 B 1.69 B

7.57 A 2.O4 A

0.02 0.02

-The nurnber of pens in each of the four treatment groups was 5. The nunber
of birds in each pen was 10. Average inj.tial bird weight was 65.g t 0.2
SEM. This experiment was ínitiated when the birds were 4 days of age.,-Means for those response criteria not sharing a conmon posLscript letter
r,¡j-thin each col-umn were significantly different at p<0.01.
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TABLE 25

The effects of feeding different 1evels of .wheat and rye on the growth of
finishing broiler chicks (Experiment lb).

Response criterla2

Treatnentl Feed Íntake tr{eight galn f'eed:galn

65.07" wheax, 07. rye
48 .7 57. wt,eat , L6 .25"/.

32.5O1l wheax, 32.507.

0Z wheat, 65 .0"Á rye

snf

rYe

rye

t2L5

r255

1250

1268

22

e

553 A

535 A

476 AB

406 B

79

sle
2.20 c

2.35 BC

2.63 B

3 .t2 A

0.08

I-The nurnber of pens in each of the four treatment groups was 7. The nunber
of bírds in each pen was 6. Average inirial bÍtd weight was 823.6 t I.1
SEM, The experimenL r"ras initiated when the birds r,¡ere 30 days of age.

?-Ìleans for those response criteria not sharing a conmon postscrípt letter
r¿iÈhin each column were significantly different at P<0.01.
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E)PERIMENT II

In Èhís study leghorn cockerels were fed diets contaíning various

ni11ed fractions of wheat and rye. The ¿lata in Table 26 índÍcate that

the chicks on the different dietary Ëreâtments consr:med the same amounts

of feed, Hol,rever, the chicks fed dieËs containing only the rye fractions

were significantl-y smaller (P.0,0I) than those fed the other graÍn cotll-

bínations. The data on feed efficiency índicate that the diets containÍng

Èhe three rye fractions, or rye rniddlings plus rye flour were poorly

uËilized compared to Èhe other dieËs. The degree of feces \^'etness was

greatly increased as a result of the birds consumíng díeËs containÍng aJ_1

three rye fractíons or a combinaËion of one \,rheaË fraction and two rye

fractions, notably rye fIour.

The alkylresorcínol content L?as highest ín the rye bran, intermediate

ín rye niddl-íngs and lowest ín rye flour (Table 27). The chicks fed díers

contaÍníng rye trran in combination with wheât niddlíngs and r^theat flour,

showed perfornance criteria not signíficantly different (P<0.01) from Lhose

of the chícks fed all three raTheat fractÍons.

TqEEIEI!-14LI

The feed. intake and weight gain of the chicks fe¿l diets containing a

lyophilízed r¡7ater extract of rye, rlrater-extracted rye or rye subjected Èo

t¡¡o different meËhods of processing r^rere not significåntly different at

P<0.01. (Îable 28) The effÍciency of feed conversi.on was.lower for the rye

díets Ëhan for the !¡heat control diet (P.0.01). Processíng of rye

did noË affect the effícíency r,rith !¡hich ít was utilized by the chicks.
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TABLE 26

The performance of Leghorn cockerels fed díets containing various rnil_led
fractionsiof r^7heat arìd rye (Experinentll).

Response erixexía2

Treatnentl Feed intake Weíght gaín Feed:gaín ¡'eces conditíon3

IdB, l4IM, I^IF

I,IB, WM, i^IF, C

I,IB, I,0t'f, R¡'

I^rB, RM, I^rF

RB, I^IM, i4IF

I,¡B, RM, R¡'

RB , RM, IIT'

RB, I4rM, R¡'

RB, RM, RF

RB, RM, RT, C

SEM

L40

139

139

736

135

138

134

138

138

136

80A
77 AB

76 AB

77 AB

79 þ3

75 
^B

75 AB

72 ABC

71 BC

67C

1.6

slE
L.7 5 C

1.80 BC

l_. 83 BC

r.77 C

I.7T C

1.84 BC

L.79 C

L.92 AB

1.94 AB

2.O3 A

0.03

1-3

1.1 D

1.1 D

1.4 cD

1.3 cD

1.4 CD

2.3 B

r.6 c

2.7 A
3.0 A

3.0 A

0.1

1-,-The number of pens in each of the 10 treatment groups laTas 6. Nunber of
birds in each pen was 5. Average inítial bird weÍ.ght ¡¡as 53.8 + O.t S¡¡t.
LeLter designatíons are: I,üB, Irheat bran; RB, rye bran; I^lM, wheat rniddl-
ings; RM, rye middlings; IaIF, r^rhe¿t flour; RI, rye flour; and C, alpha-
floc.

-Means for those response criteria not sharing a coÍmon posÈscïipt letter
¡¡ithin each column were significantly different at P<0.01.

3An irrd.- of 1 to 3 was employed iriÈh a hi.gh nunber inclicating feces of a
high degree of ra'etness.



TABLE 27

AlkyJresorcinol ContenË of lfho1e Rye Graín and Rye G¡ain Fractions.

Iten Z Alkylresorcinol l

Ground l^Ihole Rye

Rye Bran

Rye Middlíngs

Rye Flour

0. 186 r 0. 003

0.357 ! O.O44

0. 161 r 0.013

0.045 I 0. 004

'1A.r"rug" percent t S.E.M. for each íÈem.
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Variable degrees of beak inpaction r^7ere observed ín the birds fed the

differenÈ diets, r^ri.Ëh the highest degree of beak ímpaction occurríng

in the birds fed the diet contaíning lrhèat plus the lyophilized wâËer

extract of ryó, followed by the unprocessed rye. No vent blockage

resulted from the feeding of wheat or r4raËer-extracted. rye dieËs, but

there was slíght vent blockage in the bírds fed the other diets. Markedly

rr'et feces lrere excreted by Èhose birds fed diets contaíni-ng rye or rnrheaÈ

plus the lyophilized water exÈract of rye.

E)@ERIMENI III (b )

The feed Íntake, gain in body weight and feed:gaín ratio of chicks

fed diets conËaining two level-s of a lyoþhilized r,zater extract of rye,

rrater extïacted rye, or rye autoclaved for two differenË time periods are

presented Ín Table 29. l'eed intake vTas lowest in chj,cks fed the ü7aËer-

extracted rye and r,!7as not significantly dífferenË (P<0.01) from the feed

intake of chicks fed diets containíng 12% lyophilized r{ater extracË of rye

or unprocessed rye. Comparable feed intake values ¡¡ere obsêrved for the

auËoclaved rye diets, wheat plus 67" Tyop¡.ilízed water extract of rye or

the wheat control diet. The weighË gain followed the same trend as the

feed íntake. Gror.rrLh depression relatíve to the control dÍet were 52, 16"Á

or l8Z respecËívely for birds fed diets conËaining 6"/" or LzZ of xhe

lyophilízed r,.7ater extracL of rye or unprocessed rye. The feed:gain ratio

pattern was simí1ar to thaÈ for weíght gain. However, there r!'as no

difference (P-0.0f) among. the feed:gain ratios f,rjr Èhe control rn'heat,

wheat plus 67" ]-ypotrl].ized r,rater extract of rye or the rrater-extracted rye
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TABLE 29

Comparison of the perfornanee of Leghorn cockerels fed diets containing
tl47o levels of â lyophilized water extract of rye, water-extracted rye,
and rye autoclaved for two dífferent time periods (Experirnent IIIb)

Response crítexíaz

TreatmenEl Feed intake I,Jeight gain Feed : gain

htreat

i\rhea t + lyophilÍzed water
extrâct of rye (67")

trÍheat + lyophilized water
extract of rye (L2%)

Rye, water extracted
Rye, unprocessed

Rye, âutocl-aved (10 rninutes )

Rye, autoclaved (30 rnínutes )

SEM

82 AB

81 AB

77 BC

74 C

77 BC

85A
83 A3

L.4

42.5 A

40. 5 AB

35. 5 C

3l .2 Bc

34 .9 c
40.5 AB

39.0 ABC

1.0

r.92 c

2.00 Bc

2.r7 þ3

1. 99 BC

2.20 A

2.10 ABC

2 .l_3 .A3C

0.04

1-The m¡rnber of pens in each of the 7 treatment groups was 6. The number
of birds in each pen was 5. Average iniËial bird weight was 44.4 t 0.1-
SE¡.{.

,,
'Means for ïesponse criteria not shåring a collmon postscript letter wíth-
in eaeh column r¡ere signíficantly different at P<0.01.
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diets.

E)GERIMENT IV

The results of this experiment designed to Ëest the effects of

ergot, pelleting, daily cleaning of Èhe chicks'beaks or venÈs, and

procaÍne penicillin supplemenlaL j-on are presented in Table 30. The feed

consumption was greatest Ín chicks fed the pelleted ergot-free rye diets;

thís value was significanrly higher (P.0.05) than the corresponding value

for the r,Theat control díet, Chicks fed diets contaíning t/heat, uncleaned

rye or uncleaned rye plus "ergoL bodíes" consumed slighËly less feed than

chicks fed ergot-free rye diets, but the maxíuum variâtíon between

extrerEe values vas onLy 67". The daily cleaning of Èhe beaks or the vents

of the chicks fed the ergot-free rye díets resulted in no difference in

feed inËake, r{eíght gain or feed:gain ratio. ?el1-eting the díet or

supplernentíng it with 50 rng/kg procaine penicillin produced gro!,'th responses

comparable to that obtained for the li'heat díet (P<0.01). Procaine

penicillin èupplernentation sígníficantly íncreêsed the efficiency of feed

utilization compared to the other rye diets. Thís value vas Íntertrediate

to those obtained wÍth Ëhe rye and \aTheat diets. All Ëraces of beâk iTD-

pactíon were completely elíÍiinated by pelleting. There was no problem due

to vent blockage since whatever traces of feces adhered onto the vents of

birds fed rye diets, soon hardened and dropped off ínto the collection Ërays

below each pen, ÌJet feces were produced by chicks fed all the rye dieËs,

but not for the wheåË diet; this condition seemed to be slightly allevíated

by procaine peníci11in supplementation.
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E)GERIMENT V

In this experiüent rye was autoclaved. for varying tine periods

prior Èo being incorporated into chick diets, 0f f:he response criteria

examined, only feed íntake wâs sÍgnifícantly increased (?<0.01) ¡¿ith

heat treaÈEent (Table 3I.) The greatest increase of 72"/" was observed

for the diet containíng rye autoclaved for 25 mínutes. Generally,

autoclaving seened to result in a non-signifícant increase in the feed:

gain ratio probably due Lo the destruction of theruolabíle amino acids.

E)eERIMENT VI (a)

ftro Lypes and tr{o 1eve1s of fât were incorporated into isocaloríc

chick diets that contained eilher rye or wheaË. The results of this

experínent clearly show the superiority of wheat over rye as an anj¡nal

feed ingredient for a1l the parameters rneasured (Table 32). Ieed intake,

weíght gain and feed efficiency for the rye diet as conpared to the wheat

diet nere loerer by 8%, 25% anð. 237" respectívely. The 1eve1 of fat had no

effect on feed inËake or gâin in body !¡eight but uTas more effícíently

utílized (P<0,01) by the chÍcks than Lhe 27 level. tat type produced

response críteria sírnilar to those for fat level, r,rith soybean oil appearing

to be slightly beÈter than tallor,,r. There was also an interaction betr^7een

grain and fât for weíght gain and feed:gain ratio (Tab1e 32, footnotes).

Díets contaíning wheât plus either fat ü7ere utilized Ín a similar mânner.

In côntrast, the diet containing rye plus soybean oi1 was more efficienlly

utilized than a corresponding dieË that contained tallow.
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TASLE 3I

The Performance of l-eghorn cockerels fed diets
increasing -autocl-aving time petiods (Experiment

contaiûÍng rye subjected Èo
v).

Treatmentl

Response crítería2

Feed intake Weight gain Feed: gain

Rye, 0 minutes autoclaving
Rye, 5 ninutes âutoclaving
Rye, 10 minutes autoclaving
Rye, 15 nÍnutes autoclaving
Rye, 25 minutes auÈoclaving

Rye, 50. minutes autocl aving

SEM

I
568
58 AB

6]- AB

60 AB

63A
62 a.

1.3

a

L7 ,6

17.6

20.7

18.5

19 .3

19.0

0.9

3.18

3.30
t07

3 .33

3.31

3.26

0.10

1.The number of pens Ín each of the 6 treatmeriÈ groups was 6. Number of
birds in each pen was 8- Average initiâl bird ireight was 60.0 t 0.1
SEM.

-Means for response criterj-a not sharíng a comon large postscrípt letteT
within each column were significantly different at P<0.01.
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TABLE 32

Comparíson of the performance of Leghorn cockerels fed dieËs
\,/ith two types and rwo levels of fat (ExPeriment VIa).

2
R-eena.ce rt"i I F¡.i 

^
T--.r-o.tl lep¿1 intake lJpioht øain Ieed:eain

Grain
Rye

LIheat

Fat type

Soybean oí1

Ta1low

I'at leve1

)/"

bllÌ'l

113 B

123 A

118

118

LT7

119

1.8

468
61 A

54

\')

52

54

L.2

2.48 Á
2.01 B

2.20 B

2.29 A

2.2L B

0. 03

I Th" ,r,rrnb"t of pens in each of 8 treaLment groups was 6. The number
of birds in each pen was 6. Initial âverage weíght per bird was

56.3 ! 0.1 SEM.

2 Mu"rr" for response criteria not sharing a co[trtron postscript letter
within a column were significantly different at P<0.01 '- There r¡as an

interaction aË P<0'05 betroTeen fat type and grain for hTeight gain and

feed:gain ratio. The weight gain and feed:gain ratio for chicks fed
the rye-soybean oi1, rye-ta1low, rn'heat-soybean oil, and ltheat-tallortt
diets û'ere: 47g and 2.41; 4Ig and 2-55i 619 and 1.99; and 619 and

2.02, respectively.
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E)GERIMENT VI (b)

Feed intake, üreight gain and feed:gain râtÍo data obtaÍned in

chicls fed rye or L'heat dÍets formul-aÈed to meet energy lewe1s 97" beLow

ox 77" above NRC recommendatÍon are presenËed in Table 33. Compared to

the wheat diet, the feed íntake, weight gain and feed efficíency were

respectively lowered by L5%, 367" and 327" for the rye diet. Energy 1evel

had no effect on feed consumption and weight gain but the high energy

diet was more efficienÈly utílized than the low energy diet '(?<0,05).

Hor,Jever, the mâgnitude of thÍs Íncrease (5%) was not proportionâl to the

increase in cal-culated metabolizable energy values (16,'á).

ÐeERI¡aENT VII (a)

This study compared the effects of feeding rye or rnTheat díeËs wíth or

ra7ithout suppleÐental viÈamin D3on the growth of Leghorn cockerels. The

datå in Table 34 consistently show the superiority of wheaË over rye as a

feed íngredient. Although average chick performance r¡ras not affected by the

omíssion or inclusíon in the diets of added vitar0in D^, indiviilual díets
.f

were affected in a differential ]rlanner (Table 34, footnotes). VitanÍn D3

supplementaËion of the rye diets resulted in a slight íncrease in the feed:

gain ratio (+52) ürhereas vitamin D3 supplemenËation of the lrheat containíng

dieÊ resulted in a slíghË.1-y reduced feed:gain ra:.ío (-37"),

E)PERIMENT VII (b)

In this experiment 5-, 100- or 1,000- times the IIRC recoumended levels



TABLE 33

The effect of two energy 1eve1s on the grorúth of Leghorn cockerels
fed diets containing !,rheaÈ or rye (ExperÍmenË VIb).

2
Response criteria

Treatmentl Feed íntake I{eíeht sain Feed:sain

Grain

Rye

Ialheat

Energy

Lov'r

t{igh

SEM

s s sle

62 B 2t.5 B 2.89 A

73 A 33.5 A 2.L9 B

68 27

68 28

L.2 0.8

2.6I a

2.47 b

0. 05

i' The numb er of pens in each of the 4 treatment groups was 6. The
number of birds in each pen was 8. Initial average weight per bird
was 46.1 i 0.L SEM.

)- Means for response criËeria not sharing a conmon postscript letter
Ì7ithín a column ¡¡ere signíficanËIy different. Large letters
denoÈe P<0.01 and small letters denote P<0.05, There were no inter-
aclíons (P<0.05) between differenÈ ËreatmenË groups.
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TABLE 34

Effect of feedíng rye diets with or r^rithout added vitamin Ð3on the
growth of Leghorn cockerels (Experiment VIIa).

Response criÈeria2

rr",r.",,rl iå'i-îåii3.,
iüeight gain . lfeight
(1 wk period) (2 wk

Sain Feed: gain
Þeriod) (2 wk period)

Grain

Rye

trIheat

vataman

(-) vitarnin D3

(+) vitarnín Dg (5X)

SEM

220 B

225 A

239

237

3.0

I

36 B

554

40

45

1.0

888
I24 A

107

106

1.5

2.49 A

2.06 B

2.27
)10

0.03

I Th. ,rrlrb.. of pens in each of the 4 Ëreatment groups was 6. The number of

birds in each pen was 5. Initial average bird weight was 54.4 t 0.1 SEM.

' Means for response críteria not sharing a colnmon postscriPt letter r4tere

signifieantly different at P<0.01, There was an interacLion (P'0.01) for feed:

øaín ratio betl^7een grain tyPe and vitamin level. The feed:gain ratio

values for chicks fed rye \,rithout vitamin D3 rye wiLh vitahín D3 r^7heat

without vitamin D3 and rrheaL with vítanin D3were 2.43, ?.55' 2.10, and

2.03 respectívely.
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of vj-tamin D3 ríere added to rye or htheat díeËs. The data presented in

Table 35 shorat Ëhât there was a difference between grain tyPe and among

vitamín D, levels for feeil íntake and weÍght gain (Fig. 5) and feed:gain

ratio. There rras also an interaclion betr^¡een grain and vitâmin D, 1eve1s

for all three performance criteria. The performance of chicks fed a rye

diet containing íncreasing levels of vítamin D3 r.râs not effected whereas

feed intake and weight gaín of chicks fed wheåt díets suPplemented wÍth

lncreasing levels of vítâmin D3 weïe depressed, ând th€i corresponding feed:

gain ratio increased.

ÐeERIMENT VIII (a)

The objecLive of this study was to comPare the performance of chícks

vhen fed diets contâining rye or r^rheat supplemented üríth different Protein

sources and processed in trnTo different ways. The analysis of variance data

in Table 36 show highly signífícant responses (P<0.01) in all the critería

of performance for grain and ProÈein source. lleight gain and feed:gain

ratios rnrere significantly affecÈed (?<0,05) by forn (non-peJ-1eted vs. pelleted)

of the ¿lieÈ, There ças significant Ínteractions (P<0'05) betlteen grain and

form of the diet' betr,Teen Protein source and form of the díet, and among

grain, pïotein source and forru of the díet for feed:gain ratio' Table 36

gives ínclivídua1 values of the three-way interactions; the values for Ëhe

feed:gain ratio arê illustrated in Fíg. 6. This graph shor¡s a differentía1

response in feeil:gain râtíos to pelleting of the diets' Pelleted as compared

to non-pelleted L'heat diets gave a similar PaËtern of response' In contrast,

the response Ëo pelleting of rye diets wâs very dífferent. PelleËing of a

rye-soybean Beal di.eË resulted in a reducËion of Èhe feed.:gain râtio \ùhereas

pelleting of a rye dj'et that contained meat meal' or fj'sh Ðeâ1' resulted ín
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ÎABLE 35

The effect of feedÍng rye or wheat diets r^7i Èh increasing levels of Vitamín
D3on the gror^7th of Leghorn cockerels (Experiinent VIIb).

Response criteria
_1
-t.reatment Feed intake l,Ieight gain Feed:gain

ø

Rye, 5 X vitamín
D requirement 111

Rye, 100 X normal
Vitamín D requírement 109

Rye, 1000 X normal
Vítamin D requirement 772

i{heaL, 5 X normal
Vítamin D requirement I24

lat¡eat, 100 X normal
Vítamin D requirement 115

Wheat, 1000 X normal
ViËamin D requirement Il4
SEM

.+J

43

.t5

60

2 .60

2,56

2.63

2. 07

, 1<

2.31

0, 04

54

49

1.0

1- The number of pens in each of the 6 treatment groups vrås 6. The number
of birds in each pen was 6. lnitial average bird weight was 56.3 t 0.1
SEM.

Summary of Analysís of Variânce (ExÞerinent VIIb)

Fêed intake hreíght gain .Iêed:sain

sn,,-.^ d.r. Ï:i:," " l::i." ' Ï:i1,.. F

1 15,834 34** 43,264 185** 1.5750 197**

z 2,90L 6** 2,963 13** 0.0678 8**

crain X vítamin D3 2 3,25L 7** 3,053 13** 0.0356 4*

30 465 234 0.0080

Grain

Vitamin

Error

** Significant at P<0. 0I .
* SignificanË at P<0. 05.
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TA3LE 36

Evaluation of protein source on the groú?th of l-eghorn cockerels fed non-
pelleted or pe11eÈed rye or rn'heat diets (Experiment VIIIa).

Recnonsa crifêl'ia

T reâtment Feed ínLâke trrreisht Êaín ¡'eed:sain

Rye, meat mea1, non-pe1-1-eted

Rye, meaË nea1, pelleted
Rye, soybean meal-, non-pe1-1-eted

Rye, soybean nea1, pelleted
Rye, físh meâ1, non-pe1leted

Rye, fish rneal, pelleted
Wheat, meat mea1, non-pelleted
I{hea t, neat meaï, pelleted
tr{heat, soybean meal-, non-pe1leLed

Wheat, soybean meal, pelleÈed

IaTheât, fish meaL, non-pe1leted
tr{heat, fish nea1, pelleted
SEM

e

72.4

76.t
89.9
a'7 ,>

si.t
95.4

91 .6

89.4

95.5

92.6

r00.4

97 .O

)')

30. 6

31.3

42.0

42.?

48.6

43.0

48 .2
46.9

55 .0

53.1

59,8

57 .8

1,3

2.37

2.43

2.L4

2.06

I .95
t11

1 .90

1.91

I.73
r.74
1- .68

1 .68

0. 03

The number of pens Ín each of thê 12 treatmenË groups was 4. The number

of bírds per pen was 8. Initial average bircl veight r.ras 51.0 t 0.1 SEM.

SunÐary of Analysis of Vâríance (Expêrinent VIIIa)

Feed i¡l:ake !üaiqht ø¿in Feed:qein

Mean Mean Mean
d-f. sorrere -F Ènrr¡re I Snrr:r^c FS orrrce

Grain
Protein source
Grain X pr:otein source
Form of diet
Graín X form of diet
Protein source X
forn of diet
Grain X protein source X

forn of diet
Brror

55,081 44x* t46,523 3I2** 2.t336 455**
54,689 44** 45,556 97** 0.3413 73**
LI,757 9** 1,524 NS 0.0184 NS

954 NS 2,054 4.4* 0.0234 5,0*
2,L33 NS 3 NS 0.0200 4.3*

1

2
z
1

1

2
36

806 NS

566 NS
r,240

900 NS 0-0297 6x

698 NS

469
0,0333 7r.
0.0047

NS

Signíficant at P<0.05.

Sígnificant at P<0.01 .

NoË sígníficant P<0.05.
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an íncrease in the feed:gain raÈio.

E)cERIMENT Vrrr (b)

The results of this experiment designed to evaluate the effects of

grain type (rye or wheat), 1eve1 of dietary protein (2I7" or 26%) and Íorm

of diet (non-pelleted or pelleted) on chick performance are presented ín

Table 37, The lreight gain was significantly reduced (P<0.0I) and the feed:

gain ratio significantly inereased (P<0,01) in the bírds fed rye ratheï

than wheaÈ diets. lbe 267" protêin diets supported significantly gr:eater

(P':0,01) body weíght gain and significantly reduced the feed:gaj-n ratio

(P<0.0f) compared xo t:ne 2I"A pïotein diets, There was a sígnificant iDter-

action betr,¡een grâin and forn of the diet for weight gaín (?<0,01) and

feed:gain ratio (P-:0.01). Pelleting of the r^'heat containing dieÈs did not

affect chíck performance. r¡hereas pelleting of the rye containing diets

resulted ín a reduced 1eve1 of chick perfornance. The effect on the feed:

gain ratio is illustrated in ¡ig. 7. There !ùâs also an interactíon between

grain and protein 1eve1 for feed:gain ratio. The results illustraled in

FÍg. 7 dernonstrate that the response in feed:gaín ratío for chÍcks fed

increasing levels of protein wasmuch greater for dieËs containing rye as

compared r^7ith those con/aining r;heat.

E)PERIMENT VIII (c)

The purpose of this sludy was Ëo investigate the effects of feecting
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TABLE 37

Performance of l,eghorn cockerels fed non-pe1leted and pelleted rye or wheat
diets containing t'no levels of protein (Experiment VIIIb)

Treatmentl

Response críxeríaz

Feed inrake lleight gain Feed:gain

Grain

Rye
hrhea t

Prolein leve1

2L"A

267"

Form of díets
Non-pel1eted
Pelleted

Interaction (grain x forur)

Rye, non-pelleted
Rye, pelleted
tr\Theat, non-pel1eted
I{hea t, pelleted

SBvf

95
99

508
6lA

1.91 A
L,62 B

1. 88 A
]- 64 B

I.7 2 B
1.81 A

1.8i_
2.00
1.63
1.61

0.01

97
97

528
59A

58A
548

54
47
oz
6L

1.3

98
96

96
93

100
98

2.2

'i
-The number of pens in each of the 12 treatment groups was 4. The
m¡mber of blrds in each pen was 8, Inítial averâge bird weight
was 51.0 * 0. t sru.

)-Means for response criteria not sharing a conmon postscript letter
r,ríthi-n a column r,¡ere significantly different at P<0.01. Therê was
a signifÍcant inËeractioir betr,reen grain and form of the díet for
r^'eight gâin (P<0.01) aircl feed:gain ratio (P<0.01). In addition to
above indícated interactions, there was an interaction (P<0.01)
betr^7een grain and protein leve1 for feed:gain ratio (Fig. 7), and
beLr,rreen protein 1eve1 and form of the diet for feed:gain ratio
(P<0. 05)
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chícks rye or ltheat diets containíng I8'/" ox 267" plotein derived from neaÈ

meal or fish ¡neal. The analysis of variance data in Table 38 show

hÍgh1y significant responses for grain' protein souree and protein 1evel

(?<0.01);and. the interactÍons betr,Teen grain and protein source (P<0.05),

graín and protein leve1 (P(0,01),protein source and protein leve1 (P<0'01),

and among graiû, Protein source and ProÈein l-evel (P<0.01). The indívidual

treatment valueé are gíven in Table 38 for the interaction among grain,

protein source.and protein level; the datâ for !"ei8ht gaírl are illustrated

in Fig. 8. Clearly, the magnitude of the response r¡as rnarkedly ínfluenced

rlot only by the type of proLein but also by the level of dietary protein

and the type of cereal. An improvement in I,reíghL gain for birds fed in-

creasing levels of 1ow qualíty Pïotein (meat rneal) r¡as observed only for

the r.rheat diet (24i() but not for the rye dieL. In contrast when a hígh

quality protein (fish rneal) was fed, increasíng the leve1 of protein

resulted ín an opposite trend r^rith 50% chick Sror{th imProvement vith the rye

diet compared Ëo onl-y 9Z improvement for the r,Theat dieË.

ÐGERIMENT IX

SuppleEentâtion of the rye díêt r^'iËh tryPLoPhan sÍgníficantly increased

feed intake (P<0.01) and gain in body veíght (P<0.05) ' thereby suggesting

that this amino acid might be limiting in rye (Table 39). The feed:gain

ïatio rrTas greater- for the un-supPlemented rye diet but the difference u¡as

- not significant.



TABLE 38

The effects of two sources and tr,rro 1eve1s of proteÍn on the growth of
l,eghorn cockerels fed rye or wheaÈ diets (Experiment VIIIe)

lreatmentl

Response criteria

Fêèd í ritâke lieiøht saín Leed:sain

Rye X meaË meal X l8Z proteín
Rye X neât meaL X 26% proteÍn
Rye X fish meaL X 187" protein
Rye X fish meaL X 267" protein
I{heat X meat meal X 18% protein
Wheat X meat meal X 267" proxein
l,¡heaÈ X fish rneal X I8Z protein
I\rheå.L X físh ureal X 26"/" proxeín

66

55

74

80

74

72

89

82

20

20

28

L)

29

36

44

48

e/e
3.31
I '7')

2.64

r.92
2.58

2.OL

2.O4

1-.7 t

1t The number of pens in each of the 8 Èreatment groups was 6. The number
of birds per pen was 8. lnitial averâge weight per bird was 46.1 i 0.1
SEM.

SutrEmry öf Analysis of Variance (Experinent VIIIC)

Foaâ inr¡l¡o [^fêi ohi oâíñ F--,¡.-.;-

source d.r. ËËi1.. , Ë;il'" F
l"lean
Square F

Grain 7 87,894 l5L** 104,720 411*'*
?rotein source 1 152,716 263** L5I,425 595**
Grain X protein source I 3,169 5* 261 NS
Protein 1eve1 1 10,325 18** 30,402 119**
crain x protein leve1 " 1 444 Ns 747 Ns
Protein source X
protein 1eve1
GTain X protein source
X protein 1eve1
Error

1 7,500 13t r. 5,590 22xx

L 21,7 60 38** 11,970 47**
40 580 255

3.8250 286*x
4.0310 301**
0.2961 22x*
3.6686 27 4**
0.1250 g**

0.0078 Ns

0.1018 8**
0. 0134

NS

Signíficant at P<0. 05.

Signífícant at P<0.01.

Not significant ât P<0.05.
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TA3LE 39

Effect of tryptophan supplementatíon on the growth of Leghorn
cockerel"s fed rye iliets (Experirnent IX).

Response criteria2

Trea Lmentl leed intåke f{eight gaín Feed: gain

Rye

Rye + rrypÈophan

SEM

56.8 B

62.6 A

1.0

c

18b
2Ia

0.8

eic
3,r7
2.96

0 .08

1_-The numb er of pens in each treåtment group was 6. Number of birds
in each pen was 8. Average initial biïd weight vras 47.1 t 0.t SB¡1.t-ìfea ns for response críteria not shâring the same capital postscript
l-ette within each column were significantly different at p<0.01;
means for response criteria not sharíng the same sma11 posLscript
letter rvere signífícantly different at P<0.05.
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. E)eERIMENT x (a) (i)

The effecË of feedíng chicks rye (I) diets supplemented wÍth

increasíng 1eve1s of procaíne penicillín r,r7as studied in this experimenÈ.

The intake of the rye díets was Èhe same regardless of the 1evel of

procaine penicillin suppl-ementation, and sígníficântly higher (?<0.05)

than the íntake of the r,Theat díet (Table 40). The r.{eight gain of the

chicks fed rye plus 100 ng/kg procaine penicillin was sígnificanÈly

greater (P-0.01) than Èhose fed the unsupplemented rye diet but not

dÍfferent from Èhe weight gain of the chicks fed the other two díets.

Procaine penicillin supplemenÈâtíon (100 mg/kg) sÍgnificantly reduced

the feed:gain ratio but this value r,ras stil1 signifÍcantly higher Ëhan

thât for the Í'heat diet (P<0.01). A slíght degree of beak impactlon was

observed 1n rhe birds fed the rye díets (Table 40). There was no problem

of vent blockage Ín the treatments sir¡ce r,rhatever feces accumulated âround

the vents of the rye-fed chicks soon dried and dropped off inËo the

collection trays. Marked fecal moísËure r¿as observed only for the rye-fed

birds and this condition nâs slightly alleviated by procaine penicillín

supplementation (Table 40).

EFERIMENT x (a) ( ii)

i{ith Íncreasing 1eve1s of procaíne penicillín supplementation of the

rye (II) diets, there r4ras a pïogressive íncrease ín feed intake which lrras

significantly greâter at the 160 ng/kg level- (P<0.01), at the 80 ng/kg antl

160 ng/kg 1eve1s (?<0.05) compared to the unsupplemented rye diet (Tab1e 41).

The dâta also show drâmâtic and progressive increases ín body weight gain and
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TABLE 4I

The performance of Leghorn cockerels fed rye diets supplemented r,rith
increasing levels of procaine penicillin (ExPeriment Xa(ii) )

Trea trnentl

Response crLtería2

Feed intâke I,leight gain Feed: gain

Rye, 0 ng/kg procaíne penícillin
Rye, 70 nglkg procaine penicillin
Rye, 20 ng/ke procaine penícillin
Rye, 40 mg/kg procaine penicillín
Rye, 80 urg/kg procaine penicillín
Rye, 160 rng/kg procaine peníci1lin

SEM

e

55.8 B c
57.1 B bc

57 .3 B bc

58.2 B bc

61.5 B b

67.2 A a

1a

c

L7 .6 C c

18.6 BC bc

18.4 BC bc

18.7 BC bc

21.9 AB b

25.7 A a

0.9

s/E
3.17 A a

3 .07 AB a

3.11 AB a

3 .11 AB a

2.81 AB ab

2.63 B b

0.10

1-The numb er of pens in each of the six treatment groups urås 6. The number of
birds in each pen was 8. Average initial bírd weight r^'as 47.0 t 0.1 seu.

2-Means for response criteria not sharing a colnmon large postscrípt letter
withín each colurnn were significantly different at ?<0.01; means iiot sharing
a common smal1 postscript letter r^rithin each column were slgnifícantly different at
P<0.05.
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corresponding decreases in feed:gain ratíÕ (Fig. 9) wíth increasing levels

of procaine penicillin supplementâtíon.

E)GERIMENT X (b)

This study was designed to evaluate the effects of feeding chicks rye

or hTheaË diets conlaining meat meal or fÍsh rneal r',yith or r,rithout supplement:-

ation ÍríÈh 160 ng/kg procaine penici-llin. The anal-ysis of varíance data

(labi.e 4Z) reveal highly significant differences (P<0.01) due to graín, pïotein

source and procaine penicil-lin, and the ínLeraction of grâin and protein

souree, for â11 the parameters rneasured. In addÍtÍon e highly sígnificant

inÈerâction for grain and procaíne penicilli-n was obtained for all the

parameters excepË protein. retention. Further, there raTas an ínteraction

between proLein source and procâine penieíllin for feed intake (P<0.05)

and feed:gain råtio (P<0.0I); and arnong grain, protein source and procaine

penÍcil"lin for feed intake (P<0.05), feed:gain ratio (P<0.01) and dry

matter ând protein retentíon (P;0.05), Individual tïeaËment vâ1ues are

given in Table 42. For all Èhe parameters, the improvemenË in chj-ck

perforrnance as a consequence of supplementaËion of díets lnrith a high qualiÈy

protein or procaíne þenicillin ¡¡as more pronounced ¡"heà the chicks rtere fed

rye-based dj.ets rather than r^rheat-based diets. Thús, for rye diets

containing Eêat meal and zero leve1 of procaine penicillín compared to

siEílar wheat diets, the chånges in feed intake, weight gaín, feed:gain

ratio, dry mâtter retention and proteín retentíon vere respectively -302,

-557", +567"., -2L"Á aú. -362i f or meat meal rye diets r^Tithout procaine

penicillin suppleüentation compared to fish meal rye diets without procaine
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penicíl-Iin supplementaËion, Lhe corresponding values r¡/ere -222, -47"/.,

+497., -87", arLð. -437". Holrever, procaíne penicíllin supplementation of

meat meal rye diets compared Èo similar diets r¡¡ithout procaíne penicíllin

supplementation resulted in the following vaLues for the corresponding

paÌameters: +247", +58"Á, -ZBZ, +77. and *4LZ respectively, In effect this

mearis thât the influence of a good qualíty proteín (fish neal) plus procaine

peníci1lin on the performance of chicks fed a rye diet wexe *467, +1052,

-777". +I57" amd +847" respecÈively for feed intâke, gain in body üreight, feed. r

gain ratio, dry matËer retenLion and proteín retenÈion.

Fígure 10 illustraËes the interaction of grain, protêin source ând

procaine penicillin for feed:gain ratío. The graphs shor^r that improve-

ment in the efficiency of feed uËilÍzation was much greater rnrhen rye diets

rather Ëhan r,rheat diets vere supplemenËed with procaine penicillin. Further-

more, the response to procaíne penicíIlin supplementation rdas magnified

when meå.t neâ1 (1olr quality proteín) as compared Lo fish neal (high quallty

protein) ¡ùâs íncorporated Ínto the diets. These results ¡¡hich are eoûsistent

I.rtÍth those of the previous experiments would suggesË the presence in rye of

factor(s) responsibJ-e for the reducÈion of nuLrient utilizåtion, particularly

proteín utilization. Increasing the Ievel of protein, improving its qualíty

or supplenentiÍng the rye dieEs with procalne penicí11ín have all influenced

chick perforrnance in Lhe same r4ray.



cf
l

cl
r

.9 o E ¡- 'õ (' -o c.
.) (u tL

l\4
eo

tm
eo

l

D
ie

to
ry

 P
en

ic
ill

in
 (

m
q/

kq
)

F
T

G
U

R
E

 1
0:

 
rr

ite
ra

ct
io

ns
 a

m
on

g 
gï

ai
n'

 p
ro

te
in

 s
ou

rc
e 

an
d 

pe
nl

cL
lli

n 
1e

ve
l 
fo

r 
fe

ei
l:g

ai
n 

ïa
tio

,

F
 is

hm
 e

o 
I

W
he

ol

M
eo

tm
eo

l

F
is

hm
eo

l



772

DISCUSSTON

The proxinåte analysis data for rye and wheat (Table 2) would

suggesË that âs an animal feed íngredienË rye shoul-d rsupporË gror,7Ëh

to the same extent as wheaË. This vier¿ is substantiated by the anino

acíd composition data for these tr{o cereals (Table 3) and the pub-

lished results of several" vorkers (Jones eÈ a7, 1948i Sure, 1954;

Knipfel, 1969; anð. Kies and Fox, 1970), all of h'hich attest to the

superíor qualiÈy of rye protein or the nutritional superiority of rye

on âccormt of its higher lysíne donËent compared to lrheat. Hov¡ever,

feeding trials have demonstra.ted that r,7hen rye has been íncorporated

ínI-o anímal diets Ëhe rate of gror^7th of the animals has generally been

depressed relative to a control group in r^zhich other cereals such as

wheat or corn has been utilized (Halpin et al, 1936; Moran g! g!,

1965; Bowland, 1966; Irreiring a, 19673 Moran et al, 1969; Friend, 1970;

MacAuliffe and McGínnis, 1971; Fernandez, Lucas and McGinnís, 1973;

and l,rrilson and McNab , 1975 ) .

The results of the first of thís series of experíments showed that

when the 60"/. wheat in a díet was replaced by rye, the gain ín body

weight and the efficiency of feed utilízâtion by young broiler chicks

were depressed by 26% and 327" respectively after being on tesË for two

weeks. Even replacing as 1o!,7 âs 152 wheat in Ëhe diet with rye

sÍgnificantly depressed chick growth and feed efficiency. A rather

similar trend r,ras observed in older broiler chicks. Replacing t}:,e 657"

dietary wheat by tye dePressed growLh and feed effícíency by 277"

and 427" respectively.
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The data obÈained ín feeding different combinations of rye and/or

wheaË fractions gave no indication as to r.rhich rye fraction cootained

the gror^rth-inhibíËing substance(s), However, alkylresorcinol seemed

Ëo have had no adverse effects on chick preforunnce since rye bran

âdded to díets containing r,üheat middlings plus wheat flour or rye

rníddlings plus r,rheat flour produced results similar to those obtained

in feeding chicks diets conÈaining all three !¡heat fractions. This

findíng is in contradÍctÍon to that of l,ieiringa (1967) r,ho observed

resorcinols Ëo be gror{th ínhibiting to raËs, but supports Ëhose of

Haeberle (L974) and McDonald ex aI (1974) who r¡orked Í,ith nice.

The íncorporâtion of a lyophílized rrater exËract of rye into a

r¡heaÈ containÍng diet (Experiurent IIIb) resulted ín depression of chick

growth and feed efficiency. Feed intake, in contÏast, r,Jas not affected.

The actuaf arDounts of r,rrater-extractable cornpounds in rye was 787", and

therefore the aÐounts of added rye extract liere respecÈively equivalen:-.to 692

(Experfinent Tfla), 332 or 67"Á (ExperinenË IIIb) of as fed rye. The gror^rth

depressíon caused by the addition of a 727. rye extract to a wheat con-

taining diet r^7as less than that obtained by feeding an equivalent aÐount

of dietary rye, 
.This 

would suggest that either all of Lhe gro!¡th in-

híbitÍng substance(s) Irere noË coûp1ete1y extracted from rye or that the

gror^7th ínhibitÍng potential of the extract r¡as reduced by Ëhe extraction

procedure.

The íncorporation of \¡râter extracted rye iû diets yielded variable

resulËs in tr^7o experiments. In Experinent IIIb, feed intake and weight

gain of chicks r,¡ere sími1ar Ëo those obtained in feedíng chicks the un-
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processed rye; the efficiency of feed utilization, however, was

símilar to that obtained r,7ith the all r,ltheat dÍet. These results

I,/ould suggest that the chicks could uËÍ1ize the extÏacted rye as

efficiently as r.rrheat buË that it was much less palatable than ltheat.

It appeared that rye might contain tr^7o factors: a water-so1uble

factor thaÈ depressed feed uLílízation, and a vTater-insoluble factor

which depressed feed consumption.

As indicated above, the results obtained in feeding chicks the

Ì{aLer exËracLed rye from Experiment IIIa were different from those

obtained. ín Experiment IIIb. In the former experiment the feed:gaÍn

raËio was simílar to those observed in chicks fed the all rye díets

and was higher than that obËained in feedÍng the r^rheat diet. Part of

these apparently inconsistent results may be explained by the fact Èhat

the extracted rye used in each exferiment was prepared frour a differe4t

rye sarnple, and that the proteín 1evel of the extracted rye diet in

Experiment IIIa was much 1or¿er ïelative to the other diets, whereas

ín Experiment IIIb the diets had siEilar proteín contenÈs. The depressed

weíghr gain observed in this latter experiment was probably due to the

1o¡¡ feed consumptiorL but such results nighË not have been typical since

Fêïnandez, Lucas and MeGinnis (1973) obtained similar gror,tth in chick;

fed diets containing water-extracted rye or corn.

The magnitude of the difference in chick perforrnance between wheat

and ryé diets ín Experiment IIIa and IIIb, expeeially Lhe forner, was

much less thân Èhat obtained in some of the subsequent experiBents in

Ëhis study. Such results do suggesË thaË lhe growth depressing effect
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of rye Ttray be modífied by nuLritional factors including the 1eve1 of

dietary pïotein relative to the animåls I requirernents. This Ís

exemplifieà by the fact that the pïoLein lewels in diets (Experinent

IIIa) were much in exeess of required J-eveJ.s (237" vs. 2L7") rrhereas in

Experiment IlIb the protein leve1s were closer to but still higher than

Èhe NRC recornuended 1eve1s,

Autoclaved treatment of rye before incorporation ínto diets in-

creased feed consumption by the chicks but lreight gain and feed:gain

ratio were unaffected, The optímum autoclaving of 10 minutes r¡ould

suggest that compouûds of l-ow Èherrûo sensitivity, such as proteins, Ítere

being affected, resultíng in increased .pâlatabi1ity. Heat Ëreatment

díd not seem to affect Lhe fâctors assocíated wiÈh vent blockage or feces

uretness but beak jmpaclion was consíderably reduced (Experinent IIIa) '

It has been hypothesized that the adverse effects of rye might be

caused by reduced feed lntake due to beak impacLion (Moran eL al, 1969) '
vent blockage, or sticky feces which gave rise to a very damp floor

litter Èhat pïesented seríous management problens (Halpin , et a1, 1936).

Under the conditions ín which these experimerlts $7ere conducted, i.e',

1oÌr relaËive huniclity, room temperåture of approximately 25oC and

housing the chicks ín cages equipped r.sith raised wire floors, no diff-

erences in performance criteria were observed in feeding rye dieËs to

chicks whose beaks or vents were cleaned daily (Experiment IV). In

general it seemed that pelleting rye diets eliminated beak impaction

aûd autoclave .ureäLmenÈ eliminated or greaLly reduced it. Dietary fat

in excess of 62 seemed Ëo eliminâte both beak impactíon and vent block-

age .



The factor responsible for beak impactÍon, vent blockage and

feces I,,retness nras present in the lyophilízed ütâter extract of rye

(Experinent IIIa). Thís factor ís probably a complex polysacchåríde

such as pectin (i{ågner and Thomas, L977) or pentosâns (Preece and

McKenzÍe, 1952) whose abílity to cause feces wetness vras considerâbly

reduced by wåter extraction but uneffected by heaL (Experírnent IIIa).

Procaine penicí11in supplementation had no effecË on beak impaction or

wênt blockage but slightly reduced feces vetness, probably by rhe prolíferation

of íntestinal bacteria which promoted the enz)zmolysis of the complex

polysaccharícle causative factor. Fernandez, l-ucas and McGinnis (1973)

artd Patel and McGinnis (1976) had noted that procaine penicillin supp-

lementation ori rye diets resulted in increaseà stickiness lo Èhe feces.

Ergot l-evels ín excess of those present in Ehe rye samples díd not

influenee chick gro!,,th and consequently coul¿l be ruled ôut as a gïor¡rËh

inbibíting factor in these experiments.

The type and 1eve1 of fat in diets calculated to be isocaloric did

noË have a great effect on chick perforrnance. The interaction betneen

graÍn and fat type Índicated that soybean oil raÈher than tallorr r^ras

uÈifized more efficiently in rye díets, but there wâs no difference in

feed. efficiency betrdeen the rrrheat diets supplemented by each of the tr^ro

fats. The cause of this effect \ras not established but night be relaLed

to a dífference in essential fatty acíd.s in rye and wheat or the relative

rates of âbsorption of rye and r.Theat consiluents in the intestínal tract,

There was an increase in feedefficíency for the high energy diets but

this improven erlx (5'/") vas not proportional to the líncreased energy conteúË.-'
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76%). The fat contents of the lovr-fat and the high-fat diets ¡qere

4.2% a¡d 7.27" respecxívely. Therefore, it r¿ou1d seem that uLilization

of higher level-s of d.íeÈary fat was impaíred. by a component in rye,

No difference in chíck performance r,¡as obtainecl by feeding d.iets

lrith or r^rithout added vitamin Dr. However, Èhe interactÍon of grain

and úitamin D3 indicated that vitâmín D, added to rye or l,rheat diets

respectively increased or decreased the feed:gaín rãtío, but this diff-

erence was onTy 87". The lack of a greater response uright have been due

to the short treaLment period and/or hígh 1eve1s of díetary calcíum and

phosphorous. The addition of greatly excessive leve1s of vitamin Ð3

(f00 X 1,000 X requiremenËs) depressed feed consumption, gain in body

r,Jeight and increased the feed:gain ratio for the r¡7heat diets but not for

Èhe rye diets. These observations would suggest the presence in rye of a

complexing agent which reduced thepotency of vitamin Ð3. MacAulíffe et a1

has found thât rye affecLed the utilizatíon of vitamín D3 by turkey poults

(1976a) and broiler chicks (1976b), probably by stirnulating the gror./th of

an adverse rDicroflora in the intestÍnal Ëïact that could inLeïfere Lrith the

âbsorption of vitâmin D3. ln additíon, the utílízation of other nutrients,

appeared to be reduced l,rhen rye vras pr.esent in the diet- This latter con-

clusÍon is supporËed by Ëhe results of subsequent experiments in this

study.

Pelleting of the diets eliminated beak impaction in the chj-cks

(Experiments IIIa, IV). Besides, pelleting the rye diets íncreased the

feed:gain ratio (¡'ig. 6). This latter effect seemed to be related to the

quålity of the díetaïy proteín supplement and the grain since the most
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nârked response r,rras observed for the físh rneal rye diet.

As menLíoned earlier, the magnitude of the difference in chíck

perfornance when rye or wheaL diets were fed seeued to be mod.ifíed by

nuÈritÍonal factors, íncluding the leve1 of dieËary protein relaLive

to the anírna1r s requirements. The results of Experiments VIII(a), (b)

and Îc) also provide clear evíd.ence that chick perfoïnance lqas greatly

ínfluenced by graín type and proteín 1evel. Supplementation of a rye

diet Íûíth 267 proteín as compared to 2Ii( prol-ein gave a more drarnatic

decrease (I7"1) in the feed:gain ratío than corresponding vheat diets

(77"). This óbservation (Iig. 7) would suggest the presence ín rye of a

certain factor rrhich ínLerfered r^,ith protein utilization in the chíck,

thereby causing protein to become a limiting nutrient in a rye diet

contâining protein at or slightly above the NRC reco¡mnended level.

Furthermore, the quality (source) of the protein added to the diet in-

fluenced chick perforuance: the l-or,rest gain in body weight of the chicks

was obtained by feeding rye diets supplemented L'ith a 1or{ quâlity proteín

(rneat rneal) !r'hereas the besË performanee in rye fed chícks rnras obtained

by supplenenting. the díets with a high leve1 (267.) of a good quality

proËeín (físh meal) (Iíg. 8). Hor^rever, this best perforruance in the rye

fed chicks was equivalenË to Ëhat obtaÍned in chicks fe¿l a wheat diet

contaíning a 1ow level (L8%) of fish nea1, again indicatíng that rye

contaÍns a facËor which interferes rrrith protein utilization.

the response of the chicks to penicillin supplementation of rye diets

seemed to indicate that a dietary leveJ, of 160 mg/kg or greåter was needed

to âchieve maximum ïesponse. Other rÀrorkers håd obtaíned op tiunr.m chíck

grornrth Ímprovement rrthen only 50 Eg/kg procaine penicillin was used to
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supplement rye diets MacAuliffe and McGinnis (1971) and Iernandez,

Lucas and McGinnis (Ig73), The observation that penicillin had no

effect on beak impactíon and vent blockage would lend support to the

proposal thaÈ these conditions are not directly responsiblê for the low

nutritional value of rye.

The highly signíficant interâctions cif several factoïs in Experiment

Xb (Table 42) wouLd índicate that as a feed ingredient the nutritional

value of rye Ín a diet formulated to meet minimum NRC nutrient requÍre-

ments !¡as greatly influenced by the quality of Ëhe proteín as well as by

procaíne penicillin supplementaÈ ion. The interactíon of grain type (r,,7heat

vs. rye),protein source (meat meal vs. fisb neal), and procaine penÍci1lin

level (0 vs. 160 mg/kg) in conjunctíon h7íth the individual treaËment values

k'ould suggest that the nuËritional value of rye for growj-ng chicks could

be greatly enhanced by supplementing ít with a good quality protein or

16O ng/kg procaine penicillin. HoÍ,rever, un ã,r.., greater improveuent could
I

be obtained by suppleEentation of â rye diet with a good quality protein

in conjunction ¡¿ith 160 urg/kg procainê penicí11in. The results for feed

íntake and veight gâin obtained by supplementing a Ðeât meal rye díet vith

procaine penÍcillin weregleater,âs compared to the rye díet r¡iLhout procaine

penicíllin supplementâtíon but weïe somewhat lower than those obtaÍned by

supplementing Ëhe rye diet wíth fish neal protein. Both dry lllatter netention

and protein retention vere significantly affected but greater protein reÈ-

entÍon increases uere obtaíned by supplementing the rye diets wiËh procaine

penicillin or a good quality proËeín. IloI,rever, the rye dieË suppl-emented
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with both fish neal and procaíne penicillín resulted ín only a slight

increase in dïy matter retention and Proteín retention comPared to

the rye diet supplemented raTith físh meal alone. The improvement in the

nutrítional value of rye by procaíne penicillin suPPleBentaËlon of the

diets had been documented by, several workers includíng MaeAuliffe and

McGinnis (197L) and Fernandez, l-ucas and Mccinnis (1973) who used proteín

supplements consistíng of 27"A soybean meal, 57" fis}:. meal and 5% meaL

nea1.. By replacíng the fish meal with meat meal and supplementing the

ûheaÈ or rye diet r^rith 50 mg/kg procaine penieillin, Graber et al

(1976) observed a dranaËic íncrease (452) ín weight gaÍn for the rye

diets compared to only l% for the r^theat diels' Consequently it Iuay

be hypoËhesized that penicillin has a sparing effect in reducing the

chicks' requiremenËs for Proteins. The mode of actíon of penicillin

seems to be the inhibition or suppression of the gror^tth of deleÈerious

intestinal microorganísrns which comPete wÍth the hosË for dieËary

proËein, and rn¡hose groütËh seems to be promoted by a component ín rye'
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SUI"I}IARY AND CONCLUSIONS

Several factors seem to af.fect rye utilizatíon by growing chicks:

1. A vrater-soluble growth inhibitíng factor seems to be located in

both the middlings and flour buË not in the bran fraction of the

grain. It is not clear whether water-extraction removed a1l the

growËh-inhíbiting effects oÍ rye.

2. Beak impaction, vent blockage and teces conditÍon may be caused

by one or more complex carbohydrates, probably pectin and/or

pentosans, which are also \^7ater extractable.

3. There does not appear to be a close association betr,reen t.he degree of vent

blockase and the leVel Of chjck ncrformânce- fhcrchr' índ{^¡t-;-a +l¡+Lrr¡LN pcr f v!ruar¡ug, Lrrç! guJ tlLurLd LIIIó L¡ldL

the complex carbohydrates per se may not be growth inhíbitíng.

4 - Both the 1evel and the quality of the protein supplementing rye

diets modify the effects of the growth inhibitor(s) in rye.

5. Procaine penicillin supplementalion of rye diets affects chick per-

formance ín a manner símilar to the supplementation of rye díets with

a hÍgh level of a good quality protein.
a^.b. The mode of actÍon of penicillin appears to be the inhibition or

suppression of intestinal microorganisms which compete r+ith the host

for dietary nutrients partícularly protein, and rvhose growth seems

to be promoted by a coinponent in rye.

7. The type of fat as well as the 1eve1 of energy in the rye diets may

not be responsible for the growth depression associated with the

€^^r,i-.^ ^f rye.!seurlré u! rJs.

B. Vitamin D seems to affect chick performance but this effect mighÈ have
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been more pronounced Íf the experi-nents were conducted over longer

time perj-ods, and íf the dietary calcium and phosphorus levels ¡¿ere

not in excess

9. Resorcinols do not appear to have any adverse effects on the

' uLlIízaxion of rye in growíng chicks.

It is clear therefore that the detrinental effects of the grouth-

inhibíting substance(s) in rye could be maxímized by the supplementatÍon

of a rye díer with a 1or¡ level of a poor quality protein, or rniniroized by

supplementaËion r¿ith a high 1eúe1 of a good quality protein plus 160 ng/kg

procaine penicíI1in.
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