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ASSTRACT

A series of experiments were conducted to establísh the mode of

action of the antinutriËional- factor in rye graín using the chick as

the bÍoassay aniual, as r¿elL as Èo isolate and partially characterize

the factor. The uËÍlization of rye compared wíth wheat based diets as

affected by dfetary 1eve1- and type of fat level of calcium and vitamin

DÏ penicillín supplementatÍons (2oo ng/kg of diet), preadaptation to

rye díets, as we1l as the rol-e of protein quality on adaptation of

chicks to rye diets and on the duration and effectÍveness of penícillin
supplementation hrere examined in the first part of this study. sub-

sequently, the factor was Íso1aËed usíng procedures for pentosan

preparation, and it.s carbohydrate component was analyzed anð. quanti-

tated by the use of gas 1Íquid chromatography. Quantítation of pento-

sans' whÍch was based on the arabinose plus xylose content, ûras also

performed by use of a col-orÍmetric nethod. Ihe antÍnutritional activity
of isolated rye pentosans was tested by adding them to wheat based

diets at l-evels found in similarly formur-ated rye based diets.

The results indicated thaÈ the utilization of rye compared. to

wheat diets was conslstently depressed, because of reduced feed pa1-at-

abil-íty and nutrient dígestíbílity (including fat, protein and mineral-s),

particularly when poor quality protein and fat, such as tal1ow or lard.,

was used as dÍetary Íngredients. Coupared to unsaturated fats, the

digestibilÍty of tallow was markedly inproved by decreasing its dÍetary

l-evel, by increasÍng the dietary calcium towards the recornmended levels,

or by pení,cÍllín supplementation. Fat utilÍzatíon was also ímproved
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by decreasíng the chain length of fatty acids. Although penícill_in

Íuproved chíck performance, parÈicu1-arly when poor quality protein and

faË were used, thÍs response r¡ras of relatÍvely short duration. Utílí-
zatjon of rye diets by chÍcks was also ímproved wiËh increasing age

and adaptatÍon of chícks to rye diets

Fractf.onation studies índícated that rye graÍn contains approxi-

mately 2.L% sohtble and 7 .97" water insoluble pentosans, and thaË their
carbohydrate fraction was naÍnly composed of xy1-ose and. arabinose wÍth

minor quantÍties of mannose, galactose and g1_ucose. xy1_ose and arabi-

nose composed 83 and 5o7. of the carbohydrates ín,the. crude,soluble

and Ínsol-uble pentosans, respectívely. The soluble pentosans and Ëhose

ínsoluble pentosans having a high arabinose content relative Èo the

rest of the insol-uble pentosans exhibíted antinuËritíonal activíty
manifested by decreased appetite and/or feed palaËabílity and reduced

nuËrient dígestibility. Ttreir antinuËritional activity could be

attributed to their stickíness, ability to forn híghly viscous aqueous

solutions wÍth concornitant swelling, to theír completely indigestibl-e

character by the avian dígesËive system, and, possíb1_y, to theír non-

specifÍc binding of ionized molecul-es (nutrients). Complete removal

of antínutritíonally actíve penËosans was impossible as they constíÈute

cell- wall components in rye grain. These pentosans, however, can be

partially degraded by the endogenous pentosariases after waËer-soakíng

rye with a resultant improvement Ín chíck growth.
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rt is concluded that pentosans Ín ergot-free rye are the major

growth depressing factors in rye grain, and ËhaË chicks are híghly
sensiÈive to these penËosans compared to other animals, 1_ike ïats.
RaËs have a more efficient dígestÍve systenrwhich ís capable of over-

comÍng to a consÍderable degree some of the detrimentar effecËs of

these pol-ysaccharÍdes
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INTRODUCTION

The amount of rye graín used for anim¡l- feed has consÍstently in-
creased in Canada duríng the l-asË fifteen years. In spite of the favor-
abJ-e price and chemical- composítion símilar to that of wheat, furÈher

increase in the use of rye as a lÍvestock feed is unl_ike1_y as poor

growËh is often associated wíth the consumptíon of rye díets

ExperimenËs carried out in the past have suggested that certain

nutrítional inhÍbitors are present in rye (ergot, trypsin inhibitors,
and a1-kylresorcÍnols). The nutritÍve vaLue of rye grain, howeyer, still_
rernains l-or¿ although Ëhese factors can'be inactivated or removed. Studíes

1-eading to identification of additional- nutritional ínhíbitors and to

theír elimination from the grain by eíther chemical treatment or genetic

improvement would increase the acceptability of rye graín by the anímal

feed industry' especially for poulÈry. Ihis would then stimul-ate the

expansion .of rye culËivation, rnainl-y Ín the cold and marginal areas of

the Prairíe Provinces, where producËíon of othêr cereals is less profit-
ab1-e than rye.

The purpose of this study was the isol-atÍon and characterization

of the major natural-1-y-occurring antinutritíonal factor(s) in rye usíng

the chick as the bioassay animal-. The chick was selected as it is
highly sensitive Ëo the rye antinutrítional factor(s). rn the first
part of this study the rol-e of the factor(s) on the utílization of

various nutrients (other than protein) and the patteïn of possible

adaptation of chicks to rye were studÍed. Ttre informaËion obtaíned

should provide suffícíent evidence about the naÈure of an antinutríËional

: 'i.. 1

l:-ì'r'.. i
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factor to facilitate, in the second part of

ídentiftcation and partial characterization

thís study, the isolation

of the cornpound(s).



LITERATIIRE REVIEI,Ù

A. Origln, DfstrfbutÍon and Agronomic Features of Rye

the farnfly Geamineae,CultÍvated rye, Secal-e cereale L., belongs to

which al-so íncludes sorne oÈher cornnon cereals lÍke r¡heat, barley, oats

and corn.

Rye seems to have its origÍn from SouÈhwestern Asia (Deodicar, 1963)

frou rnrhere ít. spread Èo Northern Europe through AsÍa Minor sometí.me during

the first millenÍum B.c. From Northern Europe rye gradually spread to

a1-1- Europe, and during the l-6th and l-7th centuries it was brought to

North and Ì{êstern South America by European settlers. During the 19th

and 20th cenËurÍes ít was introduced to Argentinar Australia and South

Afríca (Bushuk, L976).

Among cereal- planËs rye enjoys the widest di'sËríbution. This is

attributed to certain unÍque agronomic characteristics, such as exten-

sive root systemrextreme resistance to low temperatures and early rípen-

ing of graín. These features enable the plant to thrive better than any

other cereal ín col-d areas with sandy acídic soil-s of low fertility

and moisture. The greatest productíon of rye is in the cool temperate

zones of the worl-d, but Ít can also grow Ín the semiarid regions and at

high altitudes.

Rye is rnainly culËivaÈed as a fall-sown annual but some spring rye

Ís grown where Èhe winter is too seveïe for winter rye productíon.

Ilowever, the spring varietÍes are inferior in terms of agronomic and

other qual-ities (Bushuk, L976). rn NorËh America, most of the rye is

fall--sown because of Íts winter hard.iness and its abílity to uËilize



early spring moi.sture for early maturaËion (nvans and scoles, L976).

B. ProductÍon, Consumptton and Trade of Rye Graln

A1Èhough rye enjoys the widest dÍstributj-on in the, r¿orld, íts total-

production ranks 1as'È among aLL cul-tivated nÍne cereals, and represented

onl-y aboux 2.27" of the total- graÍn production ín L97z (F.A.o., Lglz).

Thís can be attributed to the low breadnaking quality of rye flour dough

and to the reduced feeding value of rye graÍn (Bushuk, Lg76).

Rye production Ís nainly concentrated in Eastern Europe r¿ith the

m¡jor producfng countrÍes ln decreaslng order being u.s.s.R., po1-and,

üIest Germany and East Germany (F.A.o., L972). u.s.s.R. produces abouË

one-third of the total world production, while the combíned European

and U.S.S.R. outPut accounts for more tinar- 9O"/" of the toÈa1 world pro-

duction. In Pol-andr ryê is the leading cereal cïop exceeding wheat pro-

ducËion by aboux 6O7".

Rye grain can be used for prôductíon of bread and other human foods,

for livestock feedíng and for manufacturing alcohol-ic beverages. Rye

bread Ís very coumon in Eastern Europe because of tradÍtíonal and economÍc

reasons. 'Al-Ëhough rye is extensively used as livestock feed., ít is
rel-aÈively 1ow in the scale of feed grains because it reduces appetite

and nutrienÈ utilization.

The major importers of rye grain are

NeËherlands and Japan. Thís 1-ast country

: ^_.: 
_ ':

Ëhe

has

countries of Eastern Europe, 
,

i'i.recently become a major i,r,

importer of rye for the animal feed índustry. Ihe major exporters are

canada, u.s.s.R. and I¡Iêst Germany (F.4.o., rg72). rn Lg72, I^Iest Germany

was the second e)çPortfng country after Canada. InternatÍona1 trade Ín
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rye is híghJ-y dependenË on the ¡qajor consumíng countries especially in
Eastern Europe.

Production of Canadian rye l-s al-most escl_usíve1y concentrated in Èhe

PraÍrie ProvÍnces, fluctuates consfderabl-y and is very 1-ow, representing

an average of about L.5"Å of the total- CanadÍan cereal production from

1966 to L975 (Table 1-). The dlsposal of canadian rye is shown in Table 2.

DurÍng the last decade there has been an íncrease in the amount of rye

used as anímal feed, whlch consumes about 407" of. the total- production

whÍle an equal Percentage f.s exported. The major importers of Canadían

rye are Japan followed by pol-and and the Netherlands (I,rÎilson, ]:gTg) .

Table l-. cereal Grain production ín canada from 1965 to Lg75L

Crop Year

L965-66

7966-67

1967-68

L968-69

L969-70

1970-7L

L97L-72

797 2-7 3

L973-74

L974-75

tr{heat

L7 ,674
22,5L7

16,139

17 ,6g9

L8,269

9,024

L4,4L2

14,5r4

L6,75g

L3,295

0ats

tonnes)

6.L69

5,7L7

4,654

5,501

5,473

5,445

5,606

4,630

5 ,041_

3,229

Barley
(Tn thousands of

4,753
6,45O

5,506

7 ,0gg
9,094
g, gg0

13,0gg

11, 285

L0,224

8,802

Rye

453

437

304

331

385

480

557

344

363

480

lstatistics 
Canada , il976.



TabLe 2. Disposal
(Average per year of,

of Canadian Rye

four tÍne perfods)

DÍsposal

Lgs6-s7L
to

L9s7-6L

Lg6L-62L
Ëo

196s-66

rg66-67L
to

L970-7L

rgTL-7 22
to

L975-76

Human food

Animal feed

Seed

ïndustrial- use

Exports

Anímal feed
(% totaL)

Exports
(Å total)

10

95

L6

30

t-06

37 .0

4L.2

(Ín thousands

1t-

80

20

37

150

26.8

50. 1

of Ëonnes)

11

L39

26

61

r.59

35 .1

40.2

t2
220

20

45

20L

44.2

40.4

lCor*orrr.alÈh Secretariat (Lg73) .

25t"ti"tics 
Canada (1978)

c. Proxímate Anal-ysí-s of Rye in comparison to other cereals

cereal grains are rích in energy but poor ín proteín (table 3), and

therefore are mefnly used as energy feeds although in some dÍets they

also supply all the dietary protein. There are no differences between

rye, wheat, trít.ícale and corn either for the total carbohydrate content

(N-free extracts) or the crude fiber, r^rhÍch repïesents the al-kali and

acíd resÍstant portion of the total carbohydrates. Ttris method of

fractÍonatÍon, hor¡ever, does not reveaL any other chemically unfavorable

and.f or physicall-y deËrÍmental carbohydrates.

Ïhe qual-ÍtatÍve and quantítative ash conËent of rye is sÍmil-ar to



Table 3. Proxipate Composi.tion, Mi.ne¡al, Vttanin B and Carotene Content
of cereal Grains (y" dry basis)

Component Ry"l Trftfcal-e2 wh"^tL Barleyl 0"t"3 corrrl

Proreín (Nx6.25)

Ether exËracÈ

Crude fÍber
N-free extract
Ash

Phosphorus (ne/100 e)
Potas'síum rr

CalcÍum tt

MagnesÍum It

Iron' rt

Copper rr

Manganese tr

Vítamins

ThiamÍne

Ríboflavin
Niacín
Pantothenic acid
Pyridoxine
Carotene

13.0 LO .4

5.5 4.5
11.8 2.4

66.0 8L.2

3.7 1.5

340.0 310.0

460.0 330.0

95.0 30.0

140.0 140.0

7.0 2.0

4.0 0.2

5.0 0.6

0.70 0.44

0.18 0.1_3

1. B0 2.60

1.40 0.70

0.13 0 .57

0.00 0.40

L3.4

l-.8

2.6

80.1_

2.L

380.0

520 .0

70.0

130 .0

9.0

0.9

7.5

14.8

1.5

3.1

78.6

2.0

L4.3

1.9

2.9

78.9

2.O

410.0

580 .0

60.0

180.0

6.0

0.8

5.5

0.55

0.13

6.40

1.36

0. s3

0.00

t_3.1

2.L

6.0

7s.7

3.1_

470.0

630.0

90 .0

140 .0

6.0

0.9

1.8

o.44

0 .18

1.50

0.77

0.33

0.00

0.57

o.22

6.40

0.73

0. 33

0 .04

hlr.' (19s8).

2M,rn"k (Lg72) .

3Kent (1966).



the other cereals-, but Ín Fye nos-È of the potassium, roagnesÍrrm ¿¡fl phos_

phorus is found as lnsol-ubl-e salts of myoinositol hexaphosphate in the

alevrone 1-ayer (sírmonds and campbell, 1976). NÍacin content ín rye is
a1-so 1-ow, but neither Ëhe unavallabÍliÈy of mineraLs nor the lor¡ níacin

content are a probl-em in aninal- nutrition because nearly all diets are

suppl-emented wÍth adequate amounts of vítamins and mínerals.

Rye protein differs from that of other cereal-s in havÍng a com-

paratfvel-y high content ln 1-ysÍne and other essentÍal- amíno acÍds except

tryptophan (n.n.c., L97La). rn addrtfon, rye starch and proÈeín are more

ì.iÌ.:ti

sol-uble compared with other cereal-s. yet the nutritive value

lower than other cereals, a fact whÍch indicates the presence

unidentÍfÍed antÍnutrftional factor(s) .

of

of

rye is

l_nËrl_nsl_c,

D. Non-starchy Po1_ysaccharides of Rye Grain

A brief review of this Ëopic is necessary, since rye differs from

most of the cereal grains with respect to quantity, type and properties

of non-starchy polysaccharides, especialLy pentosans. very littl_e ín-
formation, however, is available on the non-starchy poLysaccharídes in
rye as most of the work concerning the isolation and characterization

of Ëhese compounds has been wÍth wheat, barley, corn and rice.

l-. Cl-assif icaËion

Among the non-starchy polysaccharides of cerear grains can be in-
cluded the hemicel-Luloses, ß-glucans, pentosans, cel_l-ul-ose and gluco-

fructans. (DtAppoj-ònia et al-., 1-97L; DrAppolonÍa, Lg73). The rerm
tthemÍcell-ulosett has been traditionaLl-y confined to those planÈ cell walL



polysaccharidesr usually from Il-gnffied tissues, wþích can be extracted

wíth dilute alkali but not wíth water. TtrÍs term, however, has also

been used to refer to the water-Ínso1-ub1e, non-starchy polysaccharides

present in cereaL graÍns (Aspinall and Greenwood,, 1962), líke the a1ka1i-

extracted pentosans'of the bran and endosperm. These pentosans con-

stitute the major cell- wal-L components and are composed mainl-y of ß-D-

xry1-opyranose and a-arabinofuranose wf.th smal-L quantfÈíes of rtanÐose,

gal-actose for the endospermí'c (!,Iares and Stone , L973a), oï uroníc acids for
the bran Pentosans. Very often the term hemícelluloses has been used to

refer to the water-insoluble pentosans of flour only.

The term "pentosans" has been used to describe the water-soluble

pentosans from cereal- endosperm and sometimes the water-soluble poly-

saccharídes of the grain. The waËer-soluble pentosans have composítíon

simil-ar Ëo, but they are less branched than, the water-ínsoluble end.o-

spermíc pentosans. Some workers use the term penËosans or hemicelluloses

to descríbe both the water-soluble and water-ináoluble pentosans.

Ê-glucans are r^later-soluble carbohydrates found urainly in barley and

oaËs (Preece and MacKenzie, L952a) and are composed of ß-D-glucopyranose

residues linked in a linear chain by 1+4 and 1+3 bonds r¿íth a smal1 pro-

portion of 1+6-lÍnked side units. The water-soluble pentosans and ß-

glucans are also knornm as cereal gums (Preece and Hobkírk, 1953) because

of their hÍgh adhesive power and viscosíty ín aqueous solutions.

Classification of pentosans on the sol-ubilíÈy characterisÈÍcs is
Ínperfect. because it does not reflect any biologícal or sËructural dÍf-
ferences. For examplera1l r¿ater-sol-uble and -ínsol-uble penËosans are

i'!: nr.-!
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basically composed of >rylose and arabinose. Furthermore, some rdater-

insoluble pentosans become water-soluble after alkali-extraction
(Montgomery and smith, L956; DtAppolonia, L973; Mares and. stone , L973a).

A comparative pentosan content of whol-e grain meal from various

cereals is given in Tabl-e 4. In al-l cereal-s the waËer-insoluble pentosans

occur prínaril-y in the bran fraction and ïepresent the najorÍty of
grain pentosans¡ (DtAppolonia, J'g73) .

Table 4. Pentosan Content of Various Graíns

I -,

Grain
Content

(% dry basís) Source

BarJ-ey

Oats

Brown rice
Rye (tqo. 2 Canada trIestern)

Sorghun

llheat (Hard Red Spring)

10

1,4

1_.8

8.2

3.7

6.0

Steiner (1968)

t{aLz (1969)

DrAppolonia (L973)

Drews and Seibel, (1976)

Karim and Rooney (L972)

DrAppolonia eÈ al. (Ig7L)

2. rsol-atíon and properties of trIater-sol_ubLe pentosans of Rye

Although wheaË pentosans have been extensively studíes Ín many

aspects' rYe pentosans have received only linited attentíon. preece

and MacKenzíe (L952b) were among the first to carry out a cornparative

qualítatíve and quantÍtative sËudy of the cereal gums from r"¡heatr ïyê

barley, oaËs, and corn. Ttre very finely ground samples were submÍtted

to tr',7o hal-f-hour extractÍons under refl-ux wiËh boiLing 80% eËhanol for
enz)¡me inactívatíon, protein coagul-ation and removal of ethanoL-solubl-e

!:1
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comPounds. Ttre ÍnacÈivated sanpl-es hrere extracted three times with 2.5

volumes (v/w) of dístÍl-led r¡ater. tr{ater soluble polysaccharÍdes were

totally precÍpltated by the additi.on of Fehlingrs solution fol1-owed by

acetone. After hydrolysis and deËerm.ínatÍon_pf sugars by paper chroma_

tography, the authors concluded that rye T,ras very rÍch ín high-nol-ecular

weight r¿aËer-sol-ub1-e penËosans (arabinoxylans) composed of D-xyl-opyranose

and L-arabinofuranose and that barley r,tras very high in laevorotaËory

gl-ucans, whíl-e wheat was íntermedÍaËe. preece and Hobkírk (1953)

applíed fractional- precipítatÍon using amroni,m su1_phate. A relatively
pure arabinoxylan was precípítated by a 40 to 50"Á saturatÍon solut.íon

of thís salt whil e at 60% saturation hal-f of the total rye gums could be

precipÍtaËed. Ïhe other half was precipíËated using acetone since any

furÈher increase in salÈ concentratíon was ineffecËive as a precipitating
agent. This acetone precipitate r¡ras m¡Ínly composed of arabínose and

ga1-actose with mínor quantities of g1-ucose and xylose. ïhe authors

also reported about the nr."".r"" of small quantities of B-g1-ucan in rye

exËracts

Podrasky (L964) -ade physical and chemÍcal- measurements on the water

sol-uble arabinoxylans and ß-glucans from rye, wheat, barley and oats

after water extraction and frecipitation by adjustíng Ëhe solution to

802 ethanoL- Ttre low molecul-ar weight polysaccharídes Írere removed from

Ëhe precípitate by extraction with concentrated ammonium sulphate. The

exËract contained a ga1-actan, a glucan and an arabÍnoxylan, al1 of low

molecular weight. Ttre residue, a true gum, was composed of two high

molecul-ar weight carbohydrates, a s-glucan and an arabinoxylan, which

!¡ere separated wíth a methanolíc borate solution. Rye arabinoxylan
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comprcised 757" of the total- gum. Table 5 shows that rye arabínoxy1_an

has the híghest molecular weight and a high xylose to arabínose ratio,
an indication of high branehing since Ëhe molecul_e is composed of a

D->rylgpyranose baikbone. to r¿hích L-arabinofuranose síng1-e síde chains

are attached.

Drews (L97o) showed that rhe extractabil_ity of rye pentosans

depends on their solubÍlity, which is affected by the extractíon con-

dítions such as temperaÈure, pII, eJ-ectrol-yte concenÈratíon, mixíng time

and pentosanase actÍvfty. IncreasÍng the temperature from 20o to 4OoC

íncreased the extracted pentosans by 10 to L57". The optímum extractíon
pH was found Èo be around 4.9. At pH levels below 4.9 pentosan solubílity
and enz¡rme activiÈy were reduced more rapidly than above 4.9. The

addition of salt (2% NaCl-) during extraction also decreased pentosan

solubility by reducing enzyme activity especiall_y at pH levels below

4.g.. Ttre reduced. enz)rmatic activity is eíther due to enzyme inactivation
and/or to subsËrate modification. Increased pentosan extract.abilíty by

enzymâtíc sol-ubÍl-izatíon of qrater-insolubLe pentosans r¡ras not excluded.

DetermínatÍons of viscosity at constant coneentratÍon of extracted

pentosans, showed a Progressive decrease r¿ith decreasing pH because of

enhanced enzymat.ic actívity and reduced pentosan solubility. The

addition of salt, however, stabilized the viscosity by Ínhibiting
enzyme action.

Rye waËer-sol-ubl-e pentosans have no el_asticity but they possess

adhesive pohrer and high water-bÍndíng capacity forning very viscous

solutÍons (Ho-1-as and Hampl, L973a). Pentosanase activíty or stïong acidic
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PH destroy these propeïties by removing arabj-nose síde-chains r¿hich are

responsíbLe for preventíon of precipltatíon due to molecul-ar associatíon

between regions of unbranched xylose resídues (I{ilkte, \g7g). Oxidative

gelatÍon between arabÍnoxyl-an nol-ecul-es or arabinoxyl-ans and proËeln

components night be also possibLe, sÍnce this phenomenon has been shown

to occur fn wheat pentosans (Neukom, L976; Markr,¡alder and Neukom, 1976;

Neukom and Markrnralder, L978)

The content of r¿¿ter-sol-uble pentosans ín rye is affected by

that ín wet years the level of these pentosans increased. above 2.5%

while their víscosity decreased. The ïeverse occurred ín dry years wíth

the l-evel of water-solubI-e pentosans dropping bel-ow L.5%. The effect of

variety and environment is shown in Table 6. Noteworthy is the high

variaËion of total and soluble pentosans compared r¿iËh starch and protein.

3. rsolation and Properties of trIater-ínsol-uble pentosans of Rye

Golenkov and Traubenberg (1966) isolated water-ínsoluble pentosans

from whole rye meal by scraping ouÈ the top 1_ayer (starch taílings) of

the preciPitate after cenËrifugation. Ihese penËosans which are high1y

hydrated but do not pass into solutÍon easÍ1-y, were composed of D-xy1-ose,

L-arabinose, glucose and ga1-acËose.

Casier and Soenen (L967) extracted water-Ínsol-uble pentosans by

soaking íntact grain for one uonth ín 0.1 NaoH under nitrogen. They

used whol-e instead of ground grain Ín order to avoíd. contamination of

pentosans wfth proteÍn and. starch. prior to alkal-i extract.ion, the

sample r¿as boiled in B0Z ethanoL to inactivate pentosanase and. extracted

L:.:.)

i.:-:

varietal and environmental- conditíons'. Drews and SeíbeL (L976) indícated , ..

: , .i
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eighÈ tímes with 0.5% ammonium oxalate solution for removal- of water-

sol-ubl-e Pentosans, pectins and B-g1-ucans. The sodÍum hydroxide extract

\iras centrÍfuged and prectpitated by adjusting Í_ts volume to go%

ethanol. Ttre precipÍtate was washed successively wíth ethanol-acetíc

a'cÍd mÍxture and ether, and dried under nitrogen. Paper chromatography

of acid hydrol-ysates revealed as components the fol_lowíng sugars:

D-xylose (59%), L-arabínose (34%), g1-ucose (77") anð, traces of gal_acrose.

viscosÍty measurements made by llol-as et al- . (Lg72) in LT. aqueous

sol-ution gave 44.5 cP while for the water-soluble penËosans the va1ue

was 15.8 cP- Trlater insoluble pentosans retained large amounts of rrater

whích caused an enornous increase of their volume

Mares and Stone (1973b) workÍng with r,¡heat endosperm concluded

thaË Ëhe r¿ater-ínsolubl-e arabinoxyl-ans were bound to each other as well

as to other cel-l waLl- components by ester linkages í.nvolving uronic

acids or phenolíc acids (such as ferulíc acÍd), which render pentosans

insoluble in water and, therefore, alkalí extractÍon is necessary.

Recently Marwal-der and Neukom (l-976) have ísolated diferulic acíds, which

supposedly served as bridges between pentosans or between pentosans and.

prot.eíns.

4. FracËionatíon of Rye pentosans

Holas et al. (1971-' Lg72) T^7ere the fÍrst to fractionate ï,üaËeï-

sol-ubl-e and water-insoluble pentosans by DEAE-cel-l-u1ose column chroma-

tography- FracÈional elution was achieved by usíng successíve1y water,

sodium borate and sodium hydroxide of various normalities according Ëo

Neukom and Kundig (1965). Tables 7 anð. g give the composition of both
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types of pentosang after fractional- elutfon and paper chromatography of

the acfd hydroLysaËes.

The first fractlon of water-soluble pentosans (75l^ of. the total)
r¡ras pure carbohydrate and corresponded to that ísolated by podrasky

(L964), whfLe the other four fracËions were g1-ucoproteins.

The pure carËohydrate fractÍons of the water-lnsolubLe pentosans

represented 64% (first Èwo fractions) whil-e the glucoproteinsrepresented

36|l of that total-. The water-ínsol-ubLe penËosans r^rere shown to be more

branched (>rylose:arabÍnose = l-.1) than Ëhe water-solub1-e pentosans

(xy1-ose:arabÍnose = l-.3). The water-insoluble pentosans from wheat

endosperm were shown Èo possess l-ess linear but more branched structures

compared to \^rater-soluble pentosans, and to give viscous solutíon after
methylation (Montgomeïy and smith, 1956). compared with rye and wheat

pentosaris, the \dater-insolubl-e pentosans of rice are l_ess branched.

(xy1-ose:arabinose = 1.0) than the soluble fraction (xylose:arabinose =

0.56) (Cartano and Juliarn,1970) and were 
"froo- to bind. bile acÍds in

vitro (Nornand et al., LgTg).

5. Problems:of Pentosan Isolatíon

The quanËitative ísolation of pentosans ís dÍfficult as they are

an integral parÈ (except an arabinogalactan) of the cell walLs (Mares

and Stone, 1973a). These authors shor¿ed that 757" of wheat endosperm

cel1 walls Ìras po1-ysaccharide and that 85i[ of this carbohydrate was

arabinoxyl.an.

The high content of proteín and starch in the grain also ínÈerferes

r¿ith the ísolaÈion of pure pentosans. These contamirìants, hoÌ^rever, can

ìi.,':

lr-" :

fl t::.':-j
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be partial-1-y removed by eîzlmnfi¿ dÍgestíon (Lindas and DrAppolonia,

L972; DrAppol-onia and MacArthur, Lg75; Kím and DtAppol-onia, Lg76).

Furthermore, hot \^raÈer can not, be used to extract pentosans from rye

grain because of the hÍgher sol-ubÍl-ity of sËarch and protein as compared

to other cereal-s. For rye, Ëhe purÍty of preparations as neasured by

the amount of xyl-ose plus arabinose rarely exceeded 70y", Í,tlniLe the

yÍeld as percentage of the initial material ranged from 0.7% for t]ne

water-sol-ubl-e to 2% f.or the -insoluble pentosans (Ho1_as et al . L97z) :

6. Structural- Studies on Rye pentosans

The only known structural study of rye pentosans concerns Ëhe major

arabinoxylan of rye gum. Analysfs of thfs pol-ysaccharide, whích was

precipÍtated between 40 to 50|Z saturatlon sol-utíon of arnmoníum sulpháte

followed by cr-amylase dlgestfon for starch removal, gave 60% xylose,

29% arabínose, 5% g1-ucose but no ga1-actose (Aspinal1- and. sturgeon,

L957)'. using methylation and periodate oxidation, the same authors

showed that the mol-ecule was híghI-y branched and composed of a linear

chain of 8, 1+4 linked D-xy1-opyranose resÍdues to which simple L-

arabinofuranose units are singly atËached through 1+3 glucosídíc l-ink-

ages. Glucose was found to be a coitaminanÈ, probabLy frorn g-glucan.

L-arabinofuranose units are mainly aÈtached to isolated and, less fre-
quently, to t\do and three, buÈ not more, conËiftlous D-xylopyïanose

residues (Aspinal-l and Ross, 1963). Ttrerefore Ëhe proposed structure

Ís:

-x-x-x-x-x -x-x-x-x-x-x-x-x-x-x-xI I llt I tl
A A AAA A AA

20



Rees (L967)., however, proposed that the

geneous but composed of three different

different proportions :

2I

arabínoxylan may not be homo-

types of arabfnoxylan each at

a

These resul-ts are based on the obtained molar proportions of various

hydrolysates after periodate oxÍdatíon and reduction. structuré.. (a),

whfch Ís composed of al-ternatíng branched and unbranched xylose residues,
is the most frequent whil-e structures b and c are less frequent.

rn wheat there is a simllaï r,rater-sol_ubl_e arabino><ylan (perLín,

1951a; Perlin, 1951b), the strucrure of whfch fs slightly different from

that of rye; L-arabinofuranose units are found. as alternating isolated.
and paÍred branches separated by sfngl-e unbranched xylose, resÍdues.

L-arabÍnose is sometímes attached to xylose by L->2 in addition to 1+3

linkages. Some xyI-ose units may a1-so be doubly branched., i.e. at positíons
two and three. Ttre mol-ecule has unbranched spaces composed of two to

seven xy1-ose units every zo-25 xylose resfdues along the main chain

(Dea and Morríson, 1975).

trrlater-ínsoluble pentosans from wheat endosperm were found to be

more branched and of hÍgher molecul-ar weight compared wÍth solub1e pento-

sans (Medcalf eË al-., 1968). rn the major fractíon of ínsolub1e pento-

sans, it was shor.¡'n by Medcalf and GÍlLes (1968) that three out of five
xy1-ose units are branched and hal-f of them at both 2- and 3-posÍtÍons.

[-*-*-*-*-*-,.-'l
n, Llil .l "

c
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7. Pentosanases in Rye Graírr

Cereal- graÍns Possess Pentos.anases for pentosan degradation durÍng

germinatÍon. Thelr presence fn rye, wheaÈ, barley and oats was first
shor¡m by Preece and Hobkirk (l-955), who extracted and used them for
dígestion of the rye arabÍno>gz1-an. preece and MacDougal_1_ (195g) showed.

that arabinose unlts were the fírsÈ to be removed followed by xyl-ose and

xylobÍose. Itrey cl-assified the pentosanases as being arabinosidases,

endoxylanasesr exoxylanases and xyl-obiases. Endoxyl-anases could hydro-

lyze pentosans wfthout prior removal of arabinose. Rye and barley grain

had the hÍghest pentosanase acÈivfËy, which can be determined by either

measurÍng the amount of l-Íberated s.ugars or the decrease in yÍscosíty of

the pentosan sol-utions r¿hen buffered at pH 3.5 (Preece and Hobkirk, 1955;

Preece and MacDougall, 1958). More recentl-y the pentosanase activity
was defined by the amount of reducing end-groups liberated per unit of

tine (Dekker and Richards, Lg76).

Certain bacËerial pentosanases are useful tools for characterization

of pentosans due to Èheír substrate specificíty, for example, the xylanase

from Streptomyces sp. Ql{881-4 can sp1-ít an xy1-osidic bond between two

xylose resídues provided both units aïe not branched. Ttrís property of

the enz¡rme T^ras used for characterízation of wheat water-soluble arabino-

xylan (Per1-Ín and Reese, 1963; Goldsmíth and perlin, 1-g63). The speci-

ficíÈy of bacterial pentosanases may al-so índicate the linited degra-

datÍon of pentosans ín monogastric animals.

22
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E. Proteín Quality and Amino Acid Content of Rye

Rye díffers from most of the oËher cereals in that it has a hígher

proportion of rraÈer-sol_uble (alburnÍns) and salË soluble (globulín)

proËeins, both of whích have a higher content of lysine (chen and

Bushuk, L970).

The auino acid composÍtÍon of proËein from co on varÍetíes of

rle, trítical-e and wheat ís given in Table 9. Rye as compared. to wheat

has a hígher relative concentration of lysine, argíníne, threonine and.

valine but a lower concentration of leucine, tïyptophane and phenylal-a-

nine. In spite of the higher 1-ysíne content, Èhis arnÍno acid continues

to be first linitÍng as indícared by the low chemícal score (Table 10).

Kihlberg and Ericson (1964) workÍ.ng wíËh growíng rats showed that the

fÍrst lírniting amíno acíd of four different rye fLours r¡ras 1_ysine

followed by threonine, while all- the other essentíaL amino acid.s were

almost equally deficÍent. In a1l- casesrrye fLouï r^ras superior to wheat

flour protein. sinilarly, síkka eË al. (i-978) afrer comparing rye with

egg protein, concluded that lysíne and threoníne were the first and

second lirniting amíno acids, respectively. vohra et al_. (j-97g) using

l-arvae of Tríboliun castanel¡m ( a cott-on pest of r^rheat graÍn) as a quick 
,,

bioassay test' found 1-ysine and methionÍne as the most limitíng amíno

acíds in all fíve Ëested varietíes of rye.

Ttre better quality of rye over wheat and Èríticale proteín was

indicated by the higher protein efficiency ratíos, biological- values and

net proteÍn retentÍon obtained in rat experiments (rnipfel, 1969;

síkka et a1., 1978). Eggun (1973), ín comparing rye with wheat, oars,



_ *_ 
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Table 9. Average Amino Acid Content of Rye, Triticale and Í{heat ¡Iho1e
Meal as Determined by ron-Exchange chronatography (g of amino
acÍd/100 g total- nirrogen).

Amino Acid Ry"1 Triticale2 Manitou hrheat2

24

ArgÍnine
Histidíne
Isol-eucíne

Leucíne

Lysine

MethionÍne

Phenylalanine

Threonine

Tryptophan

Valine

Alanine
Aspartic Acid
Cys teíne/Cys tine
Glutamíc Acid

Glycine

Prol-íne

Serine

Tyrosine

28.6

13.8

2L.9

38 .5

2L.2

9.L

27.6

20.9

4.6
29.7

26.6

44.7

11.9

151.1_

27.L

58.6

27.0

L2.0

30.5

15 .5

25.9

42.0

19.0

L2.0

29.7

19.6

9.9

31.3

22.7

36.9

L7 .4

19 3.0

24.7

66.9

28.5

L4.s

24.4

L4.3

2L.8

4L.3

L4.8

10.6

30.7

L7.2

9.2
27 .8

27 .8

30.9

15.1

207 .O

23.9

67 .s

29.7

t7 -4

lsiumonds 
and

2fl<achuk 
and

Carnpbell (1976) .

Irvíne (L969).
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sorgh rrn, rnl,íze and barley, obtaÍned hígher bíological val_ues for rye

protein in rat bioassays. However, equal val-ues were obtaíned for net

nÍtrogen utilizatÍon due to low true digestÍbílfty of rye proteín.

rncrease of nitrogen content in rye grain (due Ëo application of
íncreased nitrogen fertil-ízers) was assocíated with a relatíve decrease

ín the concentration of 1ysíne, threonine, tryptophane and methioníne

ín the protein, whí1e glutamic acÍd, proline and phenylalanine were

Íncreased. T'hese changes decreased the biological val-ue and net proteín

utilÍzatÍon of rye although the Ërue digestíbi1_ity of protein was ím-

proved (Eppendorfer, L977) .

F. Feeding Va1-ue of Rye Graín

Ifieringa (L967), after reviewíng all the available literarure,
ïeported that the feedíng val-ue of rye is lower compared with wheat,

maize and barley. He concl-uded that the observed reduction ín feed in-,
take from nearly all feedÍng trials coul-d be attributed noË only to the

1-ow palatabilÍty but also to other more harmful- physiological effecËs.

He al-so concluded that the depressed gïor,rth r^ras not caused by ergot be-

cause of its usually low l-evel- ín the grain. Daûmers, cited by lü,ièri.nga

(L967), performed trial-s wiËh pigs using varíous uril1-ing fractíons and

found thaË rye bran and grit were more harmful than rye flour. Damms¡s

also showed that boÍling or steamíng rye ímproved its nutrítÍve val-ue for
swíne

1. Feeding Value of Rye for poulÈry

Rye has never been considered favorably as feed for poultry. North

(1933) reported that rye had a laxative effect on hens buÈ otherwise
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dÍd not aPPear to ínjure their health and egg productíon provided that
ít did noÈ exceed, 20lZ in the diets. crampton (1933) concluded

that rye is less palatable Ëhan other graíns and no more than 20-307!

should be included in poul-try diets. crampËon also reported

wíde variation of the results not only between dífferent diets but also

betr¿een successÍve tesËs conducted at the same station. Halpín et al.
(1936) found that pu1-1-ets gíven a free choice of wheat, oats, barley,

corn and ryer consumed the least amount of rye. The maxímgm dietary ín-
clusion of rye without affecÈing the rate of 1-ayÍng was 457".

Snith and Maclntyre (1960) showed Éhat all-nash broiler ratíons con-

taining 307" rye in substitution of r,¡heat resulted ín poorer growth and

feed efficiency than simil-ar rnrheat based rations. upon pelleting rye

díets, both ParameËers r^7eïe equival-enË to those obtained from all-rnash

wheat diets- MacAuliffe and McGinnis (L97L) showed that diets conËaining

\07" tye in substíËutÍon for wheaË sígníficantl-y depressed the metab oLíz-

able energy for tr¿o-r¡eek old broiler chicks due to ímpaired nuËrient

digestion. I.Iilson and McNab (L975) also obtaíned a significant ïe-
duction in the live weight of 56-day o1-d broil-er chicks raised. from day

one on mash diets containing 307" rye Ín repl-acement of wheat or maize.

Ttre maximum rye content of diets supporting broíler growth from day one

to nine weeks of age equal Èo that of corn-based diets was found. by Moran

et al. (1970) to be 13% of. the diet or 257" of the maize. Further in-
crease in the percentage of rye resulted ín poor growth and carcass

quality and íncreased l-ítter moisture. Misír and MarquardÈ (197ga),

sinilarly, ind.ícated that díets containing as low as L1ll rye in replace-
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ment of vrheat resuLÈed in sÍgnificant appeËite and grohrth depression of
broiler chicks. Higher rye l-evel-s depïessed not onl_y growth but also

the feed efficiency. contrary to these resul-ts, F. sosul_skí et al.
(personal- corrmunícation) did not obtain any growÈh depressíon of broller 

..: :.::i

chÍcks fed casein suppl-emenÈed diets contaÍning 3olZ rye. AI_so, patef i::;::r'

and McGinnÍs Q976) \årere not abl-e Ëo show any chíck growth differences
among dÍets conÈaÍning eÍther zs, 40 or 557" rye. 

r,..,:':r
The relative growth depressing effect of rye grain was fulLy Ín- . t.il

vestígated by feedíng to growing Leghorn chícks various mÍ1-líng fractions ,1,...,
...1alone or ín combinations in proportion to those produced duríng urilling

(Misir and Marquardt, 1978c). Growth and feed efficíency data suggested.

that rye bran contained prirnaril-y an appetite depressing factor whil-e
rrye flour a growËh depressing factor. Both rye bran and rye flour when 
i

iadded together had a synergistic effect not on1-y for growth depression 
Ì

i

but al-so for fecal- úretness. Rye míddríngs were r-ess harmfur-. 
i

iFernadez et al - (o.g73) indicaËed that the ,r"" of rye as the only j

icereal- at a leveL of $oi( of the ratíon of laying hens causeð a sharp

declíne in egg production wíthín two weeks folLowing the change to a ' 
i.,, ,,,

rye diet. Some partíal ïecovery was evid.ent but egj productíon remained 
'ti 

,.,,
,.t,'.t1¡;,sÍgnificantl-y lower compared r¿ÍÈh the wheaÈ-corn based diet. McNab and

Shannon (1975) fed col-ostomized 1-aying hens with dÍets contaÍning 60 and

887" rye and found l-ower metabolizabl-e energy and digestibilities for
i''''-:'::';::

dry matter, fat, carbohydrate, protein and al-l individual amino acids i-.¡,l:'.''t

compared wÍÈh wheaÈ- or tritical-e-based dÍets. Sinilar resul-ts were

obtained with growing chícks (Marquardt et aL., I97g).

,:;.::l: 
.

',:,i]
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DieÈs contaîning a one to one mix of whole wheaÈ and rye onry were

used by cave (1978) as a gror¡rer ratÍon for restricting feed Íntake and

weight gaÍn ín egg type breeders. compared with wheaÈ-maize based. mash

dÍets fed on alternate days, the whol-e wheat-rye diets gave lower body

weight but caused higher moïtality. sexual maturÍty was aLso delayed

by 8 days but there hras no difference in egg hatchabilíty or fertilíty.
Ttre nutritive val-ue of rye for poultry seems to depend on both the

geographical locations of rye productíon and the age of the bird (Moran

et a1., L96g). A slíghtly higher metabolízable energy r\ras obtaÍned with
Tetraptkus rye grorr¡n in the relativel-y moíst aïeas of Southern ontario
as opposed to a r^Testeïn varíety of the prairies. However, patel and

McGinnis (1976) using different varíetíes and samples collected from

wÍde1y dífferent geographícal locatÍons were not able to show any varietal
differences on chick growth except for two samples.

The former workers also reported that the metabolÍzable energy of
rye but noÈ maize was higher r¿hen the rooster as compared to Ëhe chÍck
was the bíoassay anÍual. They postulated that the effect was attríbuted
to the more effectÍve digestive sysËem in the mature bird.

The consumption of rye by birds Ís aLso assocíated with the excre-
tion of wet and extremel-y stícky droppings, a hÍgh1-y undesirable condíËion

that not only causes defaecatÍon and locomotÍon problems in the chick
but al-so leads Ëo the formation of wet lítter (HalpÍn et al., 1936;

Moran et a1 - rLg6g; Moran et al ., LgTo). rn additionr rye excreta have

1ow pH and increased concentraËion of volatile fatty acíds, especially
acetÍc acid (Misir and Marquardt, r97ga). rn general, both the adverse

:;:i:i.:i
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performance and excreta problems r¡rere nanífested more severel-y in Ëhe

young growÍng bÍrd than Ín rhe adul-t bírd.

It is Ínteresting to note thaÈ bfrds fed barley produced. in certaín

areas of the U.S. and Canada al-so show reduced grorlrth-and feed util-Ízation
as well as sticky and wet droppíngs (Jensen et al ., rg57; I^Ii1_1_íngham et
al., 1960; Moran and McGinnis, j-965). Ttris undesirable effecÈ ís

attríbuted to the presence of l- to 37" g-gLuean in the barley grain, whúch

gives rise to very vÍscous dÍgesta ín the gut preventing nutríent

digestÍon and absorption and leading to sËlcky feces (Burnett, L966;

Ríckes et a1., 1962; Gohl et al ., L}TB). This effect can be partly
overcone by supplementatÍon of barley diets with eÍther bactería1 or

fungal B-endogl-ucanase to digest the carbohydrate, or antibioÈícs to
inhíbit the growth of adverse microfl-ora whích thrive in the gut (Moran

and McGinnis, 196!; Burnett, Lg66). I¡Iater soaking was also shown to be

an effective meËhod for ímproving the value of certain barley varieties
(Burnett, L966; Gohl eË al., L}TB). presumablyrg-endoglucanase activiËy

was hígh enough to digest the B-glucan.

2. Feeding value of Rye for swíne, cattl-e, Rats and Míce

hlíeringa (Lg67) concluded after a nine-week tríaL that the growth

of pigs on diets contaíning 5O% rye r^ras LL-I27" l-ess than on 50% barley

rations. Friend and. Macrntyre (1969) indicated that the growth of pigs

fed finisher ratíons containing 02, 30% or 6O7" rye in substÍtution for
barley depends on the sex, ration form, ergot and rye content of the

diets. High ergot rye gave less growth compared with zero ergot rye

(0.64 vs 0.7L kglday). Pelleting r¡/as more beneficial- for the hlgh than
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zero ergot ryer and for the gíIËs than the barrows. Gilts gained less

weight by the fncLusion of 30Z" rye in non-pelleÈ'ed but not in pelleted

rations. The feedíng value of rye although r¡/orse than that of barley,

especialJ-y at hÍgh dietary rye percentage, was improved by pe11-eting

since a 3O:Z rye, pe1-1-eted ratíon gave the same growth for both sexes as

a o% rye, non-peL1eted dÍet. compared to o% rye, the slaughter weíght

of anímals fed 3o% or 60"Å rye was reached 5 and 7 ð.ays later, respec-

tivel-y. This de1-ay was 1-arger in gi1-ts than in barrows. savage et ar.
(1978), however, suggested that repl-acement of all dietary barl_ey by

rye as Ëhe main cereal for the growing pigs would not reduce growth on

a restrícted feeding regime.

ExperimentaL data on the feedi¡rg yalue of rye for rumínants are

very rare. I,Iinter (Lg75) fed growing Holstein steers with grain mixtures

containing 07", 4O7", 60"/" or BO7. rye in substitution for equal percentage

of barley and observed a progressíve reduction in weíght gain, dry

matter inËake and'feed. effíciency with increasing ïye content of the

mixture. Beef steers averaging 400 kg were fed díets containin g 701¿ rye

plus 302 barley stïarv or 30% corn siLage, and sími1ar1-y formul-aÈed barley

based diets during a 53-day fínishing trial- (sharma et al ., rgTB).

The rye fed steers as compared to those fed similar barley-based diets

had a large reducËion Í-n dry matter inËake, weighÈ gain and feed effí_
ciency.

trüíster rats' averaging 167 g were fed ad libiturn diets in wrrrcn 427(

of the total ration was provided by (a) ground. barley, (b) ground rye,
(c) barl-ey flour p1-us rye bran, or (d) rye frour plus barley bran

1. ".:: :'.



(Friend, L97o). Rars given the diet (c) had rhe híghesr feed Ínrake,

weÍght gain and ní'trogen retention val_ues r,¡híLe rats on dlet (b) gave

the l-owest val-ues. Average wefght gafn on the dÍet (d) rye flour plus

barl-ey bran v¡as l-arger than on ground rye but less than the Ëwo other

díets although feed efffciencÍes were Ëhe same in diets (a), (c) and

(d). It was concl-uded thaË rye fl-our rather than rye bran was respon-

sible for the l-ower feed consumptíon assoclated with diets conÈaining

rye. tr{íerínga (1967), fn contrast, reported that the growth depressing

factor lras concentrated in the perÍcarp of rye. McDonald eÈ al. (Lg74)

fed weanlÍng mÍce either wheat fl-our-based díets contafning ïye bran at
levels equíva1-enË to 30 and. 60% of wheat flour or rye-based diets and

observed no sígnifícant reductíon in feed íntake, weight gain or feed

efficíency ín Ëhe rye fed miee compared with those fed the control
wheat flour based díets.

Mice fed different díets based on seven'wínter varietíes of Sr¡edish

rye did not show any differences in feed inËake, weÍght gain or nitrogen

retention compared with mice fed the wheat, barl-ey and trÍticale díets
(Munck, 1963). Fat retention, however, rras red.uced Ín the rye fed mice.

G. Improvement of the Feedíng Va1_ue of Rye for poultry

Many attempts have been made to improve the nutritive value of rye

by water-soaking' \^raËer or sol-vent-extraction, autoclavÍng, supple-

mentation of diets wÍth enzymes, antibiotics, fat, vitamín D, and high

l-evel of good qualíty protein. In many cases tqro or three methods have been

applíed together. AntibiotÍc supplementation has been shornm to be

persistently effectÍve.

32
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l-. I'Iater Treatment

I^Iater-soaking was found to Ímprove consfderably the nutrítive value

of certaÍn r^lesteïn barley varietd.es for chickens (!íil1-íngham et aI .,
L959; I{íl1inghan et aL., 1-960; Leong er al ., Lg62) and rurkey poults

(Moran and McGÍnnis, 1-965)

Turkey poults fed dÍets contalníng 497" rye, which was previousl_y

soaked for I hours fol-l-or^red by dryíng Ín an oven at 7ooc, showed a sig-
nificant improvement in gror¡rth (2O"Å) and feed effÍcíency (77") compared

with.simil-arly treated wheat díets (Fry et a1., 195g). MacAuliffe and

McGinnis (L97L) reported that the effect of soaking on the improvement

of the growth and feed efficíency of broiler chícks r^ras less compared

wíËh that obtained by Fry er al. (1958) or by additíon of 50 ppn peni-

cillin in the diet. A combinatíon of soakíng and penieillin supple-

mentation gave gro\^rth equal to that from wheat-based diets.

Fernadez eË al-. (1973c) and MacAuliffe et al_. (rg76b) extracted

very finely ground rye Ëwice by mixing wiËh ten volumes of water and

agitatíon for one hour prior to each centrifugation at 1000xg for 5 nin.
rhe extracted rye added ax 557( Ín broÍler chÍck diets gave gror^rth, feed

efficiency and fecal \^retness equal to those from corn-based diets.
The addition of 50 pprn penícillín further ímproved Ëhe nutritive value

of the extracted rye. Ilowever, addition of freeze dríed extract Ín
corn based diets aË propoïtíons obtained from rye dÍd not a1-ways depress

growth to the levels obtained with the rye diets. MisÍr and Marquardt

(1978d) also exËracted ground rye twice after overníght soakÍng with

ten volumes of water (v/rr) before each centrifugaËion. However, when

lirí::-::::: l
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the air drÍed extracted rye r¡ras fed to nale Leghorn chick s at 55lZ of.

isonit,rogenous diets, only feed effíciency rras fmproyed slgníficanËly

being sÍmllar to Ëhat of bfrds fed the wheat-based control diets.

2. PeLLeting and AuÈocJ-aving

Literature daËa on the effect of pelletÍng of rye diets on the

growth of chícks has not been consístent. sníth and Mcrntyre (l_960)

reported that pelleÈed dfets with up to 60"/. rye supported growth and

feed efficfency equival-ent to that obtaÍned on all-m¡sh wheat_based

rations. Moran et al-. (1969) attributed the sígnificant growrh and feed

efficiency improvement of broílers fed pelleted rye diets partly to a

slight increase of the metabolizabl-e energy of the diets but mainly to
a large increase of feed consumptÍon because of red.uced accumulation of
feed on Èhe beaks of bÍrds. However the improvement obtained. was smaller

than that reported by snirh and Mcrntyre (1960). Mísír and. Marquardt

(L97Ba, d) did not obtain a significant improvement, ín the feed efficíency
or growth of Leghorn chicks fed pelleted diets wít]n s6% rye, although

beak impaction was significantly reduced.

Moran et al-. (L969) reported that auÈoci-aving at J_zLoc for 15 min

reduced the nutritive value of rye, indicated by the lower uretabolÍzabl-e

energy. MacAuliffe and McGínnis (f97Ð found. that autocl-aving had no

effect on the groqTth of chicks. It is important Ëo note here that auto-
c]-avíng of the hÍgh viscosity barley varíeties results ln a sígniflcanË
depression ín growth and feed effÍcÍency because of destructfon of the

endogenous p-endogl-ucanase (Gohl et al., l97g). MÍsir and. Marquardt

(L97Ba, d) reported that auËoclave tïeatment of rye di.d not lncrease fts

¡- 'i .:i'
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utilization by chicks but that it íncreased feed consumption and there-
forerweight gafn. MacAuliffe et al-. (Lg76b), in contrast, demonstrated

that autoclavfng of rye at L20oC for 10 mÍnutes, after Ít had been mixed

r'trith 0.2 N Hcl- sol-uËion (2zI w/v) for 5 mínuÈes resul-ted. in a signifícant
ÍmprovemenÈ of the growth and percent ash in the defatted bones of broÍler
chicks.

3. suppl-ementatlon r¡ith. AntÍbiotics, Enz¡rmes or Good QualityProtefn

The use of antÍbiotfcs and antimÍcrobials as growth promoters is an

accepted pracrice in poul-try feedfng (tird, 196s), especially wíth low

quallty feeds. Moran and McGÍnnis (1965) improved significantly the

nutritíve val-ue of certaÍn r¡/estern barley varíeties for turkey poults by

adding oleandomycin at 2 ppn of the diet.
Moran eË al. (7969) supplemented rye diets with a mixture of equal

quantiÈíes of penicillin, chlortet.racycl-ine, Ëylosin and oleandomycin

totalling 8.8 ng per kg of dieË, bur they failed to obtaín any signi-
fícant ímprovement in chick gror,'rth or feed efficíency. MinimaL growth

improvement rÀ7as also obtaÍned when bacterial or fungal enz¡rmes r¡rere

added aLone or ín combination with antibiotÍcs.

MacAulíffe and McGinnis (L97I) supplemented chick diets containing

557" wi'eal- or rye wíÈh 10, 50 and 100 ppm procaÍne penicil-lín, terra-
mycÍn or Z4 bacitracin, and demonstrated that anËÍbioÈic additions im-

proved growth nuch more ín rye than ín v¡heat diets. penicillín at 50

ppm ín rye dÍets supported growËh equal to that from wheat díet,s,

ËerramycÍn elÍcÍËed sígnÍfícant ímprovement at all levels but was in-
ferÍor Ëo pentcillÍnrwhile Zn bacitracin was completely ÍneffecËive.

4.. i;>:':.r:i-ii.



36

Graber eË al-. (Lg74) uslng rye diets reported berrer growth with anti-
bfotícs having gram-posÍtive actfviÈy (penicfl-1-in, zn, bacitracin) than

wíth those havlng gram-negatíve actÍvfty. (chlortetracycl-Íne) .

Patel and McGÍnnts (1-976) indi'cated that the addirÍon of 50 pprn

penfcill-in to diets containlng 25, 4o, 55 or 70% rye gave, compared to

the sfnil-ar unsupplemented dfets, signÍficant Ímprovernent ín growth,

whÍch Íncreased proportfonally wlth Íncreasing dÍetary rye conÈent. It
was al-so shoum that penicfllÍn enhanced growth irregardl-ess of geograph-

ícal- area of production or protein content of rye.

MarusÍch et al-. (1978) using the rye-soybean dÍet of MacAul_iffe

and McGÍnnÍs (L97L) for screenÍng 17 antibiotics and 3 anabolic steroids

for their growËh effecË, obtaíned signÍficant improvement in growth and

feed effíciency r¿íth all 17 antíbiotics but not with Ëhe steroíd.s. On

the basis of dose growth response data, erythromycin, 1_incomycin, zn

bacitracin, aurodox, mocimycin and chlortetracyclíne were better than

the same dose of pencillin. fhe antibiotic improvement of corn-based

diets üras very smal_l-

Fernadeà eË al-. (I973a) reported thaË MD bacÍÈracin r^ras more effec-

tive than the antimicrobial agent 3-nitro-4-hydroxyphenylarsonic acfd

in improvÍng the growth of chfcks fed rye dÍets, but neíther drug Ím-

proved the growth of corn-fed birds or the excïeta \¡reËness and stÍckness

of the rye fed birds. DÍets containíng ïye, barley, corn or wheaË were

studied for theÍr effect on chick growth response to three anËÍbiotics

(MD bacitracin, procaíne penlcillin and phosphomycfn) and to 3-nítro-4-
phenylarsonÍc acid (Fernadez et al-., 1973b). rn these studÍes the

highesË relatÍve growth. ïesponse to the suppl_ementation of all four

1'. ',:'r_:'j:
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antíbiotics (0 to 50 ppn) occurred in the b-i.rds that were fed the rye

based dÍets. However, birds fed the other diets utílized the feed more

efficípntly and had hígher growrh rate than rhose fed the rye-based

diets. observatÍons made on feces conditÍon showed Ëhat it was effected
by the grain componerit but noÊ by drug supplenent on dosage. one excep-

tion was the barley diet where the three antÍbÍotícs signffíeantly re-
duced adherence to the wÍred floors.

Although most authors- found that the optinum response to peni.cillÍn
suppl-ementation of rye dÍets r{¡as around 50 ppn, Mlsir and Marquardt

(L978a) showed in a dose-response test that this level is dependent on

the quaLÍty of proteÍn supplement. I.Iith poor qualÍty protefn, like meat

meaL, the maxÍmum effectÍve response occurred around 2OO ppn whíle with
good quality protein, such as físh mea1, the level of penicillin required

for maximum growth improvemenË is approxÍmately 70 pprn. rn all cases

antibiotic suppl-ementaËion of rye díets elicited larger grolyth response

wíth meat meal than \ÀriËh fish meal, but fish meal_. conËaining diet.s were

always better than sÍmil-ar díets with meat meal (Misir and Marquard.Ë,

1978b)

Graber et al-. (1974; L976) also demonstraÈed. that the growth response

Èo antÍbíotics was. larger r^'ith unbal-anced rye dÍets, Ín terms of energy

to protein ratio, and with dÍets containing meat neal-. T'he inclusion of
55 ppm of penicillÍn to a rye diet that contained 102 neat meal- dramatic-

a1-1-y increased chick growth rate (457"). The obtained íncrease when

sínilarly formulated wheat diets were fed was only 12. Replacement of
meat meal by fÍsh meal- and of anímal tallor¿ by corn oí1 resulted in a
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very slnall antfbioÊic effe.ct. The pres.ence of tallow in the meat meal

nay be partl-y respons.ible for Ëhe antibiotic effect fn meat meal con_

tainí¡g dlets..

Penicill-irr supplementation was found to enhance sígnifÍcantíy the

retention of all- nutrients, especial-l-y amino acfds, in the rye diets
compared wÍÈh the smal-l- effect Ín wïreat dÍets (UÍsfr and Marquardt,

L978b, Marquardt et aL., 7979). The ÍmproveÐent of níËrogen retentíon

was higher with meat meal_ than ffsh meal_.

The results of another study also índicated that protein level was

ímportant. A greater gror4rth response T^ras obtaÍned with fish meal Ëhan

meaË meal in rye compared wiËh r¿heat diets when the dietary proÈein was

raised fron 182 to 26"/" (ltisÍr and Marquardt, 1978b). Marquardt et al_.

(L979) al-so showed that supplemenËatíon of protein defícíent rye diets

with a mixture of essentíal amino acíds T^ras more effective than the

addition of 200 ppm penicillin.

The effectivenes.s of antibioËics in improvíng the nutritional- va1ue

of rye díets suggests that rye contains a component \,rhich promotes the

growth Ín Ëhe intestÍnaL tract of an adverse microfl-ora, which antagonizes

the host anÍmal for nutríents and may also produce some toxins. IË was

proposed that the high content of penËose sugars (MacAulÍffe and McGÍnnis,

L97L) or of pectin (McNab and Shannon, L975; trüagner and Ttromas, L977) in
rye night be used as substrates for the proliferatíon of the adverse

uicroflora.

The mode of actÍon of antfbiotics in improving the nutritÍve val-ue

of poor dÍets is very complex; it depends on the int.eractions among the

chickens, Ëhe antíbÍotic, the dÍetary components, notably protein and.



39

vítaminsr several m:icrobial- species. and such enyirgnmental factors as

temperature, humidity, litter 'nanagement, and sani'tatlon condítÍons.

rË is obvious, therefore, that no sfngl-e mod.e of action cour-d expLain

the growËh promotfng effects of anËibfotícs under wide ranges of environ-

mental- condÍt.fons

AntÍbiotÍcs favor growttr Ín one or more of the fo11owíng ways

(Scott et al-., 1969): !

a) Ttrey nay favor the growth of nutrÍent,-synthesízing and ínhíbít
thaÈ of nutrÍent-destroyÍng mig¡esrganisms

b) AntÍbiotÍcs in many instances prevent or cure actual pathological

diseases, whÍch occur either ín the intestÍnal Ëract or systematÍca11-y.

c) AntíbÍotÍcs rnay ÍnhÍbiÈ the growth of organisms producíng

excessíve amounts of ammonia and other toxic nitrogenous T¡raste products.

d) AntibiotÍcs may have a nutrient-sparfng effecÈ by inhibÍting the

growth of mícrofl-ora which anËagonÍzes the hosË for dfetary nutrients.
e) Antibiotics improve the absorptJ.on of nutrients through develop-

ment of an appreciably thinner intestínal wall- than that found Ín animal_s

fed diets without anribiotics (Jukes, rg77; MarusÍch et a1. , LgTg). rt
I/rIaS

by

found Ëhat thÍckened intestine walls Ín chÍcks results from Írritation
toxins from closËridÍum wel-chii or other toxÍn producing organfsms.

rt is belÍeved Êhat both Ëhe nutrÍent sparing effect, like amÍno

acÍds, fat, mineral-s and vitamins, and the Íncreased efficÍency of

nuËrÍent absorptÍon are responsible for the benefÍcíal- effect of antf-
biotics in rye diàts (Jukes , Lg77; Marusich et al ., LgTg) .
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The effect 9f enzyne supplepentation on the uti1ízatíon of rye díets
by' chícks rvas examíned by McÇi¡nís (Lg_72).. Ihree commercial enz¡rme

products, Rþoryme 437, Rhoryne cL and Lipase B, improved the growth and

feed effícfency of chfcks to a level- símí1ar to that obtained r¡ith ,: ., , ,

penicfll-tn, buË the supplements fn combinatÍon were not more effective
than when added al-one (McGfnnts , 1'?TZ)

i:,':: ì::'.:ì

4 - Treatments Reducfng the RachitogenícÍËy of Rye i,.,,,',..,;¡'¡,,

...:, 
, .

Rye was shown to depress the percent ash of fat free bones in ir..r,,r,i
l: :j; - :il:'

chfcks and turkey poults although. the leveL of vitanin D, in the díets
wasinexceSSofthatrecommendedbyN.R.c.(MacAu1-iffeetal.,I976a).

:

supplementatfon of rye diets wíth. penicill-in plus either fat or extra 
i

vitamin D, (8,000 r.c.U./kg) corrected the reduced growth and fat free , 
l

ltíbia as:n (7") of rachitic turkey poults. Alrhough the authors clained 
ì

that all diets r¿ere isocaloric, the substitution of 6% fat for rye grain I

ielevated the energy content. of rye diets compared Èo corn-based diets. i ,

Both the growth depression and the rickets of rye fed broiler chicks ]'"

hrere PartÍal-ly reversed when eÍther fat or penícill-in (50 ppm) was added i:,i:::,l¡
:' r' . :l: 

-1

to the rye diets containíng normal- levels of vítamir D3, but ín most 1,,,.:::.-,.,

cases was completel-y prevented by eíther a high dose of vítamin D3 (21000 
:::::;:r:i

r'c'u. /t<g) or a combinatfon of acid autocl-aved treatment i,rith dil-ute
hydrochloríc acid and penicir.lin supplementatÍon (¡tac¿,ui_irfe et al.,

i:.::-ìl:..:, ::i ¡i:,¡

Lg76b). itr.:l:'..:

ChickswhichbecamerachiÈfcbyconsumfnga1ow.vitaminD,ryediet,

can be cured by exposuïe to w i-ight for about 10 rnin a day (MacAulÍffe

andMcGfnnfs,rg'76).Theseresu]-ÈsindicatedthatIyedoesnotinterfere,.
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r'Iith vitamin D, activation and/or metabolísm, but rather with vitarqÍn

D, absorption. Exposure of ground rye to 10 Mrads of gaurma radiatÍon
using Co-60 improved the growth and ash bone of brofl-er chicks to level-s

obtaíned frou the corn based diets (MacAulíffe et aL., L979). Ttris in-
'dfcates that the rachitogenÍc facÈor fn rye is dÍrectly related or is
the same as the 4ntígrowth. factor.

H. The Intestinal- Mfcrofl-ora and Its Rol-e on the Adaptation of Chícksto Rye DfeËs

Counts obtaÍned by Timns (l-968) on the population of predomÍnant

mícrobial specfes in the Íntestine of chicks aged 18 days, 7 weeks and

5 monÈhs and fed a diet based on wheaÈ, maize and barl-ey, showed that
LacËobacillÍ, SÈreptococci, E. col-i and Clostridium welchii were present

in descending order, the concentration of aLl groups being highest in
the caeca. Barnes et al. (L972) showed that the intestínal anaerobic

microflora of chicks fed wheat diets changed signifícantly from 2 to
6.5 weeks of age, with LactabocillÍ being the only group present in the

intestíne throughouË the examined period while anaerobic Streptococci

predominated at 2 weeks but decl-í-ned later. Cl-ostridia r¿ere a1ways

present, mainly Ín the caeca, but in srnall counts

rhe l-iter"ttrr" concerning the type of microflora in rye fed bírds

is almost non-exístent. I,Iagner and Thomas (1978a) showed. that the ileum

counts of 2 week ol-d chicks r^Iere higher by 100 to 1000 tímes with rye or

pectin containÍng dÍets than wfth corn based dlets. Both rye and pectin
fed birds: conÈained a major buËyric acÍd and gas producing spore-former

bacterÍal popul-ation whrch rÀras moïe numerous by 106 to 107 times than

in corn dÍets. Although total ileaL counts in rye or pectin fed birds



úrere not significanrly depress-ed by penicilli.n, the number,,of the

5anaerobÍc sPore=formers r¡las sÍgníficantly.peduced hy uore than l0r tímes

wfth- a concomilrant reductlon of gas and butyri'c acld. This spore-former

penfcill-in sensttive utcrobes., whfch are responsi-ble for the growth

depresslon of chÍcks fed rye or pecËin seem to belong to the genus

cl-ostrídium, some specÍes of whfch are toxigenÍc, l-íke Clostridium welchíi.
RepJ-acement of corn by rye Ín dÍets of young chÍeks resulted in a

slgnifícant Íncrease i:r Ëhe counÈs of LacÈobacill-i and EnLerococci in
both the l-umen and Ëhe epithelial wall- of the small intestíne. penicillÍn

supplementation of rye diets reduced Ëhe total counts of LactobacÍlli
and Enterocoeci but íncreased. Ëhe relatíve adherence of Coliforms and

Lactobacilli to the intestínal walls (untawale and McGinnis, 1979).

Although ít is concluded that the total reduction of Lactobacolti

and Enterococci was beneficial- to the animals, the authors díd not

explain whether the luminal or the adhered bacteria were more detrimental.

An adaptíve growth response was indicated in laying hens (Fernadez

et al ., L973) and growing chicks (i,Íagner and Thomas, 197gb) ar about

tr¿o weeks after ântibiotic-free rye díets were fed.. This adaptatÍon,

which seems to be independent of age, is rel-ated to changes in the mÍcro-

flora or wlth developrnent of resistance by the host Èo possible microbíal-

toxíns. AË the completíon of adaptation, the bÍrds were shown to have

feed efficÍency and growth rate equal- to thaË of antibiotic fed birds.
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r. Nutritlonal rnhíbitors and Toxic Factors ín Rye Graín

The nutrÍËional value of rye Í.s impaíred by the presence of natu-

rally occurring factors which interfere wÍth the digestion and/or ab-

sorptÍon of one or more nutríents, reduce the pal-atability of diets for
anÍmels' or cause severe rnetabolic dísturbances. Although many hypoËheses

have been tesËed in Ëhe past for the elucidatíon of the nature and the

physío1-ogieal- mechanism of nutritionaL ínhibitors ín rye, knowledge about

the najor intrínsic antigrowth factor(s) is stí1]- l-inited.

The nutritional inhibítors ín rye can be dívided into intrinsíc
substances, i.e. occurring naturally ín the grain, like resorcinols,

phytates and enzSrme inhíbitors, and Ínto toxic compounds produced by

ínfection r¿ith microorganisms, líke ergot alkal-oids, mycotoxins, alf1a-

toxins etc. (Hu1_se and Laíng, Ig74).

1. Resorcinols

rn experiuents using Petkuser vrinter rye, harvested Ín 1961_, fed

to weanling ma1-e rats, I,Ief-¡inga (1967) identified the grohrth-inhibitíng

substances as a mixture'of 5-n-a1ky1-resorcíno1s with odd numbered sÍde

chains of 15-23 carbon atoms, together with smaller amounts of 5-

alkenylresorcinols. These compounds, which arà acetone oï 1-ight ether

extractable and found Ín the unsaponífiable fracËion of rye oil, were

shown to depress feed íntake because of theír very ad.verse metabol-Íc

effects causíng generaL debilitation of the rats rather than because of

reduced palatabí1-íty of rye dÍets. This r^ras indicated by simi1ar feed

reductÍon compared with the control dieÈ when rye oí1 was either in-
corporaËed in the dieËs or administered directl-y into the stomach by
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means of a tube. rt was establ-íshed that older animals weighing about

1-00 g became accustomed to the rye oíL containing diets and grew nor-

na1-1y compared qrith weanling rats. I^Id.êrínga índicated al-so that Ëhe

toxicity of al-kylresorcinol-s T¡tas not rel-ated r,rith the degree of de-

saturation of síde chains, since complete saturation of rye or wheat

resorcinols díd not Ímprove aníma1 growth. chain length night be more

Ímportant slnce Ëhe synthetic S-pentadecyl- resorcinol- was 40-502 less

active compared to the resorcÍnol míxture of rye oi1.

Although the same gïoup of compounds are also found in wheat

(I^Ienckert et al ., Lg64), no dífferences. ín growth ínhíbÍtory effect
could be detected beÈv¡een rye and wheat resorcinols, but the l-ower nutri-
tive value of rye ¡^ras attrÍbuted Ëo Èhe fact that petkuser varíety had

two Ëimes more al_kylresorcinols than wheat.

By the use of a fl_uorometric, quantÍtative method

chromatographic analysís, trIeirÍnga (L967) was able to
the alkylresorcinols in the perícarp of rye vs wheat,

beíng proporËional- to the surface area of the kernel.

and coupled wíth

l-ocate most of

their content

Munck (\972) confírmed the hígher alkylresorcinol content of rye
(161 units) compared wirh wheat (69 unirs) or rrirÍcale (97 units) and

the high correl-ation between crude fiber and resorcinol content,

again indicatíng the association of resorcinols with certain bran com-

ponents. Munck's data agree with those of Verdeal- and Lorenz (1977) w1.o

found that the average resorcinol content of prolific rye (o.rho%)

during four successive years was almost t\.üo tiues that of wheat, and

considerabl-y hígher than Ëhat of ËritÍcale. In the nillíng fractions \

of the three cereals, bran was Èhe richest, fLour the poorest and shorts
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were intermedíate ín total- content. Evans et al. (Lg73) usíng a rapid
fluorometric techníque determined Èhe total- 5-n-alkylresorcinols in the

graín of 397 wínter and spring rye culËivars and found that spring rye

culËivars had hígher and more variable resorcinoL conËent compared wíth 
,,.,,,,.,,,

the wínter cul-tivars (o.o46it to 0.322i( nd. 0.036 to 0.LTT.rrespecrively).

Breedíng was effectfve in decreasing or increasing Ëhe total resorcÍnol
content...'

Experinental- results contradicting those of tr{eÍringa (1967) have been il.,,l

reported by rnany authors. Fríend (1970) denonstrated Ëhat rye f1-our 
ir''.r,11
l,'- :''.1

raËher than rye bran was responsible for the lower feed consumption and

growth of rats fed rníl-l-íng fracËions of barley and rye. Al-so MacDonaLd ,

et al. (L974) reported Ëhat Ëhe addítion of about 39"Å rye or tritical_e
i

bran furnishing up to 100 mg resorcínols per kg in wheat flour based 
'diets did not depress either the growth or the appetíte of weanling 
I

mice. Although rhey attributed the l-ack of toxicíty to the lornl a1_ky1- 
l

resorcinol concentration compared with that used by Lleiringa (Lg67), 
l
I

the levels used are those actually occurring in Canadian rye or Ëriticale. 
,

Also, r¿hen the acetone or the l-ight petrol extracË of rye was fed to ,,,, ,..
li : 

:i: r'i 
:

chicksrno growth depression T/¡as observed (Fernadez eÈ al- ., .L973c). In 
1,,...t,
,-,a,1 

:.contrast the acetone extracted rye depressed chiek growth, thus ÍndÍcaÈ-

ing that resorcínol-s do not constÍtute any potentíaL hazard at least
for chicks. MisÍr and Marquardt (1978c) also showed rhaÈ noÈ only rye

ii 
'',t';bran but a1-so rye fl-our and nÍddl-íngs had chíck growth depressing ,,,,,,.,",..

actÍvÍty, v¡hich was independent of the resorcinol_ content.

It is ÍmportanÈ to note here that trIeirÍnga used higher than normal-
Ilevels (1.5 to 2.5"¿) of rye oí1. In most cases, the 1evel used in the diets
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was 4"/"' 1.e.' at least 607" lnigt,er Íf the diet is based exclusively on

rye' or 1002 higher than the level corresponding to diets contaÍning

8o7" rye- Also replacement of 4% corn oil by rye oi1_ depressed the

cal-oric value of the dÍets. Another point is the effect of acetone on

the qualÍty of the rye oil- because, as Ï,Ieírínga índícated, Èhe treat-
menË of corn oil wÍth acetone or Líght petroL al_ways depressed rat
growth. Perhaps resorcÍnols at theÍr naturaL level may not be harrnful-

Ëo the anirnal .

2. Enzyme InhÍbitors

Trypsin and chymotrypsin inhibitors are proteinaceous compound.s

which combine wÍth and inactÍvate ïespecËively the proteolytic enz)r'es

trypsin and chymotrypsin ín Ëhe inËestine. Trypsin inhibítors are wide-

spread Ín legume seeds, especíal1-y Ín soybeans, causing signifícanË
growth depression and pancreatic hyperËrophy (Liener and Kakade, L969;

Liener, 1976).

Laporte and Tremolieres (Lg6z) reported the presenee of an anti-
trypsÍn factor Ín most cereals including rye and showed that cooking at
g8oc for 4 min destroyed alr- the inhíbitor in wheat flour but only
20% in rye flour. rtt" factor was shown to occur Ín the endosperm only

but not Ín the gerïn or seed coat (polanowski, 1967). Mikola and Kirsi
(1972) shor'red later that rye possesses two diffeïent trypsin inhfbitors,
one ín endosperm and one in the embryo, consisting of 5-ro"Á of the

sol-uble protein in the respecÈÍve fractions, with the embryonÍc Ín-
hÍbiËors beíng moïe potent than the end.ospermic one. Although. the i¡
víËro activity of rye trypsin inhibÍtor is hÍgher than that of wheat,
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barley and oats, the rye ínhíbitor appears to be non-stoichíometric and

rel-atively weak compared with the factors found in leguminous seeds.

I'fadl and Tsen (1974) have reported Ëhe presence of chynoËrypsin inhÍbítors
ín rye, r¿heat and tritical-e. Ttris factor can be d.estroyed by heating

for L0 minutes at 70oC

Although it was shown by Sosulski et al. (personal con¡municatíon)

that the anËftr¡rpsÍn activfty of síx rye cul-tlvars was relatively hígh,

rangÍng from 22.4 to 52.57", it dÍd not cause any grohrth depressÍon or
pancreatic enlargement Ín chÍcks or mice. Furthermore, autoclaving of
rye at ]-zooc for 10 to 30 mlnutes slgnificantly reduced the protein

effit,iency ratÍo ln ml.ce, whi:le ln chícks Ít eÍther had no effect
(t"tacAuliffe and McGlnnis , rgTL) or reduced the growth- raËe and the

metabol-lzable energy (Moran et al., 1969). Ttre lack of pancreatic

hypertrophy coupled wÍth the reduced animaL performance, would suggest

that trypsin and chymotrypsÍn inhiblÈors aïe not responsible for the

poor utilízation of rye.

3. Factors Depressing Chick Growth.

i',.',l,'ì.The fact thaË nelther the acetone or Èhe petroleum ether extïact 
,i,,,,i
1.t .t,,tof rye depressed chÍck growth nor the acetone extracted rye lnproved 
;:,.,,,,i

the growth performance Índicated that rye possesses lntrinslc antf-
gro\^rth- factors oÈher than alkylresorcínol or trypsÍn tnhibltors.
Fernadez eÈ al-. (1973c) showed that the chick antílrowth. factor was i,r::l:

i'i':i¡iwater extractable and that this compound was destroyed when dried by

boilÍng the exÈract under reduced pressure, but ft retaÍned fts growth

inhibitory actÍvlty when lyophflÍzed. I¡Iater extracted rye gave growËh.

.1,].::i
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and f,eed efficlency equal to those of corn-based diets but, the addÍtíon
gf the f,reeze-dríÞd extract fn corn dÍets dí'd not q1-ways depress chíck

groT'rth' to a level equival-ent to that obtalned r¿ith.ryêr thus indicating
thaÈ soEe activity. was destroyed durfng the extraction procedure.

Moran et al. (_1969_, 1970) specul_ated that the hígh content of pen_

tosans' in rye and their htgh. viìscos.ft¡r. rofght be responsibl_e for the

observed wet, stÍcky feces', beak impactíon, vent bJ-ockage and red.uced

growth' and feed efficiency fn chfclcs. The carbohydrate nature of the

causative factor rùas suPPorted by the 1ow utilÍzation of Èhe relatívely
hfgh quality rye protein, the condítion of the excreta, and the ob-

servation that waËer soaking sÍgnÍffcantl-y ínproved the feeding value

of rye, Í.e. a sftuation sÍmilar to that encountered. wíth barl_ey ß-

glucan whÍch causes simílar problems. The fact that fungal enz)¡mes,

r,¡hich. proved effective in degradÍng barLey p-g1_ucan, fail_ed to improve

the nutrÍtive value of rye, províded addttíonal evídence that the anti:-
nutritional activity of rye is essentially relaËed with pentosans rather
than g-g1-ucan.

Bolton-et al-. (1955a, b) showed that the digestíbil_ity of mixed

wheat, oaËs anå maize dfetary pentosans Íncreased wíth. age, being four
times hfgher Ín the adult fowJ- (L9.2iá) Ëhan that in the two ro five week

old chtck (4.2%). These observations, coupled wÍth the htgh pentosan

content of rye, rnÍght explain the higher metabol-izabLe energy of rye diets
obtaÍned wíth rhe rooster compared wÍth the chick (Moran et al., 1969).

MacAuliffe and McGÍnnis (1971) obtained red.uced metabol-Ízable

energy values when rye replaced wheat ln otherwise adequate dÍets., and

t:;i :.1

L. :j.. :...

i.
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McNab and shannon (1975) attributed the 1or¡ M.E. values to the lower
digestibil-Íty of all- nutrÍenËs compared wíth other cereals. I,facAulíffe

and McGinnis (Lg7L) proposed Ëhat the hÍgh penËose content of rye may

ProEoÈe the growth of an adverse microflora which compete $rith the host

animal for nurrients. MÍsir and Marquarð,t (Lg7gb) and Marquardt et al-.

(L979) confírmed the reduced nutrÍent retention of rye dÍets, especiall-y

of faË and amÍno acids. They suggesÈed the presence in rye of one or
more non-specific factors Ëhat Ínterfere with nutrient digestÍon and.

absorptÍon andrthereforef promote,i th. development of a deleterious

microflora which can be suppressed by antíbiotíc supplementation with
a resultant Ímprovement Ín nutrÍent retention. Ttre adaptive response

of rye fed bÍrds adds further supporÈ Ëo the adverse microflora Ëheory

(Fernadez et al-., I973c; I,Iagner and. Thomas, 197gb).

Experiments by MisÍr and Marquarð,t (Lg7gc) r,iÍth rye nillíng
fractions 1ed to the conclusion that, rye contaÍned aË least tvro detri-
mental factors for chícks: an appetíte depressing factor located pri-
narÍ1y in the bran, and a growth depressíng factor present in all
fractions (bran, flour and niddlings). The latter factor was also

associatèd with a reduction ín efficiency of feed utilization and an

increase Ín excreta T,Tetness and volatíle fatty acid content, notably
acetate and butyrate.

Analyses by McNab and shannon (-1975) indícared that rye

compared with other cereals was highest (7.9%) Ín pectins, a poly-
saccharide consisting of methyl-D-ga1-acturonic acid and having the

ability of for¡ning gels and viscous sol_utions. Although this reporË

hras not confirmed by other researchers (southgate, 1978), I,rlagner and

,ìi.tr,iìì.] ..
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Thomas (L977) investigated the antinutrÍtíonal- properties of pectins

when bal-anced dÍets'containfng simulated rye diets with or without
pectin were fed to chÍcks, growth depression and watery excreta !üere

produced. TtrÍs sÍËuatÍon was alLeviated by penicillin supplementatíon

excePt at hÍgh pectÍn 1eve1s, where the antíbíotíc brought about less

improvement, thus indicatÍng thaË pectin not only promotes the deve1op-

ment oi an adverse mícïoflora but it also has some other deleterious
physiological effects whlch are manifested at hígh concentratÍons. Ttre

predomínant intestinaL mícroflora Ín rye or pectin fed birds r¡zas com-

posed of Cl-osËrÍdÍa, some of which are toxicogenic. The al-most ldentÍcal
rnícroflora, vo1-ati1-e fatty acid p:oducËÍon, chíck growth depressing and

penieillin alteration obÈaÍned wíth both rye and pectÍn diets led to
the conclusíon that the antigrowth factor in rye was pectin (ïhomas

and Wagner, L978a) .

4. Rachítogenic Factor(s)

rhe rachítogenicity of rye diets reported. by MacAuliffe et al.
(L976a, b) rras alleviated by water exÈraction of the grain, supple-

mentation of the dÍets with high levels of vitamín D, or the additíon
of peníci11-in p1-us faÈ. AcÍd autocr-aved treatment plus penicíLl-in
suppl-ementaËion was also effecËive, but ordÍnary autoclaving T¡/as com-

plete1-y íneffective.

Ultraviol-et radiaÈion of chicks for l-0 mÍn significantl-y improved

the bone ash of birds fed vitaruÍ-t D3 free dieËs whí1e ultravioleË radi._

ation plus oral- dosè of vitamin D3 did not gÍve better results
(uaceulitfe and McGinnis, Lg76). rt was concl-uded that rhe rachitogeni.c

i,:,
tar:i:,:i:
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factor(s) dÍd not ínterfere with eÍther the activation or the metabol_isn

of vítamí'n D because the precursors. r^rere ful1-y active to 1ry exposure of
the birds, but rather ft someho!ü prevents the absorption of vitamin Dr.

Tfie authors suggested thaË Èhe reduced absorptíon of vítamín D, was

eÍther due to the hÍgh vlseosity of ÍntestÍnal contents or to the deve1op-

ment of an adverse mÍcrofl-ora causÍng irritation of the íntestfnal mucosa.

whfchrin turn, decreased nutrient absorption.

rn order to study the vítamin D¡rachitogeníc factor ÍnÈerrelatíon-
ship, IlacAulÍffe et al. (L979) devel-oped a rapfd and sensitive technique

by measuring bone ash 48 hours after administration of a dose of víËamin

D3 G4 r.c.u.) to chÍcks previously fed a vÍtamin D, free diet. using

this technique, they demonstrated that chicks fed gamma irradiated rye
(10 Mrads) increased theÍr weighÈ and bone ash more dramatíca11y than

chicks fed corn or non-írradiated rye. Bone mineralization was also

signíficantly improved by feedíng dÍets contaíning qrater extracted rye
or rye plus penÍcill-in for only 12 hours príor to vitamín D, admÍnJ-_

stratíon.

It is concl_uded Ëhat the rachÍtogenic factor, which. Ís both rirater

extractab.l-e and sensitive to gamma radiatíon, Ís d.irectly related. to, or
identical with, Ëhe growth depressing factor.

5. Ergot Alkal_oíds

The infection of rye f1-orets by the fungus claviceps purpureâ, the

most comtron disease of rye, results Ín devel-opment of hard, sJ_ightry

bent, blue-vÍoleË sËructures wiÈh a whÍte interior.called ergot bodfes

or sclerotÍa, the size of whÍch depends on the number of Ínfected florets
ín each spíkelet (starzycki, 1976). Ergot bodÍes represent the
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mycel-Íum of the fungus and conta in o .0L% to 0. 05"Å aLkaLoids, which are
concentrated aÈ the outer 1-ayers, and most of then are highly toxic to
h 'mans and anÍmal-s. More than 40 alkar-oÍd.s are known today, whích are
chenfcalLy derived from at reast three compounds: lysergi-c acid, iso_
lysergíc acid and dinethyleryolfne (Lorenz, i gTg)

The clÍnical sÍgns of ergot poisoning (.ergotism) in animals in-
clude gangrene' ataxia, hypersensítfvÍty, convul-síons, agaLagtia,, and

lameness. AddÍtional symptoms Ínclude increased water íntake and

urínation and greater respiratÍon (I^Ioods et al-. , it966) .

FrÍend and McrnÈyre (1969) shor¡ed that the inclusÍon of rye con-
taíning no more than 0 .33"/" ergot bodÍes into the raËion of growing pigs
resulËed ín growth depression, especial-ly ín gílts. control animals

fed ergoÈ free rye in contrast rÀ7ere not affected. A severe reduction
of feed inÈake and growth was obtained in growíng barrows fed barley
ratíons that contained either L.o% or 2.0% rye ergot (rriend and

Mcrrltyre,7970). Ttre saue authors showed that levels as 1ow as o.oïy"

to 0-Li[ ergot affected growth rate ín both growíng and finíshíng pigs.
rn N-balance studÍes with barley dÍets contaíning o.L% ergot, the

control anímals retained more nitrogen daíly than those receí¡zing ergoÈy

diets' rt was not establÍshed if thÍs was attrÍbuted to reduced feed

intake or to some other factor. The totaL alkaloid content of these

ergot bodies was 0.29"Å wjt]n ergocrÍstíne beÍng the major alkaloid.
compared with rumÍnants, pÍgs are less sensiËÍve to ergotism because.

they seem Ëo elÍminate ergot alkaloids more effÍcienËly.
The crÍtical dietary ergot l-evel for chicks hTas found by orNeil and

Rae (1965) to be o.3"Å. Hrgher levels resulted in growth depressÍon and

i.,,. ::-:

''. li'
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high nortaltty. Evidence of ergot poisoning ís a bl_ackening of the
nafl-s, toes, shanks, beak and comb. with hens, 0.2% to 0.42 ergot
appeared to be critÍca1 for egg productf.on, feed intake and maintenance

of body weÍght' However' no mortal-ity was observed r¡Íth hens r¿hen fed 
r,:.,.,..,diets contafning as much as 9"Á dietary.ergot. Bragg et ar_. G97o) :"'

reported that the tol-erance l-evels of tritfcal-e ergot for gror¿ing chicks
was higher (o-8"Á) than rhar reporred by o'NeÍl and Rae (1965).

. : .r: . ....- ..

Mren nilking cows'had access'Èo a ffel-d of heavily ergotized rye, ii.l.','.:.'...','..the first symPtom riTas a fal1 in ni1-k production sÍx days aft.er the i.:,,,,.,':
i,.,:i '.1,,..,t.,anÍmal-s had been turned into the field (Drink, 1955). shortly there_

after about one-third of the cows became lame, some of whích never
l

:recovered and had to be slaughtered. 
:

iBurfeníng (1975) added 0.L7" or 0.57" rye ergor bodíes ro ground 
l

;barley rati-on during the pre-breeding an{/or gestatÍon period of sheep

and obtained lower 1-ambing peïcentage than for the control ewes receiv- i

,ing no ergot. rË is generally agreed that ergoËy diets should not be i ,

i

'given to e\nres durÍng breeding and gesÈatÍon. However in some cases 
,

admínÍstration Ëo pregnant ewes of 0.4% rye ergot bodíes per kg body lr,.r.,_,-.

i,..-''weÍght díd not disturb pregnancy although severe Íllness occurred i.,..,;,''.i1
¡::.::::11...(Greator.ex and Mantle, Lg74) i.:':;'r:-:r:

Ergot bodÍes in rye graÍn do not constrtute any potenttal hazarð.

because of the control of the dÍsease and the removal of selerotÍa by
tìr,i:ÌT:.ì:ì:.::.i¡various means. Lorenz c\g7g) reported that abou t g2"Á of the total i:l.,,:"ì.

ergot bodies can be removed by mechanical- means, and the rest by
f1otatÍonusÍng20Zsodiunch1orídeso1utfon.A1sodf]-utÍonofergotyl
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rye Ttith ergot-free rye ensures a very low level of ergot contamínation.

J. Physical PropertÍes and physÍologfca1 Effects of certain
Pol-ysaccharides

In recent years ÍncreasÍng fnterest has been shorqn for certaín
bulky' ÍndÍgestfble polysaccharÍdes acting as hypochol-esterolemic and

hypolipentc and overweighË-reducfng agents. The phystologica1 effects
of these polysaccharides, l-íke ce11u1ose, mannan, galactans and pol-y-

uronal-es, depend on their chemical- composÍtíon, mo1_ecular weíght,

spatía1- configuration, degree of branching and tfie pH and electro1yte

composition of Èhe surrounding medium.

The most important physical properties havÍng physiologíca1 effecËs

are I'Iater adsorpËion, cation exchange capacity and adsorpËÍon of organic

compounds like bíle acids, cholesterol- and amino acids (Eastwood , lg73).

Hydration capacity of polysaccharídes depends on the orientation
and availability of polar groups (carboxyl, hydroxyl etc.), which have

the ability to bÍnd water and form a semÍ-rigíd, jelly-like structure
with concomitanË swelling and increase of viscosÍty. Thís phenomenon

Prevents the absorptÍon of nutrÍents by the gut because of ¿ilution and

decreased rate of diffusion of nuÈrients Ëowards the intestinal- mucosa

(Kay and strasberg, LïTB). Gel-forming pol-ysaccharídes,1_íke guar gum,

were shor¡n Ëo reduce g1-ucose absorptÍon (cumnÍngs, 1_g7g). Alsor fê-
duced solubil-Íty of proteins and. oËher less hydrophilic macromolecules

severely Ínterfere with the activity of digestive enz¡rmes (Lewis, LgTg).

sulphaËed polysaccharides, l-Íke carrageenan (galactan sulphate), depress

protein digestion by either complexing wÍth the substrate of pepsin
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(Stancioff and Renn, Lg75) or with trypsin or chymotrypsin (Harmuth_

Hoeme and schwerdtfege¡, L979). Red.uced nutrient dígestibility promoËes

the proliferation of ÍnÈes'tínal- microfl-ora, which uËil-izes nuÈrients
and therefore depres;s furÈher their avaflab-ir_fty for the host.

Pectíns (galacturonans), al_gfnales (rannuronans) and a number of
hemicelLul-oses with glucuronÍc acíds show weak ion-exchange capacíty for
posÍtively charged minerals such as' dfetary ca1-cium, zLnc and magnesium

(Kratzer eÈ al_ ., 1967; VioLa er al- ., I}TO; Brown, LgTg). Orher poly_
saccharides form Íncl-usion compl-exes by bindÍng nutrÍents withín the

cavÍty of the helfcal structure of the pol-ysaccharfde mol_eculesr pro_

vÍded a di¡oensÍonal fit exÍsts (LewÍs, 1978). Thís is possíbLe as

Rees and scott (Lg7r) reported thaË glucans, lnnans, xylans and arabi-
nans possess hel-ical structures. An integrated analysis of stereo_
chemistry and bíndÍng of po1-ysaccharides is gíven by Rees (Lg7s).

Adsorption of bile acids and sterols to non-nutritive fiber is due

not only to lignin (Eastwood and Hamilton, 1968) but also to pectín
(LeveilJ-e and sauberLish, 1966; Nomani et aJ_., rgTg), rice pentosans

(Norrnand et al--, rgTg) and. garactomannans (Kirryana.et a1-., Lg74).

Burzak and Kelloge (1979) showed. sÍgnificanrly higher bindíng of deo:ry-

chol-ate and chen:odeoxychoJ-ate bile acÍds by oats compared with wood

particles. Neutral and acid-detergent fiber from bran exhíbited hígh
bindÍng capacÍËy for bile acids (Nomani eË a1 ., rgTg). story and

Kritchevskv Q976) demonstrated Ín vitro Ëhat bÍle acid bínding is not
always hydrophobÍc, as orf.ginall-y Ìüas suggested, buË varies wÍËh the
type of pol-ysacchartde. Non-cell-ul-osíc polysaccharÍdes, especially the
mucÍlagenous and gel-fornÍng maËerÍals are more effective bile aclds

l::::{ li':,



56

adsorbents than is cer-lulose (Kay and strasberg, LgTg). Deconjugation

and dehydroxylation of bíle acids by the thrÍvlng fntestinal microfl_ora
promotes theÍr bÍnding on díerary fíber. Eas.twood and Mowbray (Lg76)

demonsËrated ín vitro that íncorporation of fatty acíds and monogly-

cerÍdes into bfle acid mlcell-e reduces bíl-e acid adsorptíon to cereal
fÍber' DecreasÍng the chaÍn l-ength and Íncreasíng the concentration and

unsaturation of faËty acids in the mixed bile acíd micel-le depressed

the bile acÍd adsorptÍon ro ffber. Díhydroxy bile acids (deoxyeholic

and chenodeoxychol-Íc) aïe moïe easil-y bound than tr:Íhydroxy bile acids
(cholic acid) (Kern et al ., LgTg). Also 1-ow pH favors bínding more

than hígh pH.

InclusÍon of 2"Á ga1-actomannans' or pectin ín chick diets síngÍfi-
cantly depressed growth, feed effícíency and feed intake compared wíth
dÍets contaínÍng 27" celrulose (Kratzer et al ., Lg67). Guar gum de-
pressed nítrogen and fat retentíon and metabo:rl-.zdil'e energy more than
the other polysaccharídes. The additlon of high f.at or high proteÍn
level in the diets did not overcome the growth depression. rt r¿as also
shown that at 120 r.c.u. vitamÍn D, al-l polysaccharídes depressed tibia
ash, which was all-evÍated by Ëen-fold increase of the vÍramÍn Dr. aråi¡,
and Matsimuto (1977) reported t]'at 47" glucomannan or pectin ín chick
diets was more effectfve fn depressing growth, 1_Íver trfglycerides and

total liver 1ipíds compared wítin 4y" cellulose.

Fahrenbach et ar-. (1966) demonstrated the hypochol_esteror-emic

effect of 16 mucil-agenous polysaccharfdes fed to Leghorn cockerels at \

3"/' in casetn-sucrose based dÍets contaÍning 37" choLesterol. pectÍn and

scleroghuan (-8, l--+3 gl-ucan) reduced weÍght gaín and blood cholesterol
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level ín chicks. r^rÍth. concomínant ígcreases of fecal 1_ipÍd and steroL
output (Grfainger 4nd !'isher, Lg66).. Ttre cheuical dissiurilarities of
Ëhese tr¿o carbohydrates suggests tliat theÍr physfcal- propertÍes rather
than chemícal propertíês are responsÍble for this effect.

Replacing 2% corn starch. by pectin, guar gum, g rm arabíc or carob
gum sÍgniffcantly depressed growth and dry matter dtgestibiJ_ity in
chicks but fn rats had no effeet (Vohra et al_. , llgTg). However, in_
creasing pectfn or other po1-yuronates up to Lo1( ln rat díets depressed

growth, feed Íntake, and dÍgestibÍ1-Íty of protein, fat and calcÍr:m
(vÍo1-a et a1., r97o) and increased volatile fatty acid production and

caeca weÍght (Hove and King, ]-gTg). VFA production in rats r^ras attri_
buted to partial- nÍcrobÍal dígestion of pecËin and other pol-ysaccharídes,

although the energy benefÍË for the animal_ was al_mos t zero. The above

cÍted literature would suggest Ëhat the chi-ck is much more sensitíve
than the rat to Índigestible po1_ysaccharídes.

Leveille and Sauberlish (1966) demonstrated that administration
of succinylsulphatld,azole to pectÍn-fed rats did not improve cholesterol- .

absorption to levels obtaÍned. from non-pectin fed ïats. Ttris indícaÈed 
,,..,,

that the hypocholestolemic effecË of pectin is not due to proliferation 1,t'

.' . 
"l'

of the intestÍnal nicroflora but raÈher due to depressed. absorpËion of both i:.,',,.,,

cholesterol- and bir-e actds', as thís was demonstrated Ín vitro wíth
everted intestinal sacs. BÍndtng of bile acfds by.Índigestible poly_
saccharides reduces enterohepatic circulation of bil_e .acids.

Mokady (1974) and Kelley and Tsai (197g) found rhar pecrin, algi¡r
and gum arabÍc stiìnulated chol-esteroL and trigl_yceríde synthesis ín
rats as a res.ul-t of depressed absorptÍon of dietary cholesterol and

t:;': : .

i: ,:i:a'ì:'



fat and, theref,ore, decre4se 9¡ the feedhack inhibi.Ëion by rhese cqm_

pounds.. HowSverr the total body cholegtelal pool was snal_l_er than the

controL because of the much- greater decr:ease Ín absorption and in-
crease in chol-esterol degradaËíìcn. trIith chol_esterol-free díets, pectin

and other polysaccharídes depressed both fat and cholesÈerol- synthesÍs

because of reduced energy absorption.
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ETPERIMENTAL SECTION

A. General Materials and Methods

1' Diets 
i" .' '

AJ-l experimental- díets contained graíns of ttpumatt ty" or 'Glenlea,, , , 
'

r¿heaÈ' Both cul-tivars were harvested aË the Gl-enlea Research statíon,
universíty of Manitoba, and r¿ere ground to pass through a 2 m screen

in a har¡rner rril-l- . :, :, :,:,:,.

.-:' '"i';''GraÍnandproteínsupp1-ementSwereana]-yzed'f,otproteínandamino
.,.:.-.;.t:: -acid contenË prior to diet formul-ation. All diets were formulated to 1'"'':':r';:::

meet the nuËrienÈ requirements reconmended by NRC (rg7j) for growÍng

repl-acemenË pul1-ets, 0-6 weeks old. The diets were made isonitrogenous
,by varying the amount andfor souïce of proteín supplement, and iso- l

caloric by varyíng the r-evel of corn starch and.f or celr-urose (a1-pha-

fl-oc or celufíl), and occasionally, the fat 1eveL. protein and es- :

'sential amÍno acÍd content. v¡ere also adjusted according to the díetary
metabol-izabl-e energy 1-eve1 (scott et a1-., Lg6g). Díets were fed in '

mash form 
j

i.:,.::,,1t,,tt,'
The minerar_ and vitamÍn mixtures were the same in all díets, and 

r:,:,::,,i,::,,supplÍed the following quantítíes per kg dÍet: r:.etinyl pa1-mítater 
,,':""1',',',''

7 ,500 I .U. ; vitamin D3, 1,000 I . C.U. ; a1_pha_tocopherol_, 11 I .U. ;

menadione (K1), 2.2 mg; thíamine, 2.2 ing; ríboflavín, 4.4 mg 
:..ü:.

pantothenic acid, J-4-3 urg; niacin, 33 ng; pyrídoxine, 4.4 mg; biotín, illia;,...
0-1-3 ng; folic acid, J-.3 mg; chor-íne chloride, L,320 mg; vitamin B12r

0.011 mg; anríoxidant (santoquÌn), 250 rng, Mn, 16 mg as MnO; 
:

zn, 1'4 ng as znoi Fe, 3.J- rng as Fesoo.THro; cu,2.5 mg as cusoo.5Hro;
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and iodÍzed Nacl, 4,930 mg. penicillin (procaÍne G penicillin saIt,
signa chemical co., st- LouÍs, Mo.) contained 11000 units per mg and

was dil-uted with corn starch in the proportíon of Lt24. Ttre míxture
when usedrwas added at 0.5% of Èhe dieÈ; Ëhis was equivalent to 200

ng penÍcÍ1_l_Ín per kg dÍeË.

2. Chíck ManagemenÈ

' All chick experiments !üere carried out r,rrith !trhÍte Leghorn cockerels 1,.,,,,,

-a E 
::;;'

' t'¡hich were purchased from a commercial hatchery when they were one day' :...'
i,.,-: :..; old' Ttrey were housed in eLectricalLy heated, thermostatically con- i':,,:,

trolled batËeríes equÍpped. v¡ith raised r¿ire floors and conËinuous ;

I í oh ri -- Pa ++^----*c Ihting' Battery temperatures were adjusted accordÍng to the age of
;

I the chicks. The chicks, un1-ess otherwíse staËed, were fed a commercÍal

chíck starter crumbled diet conËaÍning a minimum of 2L% protein from
:

-i

I 
the time of arrival to the co mencement of the experiment. 

i

D..r ^-- !- lPrior to weÍghing, the chícks r¡rere starved for,at least 4 hours i

to reduce gastrointestinal- fil-l. At the begÍnnÍng of each experiment, i

' l'i': ':'' '

ohf ornrr-c À aa-+-!- ----L - -- - E -:-: 
j:lt'úIeÍght groups. A certain mrmber of chicks from the most numerous ,..: ,.:

' 
''^^ --^-^ Àr- - ¡tt'::'', Eroups were then randomly al-located to eaöh pen. lhis procedure , .,::..:

resulted in minimum variaÈion of weight per repl-icate. Feed and r4rater

r47ere given ad l-ibitun. The duration of experiments varied from 7 to : .

; 21 days, r¡ith mosË experímenËs beÍng 7 days. The 7-day test perfod i''i 
_ ___ _ rv_+vg 

i";Ë,
. lIas selected as it was shown to yield slnil-ar results to those

btained with longer term studies (Mísir, L977). At the terminatÍon
of each experíment, feed consumpËion (corrected for spillage) and I
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r^Teight gain r'Iere obtaíned from which feed to gain ratío was calcul-ated.
Feed Íntake and weight gain were expressed on a per chick basis. other
parameters measuíed are described ín the appropríate experíments.

ExcreËa for nutríent retention and digestibílÍty determinatíons

were collected afËer they had been alLowed to accumulate in the col_
lectÍon trays under each. pen. In mosË cases thfs period r^las the l_ast

four days of the experiment. The coLl-ected excreta, free of feathers
and spÍll-age' r^rere afr-drred at room temperature for 3 days, ground

and stored frozen (-20oc) Ín polyethylene bags untiL anaLyzed,.

3. Analyses and ExperimentaL Design

crude proËeÍn (w x 6 .25) , ash, ealcium and dry maÈter content r^rere

measured accordlng to the methods of A.o.A.c. (rg7o). Fat was measured

as ether extract (A.o.A.c. l-}TO), un1-ess otherwíse sÈated. ChromÍc

oxíde conterit of feed and fecar- samples r¡ras measured by atomic ab-

sorpËion spectrophotouetry at 360 nm accordíng to the method of
trrlilliams et al-. (1962) as rnodÍfied by A.o.A.c. (1970). Amino acid
analyses were conducted accordÍng to the method of Moore and. stein
(1963) wÍth a Beckman automatÍc amino acid analyzer. sanples were

hydrolyzed in vacuo with 6N HCl at Lzroc for 16 hrs. Methfonine and.

cystine r¿ere deËerrnined âs cysteíc acid by the method of llirs (L967) .

Other analyses are described under each reLevant study.

Proteín, amino acid, fat, dry matter and calcium ïetentions were

calculated according to the following formul-a (church, 1976):

i ::.:.-

..:..

i. .".',:

z Retention = 100 - lt - 
"/" crro, feeð' 

* 
z nutrient in excret"ì 

roo( Z Ct2O3 excïeta Z nurrient in feed i

i;"' :':r r:
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A factorial arrangement of treatments \fês enpl0yed in most cases

wíth a completely randomfzed des'Ígn. Anal-ysfs of varfance and test of
treatment differences using the sÈudent-Newman-Keults multfple range

test Tdere carríed out accordÍng to snedecor and cochr an (L967) .

B. study one. Ttre Effect of Fat Tlpe and Level and penicÍlIín
Supplementation on the UtÍ:lfzatìàn of Rye Dfets.
Three experÍments 'h7ere conducted to study the interrel-ationships

of grain, fat type and fat l-evel for growth and nutrfent retentÍon ín
young chÍcks.

fhe objectives of Experiment 1 r^rere to test the effects of type
(saturated vs. unsaturated) and level of dÍetary fat as well as anti_
biotfc supplementatÍon on nutrÍent utÍlÍzatíon by chfcks fed rye and

wheat based diets. For this purpose a 2(.rye vs. wheat) x 2(soybean oí1-,
(s.B.o.) vs. tallow) x 2(¡ vs. g% added far) x 2(0 vs . 2oo mg peni_

cill-tn/kg dÍet) factorial was employed wÍth four repl_fcates of eight
bfrds each. The average Ínrtial chÍck weÍght t s.D. üras 62.3!L.0 g, and

the duratÍon of the experÍment was 7 days. Formulas and. analyses of
diets are given ín Table l-.1. Besldes growth, other parameters measured

Íncl-uded dry mr¡¿sr and protein retentíon and fat digestÍbilíty.
ïn Experiments 2 and 3 Ëhe effects of, dietary fats and oÍls of

dÍfferent chaÍn lengths and degree of saturatron on Ëhe growth of
chicks fed rye or wheat diets were studied. Experiment 2 was a 2(rye
vs. w-heat) x 7(sunf1-ower oÍr, soybean oil-, corn oÍl , peanut of1 , J_ard,

beef tallow and coconut fat) facËorial arrangemenË with. five reprí_
cates of eight bÍrds each. Average inÍtfar chíck wefgh.t + s.D. w¿s

67-7!L.0 g. Dietary liptds were added at 6% of the dfer except for
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the replaceuent of.0.57" dietary lard, tallow and coconut fat by sun-
flower oÍl-. Experiment 3 ¡¿as also a 2(rye vs. wheat) x 4 (soybean oi',
sunflower oil, coconut fat and beef tallow) factorÍar- with six repli-
cates of eíghË birds each. The average ínitía1 chick weíght + s.D.
was 52.2ar-9 g- The duratíon of Experírnents 2 and 3 r¿ere 7 and, g days,
respeetívely. Formulas and analyses of dÍets for ExperÍments 2 and.

3 are given Ín Tabl_es l_.2 and 1.3.

1. Resul_ts

a. ExperÍment 1

The treatment means for chÍck perforrnance and nutríent retentions
are shown ín Table 1.4,whÍle the signifrcant Ëwo- and three-way in-
teractions are given in Tables 1.5 and 1-.6, respectively. Data on
rnain effects (not presented in Ëhe tables) shor¡ed that substitution
of rye for wheat depressed (p<0.0i-) feed íntake (7%), weighr gain (327"),

feed conversÍon effíciency (20%), ¿ty maËter retention (62) and fat
digestíbiLity (2L7.) - Repl-acemenË of s.B.o. by ta110w depressed (p<0.01-)

feed inËake (5%), weight gain (LL7"), feed conversion efficíency (102) and

fat dÍ-gestibilíty (L4"Å). Decreasing rhe added lipid from g% to 3,/.

depressed (P<0.01-) feed intake, weight gain and feed conversion effi-
cíency' Antíbiotic supplemenËatÍon significantly improved all criteria,
except protein retention. protein retention also was noË affected
(P>0.05) by any of the other díetary treatment,s.

rn general ft may be concr-uded that antÍbiotÍc supplementation

andfot type and leve1 of dietary fat did not affect chick performance

or nutrÍent retention in bÍrds fed wheat-based dÍets. ïhese same
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ingredfents, however, had a veïy pronounced effect on chíek performance

when added to rye-based díeËs. These effecÈs are rllustrated by the
interactions shornm in Tabr-es 1.5 and 1.6. The ÍnËeractfon of grain x
fat Èype (P<0.01) for feed inËake, weighÈ gain, feed conversion effi-
ciency, and faË digestibilÍty dernonstrated that substituËion of tal_low

for s.B.o. in rye-based díeËs depressed these parameters by g , 23, L7

and 24%, respectÍvely, while the correspondlng reductÍons in wheaË

dÍets were onl-y 2, 3, 2 and 5% (TabLe 1.5). ïn thís interactÍon, the
dry matter r.t"ntion by bÍrds fed the rye-s.B.o. diets would be even
higher Íf an average of L.8% alpha-floc r¡ras not added to these dÍets.
A1-so, bírds fed the wheat-s.B.o. dÍets would retaín dry matter approx_
ínately equal to that obtaÍned by birds fed the wheaÈ-tallow if an

average of. 3.2% alpha-fJ-oc r¡ras not added to wheat-s.B.o. diets. rn
the interaction of grafn x added fat r-evel (p<0.01-), elevatÍng fat
from 3 to 8"Á in rye diets improved feed intake by 5,/" whire f t depressed
dry matter and protein retention and. fat digestÍbflity by 10, 5 and

62, respectÍve1-y, whereas wíth wheat the changes ín Èhese parameters

were 1-, -4' 5 and 4"Å, respectÍvely. rn rye drets the Ímprovement in
feed intake coul-d be attributed Ëo reduced protein and fat retention
and, therefore, no înteractions for weighË gain and feed efficiency
were observed (Table r-.5). Tt¡e greater d.epression Ín dry matter
retentlon at the higher fat leve1 in the rye_fed as cornpared to Èhe

wheaË-fed birds can on1-y be partÍa1-Iy attríbuted to a higher content
of alpha-floc, as the depression in dry matter retentron at the high
as compared to the 10w' faË Level r¡'as greater in the rye than in the
r¿heat fed bÍrds (6-8 vs'. 2.4%)rwhile the average difference Ín arpha-

i;l-ì.' .ir:..i:ìi
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fl-oc was much lower (r.g vs. 2.g"Á). Díetary addition of penicÍllin
improved feed ÍnËake, weÍght gaÍn, feed conversion efficíency and

fat digestÍbÍlfty more with rye than wÍth wheaÈ dÍets, as indlcated in
the grain x penfcill-in interactíon (p<0.0L) in Tabl_e 1.5. For the

interactÍon of l-evel- of added fat x penicÍllín (p<0.05) antibiotic was

more benefÍcial- for the 3 than t]ne g% added fat ln improvíng weight
gain (L07") and feed conversion effÍclency (giÐ. Ttris ímproyement T,rås

more obvious urÍth rye Èhan wÍth wheat diets (Table 1.4) but the dif_
ferences T^rere not 1-arge enough for a sfgnifÍcant graÍn x fat level x

penícÍ1_1_Ín Ínterac tion.

The three-way interaction of graÍn x fat type x r_evel of added

far for apparenr far dÍgestibilÍty (ra¡te t.6) indtcared rhat fat
absorption r^ras severely depressed especially at high dietary levels
of ta11ow, a f.at that conÈains a hÍgh proportÍon of long-chain

satirrated fatty acÍds. rnclusíon of ÈalLow at 3 and g% ín rye diets
depressed apparent faÈ absorption by 18 and, 34'Å, respectively, com-

pared with simílar wheat diets, whÍ1-e the reductfon for rye supple_

mented wÍth s-8.0. was less (9%) and independent of faÈ l_evel_. Ttre

improvemenÈ of fat digestibí1-ity by antibíotic supplementatfon was

higher wÍth rye diets containing BT" tarLow (L67") than eíther 3%

tallow (ro%) or both levels of s.B.o. (57"). rn conrrast, penicilr_in
suppl-ementatÍon had little oï no effect on fat digestÍbilíty in Ëhe

whear fed birds (table 1.4). The improved fat digesríbi1_ity elicited
by penicillÍn Ín the rye fed birds was partly refl-ected ín the three_
way interacËion of graÍn x fat level x antÍbÍotic supplementation for
dry m¡¡¡sr retentlon where penlcÍllÍn in rye di.eÈs wtth g7. added fat



Table L.6. Ttrree-way
of added

1 irrr"t""tion (p<0.01) of
fat for fat digestibílity

grain x fat type x level_
(Experiment 1).

7L

GraÍn, fat type, l-evel- of added fat Fat digestibiliry (Z)

79.5

83.7

68. s

56.1_

86.6

91.5

83.8

8s .6

Rye

Rye

Rye

Rye

I,fheat

tr{treat

tr'Iheat

trlheat

s.B.o.
s.B.o.
tal-l-ow

tal-1ow

s.B.o.
s.B.o.
ta11ow

tallow

37"

87"

37.

97"

37"

87"

3"/"

8%

lth" irrdividual values of the three-way interacrion (p<0.0r-) ofgraÍn x fat level- x penicillin for dry rnatter aigesiiuflity,o"r.,rve - 37" fat - 0 penÍcíllÍn, 67 .6; rvã - 3"Á - (+i penicirií", -
67 .7; rye - B% f.at - 0 penÍãillin, Sî.1; rye _' g"/. iat _ (+) ieni_cillin, 62-2; wheat - 37" fat - 0 penÍciirin, 67.3; wheat--- s;Á fat -
^(+) 

penicill-ín, 7o.9; whear - g7. iat - o peåici1-lin, 67.2; whear -8"/" - (+) penicillin, 66.2.

i

. _:.-1ì1.
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increased dry rnatter retenËion by 4% w]nrLe the change for sÍmÍlar ¡,¡heat

dieËs vas I% (tatle 1.6, footnote).

b. ExperíÞents-2 and 3

The results of ExperÍment 2 are gfven Ín Tabr_e 1.7. rn contrast
to E)içerÍmenÈs' l- and 3, there hrere no sÍgnfficant differences in the

varÍous response crÍteria between bfrds fed rye dÍets that contained

talLow or soybean oil-. The failure to demonstrate a dffference may be

aËtributed to the larger experimenÈaL error ín the current experÍment

as compared Ëo Experí'ments l- and 3,and to the use of rye grain harvested

during a ü/et year (L977). This graln rnÍght have a lower leve1 of the
antfnutritÍonal factor(s). coconut faÈ at 5.5% in rye dÍ_ets, howeyer,

gave feed conversÍon effÍcfency better (p<0.05) than equal amounts of
lard or beef ta11ow'and equal to Ëhat of sunfr_ower oÍ1, the most un_

saturated oÍ1 used. Both sunflower oil and coconut fat gave feed Èo

gain ratio compaïable Ëo those of some wheat diets. sunflower oí1,
also, was the only oil Ín rye dÍets to give better (p<0.05) weight
gain than tall_ow.

The results of Experíment 3 are given in Table 1.g. Repl_acement

of wheaË by rye depressed (p<0.01) feed intake, weight gain and feed

conversíon effícÍency by 7, 1g and L5%, respectfvely. Ttre graÍn x
faÈ ínteractÍon (p<0.0r-) for feed efficiency (rable 1.g) clearly in-
dÍeaËed that the utÍllzation of various lÍpÍds by chÍcks fed rye diets
depends on both the degree of saËuratfon and the chaÍn length of tri_
gl-ycerÍde fatty acÍds. substÍËuËfon of soybean of1, sunflower oÍ1 or
coconut fat by tallow ín rye dÍeËs depressed feed conversÍon efficiency

irl::Ì::



Table l-.7. Ttre effect of feedíng
nented r,ríth different

73

chícks rye and wheaÊ díets supple-
fats (Experinent 2)

Response crítería
Treatment

Rye, sunflower oÍ1
Rye, soybean oÍ1
Rye, corn of1
Rye, peanut oi1
Rye, l-ard
Rye, tallow
Rye, coconuÈ
tr'Íreat, sunflower oil
Ilheat, soybean oil
trlheat, corn oi1
Iüheat, peanut oí1
tr'ltreat, 1-ard
trIheat, tal-low
trltreat, coconut fat
SEM

Feed intake
ûè

110.0bc1
l1L. 3abc
7L2.4abc
111-.6abc
108.9c
L07.9c
108. 7c
LL7.9ab
1l-7.8ab
1l-7.5ab
L]-9.2a
118 .6ab
118.Oab
118.lab

t-.93

ï,Ieight gain
8

55.7b
5L.9bc
54.7be
53.Obc
51.Obc
49.3c
54 .5bc
67.4a
65.0a
67.0a
65.4a
64.2a
64.2a
65.0a

1. 3l_

Feed: gain

I.97bc
2.LOab
2.06ab
2.LLab
2.L4a
2.I9a
L.97be
l-.78d
1.85cd
1,.76d
1.83cd
1. B5cd
1. B4cd
1. B2cd

0.04
1-Means not sharing
signÍficantly at

a conmon posËscripÈ letter wíthin a column differ
P<0.05.

Sunnr,ary of analysis of varíance

d.f.Source of varíatÍon

Grain
Fat type
GraÍn x fat type
Error

1 1,130**
6S
6g

s6 19

2,76L**
30**

5
9

L.1674**
0.0281**
0.0119
0 .0083

**SígnificanË at p<0.01.

t;i.
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Tab-Le 1.8. TTre effect of feeding
menÈed with dÍfferent

rye and wheat diets supple_
of fat (Experimenr 3).

chfcks
types

Response criterÍa
TreaËment

Rye, soybean oil
Rye, sunflower oil_
Rye, coconut fat
Rye, tallow
Iüheat, soybean oi1_
Wheat, sunflower ofl
ülheat, coconuË fat
trrlheat, tallow
SE}f

Feed intake
oÞ

l-L9.5a1
110.9b
106.5b
107.8b
]-L9.2a
L2O.La
1I7.Ia
I2L.Ia

1. 36

I,Ieight gaín
g

58. 7c
58 .4c
52.6d
48 .0e
66.6a
68.6a
63.2b
68.4a

1.0

Feed:gain

2.03b
l-.90c
2.03b
2.25a
r_.78d
L.75d
1. B5cd
L.77d

0 .03
1M"""" not sharing a corûmon posËscrípt 1eÈter r¿ithÍn a column differsigníficantly aË p<0.05

Surmary of analysís of varíance

Mean squares

Feed intake irleight gain Feed:gaín
Grain
Fat
Graín x fat
Error

l_

3
3

40

Source of variation d.f.

763**
101**
122*r<

1t-

1,804**
103**
92x*

6

0.8427**
0.0673**
0.0669**
0.0049

**SignifÍcant at p<0.01-.

ll:]ii::ì' .:Iìi
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by 1-1-, LB and rL%, respectively, while the corresponding changes

for wheat diets were -1, i- and, -4"Á. rn rye dÍets eoconut fat, whích
ís more saturated but has a hígher saponffícatfon number than tallow,
gave feed efffcÍency equal to soybean oi1 rrrhÍch Ís hÍgh1_y unsaturated.
sunfLower oil, the most unsaturated of aLL (g57" unsaturated fatËy
acids) gave feed efficiency equíva1-ent to that of wheat-coconut fat
díets. rn terms of weight garn of rye-fed bÍrds, tar_low r^ras poorer
(P<0'05) than coconut fat, wTrích Ín turn, supported l-ess (-p<0.05)

growth than both s.B.o- and sunflower oil. The weight gain Í.n a1_1_

cases was hígher for the wheat than the rye fed birds. Among the
wheaÈ fed blrds, those receÍvÍng the coconut faË gïer47 at a slower rate
than the other gïoups of bírds.

Díscussion

this study and all_ subsequent studfes, the feeding value of
rye was gene¡ally compared üIith Ëhat of wheat. This seemed appropriate
not on1-y because both grains have many sÍmil-arities Ín terus of proteín,
fiber, mineral, fat and N-free extract content (NRc, rgTL) but also

because wheat is an excel-lent and. comrnonly used feedstuff for poulËry

in canada. lhe content of ergot bodies ín the rye that was used in
al-l of these studies r¿as found to be less than o.o3y". Ttris level r^ras

considered non-Ëoxic for growÍng chÍcks, sínce Misir and Marquardt (1978a)

demonstrated that 1eve1s in excess of three tímes thfs content díd
not affect grornrËh or feed conversÍon effíciency.

An important measureuent in the curïent study and in all sub-

sequenË experimenÈs was the reËentíon of nutrients. previous studies
have demonstrated that the major effect of the antinutritional- factor(s)

2.

In

r:_:::;.::
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Ín rye r¿as the interference wíth nutrient digestíon anð,for absorption
(McNab and Shannon, L975; Marquardr eË aL., L979). DÍgestibíIity
data, therefore, wou1d províde more useful infornatíon than retentíon
measurements, but this is not feasible in chícks because both urine
and feces are vofded together. However, amino acÍd and faË retentíon
coul-d be considered equar- to theÍr respectÍve dígestfbí1_tty varues,
because uríne Ís very r-ow in amíno acids (orrell et ar_. 1960) and fat
(sell and McKÍrdy, J-g63) - T?re latter authors demonstrated rhat the
urínary lípfd content accounted for only L.7s"Á of the total_ urínary
dry matter, and it was índependent of dietary fat l_evel.

Ttre utilization of rye díets by chÍcks in the cuïrent study was

affected to a considerable degree by the Ëype and level of added

dietary fat. rn Experíment 1 soybean oil and tar_low !üere compared.

Both lipids are composed of 1-ong-chaín fatty acíds having almosÈ the
same chain length (saponificatÍon mrmber 190-200) but dífferÍng in the
degree of saturation; soybean oir- is highly unsaturated and talr_ow

hÍghly saturated r¿íth iod.ine numbers of 135 and 40, respecËively
(scott et al-., 1969) . Ttre results índicated that overall fat digest-
ibil-ity with rye diers was lower (21%) than with wheat diers and pro-
portional to the degree of unsaturatron being g1.6 and 62.3"¿ for s.B.o.
and tal-loT'ür resPectivel-y, whÍle for wheat based diets the corresponding
values were 89 and 84.2"/.. As índÍcated Ín the Ínteractíon of graÍn
x fat type, the 247" decrease in fat dígestíbility by repl-acement of
s.B.o. by tal1-ow also resulted ín decreased feed intake (g%), weighÈ

gaín (23%) and feed conversíon efficÍency (L7"/"). The effect of fat
saËuration on chick performance r¿hen rye-based diets r,¡ere fed was also
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indicated 1n Experíment 3, where it was shov¡n that feed conversion ef-
ficíency was híghest in birds fed rye based díets containing sunflower
oí1, whích was the most unsatuïated of all lÍpids used., and was lowest
with the tallor¡ diets. soybean oil gave feed efficiency that was

internediate between the values obtaÍned with sunflower oil and

tallow- rn contrast to these results, no difference was observed

among birds fed slnflarJ-y formulated r,¡heat dlets.
Ïn ExperimenË 1-, the higher apparent fat digestibílities obtained

wíth rye or wheat diets that contained g as compared to 37" s.B.o.,
as wel-l- as wiËh wheat diets thaË contained B,/. vs. 3% taLLow (Table 1.6),
coul-d be attributed to a greater rel-ative excretíon of metabolic fecal
fat ín birds fed dÍets containing the low faÈ level (carew et ar., 1972;

Hakansson, rg74). Hor¿ever, when bírds were fed rye díeËs suppl-emented

with tallow (composed of long-chain faËty acids) an opposite pattern of
digestibility was obtar-ned; digestibility was depressed by lgz when

tallor¿ was Íncreased from 3 to B%. correction for metabolic faÈ would,

therefore, increase the magnitude of this latter dÍfference. rhís
would suggesË that the Ievel of saturated fat, l-íke tallotrtr srâs crit-
ical for its digestíon r-n rye fed birds. Ttre increased fat dígest-
íbility in rye diets \,¡ith 3z tal-low would not be aËtributed to the high
digestibílity of t]',e 2iÁ fat in the basal_ mÍxture (0.52 sunflower oil
plus 1 -5% f.at present in the rye and. other dietary components), because,

even if this fat was 852 digesËible, the caLculated digestÍbílítíes

':...: : :'tit.'t-

ir'- .','
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of 3 and B"Á xalLow ¡^¡ould have been 5g and 49%, respectively. A1so,

the reduced absorptíon of calcium and other mÍnerals with rye díets
(Marquardt et al ., LgTg) by fornation of insoluble soaps wíth palmític
and stearic acÍds'coul-d not account for the depressed fat absorption.
rn such condÍtÍons, fat absorptfon from the rye-Bz-s.B.o. diets should
have al-so been depressed compared. with the 1ow s.B.o. rye diets, be-
cause this oil conÈaÍns about L6% pahmltÍc and stearic acids compared

to 48% ín tal-low (scott et al ., ]'969). These f.atty acids were shown

Ëo be more susceptible to the formatÍon and excretÍon of insol_ubr_e

calcium sal-ts compared wÍth other fatty acíds (Hakansso n, rg74). Ttre

same author showed that the apparent fat digestibility of a basal laying
hen diet containing 8% talLor¡r r¡ras decreased from 77 to 72% when the
díetary calcium was increased from 2.87 to 4.g4%. Ttris decrease was

much less than that obtained ín the current experíment where the
dietary calcium concenËration did not exceed L%.

Anirnal tallor¿ and lard are'highly satuïated faÈs contaíning 48

and 387" palmíËic plus stearic acids, respectively (scott et al., Lg6g).
Renner and Hill (1960) demonstrated that absorptÍon of both fats by

growíng chicks r¿as reduced compared to an unsaturated fat (corn oil).
Fedde et al. (1960) and Gomez and polin (1976) reporred rhar rallow
required adequaËe amounts of bile acids for its digestion and ab_

sorption. rn contrast., coconut fat which ís composed rnainly of 4rr"

l-auric (c14) and ].8"Å myrisrÍc (crz) and has onry LL"/. palniric and

stearie acÍds, and oils that contain a high l-evel- of unsaturated fatÈy
acids require much l-ower levels of bile acids for dfgestÍon and. absorpÈion
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(scott et a1 ., L969). Furthermore, the rnixed mieelles of unsaturated
fatty acids and conjugated bÍle acids faciLltate the solubilization of
sígnificanË amounts of non-polar fatty acíds l-íke palnitíc and stearíc
(Hofnann and BorgsÈrou¡, Lg62). The severely depressed fat digestibility
r¡rith high tall-ow as compared wíth. low. taIlor¡r rye diets, and the very
poor utilization of tarl-ow and lard as compared to thaË of coconut

fat, whích has netabol-fzable energy equal_ to that of l_ard but a much

hÍgher saponificatfon numberrwould suggest that the lfurfting factor for
faË digestion and absorption Ín rye diets was the reduced availability
of bile acíds for emulcification of fat prior to digestion and micel-le

formations during the absorption procedure.

BÍle acid concentratíon for fat absorption seemed to be more ím-

portanË for rye than wheaË dÍeËs for the following possible reasons:

íncreased viscosity of rye digesta r¿hich wour_d impaír the rate of faË

emulsification and absorption; bindÍng of intact or degraded bile acíds
by the antinutritíonal factor, which v¡as speculated to be a carbohydrate
(Moran et a1-., l97o; Misir and Marquard.t, i-97sb), and, therefore, would.

inhibít fat digestj-on and absorptÍon as well as bil-e acid reabsorption;
and increased bíodegradation of bile acids by the intestinal microflora,
which was shown to be more numerous in rye diets (r^Iagner and. ïhomas,

r979a). Bíodegradation of bile acíds was shown not only to increase
their bindÍng by dietary fÍber, and thus 1-eading to a depletion frou
body (Eastwood, 1973Ì buÈ arso to reduce fat digestion (Dugluzeau,

L979). Trigl-yceride hydrolysis by 1-ipase per se did not seem to be a
major problem with rye díets because under these condÍtÍons, absorption

,:;i:.ìl !::ì..:1.

1..:.
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of both coconut fat and oir-s should have been reduced.

Ttre fact that penÍcíl1-in supplementaËlon improved fat dÍgestibílity
more in rye than in wheat dfeÈs and wíthin rye diets, moïe with gZ tal1ow
than eÍther 37" Èal-l-o¡.r or either level of s.B.o. seems Ëo support this
role of mÍcrofl-ora on 1fpÍd absorptÍon. rntestÍnal mÍcrof1ora may aLso

,reduce the apparent drgestibîlÍty of faÈ by biohydrogenatíon of un-
saturated to saturated faËty acrds, such as palrnftfc and stearic, in
a manner slmilar to that demonstrated by cor_e and Boyd (1_g67).

Microflora, howeveï, r¡ras noË the najor factor because even wiÈh

penicÍllin supplementation fat dÍgestibility was considerably lower in
rye-fed as compaïed Ëo wheat-fed bírds (rable 1.5). Thís would sug-

gest that the high víscosiry of rye digesta (MacAuliffe and McGinnís,

L976) and/or the bínding capacity of the anËinutritional factor for
bile acÍds míght be the major causatÍve factors. soybean oil_ seemed

to be less affected by these parameters as antibiotÍc suppl-ementation, in
Experiment I gave faÈ digestibility comparable to that of wheat díets
wj-t}:^ 37" S.B.O.

MacAuliffe and McGinnÍs (L976) reported that rye contains a
rachÍtogenic factor ínterfering with vitamín D, absorption. MacAul_iffe

et al' (L976b, 1979) also showed thaË there was a dírect rel-ationship
between the growth depressing factor and. the rachitogenic factor, since
water extractÍon or ganma radiatÍon improved both growth and bone

míneralizatÍon. ThÍs sane factor night al_so interfere r¿ith fat
dígestion and absorpËion perhaps through its bil_e acid bindi.ng capacity.
MarquardË et al-. (1979) demonstrated that rye did not contain a specific
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rachitogenic factor but a non-specÍfíc antinuËritÍonal factor that
interfered wrth absorption of severar_ nutrients, includÍng fat and

amíno acíds- The reduced nutrienÈ absorption promoted the growth of
an adverse mÍcroflora, whÍeh further depressed Ëhe nutritíonal value
of rye. Ttre exÍstÍng corrnon feaËures between feedÍng rye and in-
dÍgestibl-e po1-ysaccharÍdes (pectins, nannans, carrageenans) to chicks,
support the hypothesi-s that the antÍgrowth factor Ín rye rs of car_
bohydrate nature. Thomas and trIagner (1978a) reported that closËrídfum
species were the most important growth-depressing mÍcrobes in rye or
pectin fed birds' DÍfferent mgcilagenous pol-ysaccharides when added

to chick diets aÈ 0.5 to Loy" depressed cholesterol absorptíon
(Fahrnenbach et al., Lg66) - Leveille and sauberltch (1966) showed rhar
succinylsulfathiazole supplementation of pectin fed rats ímproved but
not completely corrected the depressed cholesterol absorption. Kratzer
et al' (1967) demonsËrated severe depressíon of soybean oil absorption
in chicks fed diets containin g 2,/" guar gum (galactomannan) .

rn thÍs current éxperiment antÍbioti-c suppl_ementation generally
improved all criterÍa of performance in rye-fed bÍrds except protein
retentÍon. rn conÈrast Ëo these results, MÍsir and Marquardt (1978b)

and Marquardt eË al. (Lg7g) reported that proteÍn retention was always
depressed in bírds fed rye dÍeÈs, and Ëhat there r¡ras a sfgnÍficant
Ímproveuent in both chick performance and protein retention when penÍ-
cillÍn was added to rye-based but not to wäeat based dÍets. ïhe
response to antÍbÍotÍc supplementation ìras also greatry reduced. w-h-en

the quantity and/or the qualÍty of dietary protern exceeded recommended

levels' Ttre failure of antÍbiotíc supplementation to improve nitrogen

,i.l
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reÈention in rye fed birds in the current study can be attríbuted to
the fact that the dlet contalned an excess l-evel of all- essential amino

acids relatÍve to the leve1 of other nutrients, particuLarLy metabol-iz-
abl-e energy' The excess amfno acfd.s that would have been absorbed
fol-lowing penfcfllÍn suppl-ementatÍon wour-d have been deaminated and

excreted in the urine.

Ttle results of this study indfcated that util-ÍzatÍon of varfous
types of fats and ofls b.y chí'cks fed rye diets was determined by four
factors: degree of saturation, chaÍn 1-ength, dietary concentration
and antÍbiotÍc supplementatfon. IVtth l_ípids composed of long_chain
fatty acÍds, unsaturatÍon increased fat dÍgestibilíty whÍ1e saturation
decreased Ít drastically. This resulted Ín growth depression, especially
when this saturated fat Ís added at hígh dÍetary levels. rn arl Èhree
experiments ta110w gave the poorest chíck growth. Fat utir_í zatíon
comparable to that of unsaËurated. lípÍds rnras obtained, hovrever, wiËh.

fat composed of short chafn fatty acids. Even at high dretary levels
(87") the feed efficíency wíÈh this fat riüas comparable to that from
unsaturated oils. Finally, arthough no sÍgnifÍcant interaction was

obtained, antibÍotÍc suppl-ementation seemed to be most effectíve fn
birds fed tallow, especially at high lever-s, as compared to those fed
s'8.0. Even r,¡íth penicÍllÍn supplementatÍon, faÈ digestÍbilíty and

chick growth wÍth rye dÍets was l-ower than thaË obtaÍned with similarly
formuLated ¡nrheat díets ' rhís may be atÈríbuted. to an antÍnutrÍtíonal
factor in rye which reduced the amount of avail-abl-e bil-e acids needed.

for fat digestion and absorpÈfon. This same factor appeared to be
responsÍble for reduced utllÍzatÍon of other nutrfents

.:¡.
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c' study T\øo; Ttre utili za|ron of Rye by Growíng chieks as rnfluencedby CalcÍum, Vítamin D' and Fat 
-Tlpe 

anã Level_.

Three experíments (4, 5 and 6) were conducted in order to erucídate
the effect of ca1ci'¡m, vÍ-tamin Dr, penÍcillín, and fat type and 1evel
on the utilizatÍon of rye and wheat dÍets by growing chicks. Ttre ob_
jectÍves of Experiment 4 hrere to determine whether the rachitic effect
of rye diets (MacAul-Íffe et aL., L976a, b) coul_d be influenced by the
level of vitamit o3, calci'n or penicill-ín when 5-/" soybean oí1 was

added to Èhe díets (rab'e 2-r). The design for this experiment rr'as a
2(rye vs. wheat) x 2(o-g vs. 2.07" caLcium) x 2(0 vs. 5 x NRC require-
ment of vÍtamin Dr) x 2(0 vs. ZOO mg penicilLin/ke of diet) facrorÍal
wíth four replícaËes of six birds each. The average ínítial chick
weight + S.D. r¡ras 45r{.9 g.

Ttre effect of dietary level of vitarnio D3, calcium and ta11ow on
the rachitogenicity of rye diets,,as well as the influence of dietary
calcium on the utilizatíon of saturated fat were studied ín Experiment
5' The desígn for this experiment vüas a 2(rye vs. wheat) x 2(2.5 vs.
7 '57' taLlow) x 2(0.6 vs. r.L"/" caLciun) x 2(0 vs. 5 x NRC requírement of
vitanin Dr) factoríal i,üíth five replíeates, each eonsístíng of six
chícks. Formu1as and analyses of diets are given in Tabre 2.2. Ttre

average inÍtial chick weight + s.D. lras 59!2 g. príor to being put on
test the chÍcks were fed a vitamÍn Dr-free wheat-based díet containíng
soybean meaL and soybean oi1- (rable 2.2, footnote) fn order Ëo depl_ete

the chicks of theír vitamin D, reserves.

ExperÍment 6 consÍsËed of g(2 x 2 x
(rye vs. wheat), two cal_cium levels (0.6

2) treatments with two grains

vs. L.L"Å) and tr¿o fat Ëypes
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I : :l

(soybean oil vs- tallow) wtth 6 repl-icates of g birds each. The average
inÍtial chick weight + s.D. was 60.211 g. Formul-as and anal_yses of
diets are gÍ,ven Ín Tabl_e 2.3.

The ages of the chícks at the conmencement of the feeding trials
;.,;,,,t'were 5 (ExperÍnent 4) or B (ExperÍnent 5 and 6) days, and the duration

of the trials uras J-4 (Experiment 6) or 21 (Experiment 4 and 5) days.
All dÍets contafned the NRc recomrnended level- of phosphorus (o.7"/" of the

' ,nor.nlnfrrn n1'^-^1-^*^ f L^^L '. . - 
¡,t,t:t::¡,i diet) suppLÍed by uonocaLctun phosphate (technical- grade). DÍetary l.rir;' .,,'

calcium was suppl-i-ed as monocalcium phosphate and calcium carbonate.
i 

Ee *v¿rvuer'ruu PtrusPrlaEe ano carcium carbonate. 
¡.'',.ïParameters measured incr-uded feed intake, weight gaín and feed 

:::

,conversÍon effÍcÍency. rn addÍtion, fat and calcíum retenËion were :

rua Lrurì. or tne procedure of
I r"r"rchello eÈ al- ' (Lg7L) was used for determinatfon of feed and fecal l

lipids after extractÍon by an acíd solvent composed of 60:40:1 (v/v/v)
of chloroform methanol and rryàrochlorÍc acid. Five g of sample were

' mixed wíth 100 n1 of the acíd solvent for 13 mínutes in an omnÍ mfxer

the
aid of a Buchner funne' and a fÍlter paper covered wÍth a sheet of 

i'....,.ì.r,.r,.

) :,¡,'tt,.,'
:.t.::::::::_:_:1I{ras measured in a 100 nl graduaËe cylinder, mixed with 20 nl- of distilled

waËer' and allowed Ëo separate overnight inËo an aqueous (top) and

a Lor¡er phase' Ttre top phase r^ras removed by aspiration, and. two l-0 n1
il:.:,.':u,alíquots were pipetËed from the lower phase (L-p.) Ínto a 50 urL pol-yethylene cup i:.:::::::,::,:

and evaporated under nitrogen. The sample cups r¿ere dessícaÈed over_
níght and weighed on an anal-yticar- bar_ance. The following formula was

used to calculate the percent J_ipÍd content:

!,:ì
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% ríp::d conrenrl= (wt or lipÍd " 
a-iåE 

" #. - Blank) " #nr" ,,

l_. R.esults

aq Experiment 4

Data for the main effects, Ínteractíons, and sutünary of ana1yses of
variance are shown in Table 2.4. Replacement of wheat by rye depressed.

(P<0-01) feed intake G6%), weighË gain (24.1%) and feed conversÍon

efficiency (rL"Á). DÍetary ca1-cÍum at 2.0% improved (p<0.01) feed con-
version efficÍency compared wÍth the 0.82 level. Also, penící11ín sup-
plementatÍon írnproved (P<0.01) both weÍght gain and effíciency of feed

conversi-on. The interaction of grain x car_cirm lever_ (p<0.01)

(l'igure 2.1) and grain x penicillin level_ (?<0.05) for
feed conversion efficiency showed identícal pattern of response. Ihe
chicks fed rye dieËs suppl-emented with the higher level of calcium or
200 mg penicill-in/kg of. diet converted the diets more eff ícÍently (7"Á),

whil-e there r¿as littl-e or no improvement when sÍnilar wheat diets were

fed' Ttre results of these interacËions suggested that ín rye díets
some nutríenÈs other than calcir¡m are al_so l_imiting s1¡se caicium at

\ 2 x the NRC requírement did not give feed conversÍon efficíency equal

'to thaË of wheat diets. vitamÍn Drras Índicated by the results of
Table 2.;4, \,râs not a l-írniting factor in rye diets. ïhís could be

attributed to the presence of adequate body stoïes of vitamin D,

during the experiment

1ïte bl"rrk r^ras measured Ín 100 ml of acid sorvenË.
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Table 2.4. ltre effect of feedíng
two levels of vitamÍn
performance of chÍcks

rye or wheat díeÈs supplemented wíËh
D3r calcium and penicillin on the(Experinent 4).

Maín effects
and interactíons

Grain
Rye
I,Jheat

Cal-cíum level
o.8z
2.O"Á

VitamÍn D3 .J_evel_

0
5 x requirementa

Peníci11in
0
200 ne/ke of dÍer

Grain x calcíumb
Rye, 0.82
Rye, 2.O"Á
I{hear, O.By"
Ialheat,2.OY:

Graín x penicÍllin
Rye, 0 ne/ke
Rye, 2OO me/ke
I,IheaÈ, 0 mg/kg
Whear, 2OO ng/kg

Grain x vítamin D3
Ryer,0
Rye, 5 x requirement
tr{heat, 0
I,rlheat, 5 x requirement

Response criteria
Feed ínËake

ûõ

353
355

ï,Ieight gain
g

L70
L75

174
L7L

]-45
153
195
L97

L44
Ls4
L92
L99

172
r67
L76
L73

Feed:gain

2.L9
L.96

2.L2
2.O4

2.O7
2.O9 

,

2.I2
2.O4

2.27
2.L2
r.96
r.96

2.27
2.12
L.97
L.95

2.L9
2.19
L.94
1 .98

324
384

].49
L96

168
L77

357
3st_

351
357

325
323 '

382
386

323
325
379
389

328
32L
387
3Bt-

aNatíonal- 
Research CouncÍl (1971_).

bth" grain x calcir¡m Ínteraction is plotted ín FÍg. Z-.L.

Continued.
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TabLe 2.4 (ConrÍnued)

Sunrma¡y of analysís of variance

Mean square

söurce of variariona d-f . Feed íntake Eg-f€þt €"in Feed:gaín
Grain

Calcíum level_

Graf-n x penicillin
leve1

Error
1 ¡oo

48 4oL

1 57,350** 35,L72** 0.g79**
1gt 403 0.095**

Pencíllin 1evel L 609 1,111** 0.1_l_1**
Vitamin level L l++ 259 0.005

103 0.079**

22 0.070*
L48 0.012

Graín x calcÍr¡m level_ j- tOg

*Sígnifícant at p<0.05.

**SignifÍcanË ar p<0.01

"T"bl-" does not incr-ude ,oean square values for. non-significanti.nteractions at p>0.05
1
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9.3

b. Experiment 5

Data for the main effects and Ínteractíons are shom in Tabl-e 2.5
and Figure 2.2- Birds fed rye diers had signÍfÍcanrly (p<0.0r_) lowered
feed intake (L2"Å), weÍght gain (23%) and feed conversion efficienc y (L37").
ïncreasing dÍetary tallow Í.rom 2.5 to 7.57" improved, (p<0.01) feed con_
sumptÍon (5%) a''d wefght ga'n (r7"). Also, el-evatfng dretary car-cium
from o.6% xo I-.12 improved (pco.or) ar-l these criterÍa. vÍtamin D, level
had no effect even though the chÍcks.rvere fed. a vitamin Dr_free díeË
durfng the pre-experimental- perÍod. There hTere interactions of, graín x
cal-cfum leve1 for feed Ínrake (p<0.05), weÍghr gain (r<0.01) and effí_
ciency of feed conversion (l<0-05); graÍn x tal-low l-evel x calcium level-
for the feed conversion effíciency (p<0.05); and tarr_ow lever_ x carcí,nl
level x vÍÈamin D, 1evel. Ttrís rast interactíon (Table 2.5) indÍcated
that the weÍght gain and feed conversion efficiency r^rere Ímproved. when
vítamÍn D, was added to the diets that contaíned the hÍgher,level 0f
calcÍ 'm ánd the lower level of tallow, but were depressed when vÍtamin
D, was added to dÍets containing the higher l-evel- of both cal_cÍum and.

tall-ow. rn contrast, an. opposite pattern tended to appear with the 10w
calcium level; increasÍng the vftamÍn D, level under these condÍtions¡
chick performance r¡ras decreased at the low tallorn¡ leve1 but Ít was
increased at the high tallow leveI. The depressed feed conversion
efficiency by the addition of vitamÍn D, in dieÈs hígh ín both tall.w
and calcium could be attrÍbuted. t.o íncreased. absorptfon of vft¿min D,
followed by increased uptake of car-cíum,whích caused soft tissue mÍn_
eralization. rn this case the contríbution of vítamin Dg by talrow
musË also be consídered. rn diets wíth the htgh calcÍum lever_ but lorr
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Table 2.5. The effect of feedíng rye
levels of tallow, calcfum
formance (ExperÍnent 5).

94

or wheat díeÈs contaíníng tïdo
and vitamÍn D, on chick per_

Maín effects and
ÍnteractÍonsê

Grain
Rye
llheat

Tallow level
2.5"Á
7 .57"

Calcíum leve1
0.6"Á
T.L"¿

Vitamin Da level
0'
5 x requirementb

GraÍn x calcÍlm level
Rye, 0.6y"
Rye, L.L"t[
\Iheat, O.67!
trrlheat, I.L%

GraÍn x vitamin D3 level
Rye, o
Rye, 5 x requÍrement
lJheat, 0
trlheat, 5 x requÍrement

Tallow l_evel- x Ca leve1 x
2.5% taLlow, 0.67" Ca, 0
2.57" tal.1.ow, 0.6"Å Ca, 5
2.5% taILow, L.L"Å Ca, 0
2.5"t1 taLlow, !.fÅ Ca, 5
7.57" ta1-1.ow, 0 .6"Á Ca, 0
7.57". talJ.ow, 0 .6% Ca, 5
7.5"Á tal-low, 1.I"t! Ca, 0
7.5"/" talJ.ow, 1.TÁ Ca, 5

Response criteria
Feed intake hreÍght gain Feed:gaíngE

404
4s9

42L
442

L52
198

]69
180

2.67
2.33

2.5L
2.49

423
440

168 2.5sL82 2.44

436 L77
427 L73

389
4L8
457
46L

410
397
46r
457

4L9
4L0
428
428

434
430
460
442

L4L
163
L94
20L

155
L49
198
]-97

168
r.60
L7L
L79

]-72
L72
L96
181_

2.49
2.50

2.75
2.58
2.35
2.30

2.66
2.67
2.32
2.33

2.52
2.58
2.53
2.4L

2.57
2.s4
2.36
2.47

vitamÍn D,

x req.

x req.

x req.

x req;

aThe graÍn x tallow level x calcium levelFig.2.2.
bN"tiooal 

Research Council (Lg7-i).

ínteractfon Ís plotted in

IJ;

ContÍnued.....
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Tabl-e 2.5 (Continued)

Source of variation

-

Graín

Fat l-evel_

Grain x faÈ level
Calcír¡n l_evel-

GraÍn x Ca level
Fat leveL x Ca 1evel
Grain x fat level x Ca leveL
ViËamin D,

Grain x vitamin D,
Fat 1evel x vitamÍn D,
Grain x fat leve1 x vít. D,
Cal-ciurn x vitamin D,
GraÍn x Ca l_evel x vitamín

o3

Fat level x Ca level x
vitarnin D3

Grain x fat level x Ca level
x vitãnÍn D,

Error

Summary of analysÍs of variance

d.f.

1

1

1

t
I
1

L

1

1

1_

1

1

Mean square
Feed íntake trIeíght gain Feed:gaín

6L,727xx 4:-,597xx
8,24gxx 2,21gx*

59 L34

54,0L2xx 3,BZ7xx
3,31-5*

183

1,186**

L52

2.3L2**
o.0L2

0 .007

0.251_**

0.073*

0.020

0.093*
1,359

464

196

767

34

862

638

206

475

1 30s

159

1

324 0.002

90 0 .000
264 0.020

0 .002

0.002

349 0.006

L,269xx

1

64 l_00

0.l_36**

o.o24

0.01_2

*SígnifÍcanË

x*SignifÍcant

P<0.05.

P<0.01.
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fat level, absorpËion of vrtamin D, was enough to promote growth but
was noÊ toxÍc as compared to the corresponding diet with no added vita-
nin Dr. under these r-atter condÍtÍons vitamin D, and/or calcÍum ab_

sorption wouLd have been inadequate.

The interactfon of graÍn x calcíum l-evel sho¡n¡ed that increasing
dietary calcÍum from 0.6 to J-.1-z Ínproved all Ëhree parameters to a

greater degree in rye than in wheat fed bfrds. T?re average improvements

Ín feed Íntake, weÍght gaÍn and feed conversíon efficiency, respecÈively,
were 7, 16 and 6"Á for the rye fed bÍrds and 1-, 4 and, 37" f..or the wheat
fed birds' The Ínteraction of graÍn x tal-low x calcium level for the
feed:gain ratio (Figure 2.2) showed that the urír_ization of feed by
chicks fed the rye diets supplemented with the hÍgher level of tallow
r¿as markedly inproved (Lo"Á) by íncreasÍng the level of calcir:m from
0.6 to r.LT"; ín contrast, there ï^ras no change in thís parameter for a

símil-ar change of cal-cium concentratíon Ín Ëhe corresponding wheat diets.
A similar improvemenÈ (32) r,¡as obËained, however, when both the rye and.

the rn¡heat díets r^7ere suPpl-emented wÍth the lower leve1 of Ëall-ow. Ttris
interaction demonstrated thaÈ a high calcium level üras necessary for
improved utilizatÍon of rye diets ËhaË contained a hfgh tallow level.

The lack of grain x vÍtamÍn D, revel Ínteractíon for all of the
response criterÍa Índicated that this vÍtamÍn was not a limÍting factor
in any of the rye diets.

c. Experiment 6

Means and analysis

Table 2.6. Replacement

varÍance for all ïesponse c¡íteria áre shown ín
wheat by rye depressed (p<0.01) all response

L,:
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criteria especially hreight garn (I77"), efficfency of feed utÍl ization
(L7"Á) and far digesrfbfLity (L6%). Coupared ro whear fed birdsr ryê
fed birds retafned 7"Á ress calcfum although feed intake was depressed by
onLy 3"/". rncreasing dfetary calcÍum from 0.6 to L.r% depressed (p<0.05)
feed Íntake buË fncreased (p<0.01-) weight gaÍn (+z¡, feed conversion
eff ÍcÍencv Q"Á) and calcÍum retent ion (r4"Á). Replacement of Ëal1ow. by
soybean oÍ1- Ímproved (p<0.01) weight gaÍn (3iÐ, efficrency of feed
uril_izarîon (4"Å) bur maÍnl_y fat dfgestÍbí1_Lty (I3%).

Ttre graÍn x calct 'm fnteractfon for weighÈ gaÍn (p<0.05) and feed
efficÍency (P<0.01) Ís consÍsËent wiËh that obtaÍned in the previ.ous
experfments ÍndicatÍng that calcÍum üras more ríuÍting in rye than ín
wheat diets' rncreasing díetary calcÍum from 0.6 to 1.12 inproved weÍght
gain and feed effÍcÍency, respectiveJ-y, by 7 and 97" t,or the rye fed bÍrds
and by 2 and 47 fot the wheat fed bÍrds. calcÍum retentíon also followed
the same pattern' increasÍng L7 and II% in the rye and wheat fed bírds,
respectÍvely' This latter interaction, however, vüas not si-gníficant
(P>0'05) because of the relatively large experimentar- error.

The results of grain x fat type interactÍon (p<0.01) for feed con-
version efficÍency and fat dÍgestibílÍty are Ín agreement with the results
of the prevíous study (Experirnent 1) indícaËing the reduced utilizatíon
of tallow as compared to soybean oi1 by Ëhe rye fed bfrds. Repracement
of'soybean oi1 by tal1-ow depressed fat dÍgestíbÍlÍty and feed conversion
efficiency' respectively, by 17 and 77" for the rye-fed birds, and by on1-y

7 and L"Á for the birds fed sinfl-ar rnrheat-based dlets.. The absence of
a signifÍcant ÍnËeraction for the feed intake and weight gain ín com_

parison with the previous study could be aÈËributed ín paït to the
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benefícial effect of calcíum on the utiLizatíon of tallow by the rye fed
chicks.

The favorable effect of high ca1-cíum leve1 on the utílization of
Ëallow by the rye-fed birds is shor¿n in the ínËeraction of grain x caL-
cÍr¡m Level- x fat type for feed conversion efficiency (p<0.05) and fat
digestibiLity (p<0.01). I,rhen calcÍ,m \¿as Íncreased from 0.6 to L.L,Å,

feed conversíon effÍciency was ímproved by r2T" ín a rye diet contafníng
tallovr but only 57" in a sim:ilar rye diet contaÍning soybean oí1 (FÍgure
2'3) ' For the wheat diets the correspondíng Ímprovements were 4% witlt
eíther fat type' overall, when soybean oil replaced tallow and. calcir:m
was increased to 1,.L7. xhe obtained improvement r^ras Lillz for the rye and
onLy 37 for the r¿heat dÍets. In Ëhe seme ínteraction, increasíng ca1-_

cium from 0.6 to L.L% ð,epressed s]-ightly the dÍgestibirÍty of both fat
types (4-5"Á) Ín rhe wheaÈ fed birds and of soybean o71_ (7%) ín rhe rye
fed birds. Tn contrast, a síurílar increase in the dÍetary calcÍum
improved rhe digesrÍbíliry of rall_ow (L6"Á) in the rye fed birds lfig,rr.
2.4).

2. Dlscussion

MacAuliffe and McGinnís (1976) reported Ëhat rye contained factor(s)
that interfered with vitamin D, absorption and caused. depression of
growËh and lever- of bone ash Ín turkey poul_ts (MacAuliffe et a1,., r976a)
and chicks (MacAuliffe et a1., 1976b). These detrimental effecrs T^rere

partÍal1-y reversed when either fat, procaine penicilr_in or vítamin D3

were added to the rye diets; but completely prevented when a high r_ever-

of vitamin D, (10 x NRC requirements) pl-us fat and penÍcil_J_Ín were
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added to Èhe diets. Results from thís study, however, demonstrated that
vitamin D, was not lÍrniting in rye dÍets sínce the addition of vítanin
D3 díd not improve chÍck performancerwhich was consÍstently poorer than
the perforrtrance of bÍrds fed wheat based dieÈs. The experimentâr pro_
cedures for the Ër+o studies l^rere simil-ar sínce both involved atËempts
to deplete the chicks of theÍr vítamÍn D reserves; but the studies díf-
fered with respect to the type of chicks used and the r_evel of dietary
fat. rn the current study the lever- of added dÍetary fat or oil ranged
from 3 to 8% (includÍng 0.5% sunfl-ower oÍ1) whereas MacAullífe et aI.
(L976a, b) used no added fat. rË is conceÍvab1e that the addition of
faÈ or oil to the dfets ín the current study allevíated the vitamin D

deficíency by el-evatÍng vitamin absorptíon. rt was shornm that díetary
fat (triglycerÍdes) enhanced vÍtamÍn D absorption by stimurating
secretion of bile acíds and phospholipíds (sklan, LgTg). ïhese biliary
components facÍlitated lormation of mixed micelles with vitanin D,
(scott et al., 1969), which promoted. vitamin absorption not only by
increasing its uptake rate but a1so, perhaps, by red.ucíng adsorption of
the viËamin on the antínutritíonar facÈor(s) (porysaccharides). This
latter hypothesís is supported by the r¿ork of Eastwood and Mowbray
(L976) ' They demonsËrated thaË increasing concentratÍons of certaÍn
bÍl-e acids reduced the in vitro bínding of micellar chor_esteroJ- by
non-digestible polysaccharides. Ttre slower growËh rate of Leghorn
cockerels compared r¿íth that of broiler chicks or turkey poults used by
MacAul-iffe eÈ al. (r976a, b) nÍght have also reduced vÍtamÍn D require-
ments. Ttre resurts of the presenÈ study are in agreemenË with Ëhose

rI'r.i. '

-,...:.:l:l
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obtaÍned by MÍsir (Lg77) who could not show any effect of the Ieve1
of vitamin D, in Leghorn cockerels fed rye dÍets supplemen ted, with 27"

tallow and zero or 5 x the NRC rêcomms¡dation of vitamÍr D3.

Degradation of vitamÍn D in a manner simÍlar to that of bile acids
by Ëhe numerous intestinal rnÍcroflora Ín rye-fed bÍrds could also
aggravate íts defÍcÍency, whích could be partly corrected by penícÍl1_in
suppl-ementatíon. AntÍbÍotic suppl-ementatÍon in the present study, how_
ever' Ímproved equally the perfornance of chicks fed rye díets with or
wÍthout added vÍËamÍn Dr. perhaps the presence of fat facilítated rapid
absorption of vitamin D ín the d.uodenum, the main sÍÈe of vitamin D

absorption in chÍcks (scott et al., 1969), prior to any degradation or
modification by the mícroflora.

This study also indicated that in Èhe presence of adequate rever_s
of vitaroin D, both the 1evel and the type of dietary fat influenced
chíck performance' Further, the effects of these two factors seemed to
be dependent on the level of dietary calciu . Ttre feed conversion
effÍcíency of chicks fed rye diets was markedly Ímproved compared to
that of chicks fed the wheat díets when any unsaÈurated fat (soybean
oil) replaced a saturated fat composed of long-chain fatty acids
(tal-lor¿), or when the díetary 1evel of both tallow and calcÍum was
íncreased. Rye-based diets that contaÍned a hÍgh tar_row lever_ (5.5 or
7.52) and the lower. calcÍum 1-eve1-, in contrast, rÀrere poorly utir_ized.
These observatÍons wouId. suggest that the optÍmr:m utilÍzatfon of
saturated fat, like ta1-I-ow, by chÍcks fed rye diets is fnfluenced by the
relatÍve leve1 of dietary calcium. Ttre narkedl_y redueed performance

:¡i

l
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of chicks fed rye based diets as compared to those fed r¿heat based diets
nay be attrÍbuted to the presence of antinutritional factor(s) in rye
thaÉ ínterfere(s) with the util-Ízation of faÈ, especial1y saturated fat
like tallow and also cal-ci'm. Ttre resul-ts for faÈ are in agreement wÍth
those presented in the previous study. ïmpaired retentÍon of Èhese

nutrients as wer-r- as protein and minerals was ar-so indicated by
Marquardr er al. C1979).

Although there is no Ínforrnatfon reported. on the effect of Èhe leveL
of dfetary calcÍum and fat on the performance of chicks fed rye_based
díets, several researchers have reported on the role of car_ciun on Èhe

utilizatíon of fat by chicks fed non-rye containing diets. Fedde et ar_.
(1960) found that the ability of chicks to absorb rallow decreased when
the dÍetary calcium content was Íncreased from r.24 to 3.007". Hakansson

G974) reported that increase calcÍrrrn ¡¡o, 2.87 to 4.34"Å in the diet of
the laying hen depressed. the digestibil-ity of several_ fats and oíls,
especially of talrow, because of the formatÍon of rnsoluble and non_
digestible fatty acÍd-calcíum soaps. Hakansson (1975) also demonstrated
that gro¡'ríng chicks retaÍned less car-cÍum per day r¿ith a hÍgh fat than
a l-o¡v fat diet. sibbar-d and prÍce (rg77) reported that fncreasing
dietary levels of carcÌum affected the true metabolÍzabr_e energy (ïME)

value of tallow and soybean oÍr- in a differenËÍal manner. At 5 or r_oz

1eve1 of Ínclusion, the TME values of both fats were greater wíth the
high calcÍ* (¡.2i() basal dÍer than wÍrh 1ow calcÍun (lZ) basal_ diet.
However, at fat lever-s egual Ëo, or hÍgher than, ],5.Z the effecËs of
calcÍum levels were reversed.. These results v¡ould suggest that the
calciun-fat ínterrelatÍonship. on nutrient utÍlÍzation is complex and

.,.........-¡.-1_¡,:.t.-.,_":,:.j:.--r:.-:.:i:-i.f_::_:j:l::Ì.iti.rj.tj....,.1.:-.1.,i
' it.:'1'-l
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signíficant, and cannot a1-ways be explaíned by the formation of insolub'e
soaps. Ttre current study indicated thaË the higher level 0f dietary
calcium resulted ín depressed dÍgestibility of both tall-ow and soybean
oi1 in the wheat fed bÍrds, and of soybean oil in the rye fed bírds
probably through fornatÍon of insoluble fatty acid-cal-cíum soaps. Trris
could be supported by the higher depressÍon of soybean oil digestibíl-íty
ín rye (7"/.) than Ín wheat (47") dÍets as a result of the lower percent
'calcium retentÍon in rye fed birds (calcium retentÍon was 49 and. 53"Å for
the rye and wheat dieÈs, respectÍvely). Although fat digestibÍlity was
reduced by Íncreasing díetary calcium from 0.6 to L.r"Å, feed conversion
efficiency was Ímproved (table 2.6), thus índícatÍng that calcium at
o.6"Á was limÍtÍng for structural and uetabolic purposes, especíal_1_y for
the rye fed bírds. I^Iith rye díets contaÍníng 5.5 or 7.57" ta11_ow, Ëhe

same increase of dietary calcír¡m elicited in conËrast, a greater im_
provement of growth and effÍciency of feed utÍl-ization whÍch is attri-
buted not only to the i.r"t."""¿ retenËion of calcium but mainly to the
favorabl-e effect of hÍgh calci,m leve1 on the absorption of talIow
(Figure 2'4)' ronic calcÍum nÍght have formed a complex wíth the anti-
nutritÍonal factors (carbohydraËes) thus reducrng theÍr viscosÍËy
and/or their bile acid bindÍng capacity, thereby Ímprovíng the enulsi_
ficatÍon condítions for fat digestÍon and absorption. Fornation of
calcium soaps rnight have also Íncreased. but Ëhe elevated fat dÍgest_
ibility Ís 

'arge 
enough to mask thís effect. ïhe perforrnance of chicks

fed rye díets suppl-emented with 2.5"Å tar1'or,ì'. h'as. Ìmprove¿ to a much

lesser degree by the increased dÍetary calcium concentratÍon, because,
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according to the previous study, tallow at 1o¡+r levels Tdas more readfly
dÍgested and absorbed than at hÍgh levels. A1so, Èhe performance of
chÍcks fed wheat dÍets wÍth low'or hÍgh eoncentrations of tallor^r T¡/as

not affected by the hígher cal-ci rm level-.

rt may be concr-uded that rye cóntains antinutrrtional factor(s)
that Ínterfere(s) wÍth the utir-fzatfon of calcrum, vitamin D and fats,
particularly saturated fats composed of l_ong-chaÍn fatty acÍds, and that
the absorptíon of these nutrients fs affected by theír relaËive con_
centrations and possibly by the presence of other nutrients. The

present study demonstrated that added fat, enhanced the utflizatíon of
vitamín Do in the rye fed bírds relaËÍve to that obtaíned in the wheat-J

fed birds' calcíum appeared to be a more liniting nutrient than vit¡min
Dr' PartÍcularJ-y if the diet contained some fat and the recourmended level
of vÍtamír D3. Thís was Índicated by the sÍgnificant improvement ín
the perfonnance of chícks when the dÍetary calcium r¿as increased from
o-B% to 27" (2 times the NRC requÍrement), whereas no improvement !üas

obtained when vftamin D, level-s Ín the diet were íncreased.. cal-cirrm leve1
ís partícularly imporËant for the utÍr-ization of rye drets especiarly
those suppJ-emented wÍth a hÍgh level of saturated fat, lÍke tal1ow.
The elicited improvement in chíck performance by fncreas.ing the r_ever_

of dietary calcÍum üras greater r,¡íth the rye than the wheat fed bÍrds
for at l-east trrro reasons, first, calcium r^7as r'ore linitíng for growth
(structural- and metabolÍc functions.) Ín the rye than in the wheat, fed
bírds because of the presence of the antinutritional factor(s) in rye.
second, cal-cium nÍght have modifÍed the properties of these antinutrÍ-
Ëional- factors, thus'ímprovÍng the utfrízatÍon of oÈherwÍse poorry
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absorbed nutrients, rÍke tallow. calcíum level, however, did not seem

to have a sÍgnffÍcant effect when the dÍet contained soybean oÍr or a
1or^¡ l-eveL of taLlow..

i r:i

t...
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D. study Three. The rJtirizatíon of Rye Diers by chícks asInfluenced by Fat Tlpe and protein Qualíty

one experiment (7) was conducted to study the interrel-atÍonshíp be-
tr¡¡een fat type and proteÍn quality on the utiLizatíon of rye and wheat

based diets by growÍng chÍcks. The design T^ras a 2(rye vs. wheat) x
2(neat meal vs' meat meal plus essentÍal amino acíds; amino acids were
added to meer rhe NRC requÍremenrs (197r-)) x 2(714 soybean oír (s.B.o.) vs.
7% taLlow) factoríal wíth six replÍcates of eight birds.each. TLre chicks
ïdere put on test when they ç¡ere g days o1_d; the average weight * s.D. was

76.3!L.5 g. rhe duration of the experíment uras 7 days. Formuras and

analyses of diets are given in Table 3.1-. All diets were formulated to
be ísocaloric and ísonitrogenous. The amount of each essentíal amino acíd
in the diets that contained either the high or the low quality protein
was adjusted Ëo a consËant level by the addition of synthetíc amino acids.
Ttre level of these amíno acids in the dfets with poor quality protein was

less than the NRC requÍrement,s (Lg71-), while the 1evel of amino acids in
díets with good qualíty proteín was equal to, or s1-ight1-y hÍgher (rye
diets) than NRC requírements (7g7L). ïhe amount of essential amino acid
added to the rye or wheat diets with good quality proÈein was 1.83 and

r-74"Á, respectively, whereas the correspondíng amounts added to the poor
quality protein diets was 0.09 and 02. Parameters measured besÍdes growth,
íncluded reËention of dry matter and digestÍbÍlíty of fat (ether extraet)
and total amÍno acids (except glycíne, tryptophan, and s-conËaining amíno

acids)
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1. Results

Treatment means and a sultrmary of the anaLysÍs of variance for alL of
the response criËerÍa are shown ín Table 3.2. Rye-fed birds were inferior
(P<0.01) to wheat-fed birds for ar-l criterÍa, partÍcular1_y for weight
gain (357"),feed conversion efficie..ey (39"Å) and fat digesríbíL''ty (27%).

suppl-ementaËion of diets wfth adequaÈe amounts of each essential amÍno

acid improved feed Íntake (6%), weÍght gaín (34"Á) and feed conversÍon
effl-cÍency (23"Á) but Ít did not improve nuËrÍent retentÍon. soybean oÍL
(s'B'o') ín comparÍson wíËh tal-Low improved (p<0.0L) all criteria except
feed íntake. Ttre improvement in dry maÈter retention and amino acid
digestibiliry was abour 2% whíLe rhat of far dÍgestíbilíty was LL\(.

Ttre Ínteractfon of grein x protein quarity for feed fnrake (p<0.01),
weight gain (p<0.01), feed to gaÍn ratio (p<0.01) an¿ ami.no acÍd digest_
ibility (P<0.05) denonstrated that the addítion of recommended levels of
essential amino acids to rye diets improved feed intake, weight gaín, feed
conversion efficieney and amino acíd digestibility by 15, 55, 26 and,2"/.,
respectivel-y, while correspondíng increases for sÍmilarly fo:mulaËed
wheaÈ díets qrere on1-y 0, 22, rB and o7". The Ínteractíon of grain x fat
type for al-l response criÈer'a (p<0.05 0r p<0.0r-), except for fat
digestíbility, ÍndÍcated that replacemenr of talrow ty s.n.o. ín the rye
diets Ímproved feed r'4take (52), weÍght gain (2L%), feed conversion
efficíency (ß"Å), dry mâtter retentÍon (6%) anð, amÍno acÍd digestíbil-ity
(42) ' Ttre respectÍve changes for simir-ar r¿heat-based dÍets were -2, 0,
2, -2 and 02.

There was also a grain x protein quality x fat type Ínteraction

i r.::.':'

i:i:.:::

i:- 
j.: :

f :::
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(P<0'05) for amíno acid dÍgestibÍl-íty whích demonstrated that replace-
ment of s.B.o- by ta1-1-ow depressed amino acid digestÍbi1_ity by 6 and

27" ín the rye based diets that were supplemented wÍth poor and good

proteÍn qualiÈy, respectiveJ-y, whereas the corresponding changes for the
wheat based diets r,vere *1 and. -L"/". overalr, the depressíon of amino

acid digestíbÍl-íty in the rye fed birds was 7"Á when tar_low replaced
soybean oil and poor protefn qual-fty replaced good protein quality. rtris
three-way Ínteractfon was largely responsibl-e for the signíficant inter-
actíons of grain x fat type and grain x protefn quality for amino acid
dÍgestÍbÍ1Íry.

2. Discussíon

Misir and Marquardt (1978b) showed that the performance of rye fed
birds was affected to a consÍderable degree by both the l-evel- of dietary
protein and the type of protein supplement. FeedÍng 10w protein rye
diets supplemented with a poor quality proteín, such as meat meal, de-
pressed growth severely compared \,rÍth birds fed sÍmÍlar wheat-based díets.
supplementation of rye díets with a hígh leve1 of good qualÍty protein,
such as fish meal, elícited a greateï growth ímprovement in Èhe rye than
in the wheat-fed bÍrds, although the rye-fed birds consístently grew

l-ess than the wheat-fed bírds. These results were confirned tn this
current study by the graÍn x proteÍn qualíty interactÍon for feed intake,
weight gain, feed conversion effÍcÍency and amino acÍd digestíbílfty.
The data indicated that proteÍn was more limiting Ín the rye than Ín
the wheat based dÍets since the addition of the recor¡¡mended amount of
essentÍal amÍno acÍds to Èhe dÍets elicited a greater growth improvement

in the rye than Ín Ëhe n¡heat_fed birds
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The results of the grain x fat type ínteraction were ar_so Ín agree_
ment with those obtaÍned in the prevÍous studies in whÍch a hígher 1evel
of performance occurred Ín chícks fed rye-soybean oil- dÍets as compared

to those fed rye-talLow díets, whereas the perforrtrance of the bírds fed
wheat-based dfets r¡ras not affected by fat type. rn the current study
thÍs Ínteractíon was signffÍcanË for all- crfterfa of performance except
for fat digestí-o-Ír-Íty (p>0.05). Repracement of talr_ow by soybean oí1,
neverÊheless, Ímproved fat digestÍbiIÍty by rillz for the rye-fed bírds and

only 6"/" for the wheat-fed bírds. Ttre faÍl-ure to demonstrate a signifícant
interactíon could be partly attrÍbuted to the large experimental error,
and partly to the depressed digestibility of fat in the rye_soybean oi1_

diets, whÍch resulted ín a relaËivel-y snall dígestibility difference
between the rye-soybean oÍ1 and rye_tallow diets.

The fat dÍgestibility data for the grain x protein quality ínter-
action although not signifÍcant (p>0.05) would suggest that when proteÍn
quality was improved digestÍbility of fat in the wheat-fed birds was

also Ímproved' (27") but, in contïast, it was decreased (6%) in birds fed
good proteÍn qualÎty rye dÍets. Marquardt et a1. (Lg7g) al_so obtained
reduced fat dígestibility when rye diets r,rere suppl-emented with essential-
emino acids to meet NRC requÍrements (Lg71,). The current study would,
therefore, suggest that the utÍlÍzatÍon of fat by the rye-fed birds was

dependent not on1_y on the fat type but al-so, to a certain degree, on the
quality of díetary prorein.

Ttre ÍndivÍduar varues of the Ínteraction of grain x proÈein quarÍty
x fat type for amino acid digestibílity (p<0.05) demonstrated rhat Ín
the rye-fed birds the digestibÍlíty of amino acids was affected by the
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type of fat and the qualíty of the proteín. Rye diets supplemented with
tallow and fnadequate amounts of essentÍal- amino acids gave lower (p<0.01)
amino acÍd digestfbfl-ity than sÍmÍlar diets wÍth s.B.o. A tendency for
reduced amíno acÍd dÍgestibÍlity was al-so observed r¿hen tallow repraced
s.B-o. Ín the rye diets that contaÍned good qualfty protein. The in_
dÍvidual values of thÍs three-way ÍnteractÍon indícated also that amino
acÍd dÍgestfbflÍty Ín the rye-fed bÍrds was consístently lower than that
ín the wheat fed birds. Marquardt et ar-. (Lg7g) obtaíned the same

resulËs when both rye and wheaË diets Tfere supplemenËed only wíth.
essentÍal- amÍno acids wÍÈhout any other protef.n supplement. These authors
used the amÍno acid retentíon as an index of amino acid digestibiríty
because urinary nÍtrogen was shor,rn to conËain only 2"Å amino acÍd nitro-
gen (orDer-l et al. 1960). rn thÍs current stud.y the total amino acid
dígestÍbílÍty dfd not Ínclude any analyses of tryptophan and the sulphur_
contaíning amÍno acÍds, because of the extra steps required for theÍr
deternination' Al-so, gly-cine deËermination was ornitted ás this amíno
acíd can be derÍved in varyÍng quantities from urÍc acfd durfng the acfd-
hydrolysís procedure.

ExaminaËÍon of the indivfdual- values for the Ínteractions of grain
x proËein qual-Íty demonstrated that feed conversÍon effÍcÍency, feed in-
take and weíght gain were ímproved by 26, 15 and 552 ín the rye_fed
birds but only 18, o and. 222 in rhe wheat-fed bÍrds when the qualÍty of
the dietary protein !üas Ímproved. Dry matter retentfon, Ín conËrast,
\^7as not affected by thÍs ÍnÈeraction. rt could be hypothesized that the
increased feed intake that occurred with the high quality protein dÍeËs
should have been much more provÍded that digestibility of nutrients

I
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rdas not affected. Ttre Poor gror4Tth that occurred in bírds on the poor
quality proteÍn dfets could be attrfbuted to two factors: with the poor
proteín quality a consfderable portion of their absorbed energy was

used ín the deaminaÈion of the amino acíds and synthesís of uric acid,
which ís a costly metabolÍc process in terms of energy expendíture
(Buttery and Boorman, L976). rn coritrastrwith good qualÍty protein the
birds excreted less uric acÍd and, therefore, more absorbed energy vras

avaÍl-abl-e for growth. A second factor is that a direct proportionality
would not be expected. between feed'intake and growth as smal1 additional
increments of feed íntake over and above maÍntenance requirements could
result ín a considerable Ímprovement in weight gain. overa11, these
trends were the same as those obtaíned Ín a study by Marquardt et al.
(Le7e) .

rt ís also important to note that replacement of s.B.o. by talr_ow
depressed sÍgnífÍcantr-y (p<0.0r) the reËention of dry natter in the rye
fed birds although the rye-s.B.o. díets conËaÍned 3.7y" celufir,
r'¡hereas the rye-talrow diets contained no added celufÍl . rn the
wheaÈ fed bírds no such depressions rrere obtained. The red.uced retention
of dry matter when tallow replaced s.B.o. Ín the rye dfets was too rarge
to be aËtributed to the reduced fat and protefn retention r¿ithouË con-
sideration of retention of other nutrienËs. The depressÍon of dry uatter
retention in the rye-tal-l0w dÍets, indÍcated by Ëhe grafn x fat type
ínteraction (P<0.01), was in agreement with the depressed growth and
feed conversion effÍcfency.

The results ÍndicaÈe that the perfornance of the rye fed bírds was

i':.:
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dependent (p<0.01) not only on the quality of the dietary prorein bur
also on the qualÍ.ty of the fat (fat type). Birds fed rye diets that
contained the poorer proteín quality gave poorer growth and feed con_
versíon efficfency than bÍrds fed rye diets supplemented wíth the better
quality proteÍn. T,rrÍthÍn each protein quality, the rye_fed bÍrds shor¡ed

better growth and feed conversÍon efffciency when the added dfetary
fat was s.B.o. rather than tar-low. For the rrheat-based dÍets, chíck
performance T^ras affected on1-y by the proteÍn qual_ity but noË by the fat
qualÍty. The reduced amino acÍd digesttbiJ_íty in birds fed rye díets
supplemented r¿ith ta110r¿ and poor protein qualÍty as compared to that
obtaÍned with sinilar diets that contained s.B.o. and adequate lever_ of
essential arnlno acids night also be attrfbuted to the severe depression
Ín growth. TtrÍs problem, as well as the reduced digestÍbÍlity of both
s.B.O. and ta110w'in the rye dÍets supplemented rrrÍth good proËeÍn quality,
requÍre further research in order to ,elucfdate the nature of the Ínter-
relatÍonshÍp between the nutrfents and the antigrowth factor(s) of rye.
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E. Study Four. Adaptatíon of Chicks to Rye Diets
Two experiments (8 and 9) were conducted to study the effect of

antÍbÍotic supplementation, protein quality and prefeeding rye or wheat
based diets on the possible adaptation of growing chícks to rye díets.

Eriperíment g was designed to determine Íf there r¡/as an adaptive
response in chicks fed rye or wheat-based diets, and to establish if thís
adapti've response could be affected by protein quality and anËibiotic
supplementation. .Ttre experimentar- design r¡ras a 2(tye vs. wheat) x
2(0 vs - 200 mg penicillin/kg of dÍet) x 2(poor qualiry vs. good quality
protein) r¿ith six replícates of eÍght birds each. Ttre chicks hrere put
on test when they were B days old and had an average initial weight *
s.D. 66.4+1-2 E. Formulas and analyses of diets are given in Table 4.1.
Feed intake, weight gain and feed conversion efficiency were measured
every two days duríng the 16-day experímental period. Dry matteï, pro_
tein and fat reÈention rnrere determined. on four of the six replicates Ín
each treatment and for certaÍn selected two-day intervar-s.

Ttre objectives of Experiment 9 were to determine if feeding rye or
wheat-based diets to chicks durÍng the preexperimental perÍod could
affect subsequent util-ízaËion of the test ïye or wheat-based diets
supplemented wÍth two different protein qualities. ïhe design for this
experiment was a 2(prefeedÍng rye vs. wheaË diet) x 2(rye vs. nrheaÈ

test diets) x 2(poor proteÍn vs. good protein quarity) factorial with
six repJ-Ícates of eight birds each. Tfre test perÍod üras seven days.
The average iniÈial chick weight + s.D. r,¡as 61.915.4 g. Formulas and
analyses of dieËs are given in Table 4.2.

rnÍtíally six hundred day-old chicks were divided Ínto two equal
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Table 4.1_. Formulas and anaLyses of diets (Experinent B)

Ingredíent
Rye (10.8% proteÍn)
Ilheat (L2.6"Á proreÍn)
Meat meal (43.5"Á protefn)
Soybean meaL (44.3% protein)
CaseÍn (..85% proteín)a
Amino acfd mÍxtureb
Corn starch
Calcíum carbonate
Mono calcium phosphate
DÍcalcíum phosphate
Basal- mixturec
Celufild
PenicillÍne
Analysesf

Protein (Nx6.25)

Dry maËter

Fat

M.E. (keaL/kÐ

DÎEtS A.B Dfets C.D DiEIS E.F Diets G

53.00 53.00

32.O0

2.O4

s .06

.ì
7.90

+

22.O+O.6

93.3J{.2
11.8J{.3

2,950

28.O0

3 .50

0. s8

2.56

7.I2
1.00

2.34

7 .90

+

22.31Ð.6

93.9J{.3
8.e!).2
2,950

53.00

32.O0

53.00

26.OO

3 .50

0.51_

2.L9

7.I2
l_.00

2.34

7.90

2.44

+

22.7$ .O

92.9+{ .4
e.o!).2
3,000

1.08

4.22

7 .90

1. B0

+

22.?+$.L

93 .9J{. 3
12.2+O .2

3,000

i: : il,

asupplied by Sígna Chemical ao.,oo*i.":ïï::i:_r?:^of^.1: 
amino-acÍd mixrures üras ("/" of rhe díer): DiersA,B: L-ËhreonÍne, 0.02; L_valine, 0.03; l,_isoleucine, 0 .O+; fr_í":ï:::0'08; Dl-phenyrlalanine, 0.05; L-tryptoihan, 0.0g; and L-g]_uraníc acíd,r'74; diers c'D: L-ariinin.-Hcr-, ó.og; r,-ir,i.orrirr", 0.03; Dl-merhione,0'18; and L-glur?r1g 

"ãid, 0.2g; diers'n,rr---i-lysine-Ircl, 0.06;L-argínine-HCr, o.oz; L-túreonine, 0.04;'"na nl-methÍonine, 0.02; L_glutanic acid, 0.98; dÍets G,H:_ L_1_ysine_H.l_, 
^9.0g; L_arginine_H.l,0.16; Dl-methíoníne, O.22; 

"å¿ r,_tfrreonine, 0.04.
"Thr b"""1 mÍxture consisted of ("4 of the diet): soybean oil, 6.00;vitamin mix, 1.00; mineral mÍx, 0.50; and ctráric oxíde, 0.40.dNon-nutritive bulk supplÍed by I.C.N., Cleveland, Ohio.ePenieillin 

(1009 units/ng) was mixed with corn sËarch (see Materials
Ët.itå|.:ds), 

and was addãà to dÍers A, c, n-""a e at 2d0 ,e- p"oicittin/
fM."r, 

t standard error. The M.E. values oo.r" i"I.ulated.
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Table 4.2. Forqulas and analys.es of dÍ.ers. (-Expeçiroent 9)

Ingredient

Rye (9.97" proreilr)
Irlheat (L2.L"Å proteÍtÌ)
Meat meal (43.52 proreÍn)
Casefn (85% protein)a
Amino acÍd mfxtureb
Corn starch
Basal mÍxturec
Celuf il-d
Analysese

Proteín (Nx6.25)

Dry matter
Fat

M.E. (kcauke)

Di'êr A DiEt
"/"

Di'et C Diet D
"/. "Á

58.00

24.20

4.s0
0.30

6.10

6.90

20.7+Ð.L

94.0l{.1
e .2!).2
3,000

s8.00

I

24.20

4.L2

6.78

6.90

19. BJ{.3
93.5J{.1_

e.ry).4
3,000

58.00

2L.50

4.so
o.25

s.35

6.90

3 .50

21_.lJ{.1

93.9-t{.1
9.s4!0.2

3,030

58.00

2L.50

4.08

6.02

6.90

3.50

19.4+{.7

93.41{..L

9.37+A.2

3, 030

asupplied by Sigma Chenical Company, St. Louis, Mo.
bTh" .orposiËion of the amino acíd mixtures r¡/as (y. of. the diet) : DíetA: L-gluramÍc aeid, 0.22; Dl_methíonÍne, O.òã;';_;;rJË;r#;: 0.03;and L-arginine-HCl, 0.01; dier B: L-ísoíeucine, 0.01; L-leucine, 0.02;L-tryptophan, 0.06; andrL-gluramí_c acf_d, 4.03; dier c: L-lysine-HCl,0'06; L-arginine-HC1, o.[; an! Dl_-merhi."i;;, 0.0g; diet D: L-lysine-HCI-, 0 'L2; L-argÍnine-HC1, 0.10; Dl-urerhio;i;å, 0.05; L-valine, 0.02,and T,-glutamÍc acid, 3.79.
tThr b"""1 mixrure consisted of (T 

"l the diet): soybean oil, 5.00;viËamin míx, 1.00; nineral míx, 0.50; ana "trráric oxÍde, 0.40.
dNon-nutritÍve bulk supp'ied by I.C.N., Cleveland, Ohio
tM."r, * standard error. M.E. values r¿ere calculated.

ì'.-.

¡' : 'i'.'::,



r23

groups and fed for seven days the rye or the wheat based diets supple_
mented wíth good proÈeín qual-ity (TabJ-e 4.2). After seven days the
chicks from each group were randomly assl-gned to the four experimental-
diets. chícks assigned to treatments had aveïage inítial weÍghts of
63'5 and 60.0 g for those prefed the wheaË and the rye díeË, respec-
tÍvely. ParameËers measured included feed intake, weight gafn, feed
conversÍon efficiency and retentÍon of dry matter, proteín and fat.
rn both experiments, proteín was determined using the micro Kjeldahl
method (AoAc, 1970) whÍl-e fat was measured by using the modifíed pro-
cedure of Marchello et al. (1971)

All diets were formulated t.o be isocaloric and isonitrogenous.
EssentÍal- amino acid content of the diets supplernented r¿Íth good quality
proteín was equal to the 1971 (Experirnent g) and L977 (Experiment 9)
N.R.c. requírementsrr,¡hÍle the content of diets supplemented with poor
quality proËein was slíghtly below the respectÍve N.R.c. reconnendaËions

but within each experÍment the diets containÍng the poor quality protein
had an equal contenË of each essential_ amino acÍd.

1. Results

ãt ExperimenÈ 8

Mean interval- weight gains and feed conversion effícfencfes together
wÍth a sur'mary of analysÍs of var:iance are shown in Tabres 4.3 and.4.4.
Means and analysÍs of varÍance for dry matter and protein retenËion and.

for digestibilÍty of fat for the five períods analyzed. for nutríent
retention are shown in Tables 4.6, 4.7 and, 4.g.

The results from Tabr-es 4.3 and 4.4 denonstrated that there was a

ir - . ¡
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dffference (P<0.05) i-n growth rate and feed conversion efficiency for
all perÍods (days }-Lz), except the last two períods (days 13-r_6), be-
t!üeen bírds fed the rye diet that contained the poor quality proteín
and those that consumed the same diet plus added penicíllin. rn con_

tïastr when rrheat was substituted for rye the only corresponding dif-
ferences between the penicíl1-in and the non-penicil-l-ín treated. bírds
occurred during the second period for feed efficÍency (p<0.05),

and second and thírd perÍod ("<0.0i-) for weight gain. Also, there were

no dÍffere'ces beËween the penicillin and non-penicillin treaËment

groups in feed efficiency or weighÈ gain for any of the treatment periods
when birds r¡/qre fed the wheat-based díets that contained the hígh quality
proteín. A sinílar response except for the fÍrst period for boËh

parameters and the sixth period for weight gaín also occurred when bÍrds
were fed rye diets that contaíned the high quality protein.

As Índícated above there r¡ras a depressÍon Ín feed conversion

efficiency aciompaníed by a decreased growth ín almost all groups of
bÍrds during the second intervaL. These depressions r^rere more dramatíc

in the birds fed the rye díets with meat meal, parËicularly in the

absence of penicil-l-in. Birds fed this l_atter dieË also had severely
depressed feed Íntake and retentÍon of nutrients, païËicularly fat, as

compared to the first and the thírd Ínterval. These effects on feed to
gain ratío aïe i.llustrated in Fíg. 4.L and. 4,.2.

Analysis of varÍance demonstrated. significant fnteractíons (p<0.05

or PcQ.01) of graÍn x penicilJ-in, grain x proreín quality and proteÍn
quality x penicillin for both weíght gain and feed conversion effÍcíency.
The ghree-way interacÈion of graín x protein qualÍty x penÍci11in 1eve1
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131

for feed conversion efficiency hras signÍfÍcant for all tíne íntervals
except for the 1--2, 13-14 and 15-16 day intervals. The results of Èhe

graín x penicíl1Ín inËeractíon, which were in agïeement with those

obËained by Misir and I'farquardt (L97ga, b, d), demonstrated that the

additÍon of penÍcÍllfn had a more favourabLe effect on the performance

of the rye than of the wheat-fed birds. Also the interactíon of grain

x proteÍn quality demonstrated that the replacement of meat meal by

soybean meal pJ-us casein improved weight gain and feed conversion

efficÍency to a gïeater degree in rye as compared to wheat-fed bírds.
rhese results are in agïeemenÈ with those from Misir and Marquardt

(1978b). Tn spÍte of the considerable improvement ín the performance

of the rye-fed birds by penicíllin or good quality protein, their growth

and feed effÍciencíes were always poorer compared to those obtaíned

fron birds fed similarly formul-ated wheat diets. Ttre interaction of
grain x protein qual-ity x penicillin level showed that penicillín supple-

mentation el-icited a much greateï ímprovement in feed conversion ef-
ficiency ín the birds fed the rye dÍets supplemented with the poor

quality protein as comPaïed to birds fed sÍnílar diets supplemented wÍth

good quality protein, while ít had a smaller effect on the bírds fed

the wheat based diets. This interaction r^ras greatest during the second

period where penicillin addition Ëo diets supplemented with meat meal

improved the utilization of feed by 34 and zry" for the rye and, r¿heat-

fed bÍrds, respecËíve1-y, while the corresponding ímprovements for the

díets wíth good qualÍty protein r^rere 3 and, 2%.

Analysis of varíance data for dry matter and protein retentionrand

fat dÍgestibílÍty ÍndícaËed that the rye-fed bÍrds rerained Less (p<0.01)

::l
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nutríents than the wheat fed birds for al_l_ (5) of the periods that were

ana]-yzed' AnalysÍs of varíance data aLso indícaËed that supplementation

of diets with soybean meal- p1-us casein Ínstead of with meaË meal im-
proved dry ma¡¡sr retentíon (p<0.05 or p<0.01), protein retention (p<0.01)

and apparent far dígesribility (p<0.01-) for all rhe perÍods. The

addition of penicillÍn ar 20O me/ke of dÍer improved (p<0.05 or p<0.01_)

dry rnatter reËention and fat digestibility for al-I períods except for
the first perÍod. Protein retentíon T¡ras improved (p<0.05) by penicillín
supplementation during the second period only.

Ttre interactións of grain x penÍci1-lÍn (p<0.05 or p<0.01) for dry
matter retenËion (fÍrst and fourËh period), protein retention (-second

period) and for fat digestibÍlity (last Ëwo perÍods) indicared that
suppleuentation llas more favorable for the rye than for the wheat fed

birds. However, this interaction for fat digestÍbÍlity duríng the fírst
and third períods demonstrated that penicillín enhanced fat dígestibility
more ín the wheat than Ín the rye fed birds. The sígnificant inËer-
acËions of protein quality x penícillin for nutrient retention indícated
a greater degree of ímprovenent ín nutrient retentíon, particurarry of
fat and dry matter, when penicilli'\¡ras added to diets with poor as

compared to good quality protein. The interactions of graín x protein
qualíty x penicill-Ín for d.ry matter (p<0.05) and for protein (?<0.01-)

retention during the second and the fifËh period., respectivel_y, as well
as for faË digestibilÍty durÍng the l-ast two perÍods Índicated that
penicillin increased the reËenËÍon of nutrÍents more ín the birds fed

rye diets with meat meal- while it had a variable and smal-ler effect on

the other bÍrds. The results ar-so indicated. Ëhat penícÍllín supple-
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mentation Írnrproved fat retention to a much greaËer degree than the

retention of other nutrÍents, partÍcu1arly in rye diets supplemented.

r¿íth meat meal-. TtrÍs suggested that fat digestibÍlíty was very severely
affected by the microflora. Ttre increase in fat digestibílíty by

penicÍllin supplementatÍon of rye dÍets that conËaíned meaÈ meal, as

explaÍned subsequently, was noÈ attrÍbuted to the pooï pïotein quality
but rather to Ëhe presence of tall_ow in the meat meal.

The results ÍndÍcated that the íncrease Ín nutrienÈ retention be-

tween the fÍrst and the 1asÈ analyzed periods was greater for the rye
than for the wheat fed bírds. Ttre íncrease was also more dramatíc for
fat digestibil-íty, particularly in the birds fed rye diets ; fat digest-
ibility r¿as increased by approxÍmately 827" Ín the bírds fed rye diets with-
out-. penicillin, by 233% in the birds fed rye diers supplemented wíth
meat meal and penícillin, and by L1,6% in the birds fed rye diets that
contained good protein quality and penícillin. An improvement of fat
dÍgestÍbilÍËy by 937" was also obrained in the birds fed wheat díets
supplemented with meat meal on1y.

b. ExperímenÈ 9

Means and analysis of variance for a1l crfËerÍa are presented fn
Table 4.8. Adaptation of birds to the rye diet iuproved (p<0.05 or
P<0'01-) weight gain, feed conversion efficÍency and fat digestibilÍty
compared to birds adapted to wheat prÍor to being put on tesÈ. After
adaptatÍon, birds fed the wheaÈ diets gave beËter (p<0.01) perfornance

than birds fed the rye diets. Rer-atÍve to meat mear- ar-one, supple-
rnentation of diets wíth meat meal plus caseín improved (p.0.01) alL
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crlËerla of performance except fat digestÍbi1íty. Ttre Ínteraction of
adaptatÍon x graÍn for feed Íntake (p<0.05), weight gain (p<0.01; Fig.
4.3), and feed conversion effíciency (e<0.0J.) indícated a 6, L6 and. L97

improvement' respectively, in the rye-fed birds previously adapted to
the rye diet as eompared to those adapted to the wheat díet. The cor_
respondíng improvement for the birds fed the wheat based dÍets were -1,
-L and 0"/". However the perfornance of the chfcks fed the ïye test
dÍets was always lower than the performance of chlcks fed the wheat Èest
diets. The ínteraction of grain x protein qualÍty (p<0.0r_) for feed in-
Ëake and efficiency of feed conversíon demonstrated agaín that protein
\'¡as more 1-inÍting in the rye Ëhan in the wheat fed birds; additíon of
4'5"Å caseÍn improved feed intake and feed efficÍency of the rye fed bírds
by L2 and 347", respectively, while the corïespondÍng irnprovement for
the wheat fed bÍrds were 1 and. 23%. No Ínteraction. \^ras obtaíned for
weÍght gain, as a sÍmÍlar improvement was obtained in the rye or wheat-

fed birds by írnproving the quality of'dÍetary protein. The varues of
the interaction of adaptaËion x grain x protein qualíty (p<0.05) for
feed efficiency showed that bÍrds adapted to the rye diet and sub-
sequently fed the rye diets with poor or good qualíty protein utÍlized
feed more effícÍently by 12 and 62, respectiyely, than 6Írds fectr, the
same díets after their adaptation to the wheat díet. The corresponding

values for the ehicks fed the r,¡heat dieËs suppl-emented with poor or good

qualíty proteín ürere approximatel-y 0 and tlz. overall, preadaptation
of chicks Ëo rye and ímprovement of the protein quaríty of the sub-
sequently fed rye diets improved feed effÍcíency by 4or. compared to
chicks adapted Ëo wheat and fed rye diets wíth poor proteín. ThÍs three_
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r47ay ínteractÍon hras largely responsible for the tr,ro-r.¡ay ínteraction of
adaptation x protein qualiÈy (p<0.01); compared to chÍcks prefed the
r¿heat diet, those prefed the rye diet util-ized feed 3 and g"Á more effi-
ciently when the subsequentl-y fed dÍets r,¡ere supplemented with good or
poor qualiËy proteÍn, respectível_y.

chícks fed the rye based diets appeared to retain slíghtly rnore

nutrients, partÍcularly faÈ, when Ëhey were prefed the rye dÍet as

compared Ëo those prefed the wheat dÍet. Fat digestibility Ín the rye
fed birds prevÍously adapted to wheat was slíghtly lower when good as

compared to poor qualÍty proteín was used. A sinilar effect of proteín
qualíty on fat digestibílity in the rye fed birds was also obtaÍned
in Experíment 7

2, Discussion

Fernadez eË ar. (L973ù reporÈed a sharp declÍne in egg productÍon

within two weeks after the replacement of a corn-wheat díet of the laying
hen by a diet that contained B0% rye. some ïecovery was observed after
four weeks buË egg production rate remained l-ower than that. obtained
with hens fed the control- dÍet. rn a more recent study, day-old broiler
chicks were fed a 55"/" rye dÍet suppl-emenËed with excess proteÍn and

with or v¡ithouË antíbiotic (trüegner and. Thomas, 1978b). By measuring

the feed conversion effÍciencies every 2 d.ays, these authors demon_

strated that after B days the feed to gaÍn ratfo of the non-antfbíotic
fed bÍrds reached. a peak followed by a rapid decr-ine during the next
one or Ëwo 2-day inËervaLs. The pattern for the anÈibíotic fed birds
was the same except that they were able Ëo uËÍlize feed. much more

effÍcÍent1-y than the non-antibÍotÍc fed bírds. However, duríng the
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l-atter portion of the study (after 8 days) anËibiotic treatment was in-
effectual-' Ttre results of the current study d.emonstrated that the feed

to gaÍn ratíos of alL birds reached a peak during the second Z-day in_
terval follor¿ed by a decl-ine at the thírd 2-day period. These changes

\^rere more dramatÍc Ín bÍrds fed rye-based diets than ín bírds fed the
respectÍve wheat dfets; also, Ín birds fed dÍets that contaÍned meat

meal-, parËicularl-y Ín the absence of penÍci1-lin, than in btrds fed díets
supplemented wfth soybean meal. Bfrds fed the rye diet that contained
the poor quality proteÍn also exhÍbited the most persistent response Ëo

antibfotic supplementatÍon, Í.e. duríng the first L2 ð,ays. A similar
but less dramatic trend was observed in birds fed a rye-based díet Èhat

contained a hígher quality protein. Except for the second time Ín-
terval, there was, in contrast, very litt1e or no antibiotic response

in bírds fed wheat diets supplemented with the poor or good quality
protefn. The lack of response to penicíllin supplementation ín the
latter portion of the study (after 12 days) in rhe birds fed the rye
diet that contained Ëhe poor qual-ity protein can not be an adaptÍ.ve

response as effíciency of feed utílization was reduced Ín the anti-
biotíc fed birds. fhÍs change must, therefore, be attrrbuted Ëo re-
duced effectÍveness of penícillin. Tt¡e reduced effectiveness of
penÍcillin hTas also demonstrated Ín the summarÍes of anal-ysÍs of varÍ-
ance in Tables 4.3 and 4.4, where al1 the sfgnrfrcant Ínteractions
Ínvolving penicÍllin,aûdr consequentl-y, the penicílltn main effect, were

abolished.

Ttre rapíd increase in the feed to gaÍn ratÍo during the second

perÍod, followed by a rapid decline at rhe thfrd period in bi.rds fed
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rye diets supplemented with meat meal and zero penicÍl1_in, T¡ras aLso

accompanÍed by a rapÍd decrease and increase in weíght gaín and nutríent
retentÍon, especially fat, during the second and the third period.s,

respectível-y. Ttrfs could be aËtribuÈed Ëo the detrimental effects of
the intestinal microfl-ora on nutríent utilization and., perhaps, on the
general health of the btrds, as'penicÍllÍn supplementation improved all
críteria of performance. Ttre fact that similar but less dramatic

changes of weight gaín and feed to gaÍn ratfo occurred also in the bírds
fed wheat díets supplemented with meat meal- indfcated that the meat

neal míght be also partially responsÍbl-e for the reduced chick per-
formance and the relatively large antibiotíc ïesponse. snith (1965)

reported that feedÍng meat meal to young chÍcks encouraged the growth

of clostrídÍum welchÍÍ which produced toxins causing irritatíon and

thíckeníng of the intesrinal walls (scott et al., 1969). cl_osÈridía

were also reported by tr{agner and Ïhomas (197ga) as the major growth
'depressíng bacteria in the birds fed rye diets r.¡ithout meaË meal-. The

m¡ximization of the adverse effects of the microflora in the birds fed

rye dÍets supplemented with neat meal could be attribuËed not only to
the proliferation of the toxÍcogenÍc and other bactería, as a resul-t of
the reduced nutrient absorption by the non-specffÍc antinutrítfonal
factor (Marquardt et a1., rgTg), but arso to the impaÍred nutrftÍon of
the bird per se resul-ting from the reduced absorption of al-l- nutrÍents,
and from Ëhe poo. qualÍty of proteín and. the type of fat (tar-low)

present ín meat meal. Tal-l-ow; whÍch is found at 1_o% ín meat meal

(scoËt eË al., 1969), has been shown to be poorly utilized by rye fed

chicks. These factors might exprain the large response Èo antíbiotic
i,aiì'.tn
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lshen birds vrere fed rye diets that contaÍned meat mear. (Graber et a1.,
L974; MÍslr and Marquardt, 1978b). Feed conversion efficíencies of birds
fed wheat based diets supplemented wÍth meat mea1, except for the second

tÍme period, were not affected by dietary penicÍllín. rn contrast, the
response to antfbiotfc suppl-ement, as fndicated before, r¡/as veïy pro_
nounced in birds fed sirntlarl-y fornul-ated rye diets. presumably the
former birds would overcome the detrfmental- effects of the microfl-ora
more easily than the latter bÍrds, as they dÍd not suffer from a nutri-
tÍonal- deficÍenc¡ such as protein and enerþy, to the same degree as the
rye fed birds' Ttre ÍmporÈance of protein qualíty on the adaptation was

demonstrated by the failure to obtain a significanÈ improvement ín
weight gain and feed efficÍency when penicíllÍn was added to the rye
diet suppl-emented with soybean meal- plus caseÍn. protein could facíl-i-
tate a rapid imtune response by the bird against microbial toxins. This
night be possible because boËh the Leghorn chÍcks fed the rye diet with
good quality pïotein ín the current experiment, 

"rra trr. broiler chicks
Ín the experiment of l,rÏagner and Thomas (1g7gb) could utilize the non-
antibiotic diets as effÍcfently as the antÍbiotÍc containíng diets when

chicks r¿ere 10 to L2 days old, irrespective. of the tine they had been

on rye diets. Rye diets were fed to Leghorn chrcks for 2 to 4 days only
and to broiler chÍcks for 10 xo Lz days prior to thís adaptation. How_

ever' Ëhe possÍbility that the adaptive response nÍght be attributed to
a change Ín, or to an interaction between, bacteriar components can not
be excl-uded, although lüagner and Thomas (1978a) \,/ere not able to shbr¡

any changes in the total number of microbes. oï of their fermentatign
produets ín 4 or 14 day oLd chicks fed rye dÍets.
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BesÍdes the early adaptatíon shown in the non-antibiotíc birds fed

eÎther rye díeËs suppl-emented wÍ'th good qual-Íty proteÍn or wheat diets
that conËained poor qual-Íty proteÍn, a long-term adaptation was ar_so

evident in Experiment 8. firfs laÈter adaptatlon hTas demonstrated by an

íncreasÍng retentÍon of dry m¡¡¡sr, nîtrogen and. fat between the first
and the 1asÈ analysed periods. This íncrease, particuLarly for fat
dÍgestÍbility, r^ras gïeater in the rye than in Èhe wheat-fed birds.

Experfment 9 also demonstraÈed better growth and feed conversfon

effÍcÍency in blrds fed the test rye díets previously adapted to the

rye diet, compared to those fed the saue test diet but prefed the wheat

diet. In thÍs experÍuenË, however, Ëhe Ímproved feed utÍlizaËion by the

rye adapted bÍrds r{as not reflected by a sÍgníffcantly betrer (p<0.05)

nutrient retention although the retentíon data, particularly for fat,
were slíghtl-y higher than Ín the wheat adapted birds. Thís could be

aËtributed to the fact that part of Ëhe improvement of the feed con-

versÍon efficiency \À7as related to the increased feed íntake. The effect
of prefeedíng rye diets on nutrienË utÍl-ÍzatÍon, particularly of poor

qual-íty protein, by bÍrds fed rye dÍets was demonstrated by the inter-
action of adaptation x graÍn x protein quaLity for feed effÍciency.
trlhen rye diets supplemented with good qualiËy proteÍn were fed, feed

effíciency Ttas 6% better Ín bÍrds prefed Èhe rye dÍet than in those pre-
fed the wheat diet, whÍle with poor quality proteÍn the Ímprovement in
feed effÍcÍency was twice as much. rn contrast., the correspondíng

fmprovemenËs of feed utilÍzatíon fn the bîrds fed the wheat based dÍets
were 0 and L'Å. Thfs indfcated that util_ÍzaËÍon of

mented wlth poor qualÍty proteÍn was bettei ln the

rye dÍets suppl_e-

bfrds prefed the rye
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than in those pref ed the wheat dfet. AlËhough the díf f erence \¡ras not
sÍgnÍficant (P>0.05), protefn reÈention with test rye dÍets was higher
(8%) in birds prefed the rye rerative to rhose prefed the wheat diet.

Fat digestfbflity (Experínent 8) as compared to other crfterfa of
performance dramatfcally fncreased. with age, partÍcul_arl_y in the rye

fed bfrds. The effect of age on fat dfgestfbilfty has been examined

by several authors, but at Íntervals.longer than two days. carew et al_.

(L972) 'reported that the apparent digestÍbÍl-fty of tallow.and corn oíL
added at 20"/" to the chick dÍ.et was Íncreased, ïespecËively, from 35 and,80"Á

at 2-7 days of age Èo 78 and 97"/" at B-1-5 days of age. Gomez and polin
(L976) also reported that the apparent fat absorptfon from diers sup-
plemented with 8 -27" talLohr T¡ras 40 and 68|z in chicks aged 4 to 7 and. L4

to 19 days, respectively. Ihese latter authors as wel-l- as Fedde et al.
(1960) atËributed the reduced fat dÍgestibility in rhe very young chíck
Èo the relatively 1-ow production ,of bile acid.s for digestion and ab_

sorption of fat, particularly tallow, as the addition of endogenous bile
acids improved fat absorpËion. Renner and HÍlr_ (1961) reported also
the reduced length of gastroÍntestinal tract in chicks as another factor
for reduced fat absorption.

The improved fat dÍgestÍbilÍty obtaÍned in the current study with.
increasÍng ager particularly Ín the rye-fed bírds, eoul_d be attríbuted
Ëo the increased bi1-e productÍon as well as to an fncrease of the size
of the gastroÍntestinal- tract. These two factors.seemed to be partÍcu-
1ar1y Írnportant for the dram¡¿1q Íncreased fat dÍgesttbfltty ín the rye
fed bÍrds sÍnce measurements and observations made on chicks during study Síx
shor¿ed that rye-fed bÍrds had heavÍer livers and. ga11 b1-adders as well
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as heavíer and longer small ínËestÍnes on a per 100 g body.weíght basís
compared to Ëhe wheat fed birds. These relativel-y larger changes in the
rye than Ín the wheat fed btrds lrere possibl-y indticed by the presence

of an antÍnutritional facÈor (oolysaccharíde) Ín the rye grain. Ttre

increased size of the gastroÍntestinaL tract could be explaíned íf thís
poLysaccharide was not only ÍndÍgestÍbl-e but also fnterfered wíth nutrí-
ent util-ízati:on- The abil-Íty of thÍs po1-ysaccharid.e to reduce enËero-

hepatÍc cfrculatÍon of bÍl-e acÍds elÈher by dÍrect binding of bil-e acÍds

andlor by supportÍng the prol-iferation of intestÍnal mlcrof1ora, whieh

degrades bfle acÍds, could explain the relatÍvely large size of gall
bladders and livers. These, as r¿eIl- as other possibJ-e anatomical and

bíochemical changes, coul-d. also occur Ëo a relatively snaller degree Ín
the wheat-fed bírds as a similar buÈ less dramatic increase ín nutrienË
retention occurred wíth increasing age. Bol-ton (1955a) showed that the
dígestibÍlítÍes of fat, proteÍn and dry mâtter Ín bj_rds fed non_rye

diets increased up t,o Ëhe age of 5 weeks.

The composÍÈÍon of dietary fa:_ had an effecË on fat digestibilÍty.
ThÍs was attributed to the fact that meat meal, r,¡htch r,{as used as a

protein supplement, contains approxÍmateLy L\z tallor^r (scott et al.,
1969). sÌnce 327" meat meal was added to some of the dÍets, Èhe cor-
respondfng J-eve1 of tallow in the dÍet would have been 32. DÍetary
ta1-1ow was, therefore, eÍther 07" in Ëhe diets wiËh soybean neal plus

casein or 3% ín the diet that contaÍned meat meal-. The balance of
dÍet.ary fat was soyôean oil and mÍnor amounts of fat from dietary in_
gredients. The presence of tallow Ín the meat meal contalning dieÈs

would have reduced fat digestibÍliËy, particularIy in the rye fed birds.
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Ttrfs effect of tarrow was shown in previous studÍes as well as fn the
resulrs of Tabre 4.7, where fat digestfbflÍty in the birds fed dÍets
supplemented lrfth meat meal was reduced, compared to supplemenÈation wLth
soybean meal p1_us casefn. Also, all_ rye_fed bÍrds had l_or^rer fat dígest_
ibflÍty compared to wheat fed tji¡ds. These resul-Ès woul-d suggest that
the composftion of dietary'fat, the type of cerear and the age of bird
T^rere' probably, the maÍn factors: that were responsibl-e for the 1ower fat
dÍgestÍbilfty fn the rye cornpared to the wheat-fed bi.rds.

r'' Experfment g, the additÍon of penfcillin to diets supplemented

wÍth meat meal fmproved retentíon of a1l nutrÍents, partlcurarly fat.
This Írnprovement was greater Ín the rye fed than Ín the wheaË-fed bírds.
The signÍfÍcant (P<0.01) three-way Ínteractions of grain x penicillín x
protein qualÍty durÍng the last two anaLysed. periods indícated that fat
dÍgestibÍlity in the rye-fed bÍrds níght ar-so be dependent on the pro-
teÍn qualíty' These results, however, r^reïe probably misleading because
the reduced fat digestibility in chicks fed the rye-meat meal dfeË
without penicillÍn \¡ras not actually due to the poor qualiËy of proËein
buË rather' as observed prevÍousl-y, to the presence of. r0T" tar_ror¿ in
the meat meal (scott et ar., L969) and perhaps, to the stimulaÈíon of
mncroflora prol-iferatíon by the meat meal , which has rer_atively low
dÍgestibillty. Microflora reduced. fat dlgestiì-Þ-Ílfty by degradatlon of
bÍ1e acids (Eastwood, 1973; DugJ-uzeau, 1979) whÍch are always
requÍred for solubrlÍzation and absorption of ta110w. The effect of
mlcroflora on faÈ absorpÈfon rÀras lndÍcated by tlie large improveuent in
fat digestibil-fty forlowfng penicrll-in suppl-emenration even in birds
fed the rvheat diet suppremented with. meat mear_ compared to bi.rds fed

l'...
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the same diet supplemented wÍth soybean mear_ plus casein. Tf fat dígest_
ibÍlity Ín the rye fed birds was-dependenÈ on proÈefn qualÍty per se,
then bÍrds'fed the tes.t rye dfets-of Experiment 9 should have shown

hÍgher fat digestibflity wfth. the high proteÍn quality. rn contrast, fat
dfgestibility was not dÍfferent axûong the four groups fed the tesÈ rye
dfets, although bfrds'prefed the wheat dfet appeared Ëo glve lower digest-
ÍbilÍty when they were switched to the rye dfet r¿fth good proËein quality.
sÍnil-ar resul-ts of reduce.d, fat absorption in birds fed rye díets suppre_
mented wíth adequate essenËÍaL amíno acids were also obtaíned by
Marqnardt et ar-. (L979) as well as ín ExperÍment 7. These results are
diffÍcult to explain and further research is requfred for the eluci_
datÍon of the role of protein qualÍty on fat digestibtlÍty Ín rye fed
bÍrds.

Ït may be concluded that there appeared to be tr¡ro or three general
types of adaptive response Ín bírds fed rye contaÍning dÍets. Ttre, fírst
type, which was demonstrated by the magnitude and. duraÈion of response
to antÍbíotic treatment, was much gïeater in rye as compared to wheat
fed bÍrds and when the protein qualÍty 

'fas poor and/or, possfbly, when

part of dÍetary fat was ta110w-Ínstead of soybean oÍ1. Ttrts adaptation
ü'as' general-ly, characterized by a progressivel-y decreasfng response to
penicillin treatmenÈ. Ttris effect persisted'for 12 days in the birds fed
rye diets suppl-emented ü¡ÍËh poor quality proteÍn but was of only 4 days
duration when birds riüere fed a rye díet thaË contaÍned good quality pro_
teÍn. Birds fed the wheaË-based dÍets with poor qualiÈy protein arso
became adapted much sooner than those fed sínilar. ïle-based dÍets, whí1e
no apparenÈ adaptatÍon occurred ln birds fed the wheat based diets
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supplemented wíth good qual_ity protein.

A second type of adaptati'on, whfch appeared to be superimposed.

upon that of the fÍrs:t type, r¡as characËerlzed by a transÍent but very
dramatfc decrease itr feed effÍclency wÍthin 2 to 4 days after the íniti-
ation of the experihent - Thís r¿as fol-l-owed by a pronounced ímprovement

durfng the foll-oÌ4rÍng Èr/¡o-day period. This effect rôras also more dramatic
ín rye as compared to wlìeat fed bfrds, and particularl-y Ín those birds
that were fed the poor qualiìty protein. Thís effect was partially
allevÍated by dÍetary antfôÍotÍc, especfally Ín those bÍrds where there
rÀras a pronounced reduction of feed efficÍency.

A thÍrd non-antíbíotÍc sensÍtÍve response also occurred. This was

illustrated by the progressÍve improvement in nutrient retention with
íncreasing age of the bird. The rate of improvement in rye-fed birds
also appeared to be greater than in the wheaË-fed birds. Hor.rever,

nuËrient retentíon of the rye fed bÍrds, even after 16 days on test,
was always less than thaË of the wheaÈ fed birds.

rhe effect of the thÍrd type of adaptation üras also demonstrated

ín Experiment 9, where the growth. and feed utilÍzatÍon of chÍcks fed
rye dÍets was dependenË not only on the qualÍÈy of the protein but also
on the preadaptation to rye or r¿heat d.iet, sÍnce bÍrds fed rye diets
thaË contained poor qual-Íty proteÍn could uËÍlÍze the feed more effÍ-
ciently when they had been preadapted to rye than to wheaÈ diets. rn
conËrast, the performance of the wheaÈ fed bÍrd.s.r^ras.dependent only on

Ëhe protein qualfty.

These results.would suggest that antiblotic treatment of rye_f,ed
birds, parËicularly Íf protein and/or fat quality T^ras hrgh, wourd only.
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be effective for a rather shoçt perlod qf tine. Ihe res.ults also dernon_

straÈed a rapÍd change fn nutrient retention following the admÍnistration
of rye dÍets Ëo "b-irds. The time of fecal- sampl-e col-l-ectfon Ín an experi-
ment, Ís therefore, very Írqpoftant Íf cl_ose agreement beÈq¡een nuËrienË

retention and feed effi¡iency data ís.to ble obtained.

il:ì
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F. Study Five: IltiLization of Rye DíeÈs by Chtcks as Influenced byAutoclave Trearment, Irrater Extraction and l^Iater soaking.

The objectives of these experÍmenËs (10, 1l- and !2) were to establish
if the nuËrirional value of rye for chicks could be improved by in-
activation or removal of the antinutritional factor(s) ín rye; and to
establísh if additíonal ínformation could be obËained regarding the

nature of the factor(s). rn Experiment 10 the effects of auÈoclaving

and antíbiotic supplemenÈation on the performance of young chicks fed

rye or wheat based díets were studíed. AuËocl_avíng of ground rye and

wheat grains was performed prior to their íncorporation in the díets.
The samples r^rere placed in trays to a depth of 2 cm and autoclaved by

steam at L2Loc for 10 or 30 minuËes. The desígn for thís experiment üras

a 2(rye vs- r¿heat) x 3(autoclaving at 0, 10 or 30 minutes) x 2(0 vs.
200 mg penicill-in/kg of diet) facroríal with six replicares of eíght

birds each- The experiment was init.íated when the bírds were 7-days

old and had an average weight + s.D. of 5g.0+1.4 g. This experiment

lasted 7 days. Formulas and analyses of diets qre given in Tabre 5.1.
The level- of each essential aurino acid.was almost the same in a1I díets
and slightly below the N.R.c. ïequirements (1971). The calculated levels
of the three most l-imiting aurino acíds and theír recommended. levels

.

by N.R.c. as a peïcent of dieË were, ïespectively: methíonine, 0.36 and

O.46; tyrosine, 0.50 and 0.60 and lysine, O.g7 and 1.1.

The effect of water exÈraction of rye and penicillin supplementation

on the improvement of the nutritional value of rye was examined. in
Experiment 11, which \^ras a 2(0 vs. 2oo ug penicillín/kg diet) x 6(rye,
wheat, extracted rye, exÈracted rye plus freeze-dried waËer extract,

i'''
t:,::
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Tabi-e 5.1. Formulas and anal_yses of diets (ExperirnenÈ 10).

Ingredíent Díets A_F DÍers G_L

Rye (11.92 protein)

tr{treat (LL.67. prorein)

Soybean oil-

Basal míxturea

Penicí11Ínb

Analyses

Prorein (Nx6.25)

Fat

Dry matËer

M.E. (kcal_/ke)

63.2

6.0

30.8

+

19.9+0.4

LO.4+0.4

91.9r{.7

2,940

65.2

4.0

30.8

+

L9.9+{.4

8.6+0.l_

92.314.2

2,940

"Th. b"""1- mixture consisted of (7" of. diet): meat meal (46.8"Å protein),28.4: vitamin mí¡, 1_.0; rnindral- mix, 0.5; 
"orr, "a".ch, 0.5; andchronic oxide, 0.4.

b
Supplíed as penicillin G Procaine salt by the Sígna Chemical Co.,sË' LouÍs, Mo., and contained 1000 unittT-g.- A mixture of corn
¡ta¡ch and penicir-lÍn (prepared as descri¡ãa in Materrals andMethods) was added to dietá B, D, F, H, J and L.

c
chemical analyses + s.E. excepÈ for M.E. valuesrwhich were calcurated.

/¡:,i:li:;ìrl
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wheat plus freeze-dried ïdater extract, wheat plus heat-dríed r¡rater

extracË) factoríal design with four replicates of four birds each. seven

day o]-d chícks with an inÍtÍal- weight + s.D. of 69+l_.0 g were used ín
this 9-day experíaenÈ. T¡vo díffeïent procedures were used for rn¡ater-

extraction of rye: 1. rn the fírst procedure, most of the operations,

' excePt mixíngrr^7ere carried out at Ooc in order to avoid any inactivation
of the antigrowth factor(s). Q'antities of 600 g of ground rye were

mixed wfth 6litres of distilled water at a ratÍo of 1:10 (w/v), pul-
verízed for about. 5-l-0 nÍnutes by using a Tekmar homogenizer and sub-
sequently were agitated for 40 minutes at room temperature by usíng a

propeller type agitatíon at low ï.p.m. The mixture r¡ras aLlowed to stand

for t hour ín an ice bath and thereafter it was centri_fuged at 11000 x
g for 5 minutes at Ooc in a sorvalL superspeed Rc2-B centrifuge., Ttre

precipitaÈe !üas resuspended ín 10 volumes of distílled T¡rater, agiËated
for 40 minutes and centrÍfuged as previously described. Both super-
natantswere pooled and freeze-dried, and the final product, which \^/as a

brown hydroscopíc, porous and sticky solid, r¡ras designated as ,,the

freeze-dried water extractrt. Ttre water-extracted ïye \¡ras also freeze-
dried. The recoveries of water extract and extracted aye as peïcenËage

of the original ground rye were 16 and 847", respectivel_y. z. rn the
second extraction procedure, 3 kg quantities of ground rye r¡reïe mixed

r'¡ith 15 litres of distilled water, and were allor¿ed to sËand at roou
Ëemperature for 6 hours r.¡Íth occasÍonal overhead stirring. After the
mixture had remaÍned overnÍght at 5-10oc, the top l_íquid was siphoned.

next day and evaporated. at 80oC under reduced pressuïe. Ttre obtained
product, whÍch was freeze-dried for further elimination of úrêter, hras
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designated as ttËhe heat-dried r,,rater extract'r. The r¡rater extracted rye
obtained by thÍs method was not used. Freeze-dried extracted rye and

!ùater extracts r^rere reground and anaLyzed. for protein and amino acid
content prÍor to theÍr incorporation fn the díets. proteín content of
extracted rye, freeze-dried and heat-drted !üater extract were 9, 26 and,

I27", tespectivel-y. Both q¡ater exËract.s \¡rere added Èo the dlets at L2.S%,

which represented approxímatel-y 2r.3-zz./" of the grain componenÈ. A1l_

dÍets were formulated to be fsocalornc and isonÍËrogenous. Each essentiaL
amino actd was adjusted in all- diets to a certaÍn 1eve1 whÍch was

slÍght1-y beLow'the N.R.c. reguÍrements (rg7L). Formulas and analyses of
diets are given in Table 5.2.

ExperímenL L2 was designed to examine the effect of water soaking

for various perÍods (0, 12 and,22 hours) on the stability of the anti-
nutrÍtîonal- factor in raw or autocl-aved (10 nin at 121oc) rye. A con-
pletely randomized desÍ-gn was used with seven treatments (six treatments
based or, tr. and one based on wheat) of four reprícates with five bÍrds
each' one kg sampl-esof ground rye were rnixed !üith 2litres of distíl]-ed
water for l-0 mínutes in the presence of 2-3 ml- of toluene to inhÍbit
microbial growth. Ttre samples r^rere freeze-drÍed after they had been

allor¿ed to stand in tightly covered trays at room temperature for the
prescribed perfods. Ali- drets were isocalorrc and isonítrogenous

accordÍng to N.R.c. recommendations (Lg77). Formuras and analyses of
dÍets are gÍven Ín Table 5.3. chícks r{ere put on test when they were

7 days old and had an Ínitíal- weÍght + s.D. of 65.5+1_.0 g. TtrÍs experi_
ment lasted 7 days.

¡..'_
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Table 5.3. Formulas and analyses of díets (Experinent l*2).

Rye (9.9"/. protein)

trüheat (43.5% proteÍn)

Meat meal (43.57" prorein)

Corn starch

Amíno acid mixturea

Basal mixtureb

Celufilc

Calculated analyses

ProreÍn (Nx6.25)

M.E. (kcal/ke)

58.00

29.00

4.45

0.65

7.90

58.00

27.50

3 .00

7.90

3.60

19 .0

2,gLO

1_9.0

2,g3O

a
The amino acid mixture consisted of (7" of. diet): L-g1uÈamicacid, 0.35; L-isoleucine, 0.06; L-leucíne, 0.10; ll_fhenyl__alanine, 0.06; L-threonine, 0.03; and valine, 0.05.

b
The basal mixture contaíned the
bean oí1, 6.0; vitamin mixture,
and chromic oxíde, 0.4.

c
Non-nutritive bulk supplied by

fo1-lowing (% of díet): soy-
1.0; mÍneral- mÍxture 0.5;

I.C.N., Cleveland, Ohio.

Di-ets A-F
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''
To test the effect of heat treaÈment on the víscoslty of rye

extractsr duplicate 20 g samples of fÍnely ground non-autoclaved rye and

wheat and autoclaved rye (10, 20 and 40 mínutes) were míxed rrith l-0

vol-umes (w/v) of 0.2 M phosphate buffer (pH = 5.3) for 20 minuÈes in the

presence of 0.O2"/. NaN, to prevent microbial gror^iËh. Drews (Lg711) re- ,t',,. ,'

ported thaË this pH (= 5.3) was optÍnum for the activíty of enzlmes

responsibLe for degradation of po1-ysaccharides (pentosans) contributing

Ëo the viscosÍty of rye doughs. Ttre samples ïárere centrífuged aË 91000 i,,:, ,,.:

x g for l-0 ninutes, and the víscosiËy of supernatants T¡ras determined 
"t'i '.,, ' "'-

af ter 0 and l-4 hours by measuring the tíme required for a certain volume .""'''.

of extract to pass through a capÍllary tube of a vÍscometer (go-100

seconds)at30oc.Viscosítydatafromryeweresubjectedtotwo-\,Iay

analysis of varÍance. Parameters measuïed Ín this study included feed 
)

consumpËÍon,welghËgain,feedconversioneffíciency,dryuatÈerand

proteÍn retentíon,and dÍgesttbílity of fat (ether extract) and total and 
Ì

indivÍdual amino acids. DigestibílitÍes of glycine, tryptophan and 
i

sulphur-containing amíno acids ï/ere noË determined for reasons explaíned . 
'

in Study Three

- .": =i
t. .

1. Results i,.,,j.',:r,'

ai Experíment 10

Íhe results from thÍs experiment for all parameters measured are

shorn¡n ín Tabl-e 5.4. The signÍfÍcant (?<0.01) maÍn effects of grain and

penicillin for all crÍteria of performance ürere in agreement \ríth the

resul-ts obtalned in the prevÍous study. The resuLËs demonstïated that
autoclaving rye for 10 or 30 minuLes improved (p<0.01) feed lntake by 5

i.:,:;:f j.::,: r'.
ii 'l:1. :: :
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a'¡d 6"/", respectively, buË reduced (p<0.0i-) feed efficiency by 7 and ro|Z

proËein retenti'on by 0 and gy" anð. fat digestibÍ1_ity by L2 and Lr"Á, com_

pared to that obtained r¿ith the non-autocl_aved grain.

There were ÍnteracËions of graÍn x autocr_avfng tÍme (p<0.05) for
feed conversion effíìcieney and dry naËter retentfon; fncreasing auto-
claving tfme from 0 to 10 or 30 mínutes d.epressed feed utíl-Ízation ín
the rye fed bÍrds by 9 and L47", respectÍvel-y, whereas.the corresponding

reductÍon Ín the wheat fed birds were onJ-y 2 and 4"Á (Fi'g.5.1). Ttre

correspon'dÍng changes for dry matter retention compared with the non-

autoclaved treatment Írere *l and -5% for the rye and 0 anð. rL7" for the
wheat fed bírds. Ttre resul-ts would suggest thaË autoclaving r^ras more

detrimental for the rye-fed bírds. The adverse effect of heat on the

utilizatÍon of rye díets vüas greater ín the non-antibiotic than the

anËibiotÍc fed birds (rable 5.4). Ttre grain x penicillin interaction,
whÍch was significant (p<0.05 or p<0.01) for all of the criteria except
for fat retention, demonstraËed again that the favourabl_e effect of
penicillin supplementatÍon rnras greater ín the rye than in the wheat fed
birds. The autocl-avÍng tÍme x penÍcillín interactfon (p<0.05) for
protein retention índÍcated that thi-s païameter was improved more when

penicillín I4ras added to dÍets that contaíned non-autocLaved graín (23"/")

compared to grain thaË r¿as autoclaved for l-0 mlnutes (BZ) or 30 minuÈes

(I27"). Ttris effecË, however, was not obvÍous in bÍrds fed dÍets that
contained auÈoclaved wheat. The three-way interaction of graÍn x
autoclave time x penicÍlJ-in for dry naËter retentíon indÍcated a

reduced effectíveness of antibiotÍc when

Penicill-in supplementation of rye diets

rye \¡ras autoclaved for 30 minutes.

Ëhat contained rye autoclaved for

L64
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L66

0r.10 and 30 minutes improved dry matter reÈention

respectively, while the respectíve Ímprovements for
were 6, -L and 5"Á.

by 11-, L4 and L%,

the wheat fed bírds

b.. ExperÍnent J_l

Treatment means with sumnry of analysÍs of variance and main

effecËs of grain components for all of the response criteria except for dí-
Sestibíl-iËy of indÍvÍdual- amino acids are presented Ín Tabl-es 5.5 and

5.6, respecÊÍve1-y, whíle the main effects of grain components for ín-
dividual- amíno acid dÍgestibflÍty are presented in Table 5.7.

The grain component had signifícant (P<0.01) effects for all response

crÍtería. Birds fed diets that contaÍned unprocessed rye had lower
(P<0'01) feed íntake (r8"Á), weight ga.rn (40"/"), feed conversion effícieney
(39%), dry mâËter retentíon (.r0"/"), protein retention (zor"), amino acid
digestibiLíty (L1%) and far digesribil_ity (3g"Å) compared wíth the whear

fed birds' The additÍon of f.reeze-dried or heaË-dried water extracts to
wheat based díets decreased (p<0.01) feed inËake, weight gain and feed
conversíon efficiency, but only feed Íntake was depressed to levels ob_

served in the rye fed birds. Although retenÈi.on of dry matter and pro-
tein and digestlbílitíes of fat and total amÍno acÍds were al_so reduced,
only amino acid digestibility in birds fed wheat plus freeze-dried
extract was depressed signifícantly (p<0.01). However, this varue T^7as

still hÍgher than the value in Èhe rye fed birds. l,rrâter extracts also
gave ú¡atery and sticky feces (sÍmilar to those of the rye fed birds) and

Íncreased feed spÍllage compared to the wheat fed birds. This latter
observatÍon hras an Índicatíon of the reduced palatability caused by the

.?'r-
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extracts.

ExtractÍon of rye t!üice dfd

but lt improved (p<0.01) r,Teighr

affect feed consumption (p>0.01)

(227"), feed conversion effíciency
(27%), dry mâtter retention (9"Á) , proËein retentÍon (26"Å), total amino

acid digestibflity (LL"/") and far dígesríbiLity (45y") compared Ëo non_

extracted rye. However, weÍght gain and feed conversion effíciency and

fat dígestíbi1-Íty were stlll poorer (p<0.01) try 27, 10 and 102, respec-

tively, compared to r,¡heat fed birds. Noteworthy was the observatÍon

that extracted rye gave weight gafn and feed conversion efficiency
sÍmilar Ëo those of bÍrds fed wheat pJ-us rye extract. Extraction of
rye improved fecal condÍtion considerably but feed spillage was increased,

possibly because of the pulverizatÍon of rye duríng the extraction pro-
cedure' Addition 9f the freeze-dried extract to the extracted gye depressed
(P<0'01) all p"t"t.t"ts lisÈed Ín Table 5.6 except dry matter retentiori,
proteín retention and fat dlgestibÍlity. However, only feed j.ntake and

weight gaín were reduced to rye levels. Freeze-dríed extract when added

to extracted rye result.ed in production of sticky droppings and further
Íncrease in feed spillage and beak inpaction.

Grain component al-so had a significanË (p<0.01) effecÈ on the

dÍgestíbilities of all amino acids (rarle 5.7) . Digestíbilities of every

amíno acid was 1or¿er Ín the rye Ëhan in Ëhe r¿heaÈ fed birds r.ríËh dif-
ferences in percentage poÍnts rangÍng from 7 (leucine, phenylalanine and

proli'ne) up to 16 (threonÍne and tyrosine). Extraction of rye improved.

(P<0'05) the digestibilÍtÍes of all- amíno acfds excepÈ of aspartic acid
and argÍnine. The digestibilitíes of these t\.ro amlno acids were only
slÍghtly improved. Howeverronry the digestfbfl-tties of alanine

not

gain
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L73

histldíne, leucíne and proline r¡rere simll-ar (p>0.05) to the digestíbilÍ-
tÍes observed Ín the wheat fed bÍrds. ülhen t:ne freeze-dried extract
was added to diets wíth extracred rye Ít depressed (p<0.05) only the
digestibflities of glutanic acÍd, lsol-eucine, reucíne, phenylalanÍne and

threonine although. the digestibÍl-ities of the remaining amino acid.s were

also reduced (p>0.05). suppl-ementarÍon of the wheat based diet with
the freeze-dried extract reduced (p<0.05) the dígesttbil_Íttes of all

Iamino acids except for aspartfc acrd, prolÍne and seríne. T[re digest- ,

ÍbÍ]-íttesofarg1nine',Íso1eucÍne',1eucfne,pheny1a1anine,tyrosíneand

ival-ine r¿ere the onl-y ones that were simil-ar to those obtained wíth the
rye diet' The heat-drÍed exÈract, however, r¡¡as less effective than the
fteeze-drÍed extract in depressing the digestfbilities of amino acids, ,

because only the digestibilities of arginine, isoleucine, phenyralanine , :

threonine, tyrosfne and valíne were depressed (?<0.05) in comparison to 
i

lthe values of the wheat dÍet. rn addítÍon, only the digestibilíty of 
ityrosÍne díd noÈ differ (P>0.05) from that observed in the rye fed birds. '

This reduced antÍgrowth actÍvity of the heat-drÍed extract r¿as also shown 
l

by Èhe higher (P<0.01) total amíno acid dÍgestibí1-iry compared ro rhe 
i.

value obtained when Èhe freeze-dried extract was added to the wheat based i

_,'diet (Table 5.6).

AntÍbfoËic supplementation Ímproved the di'gestibílities of arl amioo

acids but the Ímprovement üras signifÍcant for ÍsoleucÍ.n e (3"/.), Iysine

:., ì (37") ,'phenylalanine (L"/Ð , serine (57") , rhreonÍne (6i0 and valine (47") .

The interaction of grain component x penicillÍn for the digestíbilities
of al-anine (P<0.05), arginine (p<0.01), ísoleucine (p<0.05), phenyl_v¿r, yL

alanine (P<0.05), and threonÍne (P<0.05) showed that the lncrease of
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digestfbilíties hTas greater wíth diets contafníng wheat plus free ze-dried.
extract (5-L4%) and extracted rye (.3-gz) as compared to diets based on
rye or extracted rye pJ-us free,e-ð'fed water extract, whíle no improve-
uent or a slight depressfon occurred wfth- dÍets based on wheat or wheat
plus heaÈ-drted extract

The indlvidual values of the grafn component x penicíllÍn interactíon
(p'o'05) for feed Íntake and wefght gafn (Tabl-e 5.5) Índicated rhat rhe
changes'of these parameÈers when penÍcirlin r¡ras added to diets wêfêr
respectfvel-y: L7 and 377" f.or the rye fed birds , -z and. 4% for the wheat
fed bÍrds, 8 and 2o"/. for bÍrds fed extracËed rye, 1r_ and 34"Á for birds
fed extracted rye plus freeze-dríed extract, L2 and :I5,Á for birds given
díets r¿íth wheat plus freeze-drÍed extract, and -6 and _2% for birds
given wheat plus heat-dried exËract. No interactÍon Ìras obtained for
feed utilizatÍon however, because penicillin gave al-most identical im-
provements in all diets, except ín the rye based dÍets, where the in_
proveme.nt was hÍgh. Examination of treatment means of all response
críteria in Table 5.5 showed that penicillÍn suppl_ementatíon improved
(P<0-05) on1-y the feed ínËake, weíght gain, feed uÈilÍzarion and fat
digestibÍJ-ity of rhe rye fed bÍrds and rhe weighr gafn of birds fed
exËracted rye p1_us freeze_dríed extract.

c. Experinent 12

Ttre results of the growth. trial are shown rn Tabr_e 5.g. Although_
feed intake in the rye fed bÍrds \47as not affected (p<0.01) by water or
heat treatDents' there were significant differences for weíght gain and
feed conversfon effÍciency. Soaking of non_autoclaved rye for g or 22

hours Ímproved weíghr gain by 15 c"<0.05) and z5z (p<0.01), and feed

'..1:: .'r.'



Table 5.8. Effect of
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autoclave treatment and water soaking on the per_of chícks (Experínenr j_2).

Response crÍterial
Treatment

Non-auËocJ_aved rye
Non-autocl_aved rye,

8 hrs soakíng

Non-autoclaved rye,
22 }:rrs soakÍng

Autoclaved rye
Autoclaved rye, I hrs

soakíng

Autoclaving rye, 22 lhrs
soaking

trlheat

Feed intake Iüeíght saín Feed: gain
oö oÞ

75 .OaA

78.4aÃ

79.0aÃ

75.4aA

75.8a4

77.gaA

96.9b8

L8.5aA

21.3bAB

23.2b8

L7.9aA

L7.8aA

19.1a4

37 .4eC

4.l-obB

3.69cBC

3.41cC

4.23b8

4.26b8

4.10b8

2.6LaA
1-Means within each column noË sharing a cornmon posÈscript letter differsignificantly ar p<0.05 (snarr- lettãrs) or p<0.0r_ (block lerÈers).

Summary of analysís of varíance

Mean square
Source of variatÍon d.f. Feed íntake trteight eain Feed: sain
Treatments

Error

6

2T

372.9**

3.75

301.9**

2.23

1 .4238**

o.0697

**SignÍficant aË p<0.01_.



Table 5.9. Effect of time and autoclave treatment
rye extracts (Experíment 12).
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on the víscosíty of

Treatment Viscosi outfl-owi Lime in secs

Non-autoclaved rye

10 nin. autoel_aved rye

20 mÍn. autocLaved rye

40 nÍn. autocl_aved rye

Non-autoclaved rh"rt2
tDistilled vüater-

0 hoursl

181J{.5A

184-t{.0A

191_J{.5A

171+l_.0A

B5+O.5

8310.0

L4 hours after exËraction

140r{.58

T71+L.OA

18n{.0A

169J{.5A

8310. s

83+0.0

lM."rr" noÈ sharing a
at P<0.01.

,-Values not included in the sËatistical analysis.

common postscrípt letter differ sígnificantly

t.ì-
| :::.:
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convcrsion efficiency by 10 (p<0.05) a',ð. L7% (p<0.01), respectÍvery, com_

pared to the control dtet. rn contrast, soakfng of the autoclaved rye
did not improve chick performance. Feedíng soaked rion-autoclaved. rye
improved also the fecal conditÍon compared. to the rest of the diets.
However, the wheat fed birds stil-l gave better (?<0.01) performance than
the rye fed bírds.

The results of vÍscosÍty determínatíons (Table 5.9) showed that
extracts from rye hlere more than twíce as viscous as the wheat extïacts
prepared in the same r^ray. Also, the vfscosiËy of extracts from non-

autoclaved rye \^7as more rapÍd1-y reduced with time compared Ëo the other
extracts.

2. DÍscussion

Moran et al. (1969) reported that autoclavÍng of ground rye for 15

minutes at L2Loc dÍd not Ímprove the feedrng varue of rye, buË, in
contrast, it depressed the metabolízabl-e energy and the feed conversÍon

efficÍency of Ëhe bÍrds fed rye based diets. Misír and Marquardt (197gd)

also reported that autoclave tïeatment of rye for 10 or 30 minutes had

no effect on the uËilization of rye díets by chicks although weight gaÍn

was Ímproved because of increased feed ÍnËake. AcÍd auËoclaved treatment,
in contrast, Ímproved considerabl-y all criteria of performance in birds
(MacAul-iffe et al., rg76b). The effect of water extraction of rye on

Íts feedÍng vaLue was' examÍned by Fernadez et al_. (1973c), who reported

a considerabl-e ínprovement of the growth and feed conversion effÍciency
in chÍcks fed twlce extïacted rye that wassubsequentl-y drled in a force
draft oven aÈ 90oc. The addition of freeze-drted extract to a corn based

:.:: :î . ,:: ;

: . .:..l
.t.: ..

i -..',,.. 
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dÍet depressed the performance of, chicks. and íncreased the wetness of
droppÍngs. However, nei.Ëher the extracted rye gave growth and feed
utflization equal- to that ohtai¡ed with. the corn based dfets nor the
addÍtfon of the freeze-drled extraet to the corn díet depressed these
parameters to levels usuall-y observed fn the rye fed birds.

The results of Experiment r-0 Índicated that autocraving díd not
destroy the anti:growth. factor present in rye but, in contrast, heat
Ëreatment Ï^Ias'more detrfmental for the rye than for the wheat fed bírds.
ThÍs was indÍcated by the ÍnteractÍon of grain x autocl-ave tÍme for the
feed to gain ratÍo (rÍg. 5.1), where the depressfon in feed utilization
t'¡Íth íncreasÍng autocl-aving time rnras greater wíth the rye than wí th the
wheat based diets. Ihe average values of feed intake for Ëhe same inter-
action also showed that the relatÍve percent increase in feed consumption
with increasing heat Ëreatment was larger in the rye than ín the wheat

fed birds' ThÍs greater increase was possíb1-y due to reduced utíl-ÍzatÍpn
of rye dieËs because of the autoclaving rather than to Ímproved palat_
ability of díets. Thís r¡ras supporËed by the fact that growth rnr¿s not
improved although feed Íntake was increased. ïtre corresponding values of
nutrient retention for this ínËeracËÍon would indícaÈe, however, that,
wiÈh the exception of fat dígestÍbÍl-íty, there was no crose agreement

between feed conversÍon efffcÍency and nutrfent retentfon, although., wíËh
30 minutes auËoclaving time the rer-atÍve percent depression fn th.e

retention of all nutrienËs T¡Ias greater Ín the rye than fn the wheat fed
bÍrds. The relatÍve percent depressíons ín fat dígestÍbility Ín 10 and

30 minutes autoclaving tiue compared. to zero autoclaving tfme were 21

and 227. in the rye and 9 and 7"Å in the wheat fed bfrds, respectfvely.
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Furthermore, there was even a greater absolute depression on the amount

of absorbed fat in the rye fed bÍrds as compared to the wheat fed birds
as theÍr respective dietary fat lever-s were 10.4 and g.6"Á. I{rrether
the greater depressÍon of feed utíl-ízation in the rye compared to wheat
fed birds could be sinply expl-afned by the adverse thermal effect of
autoclaving on nutrients, as in the case of r¿heat fed birds, or by an

addítÍonal effect of heat on Ëhe antlnutritfonal- factor could not be

estabLfshed from the resul-ts of the current experiment. The possible
role of heat on the rnactívatÍon of certaín enzymes degrading part of
the anËigrowth factor(s) Ín the gut could not be excluded. rhj.s possi-
bility seemed to be supported by the results of Table 5.9 where the
vÍscosíty of water extracts from autoclaved rye r¡ras not depressed wíth.
tíme, possíbly because of ÍnactÍvatÍon of enz¡rmes that degrade poly-
saccharÍdes (pentosans) that were responsible not only for the high vís-
cosity of rye extracts but also for the anËigrowth activiËy¡ since a

dírect relationship was shor.m between viscosity and antígrowth activity
in Experinent 12. A sírnilar further depressÍon of Þelley utilizatíon by
autoclavíng hras also reported by Gohl et al. (197g). rt was hypothesízed
that Ëhe Ê-endoglucanases in barley which cause partfar hydrol_ysis of
the polysaccharíde ß-glucan were inactÍvated by heat. As a resulÈ,
ß-glucan was not destroyed. and, therefore, its antÍnutritÍonal propertfes
were ful-ly retaÍned- ß-gl,rcan has been shown to be responsibl-e for wet
and sticky droppÍngs' and red.uced perfornance in chfcks (Burnett, t-gaq.

The growth daÈa of ExperÍment 11, which confirmed those reported by

Fernadez et al. (1973c) and by Misir and MarquardË (197gd), demonsrrated

the presence of a r¡rater soluble growth. depressing factor in rye graÍn.

i,;.;,;.,,:
:.::.::...
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Ttre results of the current experiment showed that the additíon of thís
factor Èo wheat based diets depressed growth not onr-y by reducing dÍet
palatability, manifested by increased feed spÍllage and beak impactíon,
but also through íts Ínterference wÍth nutrÍent dÍgestion and absorptíon.
Depressed nutrient retenËÍon, includÍng ïetention of all anino acid.s,

when rye diets were fed to chÍcks was ar-so reported by McNab and

shannon (1975) and by Marquardr eÈ ar-. <Lg7g). penicillrn supplemen-

tatíon of rye dfets fmproved nutrÍent retention which nay be attríbuted
to Èhe suppressíon of the adverse intesÈinaL microfl-ora thrivíng on the
unabsorbed nutríents (MisÍr and Marquardt, LgTgb; Marquardt et al.,
L979). rn this experiment, however, penicill-in supprementation dfd not
improve nutríent retention, particularly Ín Ëhe rye fed birds although
feed utilization was improved. Thís may have happened because fecar-

samples were col-lected durÍng the last 3-4 days of the 9 d.ay experÍment,

i'e. a time period in whích, as shown in Experiment g, a posítÍve re-
sponse to antibiotic treatment. is not likely to occuï. lhis l_atter
experíment took place afÈer the Experínent 11.

Ttre digestibílíty data of the current experÍmenË Índfcated also
that protein (Nx6.25) retentíon, whÍch represenÈs protein (Nx6.25)

intake minus protein (Nx6.25) excreted (Íncluding uric acid and urea)
was l-ower than the Ëotal- amino acíd digestibílity, which represents
amino acÍds íntake mínus amino acids excreted through feces. The

urinary excreÈÍon of amino acids was shor^rn to be negligible (OrDeIl et
al.' L960)- Nitrogen reËention, which is affected also by the growth

of the animal and the biorogical value of the ingested proteÍn Ís,
therefore' a less rel-iable parameÈer than amino acÍd digestibilfty for
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the estimatl-on of the effect of the antÍgrowth factor on the digestion
and absorption of.nutrients. The superiority of amino acíd digestíbility
versus protein reÈention was reflected ín Table 5.6 where the addition
of the freeze-dried extract to wheat based diets depressed proËeín
retention by only 3.2 percentage poÍnts whíle it depressed total amino

acid digesrÍbÍlfry by 6.3 poinrs

AJ-though exËractÍon of rye twice ímproved fecal_ conditíon and aIl
crÍteria of perforroance except feed íntake, Ít dfd not gfve feed con-
versÍon effÍcíency, weÍght gafn and fat digestfbil-ity simf1ar to those
of the wheat fed birds. The pooreï performance of the birds fed exËrac-
ted rye compared to bÍrds fed wheat based dÍets could be attríbuted to
two factors: first, the incomplete removal of the antinutritional
factor(s), as thís was demonstrated at least by the depressed fat
digestibÍ1ity and the rel-ativeLy greater response to penicillÍn of all
Parameters compared to wheaË fed birds, and, second. to the reduced feed
intake'possíbly because of the pulverizatÍon of rye during the extraction
procedure' Pulverizaxion reduced palatabil-íty not only because of the
increased dustíness but also because of increased beak impacËion aÈtri-
buÈed Èo the increased surface area of the sticky antígrowËh factor that
r^ras not extracted. Ttre physícal form of the rye diets was shornm to be

important for feed Íntake, as Moran et al. (i_969) reported that pellet_
íng increased feed intake by reductÍon of feed. accumulatÍon on the beaks
of chicks. ïtre reduced. feed intake coul-d be also attributed to the
property of the antÍgrowth factor to retain ]-arge vol'mes of waËer

(hydroscopic characËer) thus creaËing a saËieËy feeling.

l-n
Ttre additíon of Trater extract to wheat based diets excess of
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3o-4oz of that obtained from rye graín resulted ín watery and sticky
feces wíth concomitant depression of all parameters compared to the
wheat fed birds. However, aL1 response crr.terr_a, except feed intake,
were better than those observed in rye fed bírds. This faír-ure of
rdater extract Èo gÍve chÍck performance ídentfcal to that obtaíned from
rye based diets, as wel-l as the relativel-y smal-ler antibiotíc ïesponse
compared to that of the rye fed bfrds,would agaín support fncouplete
extractíon of the factor(s), í.e. the addition of inadequate level_s of
extracË Èo wheat based diets, and./or the inactivation of the factor
during the extraction procedure. Ttrís l-atter aspect was best indicated
by the betËer (P<0.01-) feed utilÍzation and nutrient retentÍon ín the
birds fed extracted rye plus free ze-dtied extract compared to the rye
fed birds' Heat-dried'$¡ater extract r,¡as also shown to be slightly less
effective than the freeze-dried extracÈ. This indicated that extraction
of rye at 1or¿ temPerature and freeze-dryíng the extract were Ímportant
for the protectíon of the activity of the antinutrítional fáctor(s)
agaínst any enz¡n¡atic or mÍcrobial degradatÍon.

rn Experiment 12, the improved growth, feed util-ÍzatÍon and fecal
condition in chicks fed soaked non-autoclaved rye compared to chicks
fed non-auËoclaved or autocl-aved rye could be expl-ained by the degradation
of Ëhe antinutritional factor(s) by enzymes actfvated in the presence of
ürater' and possíbly by microbes, al-though toluene \¡ras presenË during the
soaking period' No improvement úras observed with autocl-aved rye as Ëhe

endogenous enz)¡¡Ûes were Ínactívated by heaË. These factors seemed to be
dírectJ-y related with the viscosíty factor(s) of rye extracts, because,
fÍrst, the viscosity was hÍgher Ín extracts obtained from rye than from
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wheat and, second, the improvement in the performance of chícks fed the
soaked non-autoclaved rye paralLeled the red.uction of viseosÍty of the
water extracts obtained from non-autoclaved rye. T?rís stresses the
necessÍty for enz¡rme Ínactivatíon and sterilization by heat prior to
Ísolation of actÍve anÈigrowth factor(s). Ouríssion of this step would
resul-t Ín reduced antígrowth actÍvlty as indÍcated fn Experiment 11.
Ttre degradatfon of the antÍnutrítional- or viscosÍty factor(s) seemed to

, be rapÍd durÍng the fÍrst hours because the Ímprovement Ín feed uÈíli-
zation compared to bírds fed non-soaked and non-autoclaved rye was ro7"
wíth 8 hours soakíng and only r77" whe, the soaking period was increased
more than 2.5 tines.

Preece and MacKenzie (r952a) ín their studies on the non-starchy
polysaccharides of cereals ïeported that Ëhe íncreased. viscosiÈy of water
extracts obtained from rye eompared to that from other cereals was

associated wÍth a higher pentosan content of rye grain. Holas and

Harnpl (1973b) demonstrated that Èhe viscosiÈy of both the doughs and
!üater extracts of varÍous rye flours !üas very high and was also increased
r¿ith increasíng concentratíon of r^rater soluble pentosans. These authors
and Drews and seibeL (Lg76) reported, in additíon, that the viscosity
of rye doughs was also dependent on the total pentosan content of rye
grain, Í.e. water solubre and water insor-ubr_e pentosans. preece and
M4cDo.ug¡J1(1958) shor¿ed that rye grain contarned. pentosanases of varí.ous
specificÍty for the degradatÍon of pentosans. Ttre actÍvfty of these
enz)¡mes was measured by fol10wing viscosity reduction of pentosan
solutions' Holas and Hampl (7973a) also showed viscosÍÈy reductions
of water extracts obtaíned from rye dough at varÍous r-eavening sËages.
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AlL these reports coupled with the results of the current study would

suggest that pentosans are the anËigrowth facÈor Ín rye.

Ttre results of the current study demonstrated that rye grain con_

tains a heat-resístant, úrater-extractabl-e, stícky and hydroscopíc anti-
growth factor forming híghJ-y vÍscous solutions. Ttrís factor, which is
possihly composed of r¿ater sol-uble pentosans, when added to wheat based

diets depressed chfck perforrnance and resulted ín watery and sticky
feces' Ttris depressed chíck performance r¡ras attributed to interference
of this víscous factor vr-íth dígestion and absorption of nutrients, and

to reduced palatabflity of diets because of the gurnmy propertíes of this
factor' Although bÍrds fed extracted. rye showed a consid.erable ímprove-

ment in growth feed utílÍzati'on and nutrÍenË reteritÍon, theír per-
formance rÀras still- inferÍor to that of the wheat fed birds. This in_
dicated the incomplete reuoval- of all antigrowth.factors, possíbly a1l
Ëypes of pentosans. Endogenous enz)¡Tes present in the graÍn, as well as

microbes¡ can degrade the antigrowth factór, as Ëhis was demonstrated by

the beÈter perform'nce of birds fed extracted rye plus wateï extract or
sogked non-autocl-aved rye compared to birds fed non-autoel-aved rye..

i:ì. r: -.:l=
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G' Study six: Isolatíon, Quantitation, Analysís and Antinutritional-Actívity of Rye pentosans.

Three experimenÈs (13, 14 and 15) were conducted in order to estab-
lish the concentratíon, composition and antÍnutrítional actívÍty of rye
pentosans. Ttre objectives of experimenÈ 13 were to isolate rüaËeï-

soluble pentosans from rye and demonstrate whether they could depress

chick performance when added Èo wheat based. diets. Experiment 14 was

desígned to establ-ish if the method of ilryíng of the ethanol precípitated
water-soluble pentosans affected their antígrowth actívíly, and also to
establish if waÈer-insolubl-e pentosans had any gro\,rth depressing effect
on chicks. Ttre objectives of ExperÍment 15 were to carry out a quanti-
tative and qualítative anal-ysis of both water-solubl-e and water-insoluble
pentosans of.rye graÍn and to determine their antinutrítíonal activíty
when added to wheat based dÍets aË levels found. in similarly formulated

rye based diets.

1. Materials and Methods

a. ïsolation of pentosans

rsol-ation of both water-solubl-e and -insol-uble pentosans r^ras per-
formed accordíng to the flow chart of Figure 6.1. Ground rye (1 uun screen)

was boiled with three and a half volumes (v/w) of gor. ethanol for one

hour under reflux. Ttris treatment ínactívates enz)rmes (includíng pentosan-
ases), denatures protein and., at the same time, removes sugars, amino

acids and other 1or¿ molecular weight materials, waxy and pígmented

substances and alcohol sol-ubl-e protein (preece and Mackenzíe, L952a).

After filtering through. a filter cloth and washing wíth g5% ethanol, the

F. :..'
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resldue r47as ai'r-drled at room temperature, whíle the fíltrate was con-
centrated at 70oc under reduced pressure follor"¡ed by treeze-dryÍng. Dry
fnatter recoveriÞs as* percent of dry matter of raw.rye hTere g0_g1 and

9-Lo7" for the resfdue and fÍr-trate, respectíve1-y. QuantitÍes of 300 g

ethanol boiled ïye ü7ere extracted wfth 3 (Experinent 13) or 4 (ExperimenË

L4 and 15) volumes of distÍl-Led hrater for 15 minutes, and the mixture
üras centrÍfuged at 9000xg for 10 minutes. The supernatant was passed

through a fílter cl-oth followed by adjusrment of pH to 7.5 wirh lN Na(oH)

and then digested (for removal of proteín and starch) with porcine pan-

creatin (ExperimenË l_5) grade II.I (SÍgna Chenical Co.) at 3Z_34oC f..or

24 hours with contínuous agítation in the presence of 0.052 NarN (w/v)
for microbial inhíbiËion. calcir¡m (cacLr) was added to facilitate the
activity of pancreatín enzymes. During the dígestion perÍod, the pH was

kept constant at 7.5. pancreatín, whích v¡as used at L"/" of the weight
of boiled rye' qras suspended in efght volumes of 0..01N Nacl followed by
cenËrífugarion ax 22oooxg for 20 mínuËes and fil_tratíon (simpson, rg5e).
After digestion, the penËosan solution was centrifuged at 9000xg for 5

mínutes, and the pentosans r^rere precipítated by adjustíng the super_
natant to 8o% ethanol usÍng commerciaL g5z ethanor. (vones et a1_., Lg64).
Ttre precÍpÍtate, a white, fíbrous and vol_umínous soLíd, was collected by
filtraÈion of the totar- volume using No. 541 whatman fflter paper,
washed witt, 95"Á ethanol and lef t overnight in 957" ethanol to facílitate
extractÍon of water from the matrÍx of Ëhe precipitate. pentosans r¡ere

then washed r^rith acetone, ether (anaesthesia grade) and drÍed with N,

at 30oc under reduced pressure. por preparatÍon of freeze-drfed water-
-soluble pentosans. (Experinent 14), the precipitate r,rras redÍssolved in
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Tdêter and lyophiLizeð'. rn both cases the obtained pçoduct r^ras. a, whíte,
htghly poïous and s.tÍcky solrd giving very vfscous aqueous solutions.
crude yieJ-ds' of water-sol-uöl-e pentosans as. a percenÈ of boÍled rye on a
dry m¡¿¿sr basis'were 1.08 (èxtraction wnth three volumes of water) vs
1-.L4 (extractÍon wfth four vor-umes of water). proteÍn content (N x 6.25)
!üas around 9"Á wlxh pancreatÍn dÍgestfon and 13% wfthout digestíon. cor-
respondíng values for starch were 6 and, IO"Å.

Ttàter-fnsoluble pentos'âns r^rere Ísolated by modificatfon of the
procedure for the isolation of insolubl-e pentosans from r¿heat endosperm
(cole L96!/3 Medcalf et a1., 196g). After the first centrifugatÍon, the
top 1-ayer of the precipÍtate (sludge fraction or taílings), which was

located above the starch layer in the centrifugation Ëube, was carefully
scraped out and suspended Ín distilled water (100 nl_ for each 100 g of
boiled rye) for 3-4 hours. rtris fraction was rich in rr¡ater-insoluble
perrtosans and was highly hydrated (cole, Lg6J). rt also contained about
687á starch as shown subsequentl-y. The suspension was passed through a
40 nesh sieve and the resÍdue (bran and grain embryos) was discarded,
whÍ1e the.filtrate was centrifuged at 90o0xg for r_0 minutes. AfÈer
díscarding the supernatant, Èhe l-ayer above the contaminating starch was

scrqped out and resuspended in the orÍginal- vol-ume of disti1led ürater.
Ttre resídual starch was gelaÈinized by heating the suspensÍon to 95oc for
5 ¡oinutes. rn the second isolatÍon procedure, the top waËer_insolubl_e

Pentosan layer obtained after fil-tration and centrÍfugation r,üas extracted
in 0.2 N NaoH for 2 hours under nitrogen and wiÈh vÍgorous sÈirrÍng.
The extremely viscous yelJ-owish sol-utÍon was centrÍfuged at 10o0xg for
1 ¡qÍnute and the supernatant was rapÍdry neutrarized (pH 7.5) with



190

gl-acial acetic acíd, wrrereas. the precipitate, composed nainly of fíne
bran particles and starch granul-es, vras dfscarded. Ttre viscosiÊy was

reduced after neuËralÍzatfon, but the pentosans remained as a corloidal
suspension' ltrÍs preparaÈíon !üas not heated for starch ge]-atÍn i.zation,
as Na(OH) solubÍlfzed the srarch.

crude fnsoluble pentosans isor_ated by both procedures were then
dígested with pancreatÍn followed by ethanol precipítatíon, washing and

dryíng usÍng the same procedure.as used wíËh sor-ub1_e pentosans. pan_

creatin dÍgestÍon was carrled out under nitrogen at 32-34oc for 30 hours
at a concentration of L-47" pancreatfn rel-atÍve Ëo the orÍgina1 weight of
boiled rye. PancreatÍn r4ras prepared as prevÍously described. For pïepa_
ration of r¿ater-Ínso1uble pentosans used. in Experiment ]'4, the totaL
precipitate (pentosans plus starch layer) obtained by centrifugation
of the filtrate of the sludge fractíon ü/as suspended in hrater and digested
wíth L7" pancreatín at 25oc Í.or 2o hours i¿íthout príor starch gelatíni-
zation. Also toluene r¡ras added Ínstead of NarN, The crude yield of
this last product as percent of boiled rye (on a dry matter basÍs) was

4'5"/" wb.iTe the correspondÍng yÍe1ds for pentosan extracted wÍth or wíth.-
out Na(oH) were L anð, 27". viscosítíes of crude pentosans were measured

on aqueous soluËions corresponding to 0.12 pure pentosans concentraËion
by the use of a 80-100 sec vÍscometer at 30oC

Dry ma¡¡sr content of pentosan preparaËions

extracts were determined at 104oC for 72 hours fn
plgËe dryÍng since carbohydrates have been shor,øn

Ëen¿cfously (Anderson and Klng, 1961),.

and freeze-drled water

order to ensuïe com-

to retafn water very
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:

b. Quantitation and Analysis of pentosans

Quantftative estimatÍon of pentosans was based on the total concen_

tratíon of the Pentosans' (xylose and arabfnose) whích have been shown to
be the rr,ajor sugar components of both water_sol_ubLe and ïÀ7ater_insoluble

penËosans of rye (casfer and soenen, Lg67; Holas et ar- ., rg72) and of '"''i,
other cereal grafns (Preece and Hobkfrk, 1953). casier and soene n (Lg67)
reported that the carbohydrate component of isolated solubl_e and in_
so1u61e peritosans'of rye contaíned, respectívely, g7 and 912 xyl-ose plus i;;,':,t':,,

arabinose' rn the current strrdy tr¿o method.srone colorímeÈric and another ,-,:,..r

rphicrwere used for quantitatíon of rye pentosans. Ttre ' "'gas chromatogr¿

second method is more accurate and al-so more lnformative because ít gives 
r

both qualitative and quantítatíve d.ata about the sugar components of i

penfosans.

icolimetric quantitation of pentosans lras performed accord.ing to the 
l

method of cerning and Guilbot (rg73), which Ís based on hydrolysis of i

Ipentosans to pentoses and dehydratión of pentoses to furfurals by boílíng i

4'15N HCI-' Furfurals were coll-ected. by distillarion for 1.5 hour and 
:

reacted with anílÍne acetate at 25oc nor 45 minutes ín the dark, and. 
r,,,:,,,r,:,,1,;,..-...:.:. ..the developed rose color r¡ras measured at 530 nm in a Gilford spectro_ '.

photometer (nodel 24oo). pentosan content was calculabed by usi¡rg a ,::::';:ì:r:.:i

cal-ibration curve based on distillation of anhydrous xylose (.Sigrna

chenical co.) rather than a mÍxture of xyJ-ose and arabínoseras the 
ì,:Ì:,:: i.:relatíve concentration of these t\{o pentoses r^ras not knor,rm for the 1,,'-.1,,.l.,.,,

samples beÍng anal-yzed.. callbratfon curves ùrere run with eyery 5 to 6

sag,ple distillatÍons. Duplicate or more distil-l-ations were carried out
on -each sample. Colorimetric anaLysîs of each distillatÍon was Ín
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dupl-icate' T!¡o modÍfÍcations- of the method were íntroduced in the
current study: FÍrst, di.s.tf1lati.on time for rye or extracted rye sampl_es

was Íncreased fron l--5 to 2.0 hours wfth a collectÍon of 2g0-300 n1 0f
distillaËe Ín order to ensure compJ-ete conversfon of all pentoses to
furfurals' For pentosan preparaËfons and T^rateï extïacts the dtstfllatíon
tfme (1.5 hours') and the dfstillate voLume (250 nl_) used were those
recormended by the authors. second., all operations were carried out in
the presence of very'1ow lÍght. íntenslty as ft was shown in the current
study that the stabfltty of the color was affected by both.intensÍty and

duratÍon of 1ight.

For determÍnatÍon of total water-soluble or -insoluble pentosans

in raw or ethanol boÍr-ed rye, finely ground duplícate 10 g samples were

extracted three times wÍth 10 voh¡mes of dtstílled water for 30 minutes
followed each time by centrifugaËion at 1600xg f.or 2o minutes. Trrfs
procedure has been reported to remove almost all water-soluble pentosans
(Golenkov and Traubenberg, L966; Holas and Hampl , I973a). All three
supernatants were pooled and 5 ml alÍquots \,rere used for d.etermÍnatÍon
of water solubl-e Pentosans after dÍstillation. Freeie-dried precipitates
were also used. for quantÍtation of water-insoluble pentosans. For
quantitation of pentosans by gas-lÍquid chromatography both. fractions
were freeze-drÍed

A more accuïate quantftative and qualltatÍve estimâtlon of pentoses,
and also of other sugar components presenÈ in rye pentosans, was carried
or¡t using gas-lfquíd chromatography (G.L.c.) after acid hydrolysÍs of
samples and converslon of monosugars: Ëo more voLattle alditol acetates.
Dr'rplicate 20 mg sanples were hydrolyzed in pyrex tubes r¿Íth 2 mr- of 2N

:.,iia ;:

'l a:
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H 
zso4 at t''gc for 1 o¡ 2 hours (po1-enkov and Traubenb.erg, Lg66)

Myoi:rosftol (-3-4 mg) r¡as al-so added in each. tube as an internal- standard.
sulfurfc acÍd was'neuËralf,zed (pH = 7.5) by. the addltÍon of small amounts

of Baco, to the cooled hydrolysate. After eenrrffugation at 10,000xg

: for 10 uinutes the preciþftate was washed wfth 1-2 nL of distil-Led water , ,,. 1

and recentrffuged as. prevfous.l-y. Ttris. procedure hras repeated once more
and both supernatants'were comblned with the origÍnal supernatant ín 30

n1 kÍmax tubes'' Reduction and acetyl-ation of monosugârs T¡ras perforned. ir.,-,.,::,:..'i' 
motí'fínerf.nn n.F +L^ ^-^^^r ---- ." :. -, 

- ---- 

---:"*rÞ 

wdÞ Pcrrormec 
i,'''tt't..t', by nodificatfon of the procedure of Lindbe rg (L972) for preparation of

partial-J-y methylated alditor- acetates. Thírty mg of sodíum borohydride ',',

(NaBHo) were added to the sugar solutíon and the reduction was allowed
to continue overníght with occasional agítatíon. After thís period,

i N"BH4 was neutralízed by gradual addition of fresh r¿ashed Dowex 50 (H+;
l

sigma chemical co.) untÍl gassing ceased. usíng a 50 url sinter glass
fílter (ASTI{ 40-60) the mixture !üas fíltered dÍrectly into a 20 ml

'-^!:^- r tvaporation tube, Ttre Dowex beads were washed several tírnes with dis- r

tilled water and the washÍngs were combíned r¿íth the fÍlËrate. The

aldítol sol-utÍon \,üas evaporated to dryness Ín a rotary evaporator at 45_
50oc under reduced pressure. Methanol (2-3 mr-) r¡as added to the sample
for removal of borÍc acfd by codistir-r_atÍon at 50oc under reduced
pressure' TtrÍs ü7as rePeaËed five tÍmes. Acetylation !üas accomprished
by addÍng to the dry resÍdue 1.5 n1 freshly dÍstirled puridine plus 2 m1_

of acetíc anhydride followed by heatÍng of the mixture f.or 25 minutes
at 100oc' Excess acetÍc anhydride rras removed by the addÍtion of 5 rn1

tol-uene followed by rotary evaporaËion at 50-60oc. this procedure was

repeated three or four tÍmes untÍl all of the anhydrÍde and purÍdíne were

':. .i r.. ...!
r1:-:-:,:-:

i
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removed. Ttre acetylated sa¡np1_e wes dissol_ved ín 5 nJ- ethyl acetate.
standard solutíons used for elaculatipn of co*ectiun factors were

prepared from pure anhydrous alditol ace.tates- (supelco, rnc.,
Bellefonte, Pa.) in proportfon to those e^stablished Ín prelímÍnary
analyses of the variì¡us sanpl-es., and accordlng to the colorímetric
(furfural) data. usÍng standard solutions', the correctlon factors for
each sugar, for exampl-e., xylose, r¡/as- cal-culated as foll_ows (sloneker,
Ls72):

R(xy1-ose) =
Peak area
ï^Ièfght of

Ttre weÍght of xylose Ín the unknown sample was given by the formul_a:

@dard(ne)Peak area of Ínrernaf Etãnããiã-

hleÍght (ng, anhydrous basfs) =

Peak area of xylose Ín unknown

Rffix
hleight (ng) of inrernal stds. in
unknown
Peak area of internaliTã.-iã
unknovm

Alditol acetates qTeïe separated. by injecting 1 pl into a chromatograph
(varian Aerograph series 1200) equipped r^rith hydrogen f1-ame lonfzatÍon
detector. A glass column (rg0 x 0.2 crn) containing 32 sflar 10c
(polysiloxan polymer containing phenyl and cyanoakyl functional- groups,
Appl-Íed science Labs., Srate college, pa.) coated on ro0/r2o mesh.

chröuosorb I^I H-p. (chromatographÍc specía1_tÍes, Brockville, ontarÍo)
was used' other G.L.c. parameters rn7eïe as follows.: colurun temperaÉure

hras progranrmed between 170-210oc wÍth 2ocfnÍnute. increase in temperaËure

and thereafÈer hold at 2r0oc until the last peak (1630 see) was eluted.

i:.:,;,jil lì:|'

of :s¡lose
xy1-ose (ee) ^
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rnjectipn pos.t temperatur:e was. 2159c and detector temperature 230oc.
Gas flor^r ratesi (þJ-lnin). v¡rere 46 f,qr hydrogen, 32 fot nÍtrogen (carrier
gas) and 150 for afr. Electroneter attenuation was set at l_ wíth a
range of t0-11 aqps-1nv. peak area was.integrated by means of a digital
ínÈegrator (cor-unbfa scÍentiffc rndustri.es, Model 3g) with peak sensi_
tivíty set at 5 and recorder attenuatÍon set at r_. speed of peak
recorder was seÈ at 1 Ínch/5 minutes:.

c. Enzymatfc DetermÍnation of Total and. starchy G1_ucose inpentosan preparations 
.

Ttre objectÍve of these determÍnatfons. r^'ere to establish. if pentosan
preparatíons conÈaÍned non-starchy glucose whích could be assocíated.
r¡riËh ß-glucans or wíth pentosans. Total gJ_ucose in solubr_e and in_
soluble pentosan preparaËions after pancreatin digestion, as werl as
starchy glucose ín pentosan preparations before and. after pancreatin
digestÍon was estÍmated usÍng the coupled glucose oxÍdase and peroxi_
dase enzyme system supplÍed by sigrna chemical co. (Bulletin No.510,
rg78). For total glucose determinatÍons, dupl-icate 30 mg samples r^reïe
hydroryzed with 3 nl of 2N H2so4 for 3 hours followíng the same procedure
as previously described. Ttre pooled supernatants were filtered ínto
50 n1 volumetric flask and made up to volume with distil_led úrater. T\¿o

0'5 n1 alíquots were transferred from each flask into Èest. tubes contain-
íng the enz)¡me mÍxture and after incubatfon at room temperature, the
blpqn color r^ras measured at 450 run. ïrbes for the blank and. for a
calibration r¡/ave were also prepared at the same time.

starchy g1-ucose was deternÍ.ned after dÍgestfon of samples wrth pure
1'4-a-amy1og1-ucosidase (grade r[, 650 uní'ts/rl) fro, Aspergillus. niger
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(Síena Chemical Co.). Ttris enzyme couLd also hydrolyze u_L,6 gluco_
sÍdic linkages. DuplÍcate 50 mg samples of pure corn starch or crude

Pentosans were placed r¿íth 30 nl of distílled water ín 50 mI Kímax tubes
and boiled in water bath for t hour followed by heating ax L2Loc fot
2'5 hours' After compLete starch gelatÍnatíon, the solutions were mede

up to 50 nl- in vor-r:metric fr-asks. Test tubes contaíning 2 nl of starch
or pentosan solution, 0.4 nl 0f a-amy10g1ucosídase and 2 m7 0f 0.05N
cítrate buffer (PH = 4.5) were prepared for dígestion aË 4ooc f.or 4,
L2 and 20 hours r^'ith continuous agÍtation. AfËer each digestÍon period
the enz5rme T^ras in¿ctivated by the addítÍon of l-0 nl absolute ethanoL
follor¿ed by cooling ín an ice bath for 30 minutes and centrífugation.
at 27 r000xg for 2o minutes for protein and pentosan precipitatíon. As

previously noÈed, aliquots of 0.5 m'l were used for glucose d.etermination.
Tubes used for the calibration cuïve and the blank rrrere prepared in
the same h¡ay except the gelatination and digestion steps hTere ,ot
carríed out. ,The fínal ratio of ethanor-, distilled water, citrate
buffer and a-amylogl-ucosidase suspensÍon was s:r_:1:0.2, respectively.

d. Experlmental Desígn and DÍeËs

A conpletely randomized design was used in all three expeïíments
with 2 (Experínent 13 and 14) or 3 (Experirnent 15) replicates of 5

birds each. Experíment 13 consÍsted of four dietary treatmenÈs, i.e.
rye, wheat, wheat plus water-solubr-e pentosans (obtaÍned fron bofred
r5¡*rand dried under Nr; rie1d, L.\BT" of grain) and wheat p1-us freeze-
dried ïIateï exËract (yield 7.4% of grain) obtained from 5 minutes
autoclaved rye' As the pentosan conÈent of Ëhese preparatf.ons r^ras not
dgterníned at that time, 102 of the water exÈract and 4y" of the isolated
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pentosans r"7ere added to the wheat based diets. The 47" LeveL of soluble
pentosans r¡ras supposed to supply soluble pentosans corïespondÍng to
that present in a díet containing 58% rye. Ttris leve1 r¿as selected on
the basis of two sets of data obtained from the lÍterature. First, rye
has been shown to conËaÍn about 27" water-solubr_e pentosans (Holas and
Hampl, L973a), and, second, the purity of pentosans isor_ated by the use
of a similar procedure to that used Ín the current experiment has been
found to be abouÈ 50"Å (HoLas et a1., Lg72). subsequent colorimeËríc
quantitatÍon of pentosans indÍcated the valÍdity of these data. A1l_

dÍets (tabl-e 6'1) were formulated to be ísocaloric and isoniÈrogenous
accordÍng to NRc rêconrmsndations (Lg77), except for the level of methio- i

nine' isoleucine and lysine, r¿hích hrere, respectively, 13, g and 7"Å

lower than the recorrmended lever-s. chicks T¡rere put on test when they
were 6 days old and had an ínítial weíghr + S.D. of 57.t1.0 g.

ExperÍment 14 conÊaÍned six díetary tïeatuents, í.e. rye, wheat,
wheat plus freeze-dried T^7ater extïact from boiled. rye, wheat plus freeze-
dried soluble pentosans, wheat plus solub1e pentosans drfed under nitro-
gen, and, wheat p1-us insolubl-e pentosans. Al1 four pentosan-contaíning
preparations were isolated from equal quantitÍes of boíled rye (2.4 ug).
Ttre yíe1d (i( of boiled rye) of both the wateï extract and. r¿aËer-insor-uble
pentosans was 4-57". Ethoxyquin (0.257" of. diet) was used to pïotect
pentosans from possÍbi-e oxÍdatÍon. Ttre compositÍon of the díets (Tab]_e

6'2) Ín terms of protein, energy and essential amÍno acid content was.

thg same as for the diets in ExperÍment 13. síx-day o1_d chícks havfng
an initÍaL weight + s.D. of 56.711.1 g ÌÀ,ere used. in this test.

1....'

':

i,::;ì:.r::'¡'
lì'.1:i,r,l::

1.1!':' : .

:.i: ¡.ì .j'i'
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Tabl-e 6.1. Formulas and analyses of diets (.Experínent 13)

Ingredient
Rye (9.97" prorein)
lJtreat (L2.6"Á proreln)
Meat meal (43.57" proteín)
Basal mixturel
Corn starch
Amino acid. míxÈure2

Crude r^rater soluble pentosans3

Freeze-dried water extract4
CelufÍl (cel1ulose)

Calculated analyses

Prorein (N x 6.25)
M.E. (kcal/kg of dÍer)

Diet A Diet B Diet C Diet D

s8.00

29 .00

7.90

4.4s

0 .65

0.68

s8.00

27 .00

7 .90

3.97

o_t,

3 .00

58.00

27 .00

7 .90

3.97

0.1_3

2.32

58.00

27 .00

7 .90

1.30

s.8

19 .0

2,gLO

19.2

2,950
19 .5

2,950

19 .8

2,950

1-Íhe composition of the basal- mixture was (-/. of. the diet): soybean oil,
3:?ît 

vitamín mtxrure, 1.00; minerar- mixrure, 0.5; and chromiä oxide,

2Th. 
"rÍrro acid mixËure contained ("Á of the diet) the following aminoacids: Diet A, L-glutamic acíd, 0.37; L-ísoleucÍne 0.06; L-1_eucine,0.10;Dl-phenylar-anine, 0.05; L-thr"orrirr., 0.023 and L-valine, 0.05;DieÈs B and C, L-arginÍne-HC1_, 0.05; and'L_lysine_HC1, 0.0g.

3ctt'dt water-soluble pentosans added to díet c contaín ed L3T" proteín.
4Fr.""e-drÍed water extract (L3.4% protein) was obtained from rye Èhathad been auËoclaved for 5 minures. The yield .f-;;;;;;.-;; )'.+2.

.).:.:,
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ExperÍment L5 contained nine dietary treatments corresponding to
the níne diets (table 6.3) - Ttre ethanol filtrate was added Èo wheat
based dÍets at a leve1 proportíonal- to that which would be in a sÍmílar1_y
formulated rye based diet. Pentosan preparatíons and f.reeze-ð,ried r¿ater
extract T,üere ar-so added Ëo wheat based dieËs so that Ëhey suppried pure
soluble or Ínsol-uble pentosans equal- to the correspondÍng levels found
in simÍl-arly formulated rye based diets. crude solubl-e pentosans r¡rere

al-so used at a hígh l-ever- Ín order Ëo supply pure soluble pentosans

equal to the insolubl-e pentosan level. calculations of dietary leve1s
of pentosans I¡7ere based on the col-orÍmetrÍc (furfural) determinatfon
of pentosan content. Aecording to this neËhod raür rye was found to
contaÍn 27" sorubl-e and 6.5"Á ínsoluble pentosans. All pentosarr prepa-
rations as well as trater extract, extracted rye and. ethanol- fílËrate
were analyzeð, for amino acids (exeept for tryptophan, cystine and

methÍonine) prior to diet formulatfon (Table 6.4). Nítrogen was

determÍned by the rnicrokjeldahl nethod (AOAC, Lg70). Formul-as and

analyses of diets are gÍven in Table 6.3. A1l_ diets were formurated
to be ísocal-oric and isonÍtrogenous according to NRC recommendatfons

(L977). synthetic auino acíds were added to cover the requÍrements
foy L9% proteÍn. seven-day old bÍrds havÍng an fniría1_ weÍght + s.D.
of 56.t0.7 g were put on tesÈ.

Al-l- three experiments T,sere 7 days in duratfon. parameters.

measured Íncl-uded growth d.ata, amÍno acÍd dÍgestÍbtlity, fat digest-
ibil-Íty (after acid-solvent extraction) and dry matter retention.
A't,Èhe terminatíþn of Experiment 15, the birds ï^reïe starved for 24

ho,.yrsrand intestÍne J_ength and weÍght Ì^rere measured on six randomly
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selected chlcks

2. Results

a. Experiments l_3 and 14

The results of Experítents 13 and 14 are shown ln Table 6.5 and ,',',',,1'

6'6' rn Experiment 13, the addÍtfon of 2.327" crude water-solubIe penËo-

sans to wheat based diets depressed (p<0.01) weight gain (.Lg7") and

feed effÍciency (L37"). Iüater extract also,depressed weight gaín (p<0.05) i.:.t:,¡,t:

and feed conversÍon effÍciency (e<0.0tr) but to a lesser degree compared '""::: 
:':l

1',r1¡,l:,':,"'to the pentosan preparatÍon, perhaps because of the rel-atively low level_ "":':',.

of extract added Ëo the díet. Arthough feed intake was depressed ,

particularly Ín the bÍrds fed the pentosan preparatíon, the reduction 
,

:

hTas not sígnfficanr (p>0.05). 
i

lrn Experiment 14, the additÍon of freeze-dried r¡rater extract vs r _

lsolubl-e pentosans (freeze-dríed or dried under Nr) to wheat based diets i

deþressed (P<0.01) growth and feed efficiency compared to wheat fed
birds' Ïhere r{eïe no differences in these Ëwo parameters âmong bÍrds i' :

fed the solubl-e pentosans or the r^rater extïact, a'though bírds fed 
i. :.,-...,:i:.liater extract had slightly hÍgher weight gain, perhaps because of the ilt,'",i',
'í ,: .: i_' : - :,:,:-fact that feed ínËake was not reduced (P>0.01-) compared to the other ,', .','-,'.Ì

t\,ro treatments contaÍning Ëhe sol_ubl_e pentosans.

The additÍon of the water-insolubl-e pentosans to the wheat based

dÍet at the same level on the freeze-dríed water extïact elicited a ' .-¡, 
.,

I i::" :.ì:i::i:. il

larger depressÍon (p<0.01) ín feed íntake, feed efficÍency and weight
gain compared to dieÈs containing wheat or wheat plus soluble penÈosans

or exËract. However, only feed intake was similar (p>0.01) to that
.:
¡i1:;1i.,,,:æ
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TabLe 6'5' Effect of water-soLuble pentosans of rye on chick performance(Experiroent 13)

Response críterial
Dietery Ëreatnent

g

Rye 72.2a 20.gaA 3.41C
I'ltreat 95. gb 45 .2cc z.LzA
Irlheat pLus so1_uble pentosans g7 .6b 36.6b8 2.408
ldheaÈ plus freeze-drÍed

hrater extract from aut
rye 92.7b 40.1bBC Z.3LB

S.E. 2.63 L.43 0.034

1t"""" not sharing a comnon letter wÍthin each column díffer significantlyat P<0.05 (snal_l letters) or ar p<0.01_ (block l_erters).
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Table 6.6. Effect
rye on

of water-soLuble
the perfon¡ance

and r¿ater-insoluble
of chicks (ExperÍnent

pentosans of
L4)

' Response crfterial

gE
Rye

trúreat

ÌrIheaË p1-us freeze-drfed ürater
extract from boÍl_ed rye

I{treat plus water-sol_ubl_e
pentosans dríed under
nÍÈrogen

trúreat plus freeze-dried
water-soluble pentosans

trItreat plus water-insoluble
pentosans dríed under
nitrogen

S. E.

6l-.0A

93.28

88.48

77.6c

79.4c

61. BA

1 .59

LT.7A

39.88

32.3c

28.2c

29.8c

19.8D

1 .05

5.228

2.35A

2.74D

2.76D

2.67D

3.T28

0.06

\or""" not sharÍng a comtron letter differ significantl-y at p<0.0r-.
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obtained from rye fed birds. These results would suggest that Ínsoluble
pentosans depressed feed fntake to a gïeater degree than nutrient
utílization' as feed efflcÍency was better than in rye fed birds whereas
feed Íntake was the same fn both treatments. Ttrese experiments demon-

strated that both the soluble and ínsolubl-e pentosans showed antígrowth
actÍvity.

The antínutritional- actÍvÍty of the water-soluble pentosans r^ras noË

affected by the method of dryÍng. A-r-so the r.ower yíeld of precipitate
following ethanor- precipitatíon and filtratíon díd not seem to be an
ímportant factor since the r¿ater-extract and the soluble pentosans, both
obtaÍned from the same quantity of grain, depressed chíck perform¡nce
to the same degree (Experinent 14). The leve1 of antinutritional factor
in the trnro preparations was pïesutnably the same.

b. Experiment 15

i. Pentosan analysis I

colorÍmetric determinations of rye pentosans using xylose as

standard are presented in Table 6.7. Trre results (dry matter basÍs)
indicated that raw rye contafned abou t 2'Á water-soluble and 6 .5"/" watet-
insolubl-e Pentosans. Ttrese val-ues were obtaíned after three exËractions
of rye' The sum of soluble plus insoluble pentosans u¡as not different
(P<0.05) from the total penËosan value (g.7"Á) measured directly on the
rar¡r rye. Ethanol boiled rye contained 9.5"Å pentosans, whÍch was 9%

higher than the value of the rah/ rye because the ethanol fÍltrate, whích
r¿as about 9-ro7( of the dry mn¡¡gr of original rye, hras m¡fnfy composed

of ,4pino acids, protein, and glucose wÍth negligible amounts (0.3y") of

;t::r:.]l:'..Lii.l
l ::::¡¡l:;-i.:
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TabIe 6.7. pentosan content as determined
usfng >rylose as the reference
basfs, Experiment 15)

208

by the ani'l_ine acetate method
standard (results on D.M.

Pentosan source
Water-
solubl_e

ï,Iater-
insolubl_e

Total 
2enfosans

l-. Raw rye
2. Ethanol_ boÍ1ed rye
3. Boiled rye after water

extractÍon and removal
part of ínso1ub1e
pentosans

4. Llater extract from
ethanol boiled r,ye (Å
yÍeld, 4.67+0.O4 of
boÍ1ed rye¡6r7

5. Crude water-solubl_e
pent. preparatÍoo ("Å
yíeld, 1.1_4+0.O2 of.
boiled rye)7

6. Crude water-insoluble
pent. preparatÍon7

a) wÍthout NaoH ex_
tracrion (% yie1.d
2.O2l4.13 of boiled
rye)

b) With NaOH exrrac-
tÍon (7" yield, 1.03+
0.03 of boiled rye)

/" /o

L.g71{ .o44 6.45i< .073
L.76+Ð.o23

I .69r{ .195
g.50to.224

8.23+O.273

11 . 2810.043

5s .41+o .103

35 .18+0.123

34 .00r{ . 25 
3

1Ao"r"g" + S.E.
t-Total pentosan values were obtaÍned by dÍrect determinatíon and notby separaËe determfnaËion of the two fractÍons.
3Au"t"g" of two values, 4A.r.r"ge of three values; 

"rrdrsArrerage offíve values.

9¡1tr19-a obtained Ëy extraction of rye once r¿ith four vorumes ofäístil-led water.
TFor protein and ash content see Tables 6.9 and 6.1_0.
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arabinose p1-us xylose (Table 6.9), and, therefore, pentosans became more
concentrated in the boÍled rye. pentosan content of rye after partial
removal of solubl-e and insoluble pentosans was g .2% w¡,1ch did not díffer
(PÞ0'05) from the val-ue of raw rye, because the totaL amount of starch,
proÈein and oÈher grain components removed fron bofled rye durÍng the
ÍsolatÍon procedure were sl-fghtly larger than the amounts of pentosans
removed.

The results of gas chromatographfe determination of pentosans
(arabinose plus xy1-ose) Ín raw, extracted, and boiled rye after L and 2

hours hydrolysÍs time are shown in Table 6.g. A typical chromatographíc
separation of derívatÍzed sugars of water extract Ís shor¿n in Figure
6'2' Hydrolysfs of ral¡7 or extracted. (after removal part of soruble and
insoluble pentosans) rye for 2 hours resulted ín reduc ed (9-L5%) pento-
san val-ues compared to t hour hydrolysis possibly because of destruction
of xylose and arabÍnose. These differences, however, hrere not sÍgni_
ficant (P>0.05) ana did not occur ín other sampres. AccordÍng to this
method, total pentosan content in raw rye coul-d be considered to be
equal xo L0'Á (dry rnatter basís), whfch Ís sÍmílar to the sr¡n (9 .8,Á) ot
solubl-e (2.r4"Å) and insolubl-e pentosans (7.66"Á) obtained by separate
quantitaÈion of these Èwo fractfons after three extractions wíth water.
DeËermination of these two fractíons in ethanor boíled rye, for the pur-
pose of avoidance of solubÍlization of water-insoluble pentosans by
pentosanases, gave an aveïage content of 2.2 and g.3-Á of soluble and
insol-ubl-e pentosans' respecËively. These values, after conversÍon Ëo a
rêr¡r rye basis by nul-tiplicaËion by 0.9, díd not dÍffer sfgnÍficantly
f,rom the respective ïart rye values, thus indicating that no solubilization

l.:r:
l'i:'



T
ab

le
'6

'8
' -

D
èt

ér
in

ín
at

fo
n 

by
 G

'L
'c

' o
f'p

en
Ë

os
es

-a
nd

 o
th

er
 s

ug
ar

s 
of

 r
ye

, 
r¡

ra
È

er
-e

xt
ra

ct
ed

 b
oi

le
d 

ry
e 

(a
fte

r 
re

no
va

r 
pa

rt
 o

f
an

d 
of

 f
re

ez
e-

dr
le

d 
st

tp
er

n"
ia

nt
s 

an
d 

pr
ec

ip
fta

te
ã 

ob
ta

rn
.å

 ú
y 

r"
tå

t-
.it

."
"t

r.
o'

 
th

re
e 

tin
es

 o
f 

ra
w

 a
nd

 e
th

an
ol

ar
e 

ex
pr

es
se

d 
on

 a
 D

'M
' 
ba

si
s 

as
 P

er
ce

nt
 o

i 
th

e 
ry

e 
us

ed
 fo

r 
an

ar
ys

rs
 o

r 
ex

tr
ac

tr
on

 (
E

xp
er

r.
ne

nt
 r_

5)

F
,a

w
 ry

e,
 t

 h
ou

r 
hy

dr
oJ

.y
ei

s
R

aw
 ry

e,
 2

 h
ou

rs
 h

yd
ro

Ly
sl

s
E

xt
ra

ct
ed

 r
ye

, 
I 

ho
ur

 h
yd

ro
J.

ys
ls

E
xt

ra
ct

ed
 r

ye
, 

2 
ho

ur
s 

hy
dr

ol
.y

si
s

R
aw

 r
ye

, 
!¡

at
er

-s
ol

ub
le

 f
ra

ct
fo

n4
t 

ho
ur

 h
yd

ro
ly

sl
s

R
aw

 ry
e,

 l
ns

ol
ub

le
 f

ra
ct

lo
n

I 
ho

ur
 h

yd
ro

ly
sl

s
I[a

w
 r

ye
, 

ln
so

lu
bl

e 
fr

ac
tio

n
2 

ho
ur

s 
hy

dr
oJ

.y
sl

s

B
of

le
d 

ry
e,

 !¡
aL

er
-s

ol
ub

le
 f

ra
ct

io
n

I 
ho

ur
 h

yd
ro

ly
sf

s
B

oi
le

d 
ry

e,
 v

ra
te

r-
so

lu
bL

e 
fr

ac
È

lo
n

2 
ho

ur
s 

hy
dr

ol
ye

fs
B

of
le

d 
ry

e,
 f

ns
ol

ub
le

 f
ra

ct
fo

n
I 

ho
ur

 h
yd

ro
ly

sf
s

B
of

le
d 

ry
e,

 í
ns

ol
ub

Le
 fr

ac
tio

n
2 

ho
ur

e 
hy

dr
ol

ys
is

ra
Ín

 o
r 

qr
ai

n

3.
90

{{
.0

7
3.

46
+

0.
02

4 
. 
30

r{
 .

1_
9

3.
40

.l{
.3

0

1.
02

10
.0

3

2.
99

r{
.0

8

2.
93

10
.0

5

0 
. 
95

r{
 .

04

1.
07

Ð
.0

6

3.
25

!)
.0

4

3.
25

+
O

.4
0

lM
ea

n 
+

 S
.E

. 
of

 t
w

o 
sa

np
le

s 
w

iË
h 

tw
o 

in
je

ct
fo

ns
 (

"r
r"

fy
""

")
2s

ta
nd

ar
d 

er
ro

r 
of

 x
yL

os
e 

* 
ar

ab
ln

os
e 

¡¿
as

 c
al

cu
la

te
d 

fr
om

3P
".

k"
 w

er
e 

ve
ry

 s
na

ll 
to

 in
te

gr
at

e.
4s

"r
pl

e"
 hy

dr
ol

yz
ed

 fo
r 

2 
ho

ur
s 

w
er

e 
de

st
ro

ye
d.

6 
.1

4+
O

 . 
13

s 
. 
68

-Ð
 .

06

6.
58

1{
.5

2

s.
83

10
.3

2

1.
12

10
.0

3

4.
67

14
.3

3

4.
82

!)
.2

3

1 
. 
13

+
0 

.0
6

L.
27

+
O

.0
8

5.
10

{{
.0

0

5.
00

Ð
.5

3

0 
. 
73

10
 .

17

0 
.1

4

0.
37

r{
.0

1_

0.
29

{{
.0

3

0.
33

ff.
06

0.
13

10
.0

1

0.
11

0 
. 
09

r{
 .0

0

0.
01

_r
{)

.0
1

0.
 L

9.
r{

.0
6

7L
.9

6d
O

.2
t

6s
.7

6+
]..

s8

75
.7

7+
L.

90

3.
4r

y)
.2

3

67
 .8

2!
5.

s0

6e
.7

4!
i.e

9

1.
95

JO
.0

J.

2.
06

{0
. 

16

7L
.9

21
4.

66

70
.4

7+
5.

87

ln
so

Lu
bl

e 
pe

nt
os

an
s)

,
bo

fle
d 

ry
e.

 
R

es
ul

ts

pe
r 

sa
m

pl
e.

th
e 

to
ta

l 
va

lu
es

 o
f 

th
es

e

A
ra

bi
no

se

10
.0

4+
0.

20

9.
14

{{
.0

8
10

 .
88

+
0 

. 
71

9 
.2

3t
A

.6
2

2.
14

r{
.0

6

7 
.6

6!
).

42

7 
.7

5+
O

.2
8

2.
08

+
0.

10

2.
34

10
.L

5

8.
 3

5{
O

.0
4

8.
25

{{
.9

3

X
yl

os
e

bi
no

to
 a

ra
-

su
ga

rs
 in

 e
ac

h 
sa

np
Le

.

L.
45

I 
.6

4

1.
65

1.
71

1 
.1

0

I 
.5

6

L.
64

1.
 t9

1.
19

1.
57

1.
54

È
1o

1,
,,.

:
';.

i 
:l:

i

N
)

H O



2LL

XYLOSE

ARABINDSE

MYOI -
r{ostToL

MANI{OSE

ld
Øzo
fL
U)
IJ
E

E.o
F.
rJ
IJ
t-
LJo

ru t5 20 25
RETENTION TIME (minures )

Gas-chrouatographfc analysÍs of 1 UL injection ofderf.vatized sugar components of the t..Ëru_ãii"awater-soluble pentosans obtained by three ,"a",extractlons of erhanol boÍled .y" in*p"rir""a-iSl.
f,l ":". :1. :1:

Ffgure 6.2.



212

of Ínsoluble pentosans occurred in rarú rye during the extractÍon of
soluble penËosans. Ttre results of TabLe 6.8 indicated also that some

-nnose and galactose ríere present on both the solubl-e and insoluble
fraction with the r-evel of men¡ose beíng hígher than that of galacÈose,
particul-ar1-y Ín the soluble fraction obtafned from rar¡r rye (0.7.3%) .

Gas chrom¡tographÍc ana'ysís of pentosan preparatÍons (rable 6;10) in-
dÍcated that the soluble pentosans contained, as determined from an
average of boËh hydrolysis tímes , 67.77" arabtínose prus xykose, 4.2Á
mannose and' 2'97. garactose. TLte carbohydrate fraction of these penËo-

sans r^ras composed of 83 .57" arabinose and xyJ_ose, whÍch indicated the
preponderance of both pentoses as components of pentosans. tr{ater_
insolubl-e pentosans extracted wÍth or without NaoH contained 4g and

49'6"Á arabínose prus xyJ-ose, respectively, whfle the sr¡m of these
pentoses as percent of the earbohydrate portÍon üras only 63 and, 59.9%.

The relatively lower content of these sugaïs compared. to the solubr_e

penËosans r¿as attributed to the presence of high level of glucose
derived from starch that escaped pancreatÍn dÍgestfon. rnsoluble
pentosans contained more galactose than mnnn6se, whereas the reverse
occurred for the soluble pentosans.

comparison of the two methods used for pentosan quantitation ín_
dícaËes that the colorimetric method underestimated the pentosan con-
tent (arabinose p1-us xyJ-ose) compared to the gas chromatographíc method.
The underestÍmatíons \^rere L3"Á fot ïaÌr7 rye (8.7 vs 10.0) , 97" fot ethanol
boíl-ed rye (9.5 vs 10.5), Lg% for Ëhe crude soluble pentosans (55.4 vs

þ7'7%), 29"Á for both insoluble fractíons extracted wíth (34.0 vs 4g.0)
o¡ wÍthout (35'2 vs 49.6"Á) NaoH. TheseunderestimaÈÍons hrere proportfonal-

:::;l''
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to'the rel-atrve content of arabínose and xy1_ose, beíng greater when the
ratio is hlgh. A relatively hígh underestirnation occurred also ín the
case of the freeze-drÍed extract after extraction of bolled rye with
four volumes of riüater. Ttre underesÈímation r¡ras more than 501z as the
col-orímetric method gave a value of r-r. .3% (Tab'e 6.7) whir_e the chroma-
tographíc method gave 23.g"Å arabinose plus xy1_ose (rable 6.g).

ltre yfel-ds and composÍtion (on dry ma¿¿gr basÍs) of the \dater
extracts are gÍven Ín Table 6.9. Bofling rye Ín g0z ethanol prior to
extraction deþressed the yÍel-d of the extract (as a percent of boíled
rye) by 56'l compared to the yield obtained wÍth rarü rye. Ttris de_
pressíon hras mainly attributed to the decreased protein content (55"Á),

as a resul-t of proteÍn denaturaËion as wel-l as to the removal of ethanol
soluble compounds. pentosan extractabílÍty, hov¡ever, as measured by
the sum of arabinose and. xylose, was not affected as the concentratíon
of both pentoses in the extract obtaÍned from boiled rye was i-ncreased
by more t]nan 2.3 timesr.which r¡ras proportíona1 to the decrease in the
dry matrer yÍe1d (fron 16.19 Èo 7.11)

ExtractÍon of boír-ed rye wiËh four volumes of water removed on1_y

5o% of the total soluble pentosans (arabinose plus xy1-ose) compared wíth
that obtained with three extractions using 10 volumes of waÈer each

time.

The yields and composítion of the crude r¿ater_solubl-e and _insolubl_e

pentosan preparaÈions is given nn Tabr-e 6.r0. The crude yield of sor_ubr_e

pentosans was r- -L4"Á of the boíled rye (dry natter basÍs), which had a
dry matter content of only z5y" of that present fn the extract after
extraction r¿ith four volumes of ,^rater. This would suggest a concentration

,¡r.:.:
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of pentosans in the former fractíon, as índícated in Tabr_e 6.10. Ttre

reeovery of arabÍnose plus xyl-ose in the preparatfon of crude sorubl_e
pentosans folr-or¡ing ethanol precipftation and dryíng of the precípitate
r¿as about 70i( (607" for arabinose and. 8L% for xylose) rel-ative to that
in the extract' These cal-culatÍons r^rere based on the observation thaÊ
crude sol-ubl-e pentosans contained 67.7"Á arabfnose plus xylose. The 30.*
losses fncluded Pentosans which !'rere riot, precfpitated in g0z ethanol-ic
solutÍon, partfcul-ar1-y pentosans havfng high arabfnose content, as well
as l-osses durlng filtration and dryfng of the precípitate. Ttre yield
(dry rnatter .basís) of crude Ínsoluh.le pentosans. as percent of boíled
rye lras 2'o% tot pentosans wÍthout NaoH extractÍon, and 1.07" for pento-
sans after extractfon with NaoH. Trre r_or¿er yíeld obtained af Ëer

extractÍon wÍth NaoH was attrfbuted to losses that occurred when the
precipitate ü'as discarded after centrifugation of the alkalic pentosan
solutíon- Assuming that the recovery of insoluble pentosans (wíthout
NaoH extractÍón) was about the same as that of the soluble pentosans,
the total soluble and insoluble pentosans (arabÍnose p]_us xylose)
removed woul-d be (1.1+l_.4 =) 2.5"Å of. the dry matter of boiled rye or
approxÍmatery 252 of the totar- (ro"Å) value of the tT"ro pentoses.

Ttre ratÍos of xy1-ose Èo arabinose r¿ere also calculated for an
estimation of the degree of branching of the pentosan molecur_es (çom_

posed of a xylose backbone r¿íth síde branches of arabÍnose units) . The

results of Tabl-e 6'8 indÍcated sÍmilar average va]-ues for rar¿ and extrac- iit':n'i
ted rye as wel-l as for the ínso1uble fracÈÍon remafni.ng after three
extractÍons of raw and boiled rye wíth 10 volumes of waÈer. ïhe values
for the 'rater extract fron boiled or ïar/ü rye were 1.19 and J,.Lo"Á,
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resPectively' The si-ightly hígher val-ues of the extract obtained fron
the bofled compared with the raw rye r^ras attributed to the fact that the
ethanol filtrate of borr-ed rye contained more arabinose than xylose
(rable 6.7) . Ttre preparation of crude water-sorubl_e pentosans gave a
ratío of 1-39 (Table 6.10), whích was hígher than the ratio observed
in the Í/ater exÈract of boÍled rye (1.19::). This rüas an índicatÍon
that some pentosans that contained more arabinose than xylose r^rere not
precipítated by 802 ethanol. _ Ttris evídence üras also supported by the
previousl-y shown reduced recovery of arabÍnose compared Ëo xylose after
ethanol preeÍpÍtatíon. The ratÍo for the crude ínsoluble penÈosans T^ras

r'07' for those not extracted wiËh NaoH and L.Lz'. for pentosans extracted
with NaoH. However, the ratio remaíning ín Èhe precipitate after three
üIater extractions of raúr or boír-ed rye r^ras higher (approximately 1.6,
Table 6'B), thus indicatfng that the Ínsoluble fraction also contained
pentosans having a very hÍgh content of ><ylose.

Both soluble and insolubr-e pentosan preparatÍons had. a hígh ásh
content (tabl-e 6.10) which r¿as attributed not on1_y to the extraction
and chel-ation of mÍnerals present in the graÍn, as fndÍcated by the
high ash conËent of freeze-drfed extracts (Table 6.g), but also to Ëhe

hígh ash content of pancreaËÍn (g .g"Á).

vfscosÍÈy deÈerminatÍons on aqueous solutions conÈaining crude
pentosan equival-ent to 0 .rr. arabinose plus xylose Índícated higher
víscosity for the solubl-e penËosans (l-88 secs) than the Ínsoluble pento-
sans Prepared with NaOH extractfon (152 secs) or r¿Íthout NaoH extraction
(120 secs).

i .-:,.

i ..1 ;i., ..
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,

fi. Colorimetric determÍnation of glucose

colorimetrÍc determtnatíons of totaL glucose present in pan_

creatÍn digested Pentosans gave lower values conpared to the gas chro-
metographfc method, parÈfeul-arly for the insoluble fraction (Tab1-e 6.11-), 

t: lalthough the dÍfferences were signifÍcant (P<0.05) on1-y for the insolubl_e ,',,',,'

fractfon obtaÍned without NaOII extraction.

The results of starch dÍgestÍon r¿ith c-amyloglucosidase showed no
._...idifferences (P>0.05) between 4, L2 and 20 hours dÍgestion Ëíme ín the 

i,r-f,
case of Èhe soluble fractÍon, whieh. wouLd suggest that all of Ëhe starch. 

;::-,r,,:

was digesËed. In the case of l-nsol-ubl-e pentosans, however, digestion ì'::'':;1

for 4 hours gave lower (p<0.05) val-ues compared to dígesËion for 12 or

"0 hours. Ttre simíLar resulÈs in Ëhe latter tÍme períod. also indicated
Ëhat al-l of the starch was digested. Tfie dífference ín the toËal
glucoseras estÍm¡ted by acid hydrolysis of the sample and by enz)rmatÍc 

l

digestion of starch, coul-d be attríbuted to g1-ucose being derived f ror' 
i
:

sources oËher than starch. The starch content of the insoluble pento- 
i

sans \^'as calculated to be L6.I% and 15 .4% for pentosans prepared. r¿ith-
out or with NaoH extractÍon' respectively. comparing these values with 

i:::,..;-
j. 

:- : :the total- colorÍmetrÍc values, the calculated non-starchy gJ-ucose 
j..r, ._.,.
-:.r- :_-.: lconËent was 4.4 and 5.62 for the pentosans extracted r,¡ithout or wlth ':';.':::-:

NaOH, respectively.
-,.9¿ì

starch contenÈ of solubl-e and insoluble pentosans prfor to pan-
j..:: 

_ i:,.creatfn digestion was 10 .4 and 68"Á, respectÍvely, as deterroined by it-,,-...'..

a-any1-og1_ucosÍdase digestion f.or L2 hours.
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íi1- AntinutritÍonal- acÈivrty of isolated rye pentosans

Data concerning the efiect of solubl-e and insol-ubLe pentosans

on chick performance fncluding nutrient retentÍon and pentosan digest-
ibilÍty are presented Ín Tabr-es 6.12 and 6.r-3, whereas the effect of 

.,rye pentosans on the weighÈ and length of intestíne per 1_00 g body

weight is shown fn Tabl-e 6.L4 .

Tfie results from Table 6.12 show that partial removar- of water-
soluble and water-insolubl-e pentosans from ethanol bofled rye dÍd not ,,", ',,. ''

iì'

ímprove any of the response crÍËerÍa compared to the raw rye. Birds fed 
.,.:,:,.',:,'-._:_ 'these two diets gave the pooïest performance compared to bírds fed wheat

orwheatp1uspentoSanPreparatíonsortheethano1fi]-trate.Birdsfed

wheat or wheat pJ-us ethanol fil-trate had similar performance whfch was 
:

the besÈ anong all ËreaËments. Ttre ethanol- filtrate contained only i

soluble sugars, amÍno acÍds and other snarr molecur-es and very row

amounts of pentoses or perì.tosans (fable 6.9) . i

rAddítion of. f.reeze-dried !üater extract or crude soluble penËosans l

to wheat based dfets at levels equÍvalent to those obtaíned from simi-
1-ar1-y formulated rye based diets depressed a1-1- response crÍteria, ,_,,,: 1,, ,

:::::-:i-:.r.

partÍcularly weÍght gain (p.0.05), total- amino acid digestibility (p<0.01) 1,,,. 1..,
.:,. : ,.: ,::,',;

gnd dry matter retention (P<0.0L). However only feed conversion effi- 
':' 

:'

cÍency was not different (p>0.01) from that obtained Ín the rye fed
bÍrds' A1-so¡weight gaÍn of birds fe<í the freeze-dried extract did not

l-,tr.."',tt,i''. ''díffer (P>0.01) from thaË of the rye fed birds. Fat dÍgestibility was i';''.:',..'",

depressed in both treatments wÍth the low level of soluble pentosans,

but the experimental error úras too large for sÍgnificanË differences. 
:

The nagnitude of Ëhis'depressÍon was much smaller compared to rye fed
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birds.

Ttre addítí'on of the weter soluble or insor-uble pentosans to wheat
based dfets at l-evels equival-ent to the leve1 of insol-ub1-e pentosans ín
simflar rye diets, depressed (p<0.0') feed intake (34"Å), weight gaÍn
(51 to 59"Á) ' feed conversiþn efficÍency (3g to 607!), dry mâÈter retention
(8 to LLT") anð. toral amfno acÍd dÍgestfbil-ity (9 to tZZ¡ compared ro
wheat fed bÍrds. Among Ëhese three treatments, only the soluble pento_
sans depressed fat dÍgestfbility (lør"¡, but the difference was not sígnÍ-
fícant' Feed conversion efficÍency and dry matter retention r^rere símí1ar
to those obtained fron birds fed rye or extracted rye¡buÈ feed Íntake
and weight gafn were l_ower (f<0.01). The redrrctions in these two
parameters compared to the birds fed raw rye were more than 2olZ and
247" f.or feed intake and weight gain, respectively.

Although feed Íntake, weÍght gain and feed conversion efficíency
in birds fed wheat plus hÍgh levels of pentosans were depressed to ïye
level-s' or even lor¿er (so1ub1e pentosans), only dry matter retentíon
was sÍmílar to that ín rye fed birds, whiLe fat retentíon and Èotal and
índÍvÍdual amino acid digestÍhílity were higher (p<0.05) conpared to
correspondíng va1-ues Ín the rye fed birds. These resur-ts indieaËed that
the high level of pentosans depressed growth and feed efflciency of
ghÍcks not onJ-y by reciucíng nutríent digestíbÍlÍty, as in the diets
wÍth the low pentosan content, but also by causÍng a drastic depressipn
of feed palatability. Ttris:1ast aspect was also supporËed by the high
feed spí11age of dieËs containíng wheat plus high. pentosan levers com_
pared to the other wheat or rye based dte.ts.

Data on indtvfdual arqino acÍd digestÍbtJ_iry (.Table 6.13) indÍcared

':. :.
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that bÍrds fed rye or extracted rye gave lower values (?<0.05) for ar-l
anaLyzed amino acíds compared to bírds fed the tr4ro díets containing
wheat or wheat plus ethanol filtrate. Ttrese rye diets gave the same

amino acÍd dfgestibility except for prolÍne. suppl_enentatÍon of wheat
based dÍets r.¡fth wateï extract or Ëhe low level of solubr_e pentosans
depressed the digestÍbfr-Ítfes of all amino acÍds compared to wheat
diets wÍthout added pentosans. Ttre !üater extract reduced (p<0.05) the
digestibilitfes of all amino acÍds except for aspartÍc acid and prolÍne,
while the added 1ow l-evel of soluble pentosans üras l-ess effective than
the water extract, as the dígestibflítÍes of alaníne, argínine, hístí_
dfne, isoleucine, phenylalaníne and prol-Íne T^reïe not different (p>0.05)
from those of wheat fed birds. Ttre digestíbilftÍes of alanine, argi_
nine, histÍdÍne, isol-eucine, leucine and threoníne Ín the birds fed
r¿heat pJ-us the 1ow levels of added soruble pentosans was also higher
(P<0'05) than the digestibÍlíties of bÍrds fed slnil-ar díets that con-
taÍned the water exËract. A larger depressíon in amino acid,dÍgest_
ibÍlity compared to wheat or wheat plus wateï exËract or r_ow 1eveI of
soluble penÈosans occurred when wheat dieËs T¡¡ere supplemented with Ín-
soluble pentosan or the equival-ent leve1 of water-solubr_e pentosans.
only Èhe digestÍbÍlity of proline in bírds fed insoluble pentosans r,rras

not depressed (P>0'05) conpared to wheaL fed birds. trüater-soluble pento-
sans rô'ere more effectÍve Ín reducíng amino acid digestibilÍty compared
to Ëhe same level of ínsoluble pentosans, aLthough on1_y the dfgest_
ibÍl-ity of prolÍne and glutamic acid were lower ("<0.05) thân the var_ues
observed Ín birds fed the insoluble fractíons. Ttrere r^ras no difference
in amino acid digestÍbilÍtíes between the two Ínsoluble fractfons.
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Fecal condition was affected by the type and the dietary 1evel
of added pentosans. Birds fed insoluble pentosans, partícu1arly those
noË extracted wíth NaoH, produced less watery feces compared with the
other pentosan treatments, while bírds fed the high 1evel of soluble
pentosans produced feces that were more !íatery and. sticky than those of
the rye fed birds' The !ùater extract or the low 1evel of soluble pento-
sans gave the same fecal conditÍon, whÍch was only s1íght1y better than
that of the rye fed bÍrds. Feedíng extracted rye díd not improve fecar_
condÍtion.

DetermínatÍon of pentosans (arabinose plus xylose) digestibír_íty
by gas chroma¡sgraphíc analysis of the fecal samples was perforned in
thro treatments on1y, i.e. in those containÍng rar^7 or extracted (after
partial removal of sor-uble and inso'uble pentosans) rye. A typÍcal
chromaÈogram of the fecar- analysis is shown in Figure 6.3. The results
indicated zero dÍgestibilíty for both treatments (Tabl_e 6.L2). Ttre

ratio of arabÍnose to xylose in the fecal sample'remafned unchanged
(1 .68) compared, to the rati.os occurring ín the rar¡'or extracted. rye.
The unchanged ratio of these pentoses further suggests that the avÍan
digestÍve systeu Ís unable to degrade ïye pentosans by removfng the
arabinose sÍde chains.

The effect of feedÍng rye or rye pentosans on the size of the
snall intestine and the caeca of si.x chicks per treatment is presented
ín Table 6'].4' Ttre resul-Ës indÍcated Ëhat birds fed wheat based diets
wíthout added pentosans had l-ower weight and length of small intestine
as well- as caeca weight per 100 g body weight compared Ëo the oËher
birds, particularly those fed dÍe's Èhat contained rye or wheaË plus

iì'. {
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Table 6.L4. Effect of rye penÈosans on the sfze of chtck íntestfne(Experinent L5)

Snal-l ÍnÈestine per
L00 g body wt.

Caeca

Rye 6.1_c 66.2e 0 .64abc

5.4abc 57.7b 0.71bcd

4.5a 44.6a 0.53a
trrrheat p1-us erhanol f iltrate 4 .gab 50.0a O .52a
IltreaË plus water ext,ract 4.gab 56.7b 0.55a

5.1ab 56.4b 0.58ab

5.3abc 64.3bc 0.80d

5.3abc 62.6be 0.75cd

5 .7bc 67 .9c 0. 73cd

o .22 2.07 0.04

Tt"tå:åthÍn 
each col-umn not sharing a co'mon lerrer differ significanrly

Extracted rye (after removal
part of soluble and
ínsoluble pentosans)

trrlheat

trrlheat plus water-sol_uble
pentosans

lüheaÈ plus r,rater-soluble
penÈosans equal to ín_
soluble level

!ùheat plus Ínsoluble penËo_
sans r¿ithout NaOH
extraction

hlheat plus insoluble pento_
sans NaOH extracted

s. E.

:.'.. : .:

:..: ii

;

l.-,
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Flgure 6.3. Gas chromatographrc analysis of I uJ- lnJection ofderivarited sugars present in fecal samples from
chlcks fed the rye dlet (Experlment 15).
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the high l-evel of pentosans. rt was demonsÈrated that the effect of
pentosans vras more clearly defined in the srnalr_ inÈestine, where the
length per 100 g body weíght was larger (p<0.05) in birds fed rye or
wheat plus pentosans, partícularly the high level, compared to birds
fed wheaÈ or wheat p1-us the ethanor fir-trate. Ttre same pattern ÌÂras

also evident úrith the other chick paraneters but signifícant dífferences
r^rere not always observed.

3. Discussion

Preece and lIobkírk (1953) showed that the major conponent of water_
soluble pentosans of rye T¡râs an arabinoxyl-an, which was characterized.
by Aspinall and sturgeon (rg57) and by Aspínall and Ross (1963). These
authors showed that this compound r¡/as composed of a 1ínear chaÍn of
1r4-línked ß-D-xylopyranose resid.ues with approximately every second
xylose residue carrying a terminal a-aribinofuranose resídue lÍnked
through a 1,3 glucosídic lÍnkage. Ho-las er al. (rg72, rg73) isorated
and analyzed water-soluble and water-insoluble pentosans of rye by
usíng a procedure dÍfferent from those used Ín the current study. These
auËhors,r'rho studied rye pentosans in tems of theÍr technol_ogícaL
sÍ'gnÍfícance Ín bread production, reported that the carbohydrate part
of crude soluble pentosans hras composed of 3r% arabiloose, 4L.Á xyrose,
3"Å garaetose and 257" grucose, but no mannose r^ras detected. Fraction_
ation of the soluble Pentosans demonstrated the presence of 5 fractÍons:
one fraction (75%) Ìdas a pure carbohydrate, siurilar Ëo that isolated
by Preece and Hobkirk (1953), while the other four fractions (25%) were
glycoproteins. Holas et al-. (r973a) reported that the first fractÍon
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was the major carrÍer of vÍscosity propertíes of soluble pentosans.
Ïrlater-Ínsoluble Pentosans, whÍch were isolated by extraction of the whole
grain r4r:ith 0.1 N NaoH for one month, r,¡ere shown to be composed of five
fractionsr trîro of whÍch lrere pure carbohydrates and the other three
glycoproteÍns. AnalysÍs of the carbohydraËe part of crude pentosan
preparation by paper chromatography showed the presence of 4Zy" xyLose,
367 arabinose, 6.Á galaetose and 162 gl_ueose.

rn the current study two fractÍons of rye pentosans having dif-
ferent soLubil-Íty Ín liater T^7ere isolated, and quantftated by a colori-
metrÍc and a gas-chromatographíc method. The colorimetric method
consistenËly underestÍmated pentosan content compared to the gas_

chromatographíc method due to Èhe fact that J_ight absorbancy by fur-
furals origínating frou arabinose r4ras approxÍmately 352 less compared.

to furfurals derived from an equal quantity of xylose (cerníng and
Guilbot, 1973). xylose r,¡as used as standard ín the current study
because the relative content of xylose and arabinose in the various
samples r¡ras not knor¿n. other d.rawbacks of Ëhe eolorimetrfc method were
the productÍon of snal1 quantitÍes of furfurals.from other pentoses,
like rÍbose, and from uronÍc acíds. Generally, the underestimation
of pentosans üras greaËest when the content of arabinose relaËíve Ëo

xyl0se ín the sample was high. For example, Ín Ëhe case of crude
insoluble pentosans r.¡here the ratio of xyrose to arabinose was 1.1r
the underestimation riras 352, while in the crude soluble pentosans with
a ratio of 1.4 the underestímatíon r,tras approximatel_y lgZ conpared. Ëo

the respective gas chromatographic values. A more tnan 507[ under_
estination comPared to the gas chromatographic method occurred Ín
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the case of nrater exÈract obtained from boiled rye after extraction
with 4 volumes of water. Ttris value, whích was considerably less than
the expected Lg% underestÍmatÍonr could be attributed to a relativel_y
hÍgh content of arabinose compared to xylose. As a result the actual
amount of pentosans from the freeze-drÍed úrater extract that was added
to the wheat diet was sI-Íght1y hÍgher than that present fn the diet
that contafned the low leve1 of crud.e soluble pentosans.. Itris iliffer_
ence caused a slightJ-y greater (p>0.05) depressíon in the performance
of chÍcks fed the former compared to the l_atter diet.

the gas-chromatographÍc method rdas not only more accurate but also
ít provided indÍvidual values for each sugar.compared with the colori_
metric method. However, even wiËh the use of gas chromatography for
quantitation of pentosans, the method nay be somewhat inaccurate be_
cause of the gl-ucoprotein nature of some pentosans (Holas et a1_., Lg72),
and because of the difficulties encountered in the purifÍcation of
pent'osans, particularly with regard to the removal 0f starch. AdditÍon_
a1 information on the effect of Índívidual pentosans on growth could
have only been aehÍeved with a very detaÍled and mul-tistep purifícation
technÍque whi-ch was noË feasible Ín the current study. The presence
of varying amounts of mannose, galactose, and glucose in the derivítÍzed
sample from isolated. pentosans does not necessarily imply that these
compounds are strucÈural components of the pentosan molecur.es, because
Pentosans have not yet been completely defÍned wfËh regard to theÍr
nolecular entítÍes (hrilkíe, rgTg), as they have varÍable structural,
composÍtional and solubí1-Íty characterÍstÍcs that rury also be subjected
to envÍronmental conÈrol (Drews and SeÍbe L, 1976)
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rn the current study, tn addÍtíon to xyl_ose and arabÍnose, which
were the major sugaï components of both solubl-e an¿ insol_ubl_e penËo-
sans' mannose' galacËose and glucose rrere also presenÈ in both types
of pentosans' Ho'as et al - (Lg72, Lg73) using paper chromatography
showed presence of these sugars except for m"¡¡ess. They attïÍbuted
the absence of mannose to a possfbr-e coelutfon with xy'ose. Mannose¡
as welL as glueoserhave been fdentÍfied as components of Ínsolubr_e
pentosans from wheaÈ endospern cel1 wal1s (Mares and stone , Lg73a).
Therefore, the non-starchy glucose of the insor-uble fractÍons was
possibly a structuraL component of pentosans. Ttre presence of non_
starch glucose in the soluble peïrtosans could also be attrÍbuted to a
Ê-g1-ucan coprecipítated with pentosans (prodrasky, 1964; Drews , Lg77).
Galactose ín the soluble pentosans was possÍbLy found as an arabino_
galactan (Holas et a1. 1971). A similar arabinogalactan, not preci-
pitated in 80"Á ethanol, r^7as also found in soluble wheat penËosans
(Neukon, 1976). This arabÍnogalactan night be responsíble in the cur_
rent study for the relatively lower recovery of arabinose compared to
xylose after precÍpÍtation of the soluble pentosans Ín B0z ethanol.

The ratios of xy10se to arabinose obtained fn the current study
were 1'39 and 1.10 for the soluble and Ínsoluble pentosans, respec-
tÍvely, which were in good, agreement wíth the respective va'ues of
1'32 and 1-.17 given by Horas er a1. (Lg72) in rheÍr analyses of penro_
sans by paper chromatography.

Both soluble and insor-uble pentosans rvere shown to have antÍ_
nutrÍtíonal activiÈy when added to wheat based diets. Their antÍ_
nuÈritional actÍvity was menifested not on1-y by a depressíon of nutrient

i: "'-:,',: l-

: a.a..":

I: ...-,
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digestÍon and absorptÍon but ar-so by a decrease of pa1_aÈabi1íty wÍth
resul-tant 1o¡¿ feed consumption. Ttre resur-ts of ExperÍment r_5 demon_
strated that low l-eve1s of soluble pentosans reduced chÍck growth maínly
by depressÍng nutrient retention rather than feed Íntake. This would
suggest that the exfstÍng 

'evel 
0f water soluble pentosans Ín un-

extracted rye exeïts its antÍgrowËh activÍty prirnarÍly by íts Ínter_
ference wfth nutrÍent dfgestÍon an. absorptfon, probably because of
the hígh vÍscosiÈy of soluble pentosans. trItren the l_evel_ of sol_uble
pentosans was Íncreased up to the level of insoluble pentosans, nutrient
retention rerneingd unchanged compared to that obtaíned with the low
l-evel 0f pentosans but feed intake and, consequently, growth r¿ere depres_
sed below Ëhe levels observed Ín the rye fed bírds. ïhe same results
were also obtained with the insoluble pentosans isolated by either pro_
cedure' T'trÍs demonstrated that high 

'evels 
of Ísolated pentosans had

al-so a drastic palatabilÍty depressÍng effect, which !üas greater than
the depressíon in nutríent retention. Ttris drarnatic d.epressÍon of
palatabilíty in birds fed hÍgh lever- of íso'ate. pentosans compared to
rye fed birds cour-d be attrÍbuted to the fact that penËosans caused a
more pronounced effect on the palatabilÍty characterÍstics ( a g.,,rmy_
sticky effect) of the dÍet in the isor-ated forn as compaïed to the non_
isolated form. rn many cases bÍrds used. to reject newly fngested feed
Ëhat contained the high level 0f pentosans (soluble or ínsor_uble).

A comparÍson of sor-uble and Ínsoluble pentosans wourd suggest that
the water-soluble pentosans depressed. overall chick performance slightly
more compared to Ínsoluble pentosans. l6eyra1sorreduced fat dfgest_
ibÍlity more compared to insoluble pentosans, and thi.s effect could
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be related to the hígher vÍscosÍËy of soluble relatfve to insoluble
pentosans.

The inabflÍty of hígh level-s of pentosans to reduce the digestibility
of fat and amino acÍds to levels obtafned in the rye fed birds, could be
attrfbuted Èo varfous causes: Ffrst, none of the wheat based diets
contained both the sor-uble and Ínsolubl_e pentosans of rye. perhaps Ëhe
presence of both pentosan types nfght have had a narked additive or
synergistfc effect on nutrient dÍgestion and/or absorptíon. Second,
isolated pentosans rrrere more easily subjected to a possíble acÍdíc degra-
dation ín the stomach as compared to the better protected non-isolated
pentosans. Lindas and Dr^ppol-onÍa (Lg7z), who r¿orked wíth r¿heat, re_
ported that acídÍc condÍtlons caused hydrol-ysÍs of Ëhe sensÍtive arabi-
furanose side chains, whÍch resulted in the precipíÈation of the xylan
backbone and a loss of viscosity of the solubre pentosans. ïhird, iso_
l-ated peritosans night have been denaturated through conformationar
changes induced by the drying pro"edrrrá (wilkie, rgTg), remperature
variatfon durrng the ísolatÍon procedure (Dea and Rees, rg73), the
presence of minerals, like Mg and Ca (Blake et al_ ., I]ITO), or, simpl_y
by allowÍng aqueous solutions to stand for a few hours (Blake and
Richards, LgTr). Thís denaturatíon, which has been studied ín sugar
cane arabÍnoxylans (Dea and Rees, rg73), r{as associaËed with the con_
version from the random coil to an ordered ríbbon-like conformation
whÍch caused aggregation and. red.uced riÍscosity. possible losses of 

!

a certaÍn highly actÍve, sor-ubr-e penËosans durfng fir_tration of the
ethanol precÍpitate was not supported by these data, because the freeze_
dried extract dfd noÈ give reduced chick performance compared Èo the

i.i i,,r,

rf,r':. ."..1¡-,¿
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l-ow l-evel of soLuble Pentosans, although the actual- l-evel of pentosans
provided by the extract was higher than the Level of pentosans supplied
by the crude soluble pentosans.

Feeding ethanol boíLed rye, after partiaL removal of soluble and
insoluble pentosans, dÍd not improve chick perfo:mance compared to the
birds fed raw rye. ThÍs nay be attrÍbuted to inactÍvation of pento_
sanases and mfcrobial sterilizatÍon prÍor to extraction and, therefore,
pentosan degradation did not take place, and, secondly, to the fact that
total pentosan content ín the exËracted rye remáÍned equal to thaÈ of
ra'¡' rye. Pentosan degradation Ín study Five was possfbly responsibLe
for the improved performance of chicks fed extracted rar¿ rye Ëhat re_
mained for several hours at ïoom temperature príor to f.reeze-drying.
EnzyuraËic and microbíal degradation of rye pentosans was demonstrated
by Holas and Hampl (1973a) during rhe leavening process of dough. ïhe
results of the current study would suggest that the majority of penËo_
san's posses antigrowth acËÍvity, and are not readily extracted from
rye. Of.the insolubl_e penËosans, perhaps only those having a high con_
tent of arabinose (ratio of xy1_ose to arabÍnose equar to 1.1) were able
to cause growth depressÍon. T?ris was concluded, from the fact that the
isol-ated insor-ubr-e pentosans had a ratio of xylose to arabinose equal
to 1'1' whíle the ratÍo of these pentoses in the residual- rye after three
extractions with water (without removaL of the insoluble pentosans) was

1'6 (Table 6.8). rtrÍs r,¡ould sugges't Èhat there are other xylose rich
pentosans, which are not easÍly hydrated andrthereforerdo not appear
duríng the isolatfon procedure ín the sludge fraction. soluble pentosans
had al-so a small_er ratlo of xylose to arabfnose (1.39) coqpared to that
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of raw rye. rt Ís concluded, therefore, that onry those pentosans hav_
ing a relaËÍvely hÍgh content ín arabinose, i.e. híghly branched,
possess signifÍcant antinutrÍtional actfvity.

The results of these studíes demonstrated that rye grain contaíned
a relatívely hÍgh Pentosan J-eveJ-, and that all- soluble pentosans and
the hlghly branched ÍnsolubJ-e pentosans possess antigrowth actívity
m¡nÍfested by reduced feed pa]-atabÍI_ity and nutríent dfgestibilÍty.
The antigrowth actÍvity of pentosans could possÍb1y be attributed to
their gufmy propertÍes, hfgh viscosÍty fn aqueous so]-utÍons, abílíty to
absorb large volumes of water r¿ÍÈh concomitant swel1_Íng (casier and
soener, 1967), non-specific nutrÍent bÍnding capacity, and to Èhe com_
pletely indigestÍbl-e character of these pentosans. ïhe gurnmy propertíes,
partÍcularly after their isolation, seemed Ëo depress feed palatability
whí1e the high vÍscosÍty reduced nutrient digestÍbi1íty. ïheír ability
to adsorb large water volumes, whích also resur_ted ín the concomitant
dístention of gasiroÍntestínar tract, not only reduced appetÍte by
creatíng a satiety feeJ-ing but they also caused enlargement of gastro_
intestinal tract rer-atÍve to body weight. These latter effects night
be also induced by the absenee of any degradatÍon of pentosans Ín the
gut, even by the microbes. The presence of other more readily avail_
able nutrients and the short avfan digestrve system mfght be respon-
sÍble for the absence of degradatÍon of pentosans by mfcrobes.

To the authorrs best knowl-edge no other research Ín poultry or
other specfes was carried out regardÍng the antinutritÍonal actfviËy of
rye pentosans, and, therefore, these resur-Ès r^7ere noË coupared wiÈh
other studies
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H. Study Seven. Utilization of Rye by Growíng Rats

The objective of thÍs study was to compare the feedÍng value of
rye wíth that of wheat for growing rats fed dÍets supplemented with
íncreasing levels of penÍcillin and essenËiar- amino acíds. Also, to
establísh the effect of feedíng combination of míi-Líng fractíons (f]_our
and bran) from rye and wheat on nutrient dfgestfbí1_ity.

Experiment 16 was designed as a 2x3x3 factorial wíth two grains
(rye vs wheat), three 1eve1s of essential amino acÍds (50, 95 and

L40"Å of the requirements published by Rana Rao et a1. (1964)) and
three l-evels of penícíllín (0, 60 and 180 mg/kg of díet). Each rreat_
ment consísted of four replicates (cages) wíth two ïats per cage. All
diets (table 7.1) were formulared to be isocaloric (3,600 kcal r"I.E./
kg of diet) and isonitrogenous according to the N.R.c. reconmendation
(7972) ' Ttre net requirements of essentiar- amino acids recommended by
Rama Rao et a1., (1964) were 10 (lysine) to 35"/" (tryptophan) lor.¡er Ëhan
the N.R.C. requirements (Ig7Z). The design for E>çeriment 17 was a
4(rye flour plus rye bran, rye flour plus wheat bran, wheat flour plus
rye bran¡and wheatflourplus wheat bran) x 2(O vs B0 mg penÍciL1in/kg
of dÍet) factorial, wíth four Índivídually caged rats per treatment.
The dieÈs for this experÍment (rable 7 .2) were formulated to be iso-
caloric and Ísonitrogenous according to N.R.c. requirements (rg72).
Tfie net requirements of essential amíno acíds recommended by N.R.c.
(1972) were uet by the use of free amino acíd,s and/or caseín, assuming
that free amino acíds and caseÍn. are 95"Å avaílablerwhereas the amino
acids supplied by the wheat and. rye are 9o% available (Gíovanetti et
al' 1970). The ratio of flour to bran used Ín diet formulaÈion

t.- ì..i: !i:iir::.!r. .:

iÌl ' r'
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Table 7'1 Formu'as and analyses of diets (Experinent r-6)

Ingredient
Rye (L0.47" proreÍn) gL.Lz
trltreat (L0 .9"Á proteÍn)
Corn oil_

Corn starch
Amino acíd mixturel
Mineral- mixture2
VitamÍn mÍxture

aPencillfn'

ChenÍcal 
"o"Ly"""4proreÍn (Nx6.25)

Ether extract
Dry matter
Ash

. 5.87

5 .36

2.98

4.20

o.47

+

1_r-.410.1

7.0J{.1
92.71{ .0

4.610.0

82.84

2.70

6.80

2.99

4.20

0.47

+

12.0J{.1

4.4+O.I
92.4-t4.0

4 .8+0.1_

L-lvsine-HCr, 0..06 and 0.19; L-glurami. 
""iã, 

-i.ör-2"ã'å.ä;;"ïå'åïii;
wíÊh 95 and L4o"Á essential ánino_acÍd leve1, respectívely, L_histidine,0'02 and 0'13; L-isoleucine, 0 .L2 and 0.34;'tlie.r.irre, 0.02 and 0.31;L-J-ysine-HC1, 0.42 _and o.7g;,DL-nethfonÍne 0.04 and 0.25; L-phenyr-alanine' 0'08 and 0.38; L-túreonÍne, 0.15 and 0.36; L-tryptophane,0'06 and 0.L2; L-var-íne, 0 and 9.zzi "rr¿-¡-fi,ri"ric acid, 2.o7 and,0.08;wheat diets \,üirh 95 and, r4o% amino ácid j_evãi, -r."p."rÍveLy, 

L_hisridine,0'04 and 0.1-5; L-isoleucine, 0.12 and 0.3À; 
-ilt"rr"irre, 

0 and 0.2r.,L-J-ysine-Hc1-, 0.55 and o.gL; Dl-nerhfonine, o.i¡ ana 0.31;Dl_phenyr_alanine,0.0B and 0-3g; L-threonÍne, 0.r-6 ánd 0.37; L-tryptophan,0 and0'04; L-valine, 0.0r- and o.24; andrl-glutamíc acíd, 1.90 and 0.04.

¡ .......--*The compositíon (% of dÍet) of the amíno acid mixture r¡ras as follows:
llï":T'd":l:î' Ít;:"-:,t'l 111,""::"tiar ani,,9-"gia level, respecrivery,

2Thr rio"ral mixture (u.s.p. xrv salt míxrure) was supplíed by r.c.N.,Inc., Cleveland, Ohio.
3Tt'e origin and Ëhe preparaËion of penicill-Ín-corn starch mixture asper previous sËudíes. EÀ^çu

4M."o + S.E.

r: -.Ì:
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corresponded to that obtaíned with nilled rye (.60"Á f.Lour and 4O7" bran),
whích was different from that obtained wi.th wheat (approxirn ateLy 80"/.

flour and 2O7" bran). prfor to fornulatfon of the díets for both
experimenÈs, all fngrediènts were anal_yzed for proteÍn (Nx6 .25) and,
amÍno acfd content (èxcept for Èryptophan). Ttre vÍtamin mlxture used.
in both dfets supplied the fol-Lowing vÍtamfns per kg of dfet vitamÍn
A palmÍtate, 3,760 r.u.; vi'tamÍn D, gg0 r.u.; a-tocopheror- 37 mg;
vitamfn K, 9 -4 mg3 choline chloride r52 ng; nÍacin, 1_g ng; rÍbofl_avin,
4.2 mg; thiamine, 4.2 mg pyridoxíne, 7 ^g; ealcium pantothenate,
12.5 rng; and viramt, Ur2, 0.006 rng.

sprague-DawJ-ey male rats (BioJ-ab, MínneapolÍs, Mínnesota) were used
ín both experÍ_ments. Upon their arrival, the anímals were fed a couunercíal
diet (tab chow, purina co.) for at reast 2 weeks and thereafter they were
randomized among the dietary treatments and given the respective experí-
mental diets for 1 (Experinent 16) or 2 (Expàrírent 17) weeks prÍor to
beÍng put on test. The average ínitial weíght per rat at the ,commence_

menË of the tests was 130 g and L7B g for Experiments L6 anð. .'7, re-
spectively' Feed and water were gfven ad lÍbíËum. Experíment 16 lasted
24 days, and feed intake, weight gain and feed conversion effÍcíency
T¡'ere measured every g days. Feed intake and feed conversion effi-
cíency r¡rere expressed on a per cage basÍs whíle weight gaÍn were
expressed on a per rat basÍs. The rats of ExperÍment 17 were indí_
vidually housed in staínr-ess sÈee1 cages equipped r¿íth devíces for
separate eollectíon of urine from feces. Apparent dÍgestibilíties
of dry natËer' nÍtrogen and fat (acid-solvent extract) were measured
in this 7-day experiment.

;-'_;':;r;': fì;_:: '
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1. Res.ults-

The nain effects'and part of fnteractions wí.th a sunmaïy of the
analysís: of variÞnce for Experiment 16 are presented in Table 7.3. ïtre
ana'ysÍs of varÍance indfcated sÍgnifÍcant (p<0.05 or p<0.01) naÍn
effects of grafn for feed Íntake and werghË gaín, and of amino acÍd
and penicfllin 1evel for feed fntake, weÍght gain and feed conversion
effÍciency' Repl-acement of rye by wheat increased both feed íntake and
weÍght gain by 7%, whereas it had no effect on feed conversíon effí_
cÍency. Increase of the level of essential- amÍno acids frorn 50 to 95"Á

or L407" of the requfrements improved (p<0.01), respecËiyely, feed
conversion efficfency by 20 and 34%, anð, wefght gain by 20 and. 5g.^,

Ttlese results would suggest that even the leveL of essential- amino acíd.s
equal to 957" of the requÍrements 

'/as linÍting for growth. part of the
difference between the 95"Á and L40z 1eve1 of essentral amrno acÍd
requirements could be attributed to the depressed (p<0.01) feed inËake
ín rats fed diets with the 957" reveL of amino acÍds. Antibiotic sup_
plementation ímproved feed Ínrake (p<0.05) and weight gain (p<0.01)
on1-y when Ít r¿as used at a level of 1g0 ¡ng/kg of díet. The improvement
(P<0.01) or feed effÍcÍency, however, was almost the same wÍth either
Ievel of penicÍl1in' Generally the Ímprovement of all three parameters
by penicillin supplementation r,ìras lower compared. to the ímprovement
obtained by essential amino acid suppl_ementatíon.

There were interactions of graÍn x amíno acÍd level (pco.01) fgr
feed intake and weíght gainrbuË not for feed efficiency. 

'hen 
the

level of essential amino acíds was increased from 50 to 95 or r4o"Á

of the requirements, feed intake in Ëhe rye fed rats was decreased by
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Table 7.3. performance
mented wfËh
penÍcillÍn

of rats fed rye
three levels of

(Experinent l_6)

or r¿heat based
essentÍal_ amino
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díets supple-
acids and

Main effects or Ínteractionsl
Response criteria?, 3

-Feed Íntake trIeight gain Feed:Aain
a) ¡{aÍn effects

i) GraÍn

Rye
Wheat

ii) Anino acíd level_

50"Á

9sz
L401t

iÍi) penicillin level_

o ng/kg diet
60

, 180

b) Interactíons
i) Grain x amino acid level

Rye, 502
Rye, g\y"
Rye, 1407"
ïrrheat, 502
I^IheaÈr 95"Á
ïfheat, L40"Á

gg

571_.3A
613.0B

589. BA3
565.78
620.9A

576.9a
584.3a
615.3b

593.4A
s52.8A
567 .6A
586.3A
578.7A
674.28

7L.2A
76.L8

58.5A
7O.LB
92.3C

69.6A
74.OAB
77.38

4.TL
4.23

5 .09c
4.06B
3.37A

4.34B
4.06A
4.L2^

4.95c
3.97b
3.42a
5.24d
4 .15b
3.32a

60.4A
70. t_B

83.1C
56.7A
70.18

101.4D

t*t, part of main effects and interactions are presented ,r, anr";.
fo""* not sharing a common letter within each column differ signifícantJ-yat P<0.05 (snall letrers) or p<0.01 (b1;"k-i;tiers).
?

i::t,:T:i5u"ilrt::Í:t"t" T/üere measured per cage while weÍght gain

l:,

Continued.
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Table 7.3 (Contfnued)

Mean square

Source of variatÍon d.f.

t

2

2

2

2

4

4

or 126

3L,426**

18,354**

20,542**

9,942*

269

2,279

296

2,229

974**

L4,o97xx

Lr667x*

713**

I

100

46

110

0.26

l_8 .09**

0.25

0.54**

0 .06

0.10

0.11

0. 08

Feed fntake IfeÍght gafn Feed:sain
GraÍn

Amino acid level_

GraÍn x amfno acfd 1eve1

PenicíllÍn l_evel

GraÍn x penicillin 1evel

Amino acid x penÍcíllin
l-eve1

Grain x amino acíd x
penicí11in

1örror 54

*Signifícant

1_Degrees of
gain ratio,

at P<0.05.

freedom for
and 126 for

&-L^ .^^òl_gnl_tl_cant at

error were 54 for
weight gaÍn.

P<0.01_.

feed ÍnËake and feed to

l.:.^:
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7 and 4%, tespectívely, whereas the corresponding changes for the wheaË
fed raÈs were -2 anð. *r37". The correspondÍng Í.ncreases for Èhe weight
gain were 16 and 38% f.or the rats fed rye díets, and 24 and. r9i( for
the rats fed wheat dfets. Ttre graÍn x penÍci.J-lín interactions were
not sÍgnÍficant, thus fndfcating an equal improvement Ín the perfoïmance
of both rye and wheat fed rats ¡vÍÈh Íncreasing r_ever_ of penicflr_ín
suppl-ementa tion .

The results of Experiment 17 (TabJ.e 7.4) showed that the apparenr
dry matter digestibÍlity was sÍmilar (p>0.01) ín rats fed diets supple_
menÈed w'tÍ' 32"Å r¿heat bran, but r-or,¡er (p<0.01) compared to rats fed
díeËs that contaíned. 32% rye bran. These latter diets gave similar
(P>0.01) dïy marrer dÍgestibÍ1_Íty

The maln effect of graÍn fractÍon combinations indiçated that substi._
tutign of one. or both wheat ni11Í¡rg fractíons for the respectíve rye fractions
depressed (p<0.05) the apparenË nitrogen digestibílity ín an addive
way' Ttre largest depreséÍon (P<0.05), compared to the wheat based dÍet,
was observed with the rye based dÍet, whÍ1e díets that conÈaÍned either
fl-our or bran of rye orÍgÍn gave an equal but less (p<0.05) depressÍon
compared to thaË observed wíth the rye based dfeË., TtrÍs indÍcated Ëhat
both- rye f1-our and rye bran had an equal depressing activity for nitro_
gen dlgestibÍLÍty' The Èreatment means of Tabl e 7.4 al-so indÍcated that
rats fed rye f10ur plus rye bran without penicillín supplementation
gave 10wer (r<0.01) apparent nitrogen dÍgestibilÍty compared to raËs
fed rye flour plus wheat bran suppl-emented with penÍcfllin, wheat
flour pJ-us rye bran plus penfcillín, or a wheat based dÍet. Generally,
the dÍfferences among dfetary tïeatments, arthough very snar_l, ürere

- ... . -:!l
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consistent and supported the fact that both rye fractions depressed
niËrogen dÍgestibílity.

Although rye flour more effectively lor¿ered fat digestÍbilíty than
rye bran, these differences \¡¡ere not sÍgnificant (p>0.05). Both rye
nil]-íng fractions had an additive effect Ín depressing far dígestibílÍty.

2. DíscussÍon

l'Ieiringa (Lg67) reported that growth depression of rats fed rye
based dÍets was attríbuted to certaí)n acetone extractable toxfc com-
pounds (resorcÍnols) present Ín the bran fraction of the graÍn. Friend
(1970), Ín contrast, concluded that rye flour rather than rye bran was
responsÍble for the reduced feed intake, growth and. apparenÈ nitrogen
dÍgestÍbÍlity in rye fed compared wÍth barley fed rars. Eggun (1973)
demonstraËed that the true digestibÍltty of all amiro acfds hras con_
sider4bly lower when rye as compared to wheat based dfets were fed to
rats and baby pi!s. Munck (196s) working wfth mice obtaided less fat
retention wfth rye than other cereal_ gral.ns.

Experíhent 16 indÍcated that increasing the dietary leve1 of
essentiÞl amí'no acÍds to L4o7" of the requrremerits reconmended by
Rama Rao et al. (1964) Ímproved feed inÈake ítr the wheat fed rats but,
in contrast, reduced Íntake slrghtly fn the rye fed animals compared to
50 or 952 NRc level of essentiar amino acrds. Ttris rncreased feed
intake, whrch. was also accompanÍed by a greaËer fncrease of weíght
gain compared to the raÈs fed sinÍ-larly formur_ated rye dfeÈs, r¡ras not
attributed to a better Ímprovement of feed efficfency.in the rye com_
pared to wheat fed animal-s, but, rather, to an increased palatabf'ity,
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possibly due to the fncreased protein content of the diets. rn the
case of rye based diets, the rats seemed to have attaíned their maxi_
mum feed intake, particul-arJ-y wÍth the 5oy" supplementation 1evel where
Èhey appeared to compensate for the poor protein qual_ity by increasing
their feed consumption. AddÍtfon of the hígher level_ of essential
amíno acíd to the dÍet díd not improve the palatability, although feed
utÍlization r4ras Ímproved. This failure of paratabil_Íty or appetite
i-mprovement cour-d be attrÍbuted to the gumy taste, as well as to the
swelling propertÍes of pentosans fn the sËomach, í.e. a sftuatfon
siní.1_ar to that encountered in chÍcks

The results of ExperimenÈ 16 Índfcated also the better quality of
rye protein, as addition of amÍno acids at 50"Á of the requirements
gave poorer feed efficlency Ín the wheat than i¡r the rye fed
animals.

PenÍcir-lin supplementaÈíon improved all three criteria of per-
formance in both rye and ¡,¡heat fed animals, but no sígnÍfícant inter_
actÍon of grain x penicillÍn 1eve1 was observed. Ttris was an Índicatíon
that feedíng rye diets to rats T.ras noË assocÍated wlth the growth of
detrimental microflora as was the case in Ëhe chicks, where antÍbiotic
supplementatfon fmproved growth and nutrienË retention more Ín the rye
than in Ëhe r,¡heat fed, rats (¡rÍsÍr and. Marquardt, r97ilb; Marquardt et al.
L979) ' Misir and Marquardt (197sb) also shor¿ed that ihprovement of
proteÍn qual-ity and/or suppl-ementation with penfcÍllfn of rye or wheat
based dfets Ímproved more the performpnce of the rye than of wheat
fed chfcks. rn the current study, hor¿ever, greater fm.provement ü/as
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obtaÍned with- increasing leyel of essentiar_ apino acids than with in_
c¡easing levels of penicÍlli¡.

Expol'i:nent l-7 seemed to s.upport the Í.dea that rye dfd not interfere
considerably with nutrfent digestion and/or absorption, although the
apparent dÍges'tÍbil-fties of nÍtrogen and fat were cons.Ístently depressed
in an additÍve manner when wheat flour and,for bran were replaced by the
respective rye ni1-1-ing fractfons. The reduction Ín nutrient digesti_
bÍl-ÍtÍes by the fnclusion of rye ni.J_1_ing fractfons. fn the diets night
have been even larger if younger animals had been used and if the 2_week
adaptation perfod was. omttted.

The higher depressfon of. apparent dry natËer dígestíbtlity when
wheat flour r.¡as fncluded fn the dÍets night be attrfbuted to the higher
fÍber content of wheat bran compared to rye bran. ïrrheat bran contaÍns.
about L37" fj'ber (Ziegler and Greer, rgTL) r¿hile rye bran contains about
37" fiber (sinrnonds and campbell, rg76)ras more end.osperm part Ís found
in the rye than in the wheat bran.

The results of the current study demonstrated Èhat the reduced
growth of rats fed rye based dÍeÈs compared to the growth- of those fed
r¿heat based diets was predomÍnanÈly assocÍated wÍth a reduced feed
intake, alËhough a consÍstenË but snal1 depression ín nutrient re_
tentÍon was observed when rye flour and/or rye bran was fnc'uded Ín a
wheat based diet. Trre reduced feed Íntake Ín the rye fed animals could
be attributed to a depressÍon of appetite and.for feed palatabilfty
because of the swerling and g'rnrny properties of rye pentosans. ïhe
relatively small effecÈ of pentosans on nutrfent dÍgestÍbÍlity Ín rats

,a..:ti:,:!
.,1iì.::::
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compared to chÍcks could b.e expl-alned by the fact that rats have ronger
dfgestive tract and, coflsequentl-y l0nger retentÍon tÍme, which night
have contributed to a more effectíve dígestion and absorption of nutrÍ_
ents and/or Èo mfcrobÍal degradation of pentosans compared Ëo chicks.
Pentosan degradatfon in rats úras rndÍrectly supported by the fact
that no r,rratery or stfcky feces were produced..

) -..:

i r,;.,, , ',-;¡ ll.¡,lt
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SUMMARY AND CONCLUSIONS

1' Rye fed birds consÍstently had depressed performance compared to
the r'¡heat fed birds, because of the presence of a non-specÍf ic
antÍnutritional factor reducing appetiÈe, feed pa'atabi'Íty and ,:.,.;:,,
dÍgestÍbÍLity of all nutríents. chfck perfornance rdas particu_
larly depressed ruhen proteÍn and fat of poor quality were added
to the dÍet.

t.;,'.:t 
';t'2' A large depression in fat digestibilfty occurred when rye dÍets i':1."'"

!üere supplemented wíth tallow (composed of long-chain saturated 
', t',,',

fatty acíds), partÍcul-arly at high r-evels, as compared to sup- 
rþ1ementatíon.r¡ithfatscomposedofunSaturatedorshort_chaín

saturated fatty acids.

i3' The reduced faÈ dÍgestibí1-ity in the rye compared to the r¿heat 
r

Ì
fed bÍrds r¿as attributed to Ëhe hígh viscosíty of rye digesta, 

i

i' as wel-l as to the reduced 
'evers 

of bile acíds required for
dÍgestion and absorption of fat, partÍcularly ta110w. The r_ow l

levels of bile acids cou'd be attributed either to theÍr 
j,;.!:i:ì::jadsorptíon by the antÍnutritional- factor (pentosans) or to their j;;;,.r,.:,.ì:.: :

destructÍonby Ëhe abundant intestinal microfl-orarwhich ËhrÍves ,',; -','.,,'
,:..:: . 

j:

on the unabsorbed nutrients.

4' rncreasing díeËary calci'm Ëo recommended levels considerably
improved chick performance and tall_ow dÍgestibil_ity, particularly 

i,.,..,,:.,.r,,..,
l":l:ii:: ':":-fr¿hen it was used at high dÍetary levels. rt fs hypothesi zeð. that

calcium improved ta110w digestibÍlfty by complexing wÍth the
antfnutritÍonal factor thereby reducing the viscosíty of the

25L
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dÍgesta and the bindÍng of bfl-e acids by the factor. penicil'in
supplementation also improved fat digestibil_íty.

5' Reduced absorption of vitamín D, ü'as not shown to be a problem"
because a1J- practÍcal dÍets are supplemented lrith fat, whích ,: :. : :.

j.r. -: ::

facíl_Ítates the absorption of vÍtanin Dr.
6' Rye dfets shoul-d, therefore, be suppl-emented with unsaturated.

fats (soybean oÍ.1 , corn oÍ1) Íy optina' util_izatÍon of rye 
.,,,;:,,,.,..:1 ,

díets by chÍcks is to be achieved. rf tallow Ís to be used, "',",i.,"',i,',:,'

its level should be 1ow, and adequate amount of readÍly avail- i,',.,.,,L.¡,

able calcium should be added to the díet to facilitate fat
dÍgestion and absorption.

,7 ' PenicillÍn suppl-ementaÈÍon of rye díets, partícular1y when poor j

iquality protein and/or fat were used, improved all_ response :

critería by suppressing the proliferation of the intestínal l

1microflora utÍlizing the unabsorbed. nutrients. 
:8' Penícíllin suppl-ementation was relatively ineffeetíve in improving ,

the performance of chicks fed rye dÍets supplemenËed with good
I ,t.'. , .t , ,,:,'::quality proteÍn and fat as compared to the improvement that ,,,,,, ,',1¡¡,i;.;;,1

occurred when the rye diet contained poor quality proteín and ,:;;1:;::';,:¡.;';

:.'..::: :''':fat. Ttre response to antibiotic in the latter case, hornrever,

lasted for only L2 ð,ays and thereafter dÍp4ppeapqd.

9. A greater Ímprovement in utílÍzatÍon of all_ nutrients, particul_arly 
i:., .,...r'.,,,.faË, was observed in the ïye compared to the wheat fed bfrds as a

resulÈ of an age-dependent adaptaËion. However, the perfonuance
of the bírds fed rye was a1-ways inferior to that of birds fed
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wheat. Ttris adaptation in the rye fed birds was probably the
result of an ímproved effÍciency of digestion as manífested by
increased weight and 1_ength of intestíner.and, possibly, by
increased bile acid prod,uctíon. These ehanges were attríbuted
to the ÍndÍgestÍbr-e nature- as wer-1 as to the swelJ_ing and
viscous propertÍes of rye pentosans

l-0' The antinutrftíonaL activi.ty of rye grain was located in both the
r'rrater-soluble and water-ínsoluble pentosans of rye grain, which
was shornm to contaÍn L0'. pentosans. These pentosans, whích are
cell-r¿ar-l- components, consist of a xylose backbone with arabÍno.se
sÍde chains wÍth mÍnor quantitíes of mannose, galactose and glu_
cose' of the water-insoluble pentosans only these being highly
branched possessed antinutrÍtÍonal activity.

11. lhe content of arabinose rer_ative to xylose in both antinutrÍ_

, 
tionally active pentosan types was hígher compared to that present
Ín the graÍn prior to pentosan isolatÍon. ïhis high arabínose
contenË appears to be associated wÍth the stÍcky, viscous and
swelling properËies, as well as to the non-specÍfÍc nutrÍent
bÍnding capacity of these pentosans

12' The gurmy properties depressed feed palatabÍ1íty, while the swell_
Íng properties seemed to reduce appetite. The high viscosfty of
pentosans and theÍr non-specifíc nuÈrient binding capacíty seemed
to be responsible for reduced dÍgestion and absorptfon of nutrients
other than pentosans. A-'-so the completely indfgestible nature
of penËosans in rye would indicate that rye has a hÍgh proportion
of dry matter (approxÍnately 102) that Ís unavair_able to the aninal

,i'.1ir,
i:.'il
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even ff the other inÈeracting factors did not have an effect
13. Although rye pentosans considerabl-y depressed both feed intake

and nutrÍent digestÍbility Ín the chick, they depressed feed
íntake to a much r-ower degree and had a mínor but consístent
effect on nutrÍent dÍgestibí1-Íty in rats. rt may be hypothesízed
that rye does not reduce or Ínterfere wíth nutríent digestion ín
rats' and possÍbly other monogastrÍcs, to the same degree as ín
chi'cks' but that rye pentosans cause a palatabil-ity andf or
appetÍte problem in the rat.

J'4' At the present time complete removal- or inactivatíon of pentosans

. from rye grain seensi to be impossible. partiar_ ímprovement of the
nuÈrÍtive var-ue of rye cour-d be achieved by degradaËion of
pentosans by the endogenous pentosanases after soaking of ground
rye for several hours. Ttris method could be possibl-y. used in
swine, where lfquÍd feedÍng is appl-icabl-e. use,of microbes or
uícrobÍal pentosanases could be another alternative to faciritate
pentosan degradatíon.

l-5' Further research Ís requÍred for the establfshnent of the pento-
san subfractÍons, whÍch are the carrfers of the antinutrítionar-
activity. Ttris wÍ1l be usefur- for the genetic improvement of
rye' Any breedÍng program for creation of rye varÍeties 

'ow 
Ín,

or free of, pentosans with antrnutritional actfvity will depend
on at least two factors: first, on horv easily pentosan content
can be genetically ur,anipuLated, and., second, on the impact of
J-owerÍng or changÍng the relatÍve concentratÍon of various soluble
and Ínsolubl_e pentosan subfractions on the productfvlty and
agronomic propertfes of the rye pIant.
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