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ABSTRAC T

INFLUENCE OF D IETARY ENERGY ON UTI LIZATI ON OF

RAPESEED MEAL BY LAYING HENS

BY

A¡¿os lrrolu At< I Nwnxor

A sruoy EMpLoylr'rc 400 coMMERc rAL LAyrNc HENS llAS coNDUcrED

TO EVALUATE THE EFFECT OF DIETARY ENERGY ON RÀPESEED MEAL

UTlLtZATtoN. DTETARy TREATMENTs INCLUDED TWo LEVELs (2530 eNo

/\?75O xcat/ xe) oF METABoL I zABLE ENERcY sUPPL I ED Ar FouR LEVELS

(0, B, 10 evo 12/") oF RAPESEED MEAL.

Eco pRooucrÍoN, EFFIcIENcY oF FEED urlLlzATloN, EGG viElGHT,

BODY WEIGHT, EGG QUALITY, SHELL THICKNESS, THYROID:BODY WEIGHT

RATtO, CECA LENGTH, LIVER WEIGHT, LIVER LlPlD, SPLEEN WEIGHT,

MORTAL I TY DUE TO FATTY L I VER, AND LEUKOS I S MORTAL I TY VIERE MEASURED

DURtNc THE EXpERTMENT vJHtcH coVERED 10 pERtoDS op:28 DAys EAcH.

Rrsulrs sHowED THAT EGG PRODUCT ION S IGN lF ICANTLY IMPROVED ,' ,'.',' , ',.

By INCREASTNG THE ENERçY LrVEL oF DIETS coNTAlNlNc 1O aNo 12/o

RAPESEED MEAL. TUT Iow ENERGY DIETS SHOWED NO SIGNIFICANT DIFFERENCE

tN FEED EFF tc tENcy BEïWEEN THE coNTRoL AND THE B AND 1?ft naetsttO .--,.,.,..-,
. ' :. i.-. :.:'- : :

MEAL WHEREAS A stcNtFtcANT DEpRESSIoN occURED AT THE 1@o *.vt-t

BUT ONLy COMpARED W I TH E I cHT PERCE NT RAPESEED MEAL. Att¡t-VSeO

METABOLIZABLE ENERGY WAS SIMILAR FOR SOYBEAN AND RAPESEED MEAL



ll

RATtoNS BUT LowER THAN cALcULATED VALUES. A nnpesEED MEAL x

ENERGY INTERACTION RESULTED IN DEPRESSED EGG WEIGHT WITH

I NcREAS I NG RAPESEED MEAL AT BOTH ENERGY LEVELS. B I ROS RECE I V I NG

12/o Aaet-sEED MEAL AND THE HlcH ENERGY RATIoN PRoDUcED SIGNIFIcANT

MORE AND LARGER EGGS THAN DID THOSE FED THE SAME LEVEL OF

RAPESEED MEAL ON THE LOI,V ENERGY D IET.

Eee eu¡tttv (Hnuen uNrrs) or rees FRoM THE RApESEED MEAL

TREATED GROUPS WERE LOWER VJHILE EGG SHELL THICKNESS WAS THE SAME

AS THOSE FROM HENS FED SOYBEAN MEAL, T¡IE THYROID TO BODY WEIGHT

RATIO INCREASED WfTH DIETARY RAPESEED MEAL. CEC¡ IENETH b/AS

SHORTER AND BODY l/IEIGHT GAIN PER BIRD SHOWED A NON-SIGNIFICANT

BUT CONS I STENT DECREASE W I TH EACH ADD I T I ON OF RAPESEED MEAL AT

BOTH LEVELS OF DIETARY ENERGY EXCEPT FOR HIGH ENERGY DIET

coNTA I N tNG 12ft Vtet, L rvER v,/E IGHT AS A PERCENT oF BODY I,/E IGHT

REMA I NED UNCHANGED I RRESPECT I VE OF E I THER THE RAPESEED OR ENERGY

LEVELS EMPLOYED. T¡IE PERCENT LIVER LIPID OF DRY TISSUE INCREASED

AS THE ENERGY LEVEL IN RAPESEED MEAL D IETS WAS ELEVATED. EI'IENEV

HAD A stcNtFrcANT postrlvE EFFEcT oN sPLEEN wElcHT. MoRr¿lttv

CAUSED BY FATTY LIVER AND LEUKOSIS WAS NOT AFFECTED BY DIETARY

ENERGY OR RAPESEED MEAL BUT WAS INCREASED BY LENGTH OF THE

EXPER I MENTAL PER I OD.
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INÏRODUCTION

Turnr ts AN tNcREAStNG DEMAND FoR ANTMAL pRorEtN By rHE

RAPIDLY GROWING POPULATION OF THE WORLD. IN ORDER TO MEET THIS

URGENT DEMAND, THE I MMED I ATE EXPANS I ON OF AN I MAL PRODUCT I ON, US I NG

THE Mosr EcoNoM lcAL METHoDS ts ESSENT tAL. ÏnE RATE AT \,/H lcH PoULTRY

PRODUCTS CAN BE PRODUCED PROVIDES AN EXCELLENT MEANS OF MEETING A

LARGE PART OF \^/ORLD PROTE I N REQU IREMENTS. B I ROS ARE CAPABLE OF

EFFICIENTLY UTILIZING A POOR QUALITY PLANT PROTEIN IN THE PRODUCTION

oF MEAT AND EGc. Hten pnorEtN PoULTRY MEAT IS Lot/ tN FAT AND THE

EGc rs A ttcoMPLETEtt HUMAN FooD.

RnpEseeo ts AN EXcELLENT souRcE oF PLANT PRorElN THAT cAN

BE PRODUCED UNDER CL I MAT I C COND I T I ONS THAT ARE NOT FAVOURABLE FOR

soyBEAN pRoDUcr I oN, RRprseeo pER sE coNTA I NS RELAT I vELy H I GH LEVELS

oF otL. A H¡eH pRorEtN MEAL ls pRoDUcED uPoN EXTRAcTIoN oF THE

oIL. UnoEn SUITABLE MANUFACTURING CONDITIONS RAPESEED MEAL IS A

HlcH euALtry pRorEtN pRoDUcr. lr PRovlDEs AN EXCELLENT SUPPLY oF

AMtNo ActDS FoR ANtMALS, ClnNotNtN ET AL. (1961 ) sHot"/ED rHAr uNDER

R I G I DL.Y TEMPERATURE CONTROLLED PROCESS I NG RAPESEED MEAL Y i ELDS MORE

LYSINE. AND PROVIDES OTHER AMINO ACIDS IN MORE FAVOURABLE AMOUNTS

THAN SOYBEAN MEAL.

THr N4EnL coNTAtNS A HtcHER coNcENTRATIoN oF cHoLlNE AND

NIACIN AND A SIMILAR AMOUNT OF RIBOFLAVIN COMPARED \"/ITH SOYBEAN MEAL

(KlnrN Er AL., 1956). Ir nlso coNrAlNS APPRoxIMATELv 0'6 lNo 1.0



PERCENT CALC I UM AND PHOSPHORUS, RESPECT I VELY, COMPARED TO 0.3 AND

O.7 pERcENT FoR soYBEAN MEAL.

Tur ltMtrtNG FAcroR IN usrNG RApESEED MEAL tN pouLTRy FEED

IS BELIEVED TO BE THE CONCENTRATION OF ITS TOXIC COMPONENTS.

Pnevlous sruDrES HAVE sHowN, HowEVER, THAT up ro 1Ofi RAeESEED MEAL

CAN BE USED IN LAYER DIETS WITHOUT DETRIMENTAL EFFECTS

(0' Nr I r, 1 957).

Ïne ENTRGY REQUIREMENTS FoR LAYING HENS HAVE REcEIVED

CONSIDERABLE ATTENTION AND V/IDE VARIATION IN VALUES HAS BEEN

REpoRTED, lr !¡AS ALSo REpoRTED THAT GorrRtN pRESENT tN RApESEED

MEAL HAD A DETR TMENTAL EFFEcT oN ENERGy METABoL rsM (Lor-ro r ET AL,,

1969) rN cHrcKS. Tse rnrrcr oF corrRrN oN rHE ENERcy REeuTREMENT

oF THE LAYI NG HEN, HOWEVER, REMA I NS UNKNO\"/N,

Tnr pREseNT sruDy \,,/AS DEs rcNED To TNVEST rcATE îHr usr or

RAPESEED MEAL IN LAYING RATIONS AT TWO LEVELS OF DIETARY ENERGY.

Ece pRooucrroN, EFFIctENcy oF FEED urtLlzATloN, BoDy \,/EtcHT, Ecc

WE IGHT, EGG QUÀL ITY, L IVER \,/E IGHT, L IVER L I P IDS, SPLEEN WE IGHT,
::': :,_1;:,-'.¡;

THYRO lD: BODY WE lcHT RAT lO, CECA LENGTH AND MORTAL ITY WERE MEASURED ,',',j.'-i-':'..:

'...: ..
|NoRDERToEVALUATETHEEFFEcToFD|ETARYENERGYoNTHE

UT I L I ZAT I ON OF RAPESEED MEAL BY LAY I NG HENS.

2



L I TERATURE REV IEI.I

Go t lRoceN I c pRopERT I ES oF RAPESEED MEAL

PNEV I OUS RESEARCH F I ND I NGS HAVE DEMONSTRATED THAT RAPESEED

CONTAINS CERTAIN COMPOUNDS THAT ARE TOXIC TO MONOGASTRIC ANIMALS.

Asrwooo Er AL. (1949) nno CnRRor-r- (1949) tsoLArED colrRlN FRoM

RAPESEED AND IDENT I F I ED THE coMPoUND AS I--5TV I I.I YI-2-TH I OOXAZOL IDONE.

THr r¡ltocLUcostDEs, stNIcRtN AND cLUcoNAptN, vJERE ALso ISoLATED FRoM

RApESEED (Anvsrnor.rG Er AL., 1931 ) lNo RAPESEED MEAL (Vnre r Er AL.,

1 949 ¡xo Fnol t cH, 1 952) AND I DENr I F I ED AS rHE PREcuRSoRS oF rHE

TOX I C ALLYL AND CROTONYL I SOTH I OCYANATES "

Rnpgsero MEAL FED uP ro 20% or rHE DIET ro cHlcKs cAUSED

rHyRotD HypERrRopHy (Tunxrn, 1946, 1948, ¡No PerrlT Er AL., 1944).

A srr.4rLAR FTNDTNG wAS MADE av CtnNotNtN Er AL. (1960) THRouGH

FEEDtr,,te 15fo PoltsH IQSASSl.cA cAMPESTRts) on r'lvE PERcExr AnerNrlNE

( Bnnss t c¡ NApUS ) EXpELLER MEAL To cH I cKS. THrsr RESEARcHERS

OBSERVED A DOUBLE THYROID!BoDY VlElcHT RATIO. lr W¡S SUGGESTED

THAT THE THYRO I D: BODY VIE I GHT RAT I O D I FFERENCE WAS DUE TO THE

VARIATION IN GOITROGEN CONTENT BETV/EEN THE TlIO TYPES OF MEAL.

TsE lootTtoN or 2O/o RAPESEED MEAL To A TURKEY P9ULT RATIoN

cAUSED A FIVE To SIX FOLD INCREASE IN THE THYROID lIEIGHT .....II..;..

(Br-nxrLy Er AL., 1948). HussrR g AL,. (1959) REPoRTED rHAr rHE

cotTRocENlc EFFEcT WAS EVTDENT wnrn 1O% 
^netNTlNE 

MEAL WAS ADDED

TO A RAT tON FED TO RATS, A S lM ILAR RESULT \¡/AS OBSERVED W ITH M ICE
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By BELL (1957) AS wELL AS A REDUcED METABoLIc RAIE uPoN PRoLoNcED

FEED I NG OF THE ARGENT I NE MEAL.

THE EO I TROGEN I C EFFECT OF FEED I NG RAPESEED MEAL TO SW I NE HAS

ALSo BEEN DEMoNSïRATED By SEALE (lssz), Huss.rR Er AL. (1959) ÀND

MnruNs Er AL. (1 963). Go I TRocEN I c pRoPERr I ES oF rHE MEAL t,lERE ALSo

DEMoNsTRATED WHEN FED To LAY tNG HENS (CL-er'ro I N lN ET AL., 1960 ¡r.ro

Snrrs r NGER Er AL., i 968) .

Vln t ous pREcAUT I oNARY METHoDS EMPLoYED To coNTRoL THE

GOITROGENIC NATURE OF RAPESEED HAVE BEEN MET WITH VARYING DEGREES

OF SUCCESS. ÏHrSr pRECAUT I ONS FALL I NTo VAR I OUS CATEGoR I ES SUcH

AS LIMITING THE LEVEL OF GOITRIN IN EXPERIMENTAL DIETS

(Prrrlr Er AL., i944 nno Blnre,lY E 3!.¡ 1948), ADDING loDlNE

(Punves, 1943i AllEt't gI AL", 1952l, Dow rr nl., 1954; KR¡rzrn Er AL.,

1954; K¡¡u.r Er AL., 1956; ClnNolNlN Er AL,, 1960 rNo BrLl rr nl',

1963), AND ADDING Dt toDorYRoslNE oR THYRoxINE (Punvrs, 1943;

BrnrcLy Er AL., 19481 BEr-r-, 1957 nuo Cln¡¡otNtN El AL., 1960) ro rHE

RATION. THT FEEDING VALUE OF RAPESEED MEAL !'/AS MODIFIED BY COOKING

(1,{le Ne n-JnuRre e ET AL. , 1947) tNcLUD lNc A srEAM rREÀrMENT, HoT

wArER EXrRAcr loN (Hrncus EI A.: 1936) oR ETHANoL EXrRAcr loN

(Fnor- r c n, 1952) .

Krrururoy ET AL. (t 0+t ) FouND rHAr FEED I NG R.APESEED ro RArs

ron 30 DAys pRoDUcED ENLARGED THYRoIDS (ZZ to 25 raoflOO e or aoov

wr t eHr). THrsr t,toRKERS sucG.ESTED THAT THE cLUcos I DES I N RAPESEED

EXHIBITED THE GOITROGENIC PROPERTY AND CONCLUDED THAT A RAPESEED

DIET PRODUCED THYROID HYPERTROPHY BY INTERFERING WITH THE SYNTHESIS

oF THyROX I NE, CONSEQUENTLY, THE ANTER I OR P I TU I TARY WAS ST I MULATED
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TO PRODUCE A THYROTROPH I C ST I MULAT I NG HORMONE WH I CH ACTED ON THE

THyRo I D AND cAUsED HypERTRopHY ÀND HYpERPLAS I A. Tur s¡vr RESULT

wAS oBSERVED sv HERcus Er AL. (t os0), Gn t ssa¡cu (1 941 ),

Gn r EsBAcH Er AL. (t S+S) ¡no PuRvrs (1 9a3) . Uuorn rHESE coND I r I oNS,

THE FEED-BACK MECHANISM FOR THYROID CONTROL WAS I NTERRUPTED AND

HENCE GOITROGENES IS CONTI NUED.

Asrwooo ET AL. (1949) REpoRTED rHAr rHE ENZYME MYRoslNÀsE

pLAyED A pART tN RELEAStNc cotrRIN FRoM THE cLUcoslDE' Tuesr

RESE.ARCHERS DESTROYED THE ENZYMES I N RAPESEED BY SUSPEND I NG THE

GROUND SEED IN BOILING WATER AND FOUND NO GOITRIN FORMATION;

SUBSEQUENT TREATMENT OF THE F I LTRATE !I I TH MYROS I NASE L I BERATED

GOITRIN.

Errl r NGER ET AL. (l sSo) enoeosrD rHAT HYDRoLYT I c ACr I oN oF

MYROSINASE ON THIOGLUCOSIDES COULD GIVE RISE TO ISOTHIOCYANATES,

rHtocyANArES oR NlrRlLES. S TMtLARLY, Altsctt ul- (lSSe) REPoRTED rHAr

MYROSINASE CATALYZED DECOMPOSITION OF SINIGRIN AND SINALBIN V/ITH

THE FORMAT I ON OF MUSTARD O I LS.

GnrEn Er AL* (1 96e) orvoNsrRArED rHAr oxAZoL I D I NETH I oNE oR

THE FORMATION OF OXAZOLIDINETHIONE FROM ISOTHIOCYANATES BY ENZYMATIC

ACT ION EXERTED THE ANT ITHYRO ID ACT IV ITY BY INTERFER ING \'/ I TH THE

ORGANIC BlNDlNc OF toDlNE. Ir VJAS SUGGESTED THAT THE COUPLING OF

TWO I OD I NATED TYROS I NE MOLECULES TO FORM THYROX I NE COULD BE THE

SENSITIVE STAGE AND THAT TYROSINE IODINATION WAS PROBABLY IMPAIRED.

THese RESEARCHERS ALSO SHOWED THAT I SOTH I OCYANATE COULD I NTERFERE

WITH THE CONCENTRATION OF IODINE IN THE THYROID GLAND BY A PROCESS

OF COMPETITIVE INHI BITION.



ATTnouo¡I cURRENT PRocESS I NG METHODS EMPLOYED I N PREPAR I NG

RÀPESEED MEAL DESTROYS MYROS I NÀSE, THERE ARE SEVERAL BACTER I A SUCH

ls EscnrR I c t e coL I THAT possEss ENzYMES cAPABLE oF HYDRoLYS I Nc

THtocLUcostDES lN THE cASTRotNTESTINAL TRAcr. Tne roxlc PRoDUcrs

CAN THEN BE ABSORBED AND EXERT THE I R THYROGEN I C ACT I ON.

0ruen RESEARcH t"loRKERs DEMoNSTRATED THE GolrRoGENlc

Acrrvrry oF rHrocLUcosrDES. ClnnotNlN ET AL. (1966) nreonreD rHAr

(t)-S-vrNvl-2-oxAzoLrDrNE-rHroNE coNSrtrurlNG O.15% oF rHE DtEr oF

CH ICKS DEPRESSED GRO\,/TH RATE AND INDUCED THYROID ENLARGEMENT.

Btc¡r (1 942) rouNo RETARDATtoN oF rHE rtssuE oxtDArtoN oF AScoRBlc

ACID WHEN EITHER SINIGRIN OR ALLYLISOTHIOCYANATE WAS PRESENT IN A

A

DrErARy coNcENrRArloN oF 5.7 x 1o--u. BrNo¡ (tsst) REpoRTED rHAr

RESpIRATtoN tN cUINEA ptc LTVER SLIcES h/AS DEPRESsED øv 5Ofr BY THE

TNTLUENcE oF sMALL coNcENrRArroNS lid2n) orlr-r-yLr sorHtocyANArE tN

THE MED IA.

Flrc¡reNSrErN Er AL. (tsSt) sHowED rHE tNHtBlrtoN oF

DEHYDROGENAT I ON REACT I ONS I NVOLV I NG PYRUV I C, LACT I C

succlNtc AcrDs By ALLYLtsoTHIocYANATE. Tnrsr EFFEc

I NDEPENDENT OF THYRO I D GLAND FUNCT I ON.

Loour Er AL. (1969) REPoRTED rHAr

MUSTARD SEED TO THE CH I CK D I ET CONTA I N I NG

S I GN I F I CANT EFFECT ON ENERGY METABOL I SM.

CITRIC AND

\''/ERE

THE ADD I T I ON OF GROUND

3O/o aaetsEED MEAL HAD No

Tsr vusrnRD sEED vJAs

ADDED AS A SOURCE OF MYROSINASE WHICH \/IAS NEEDED FOR THE RELEASE

oF GorrRrN rN RApESEED MEAL. THE ADDlrloN oF 0.09 prncrrur

(t)-S-v lNyL-oxAZoL to t NE-2-tH toNE (e o rrn rr'r ) To A soYBEAN MEAL D lEr

(r-rve L coRRESpoND tNG to 3O/o D TETARY RAPEsEED r',,trlL-) wAS suFF lc IENT
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TO REDUCE THE D I ETARY METABOL I ZABLE fNERGY.

FEEo tNe vnLur or nA.prsge.D ptEAL

Ap¡nr FRoM THE GotrRoGENtc EFFEcr, cRowrH lNHlBlrloN wAs

ALSO OBSERVED AS A RESULT OF THYROID MALFUNCTION FOLLOWING THE

CONSUMPTION OF RAPESEED MEAL. Exp¡r-lrR- pRocESSED MEAL usED AS A

PROTEIN SUPPLEMENT IN CHICK STARTER RATIONS RESULTED IN GROWTH

DEPRESSToN up ro 25/o ToGETHER WlrH A DECREASE OF 10% lN FEED

EFFrcrENCy, (Rerrrr Er AL., 1944:' TuRrurn, i946; l,'|trz er ll., 1950;

KRrrzrn Er AL., 1954; Dow er ¡1., 1954i KlntN 5I &., 1956 nxo

ClrNorNrN Er AL,, 1959).

BL-¿xrLy Er AL, (1948, 1949) REpoRTED rHAr rHE lNcoRPoRArloN

OF RÀPESEED MEAL IN A TURKEY STARTER RATION AS A REPLACEMENT FOR

MEAr MEAL REDucED rHE GRowrH RATE. MlcGREcoR Er AL. (1964) rouNo

THAT THE RATE OF GROVJTH WAS DEPRESSED SIGNIFICANTLY BY SUBSTITUTING

1Ofr ,-xertlER-pRocESSED RAeESEED MEAL FoR soyBEAN MEAL lN RATIoNS FED

To TURKEyS FRoM oNE DAy To 24 Wrf¡<s oF AcE- AlrnoucH MANY REPoRTS

ARE AVA r LABLE ON GROWTH INH I B I T lON, GROI,/TH PROMOT ING EFFECTS OF

RApESEED MEAL HAVE ALso BEEN REPoRTED (lr-r-rN Er AL. , 1952; Fnol lcH,

1952 nr.r¡ Koruon¡ Er. AL., 1948) .

Knarzrn Er AL. (1954) nso Kl¡lN Er AL. (t0s0) orr-'roNsrRArED

THAT THE LYSINE CONTENT OF EXPELLER-PROCESSED MEAL WAS LIMITING

v'/HEN usED lN cH tcK STARTER RAT loNS. lr wAs soott¡

THE EXPELLER-PROCESSED RAPESEED MEAL USED PRIOR

INFERIOR TO SOYBEAN MEAL AS A PROTEIN SUPPLEMENT

D I SCOVE RED THAT

ro 1 958 wrs

FOR CH I CKS DUE TO

IN A DECREASE INOVERHEATING OF THE RAPESEED MEAL WHICH RESULTED
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AVA TLABLE Lys I NE (cr-lNo lN lN Er AL., 1959) . Cot{srquENrLY, soLVENr

PROCESSING HAS BEEN SUBSTITUTED FOR THE EXPELLER PROCESSING METHOD

AND THE PROBLEM

Ct-lxo tN t

PREPRESS SOLVENT

OF GROV,lTH I NH IB IT ION HAS BEEN MARKEDLY ALLEV IATED.

t À ^^-\N Er AL. (1965) REeoRTED runr 5 nruo 1o% orErARY

AND SOLVENT-PROCESSED RAPESEED MEAL WERE USED AS

A REPLACEMENT FOR PART OF THE SOYBEAN MEAL IN ISOCALORIC,

tsoNlrRocENous TURKEY STARTER RATIoNS. THr cRot,lrH oF PoULTS wAS

EeuAL To rHosE FED THE coNTRoL DtET. TnEsE sAME t.loRKERS

(Cr-ar.rnrNrN Er AL., 1966) REpoRTED THAr \^iHEN 11rt DTETARY coMMERIcAL

PREPRESS.SOLVENT AND SOLVENT-PROCESSED RAPESEED MEAL REPLACED PART

oF THE soyBEAN MEAL tN ¡ 23% pRorEtN BRoILER RATIoN oN AN

I SOCALOR I C ÀND I SON I TROGENOUS BAS I S, CH I CK GROWTH AND FEED

CONVERS I ON I"/ERE EQUAL TO RAT I ONS CONTA I N I NG SOYBEAN MEAL.

Rnprsrr0 MEAL HAS ALSo BEEN usED lN THE RATIoNS FoR LAYING

AND BREEDINc pouLrRy. MncGnrcon Er AL. (1964) nreonrro rut.r 1oft

EXPELLER OR PREPRESS.SOLVENT PROCESSED MEAL COULD BE USED IN TURKEY

BREEDER RATIONS AS A REPLÀCEMENT FOR SOYBEAN MEAL WITHOUT ADVERSE

EFFECT ON EGG PRODUCTION, EFFICIENCY OF FEED UTILIZATION, rEED

coNSUMPTtON, EGG SIZE, BODY V/EIGHT AND FERTILITY OF HATCHING EGGS-

ln ¡ nrcrNT REVIE!v oN FEEDINc vALUE oF RAPESEED MEAL FoR

pouLTRy, ClENorNrN ET AL. (1966) neeonrrD A rwo YEAR sruDY lN

WHtcH DUpLtcATE cRoUps oF 72 runrrys WERE FED A BREEDER RATIoN

CONTAINING SOYBEÀN MEAL AS THE MAIN PROTEIN SUPPLEMENT AND

SOLVENT-PROCESSED RAPESEED MEAL AS A REPLACEMENT FOR MOST OF THE

soYBEAN MEAL I N THE RATION. TUTY FOUND THAT RAPESEED MEAL

SUBSTITUTION FOR SOYBEAN MEAL HAD NO ADVERSE EFFECTS ON EGG
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pRoDucrroN, FEED coNVERS¡oN oR HATcHABrLrry. Cr¡ruorNrN ET AL. (1966)

REpoRTED rHar 1 O% ot ETARy pREpRESS-soLVENT oR soLVENr-pRocESSED

RAPESEED MEAL FED TO LAYING AND BREEDING CHICKENS AND TURKEYS

RESULTED lN SATISFACTORY EGG PRODUCTION, FEED CONVERSION, FERTtLtTY

AND HATCHABILITY AS DID THE CORRESPONDING AMOUNTS OF PROTEIN FROM

9

SOYBEAN MEAL.

RoaeLrE

THE PERFORMANCE

LI AL. (1967) coNoucrED rv/o EXpERIMENTs rN wHrcH

BREEDER TURKE YS TED RAT I ONS CONTA I N .IC 1 OØ

PREPRESS-SOLVENT RAPESEED MEAL WAS COMPARED WITH THE PERFORMANCE

OF BREEDERS FED AN I SOCALOR I C AND I SONI TROGENOUS CONTROL RAT I ON

wtrHour RApESEED MEAL. THesr woRKERS FoUND No ADVERSE EFFEcT oN

MORTALITY, RATE OF EGG PRODUCTION, FERTILITY, HATCHABILITY OR

MARKET QUAL I TY OF BREEDERS AT THE END OF THE BREED I NG SEASON AS

RESULT OF THE RAPESEED MEAL SUBSTITUTION FOR OTHER PROTEIN

SUPPLEMENTS. ALIUOUEH A SIMILAR DISTRIBUTION OF AMINO ACIDS V/AS

OBSERVED IN THE RATION WITH AND WITHOUT RAPESEED MEAL, THERE WAS

AN INCREASE IN THE AMOUNT OF FEED REQUIRED TO PRODUCE A DOZEN EGGS

!I I TH RAPESEED MEAL D I ETS.

Ferue urr- Er AL, (1938) nxo !,ltrz Er AL. (t 9so) FouND rHAT

WHEN RAPESEED OIL MEAL, PRESUMABLY EXPELLER-PROCESSED TYPE, WAS

usto tl 1Oft rN THE DrET oF HENS, rr cAUSED AN tNHtBtrtoN oF

GRovlrH. CoNrn¡R I Ly, No AppÀRENT I LL-EFFEcrs lvERE FouNo ev FoLKE

(1931) rno KoruoRA Er AL, (i948) t"lHEN LEVELS BELow 1oft or rHE DlEr

\./AS FED.

0r Ne r u (1 957) coNDUcrED rHREE EXpER TMENTS r N lvH I cH

EXPELLER-PRocESSED RAPESEED O I L MEAL WAS FED TO LAYI NG HENS' TUT
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FTRST TEST tnlAs wrrH 1O% n¡prsrED MEAL lN RATtoNs coNTAlNtNc soyBEAN

olL

MEAL

MEAL, Tr,,ro pERcENT MEAT MEAL AND oNE PTRcENT FlsH MEAL. Sover¡N

WAS REPLACED IN THE SECOND TEST BY RAPESEED MEAL ON A PROTEIN

EQUIVALENT BASIS AND THE LEVELS OF CALCIUM AND PHOSPHORUS WERE

ADJUSTED IN TEST DIETS. IN BOTH TESTS, NO SIGNIFICANT DIFFERENCES

BETWEEN TREATMENTS WERE OBSERVED FOR E I THER PERCENT PRODUCT I ON OR

AMOUNT OF FEËD REQUtRED To PRODUCE A DOZEN EccS. SOVernN MEAL WAS

REPLACED WITH RAPESEED MEAL

UIAS SUPPL IED AT E ITHER TNT 1

THE THIRD TEST AND ANIMAL PROTEIN

on 3 prRcENT LEVEL. Aeltru, No

IN

ñ

lu n nrcrNr REVtEW, Cl¡NolNlN Er AL' (1966)

RESULTS OF PREV I OUSLY UNPUBL I SHED DATA COLLECTED DUR

Gnoups or 30 WHtrr LrenonN PULLETS lN BATTERIES vIERE

S IGN I F ICANT D I FFERENCE WAS OBSERVED BET\"/EEN TREATMENTS I N THE

REPRODUCTI VE TRAI TS STUD I ED.

coNTAIN ING 0.5 prncrNT F lsH MEAL coMB INED tr'/ tru 0, 3,

RE PO RTE D

r Ne 1 955-56.

FED RÀT I ONS

6 rt'ro 9

PERCENT EXPELLER-PROCESSED RAPESEED MEAL AS A REPLACEMENT FOR

SoyBEAN MEAL, THs nartoNS lrIERE FED oVER A PERIoD or ?4 vJEEKS.

Rnrr or-LAy wAS stMtLAR FoR EACH oF THE TREATMENT GRouPs.

Srll er nl. (1 968) coNDucrED FouR EXPER lMENrs ro EVALUATE

RAPESEED MEAL AS A POTENT I AL PROTE I N SOURCE FOR LAY I NG HENS. I T

t/AS SHovlN rHAT D t ETARy LEVELS or 1O% oR MoRE RAPESEED MEAL cAUSED

A SL I GHT BUT CONS TSTENT DECREASE I N HEN-DAY EGG PRODUCT I ON AND

THE RATE OF MORTALITY INCREASED MARKEDLY. RAPESEED MEAL IN THE

D I ETS CAUSED A DECREASE I N EGG WE I GHT, BUT FEED CONSUMPT I ON AND

EFFICtENCy OF FEED UTILIZATIoN l,iERE NOT AFFECTED. THrSS WORKERS

OBSERVED THAT THE ADVERSE EFFECTS OF RAPESEED MEAL ON HENS AFTER
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PEAK PRODUCT I ON WAS LESS. MORTAL I TY WAS H I GH AND HEN- HOUSE EGG

pRoDUcr I oN VJAS pooR. HowrveR. THESE sruD I ES sHovtED THAT LEVELS oF

RAPESEED MEAL OVER F I VE PERCENT RESULTED I N I NFER I OR PERFORMANCE

OF LAY I NG HENS AND H I GHER MORTAL I ÏY"

SNErs I NGER Er AL. (1 968) REpoRTED rHE sAME F r ND r NGs AS THE

;:.,.,:t;¡_".:.;t:;i :.:

11

ABovE t"loRKERS v'|trH coMMERctAL LAyERS. lN ADDtrloN, loD

SUPPLEMENTED TO THE DIET DID NOT ALLEVIATE MORTALITY.

OF RAPESEED MEAL PROCESSING (DIRECT SOLVENT OR PREPRESS

AND THE ADDITION OF IODINE HA,D NO EFFECT ON EGG WEIGHT

AMOUNT OF FEED RESUIRED TO PRODUCE A DOZEN EGGS.

INE

THr MErHoo

^^..,-.'-\J(JLVLI\I,/

AND THE

CoI.¡pouI'Ios oTHER THAN THE BREAK-Do!'/N PRODUCTS OF GLUCOS IDES

wERE ALSo SHowN To BE PRESENT IN RAPESEED MEAL. CI-AITIO IN IN (1961 )

REPORTED THAT SINAPIN, THE BITTER COMPOUND IN RAPESEED MEAL, ADDED

AS SINAPIN BISULPHATE TO CHICKS DIET AT 0.39/' LEVEL DID NOT

DEpRESS GRo\,,/rH. Vonnnl Er AL. (1966) sruo tED rHE EFFEcT oF ADD lNc

VAR IOUS LEVELS OF TANN IN TO A SOYBEAN MEAL D IET OF GRO\,I I NG CH ICKS.

REsulrs tNDtcATED rntr 0,59% r¡Nr.r rr.r tN THE DIET REDUcED GRoWTH.

A rrvEl oF FtvE pERcENr RESULTED tNlO% M9RTALITY Wtrntru 7-11 DAYS.

Clnrup I Nt N ET AL. (1 968) REpoRTED rHAr rANNr N rs pRESENT I N RApEsEED

r N suFF r c I ENT AMouNTS (runrr pERcENT) ro novrRSELY AFFEcT cH I cK

cROWTH AND THE METÀBOL IZABLE ENERG.Y VALUE oF RAT IONS \^/ I IH H IGH

LEVELS OF RAPESEED MEAL*

D tEr¿Rv EtrtERcv

ïHr ErurRe y REeu I REME NT oF LAY I NG HE Ns HAS REcE I vED

CONSIDERABLE ATTENTION FOR MANY YEARS AND NUMEROUS STUDIES HAVE
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BEEN CARR I ED OUT I N ORDER TO ESTABL I SH THESE REQU I REMENTS.

ConTRoII- ING THE FEED INTAKI OF HENS WAS USED IN EARLY STUD I,ES

BECAUSE I T WAS BEL I EVED THAT RESTR I CT I ON OF FEED WOULD PREVENT

EXCESS I VE ÉNERGY I NTAKE.

Hrywlne (1940) oBSERVED A DRASrrc REDUcrroN rN EGc pRoDUcrloN

BUT NO EFFECT ON BODY WE IGHT OR EGG S IZE V/HEN TH,E FIED INTAKE OF

Lrcnonru HENS t^lAS RESTRtcTED to 81[ aNo 15rt oF AD ltBlruM lNIAKE.

CoNrnAnrry, Co¡¿as ET AL. (t00t1 rNDtcArED rHAT RESTRIcTIoN oF

ENIRGY INTAKE OF HEAVY TYPE NTNS TO 81 AND B7/O OT AD LIBITUM INTAKE

HAD No EFFEcT oN EGc pRoDUcrtoN, Hlueg uNtr scoRES oR MoRTALITY,

BUT DID CAUSE A REDUCTION IN BODY WEIGHT GÀIN AND RATE OF INCREASE

I N EGG WE I GHT.

SrnesEN ET AL, (1958) REpoRTED rHAT AD. LtBtruN,i FEEDING oF A

H I GH ENERcy D r ET, i 014 CnloR I ES oF pRoDUcr I vE ENERcY PER PouND,

INcREASED BODY WE iGHT AND MORTAL I TYj EGG PRODUCT lON, HO\,/EVER, WAS

MAtNTAtNED. Ao Ltstlu¡4 FEEDtNc oF A LoW ENERcY DIET, 857 C¡L-onles

oF PRODUCT l VE ENERGY PER POUND, ALSO RESULTED I N SAT I SFACTORY

PERFORMANCE BUT TO A SIqNIFICANTLY LESS DEGREE. IT !'/AS FOUND BY

THE SAME I^,ORKERS THAT EGG PRODUCT I ON WAS MAI NTA I NED, MORTAL I TY AND

BODy WE tcHT cAtN '||TERE REDUCED VTHEN FEED INTAKE V'IAS CoNTROLLED, 0tt

rHE orHER HAND, DoNALosoN Er A, (1962) nreonrrD rHAr ENERGY

RESTR I CT I ON ON LAY I NG HENS RESULTED I N LO\¡\|ER EGG PRODUCT I ON, BODY

vrErcHT AND EGG stzE. lr w¡s SUGGESTED THAT DIETARY PRorElN,

VITAMINS AND MINERALS WERE POORLY UTILIZED WHEN ENERGY INTAKE WAS

Kt_J tñ I U tÊU r

Ennly sruD I ES oN D I ETARY ENERGY FoR LAY I NG D I ETS BY



THlven (1953) TNDTcATED rHAr NrAcrN, RTBoFLAVTN, pANrorHENrc ÀcrD

AND FOLIC ACID LEVELS SHOULD BE INCREASED IN HIGH ENERGY LAYING DIETS

To oBTAtN MAXTMUM EGc pRoDUcrroN AND FEED urlLIZATtoN. BEnc rt nl,

(tss6), HowEVER, couLD Nor DEMoNSTRATE THE BENEFTcTAL EFFEcT oF

TNcREASED LEVELS oF THESE v rrAM r Ns i,lHEN 1 148 rr.to 1331 Cllon rEs oF

METABOL I ZABLE ENERGY PER POUND OF D I ET WERE FED TO BOTH

Nrw HaNapsH I RE AND WH r rr Lre HoRr'r HENS. I r w¡,s NorED rHer I 133'l

C¡lonlE DrEï rMpRovED FEED EFFrcrrr.rcv (rztofoozxN EcGS) nr.ro

I NCREASED BOD Y UIE I GHT GA I NS.

THr r'rBER coNTENT oF THE LAytNG HEN DtET HAS AN tNFLUENcE

oN rHE DrErARy ENERGv LEVEL, Hrusrn Er AL, (1945) nNo Brno rr n-.

(1946) nenonre D THAT Lot^f F r BER RÀr roNS suppoRrED A H rcHER RArE oF

EGG PRODUCTION THAN SIMILAR RATIONS HIGH IN FIBER.

Follow I NG THE ESTABL I SHMENT oF THE pRoDucr I vE ENERcy vALUfs

oF FEEDSTuFF Bv Fnrps (1946), MANy RESEARcH

. -,¡l'rl'.:l'i ,i

VALUES TO STUDY THE ENERGY REQUIREMENTS OF

WORKERS UTILIZED THESE

LAY I Nc HENS. H l eHrR Eee

PRoDUCT loN AND LO!'/ER EFF lC IENCY oF FEED UT lL IZAT lON. MEASURED AS

FEED REQUIRED TO PRODUCE A DOZEN EGGS, AND GREATER WEIGHT GÀINS

h/ERE OBTA I NED l¡/ I TH H IGH ENERGY AS COMPARED TO LOW ENERGY RAT IONS

ey srrNNER Er AL. (tost), SrNesEN Er AL. (1952), Grnnv (1954),

HrRvs Er AL. (l 9sz), AND P¿rrRsrx Er AL. (1 957).

Gn r ¡¿ L NcER Er AL. ( 1 954) r No I cArED runr 66 THERMS pER pouND

OF RATION CAUSfD A DECREASE IN EGG PRODUCTION AND BODY lIEIGHT I./HEN

COMPARED TO RATIONS OF HIGHER ENERGY CONTENT BUT EGG SHELL THICKNESS

AND EGG l'/E IGHT WERE NOT AFFECTED BY THE RAT I ONS.

Hrll rr nl, (1954) REpoRTED rHAT A MARKED REDUcrroN tvAS



OBSERVËD IN THE AMOUNT OF FEED REQUIRED TO PRODUCE A DOZEN EGGS BY

I NCREAS I NG D I ETARy ENERGY rRoM 740 To 930 CnL-on I Es OF PRoDUCT I VE

ENERcy pER pOUND OF DtET, TWO Vr¡ns LATER THE SAME WORKERS

(H r r_r_ Er 4L,, 1956) oasERVED rHAT H tcH ENERGy D IErs sUPPoRTED A

H I GH RATE oF EGG PRODUCT I ON DUR I NG THE W I NTER MONTHS' WHEN THE

ENËRGY LÊVEL IN THE LAYER RATIONS WAS INCREASED BY THE USE OF FAT,

THE FEED REQUIREMENT WAS REDUCED AT A RATE OF TWO PERCENT FOR EACH

pERcENT oF ADDED FAT. THr rrro REQUIREMENT INcREASED BY 
^BIUT 

12%

\¡/HEN rHE ENERGY coNcENrRArtoN oF A 930 Cnlontrs (fe/Ls.) DlEr

VJAS REDUcED By 100 C¡lonlES PER PoUND. BooY VJEIGHT, HoWEVER, wAS

MAI NTAI NED BY H IGH ENERGY RATI ONS AND THE TOTAL WE IGHT GAI NED

DUR I NG THE PRODUCT I ON PER I OD SEEMED TO I NCREASE W I TH ENERGY

CONCENTRAT I ON.

:ii.:,;tì-¡:
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ANoEnsott ET AL.

CONTAI NING BB4 CNIONITS

957) REpoRTED rHAT A HlcH ENERcY RArloN

PRODUCT I VE ENERGY PER POUND D I D NOT

l1
\l

RESULï I N GREATER EcG PRoDucT I oN oF S I NGLE coMB hlH I TE LEGHoRN

pULLETS THAN A Lo!,/ ENERcY RATIoN coNTAINING 723 CllonlES oF

pRODUCT¡VE ENERcY PER PoUND, FrE0 TFFICIENCY, HOìi,/EVER, WAS

StcNlFtcANTLy BETTER FOR HENS FED THE RATIoNS coNTAINtNG B84

CnlOntES OF pRoDUcTIVE ENERGY PER POUND, AND THEIR BODY WEIGHTS

I NCREASED. lr WAS NoTED THAT L IVAB I L ITY AND EGG WE IGHT l"/ERE NoT

AFFECTED BY ENERGY LEVELS' THT ONOUPS FED THE HIGH ENERGY BASAL

RATION PRODUCED EGGS OF SIGNIFICANTLY LOWER SPECIFIC GRAVITY THAN

DID THE RDS ON OTHER RAT I ONS'BI

Wt ESE Er AL. (1957) REpoRTED rHE sAME FtNDlNcs AS rHE ABoVE

lN noDtTloN, DTFFERENT LEVELS OF DIETARY ENERGY DID NOTWORKERS.



AFFECT SPECIFIC GRAVITY OF THE EGGS FROM GROUPS OF HENS DURING THE

F I RST T\^/O MONTHS OF PRODUCT ION BUT DUR ING THE LAST TWO MONTHS OF

PRODUCT I ON,

HroH pRooucrrvE ENERcy pER pouND, lOO-940 Cllontrs, v''ERE

REpoRTED sv MnclNtvnE Er AL, (tsSZ) oN RArE oF EGc pRoDUcrroN, EGG

wEtcHT, spEctFtc GRAVITY oF THE EGGS, ALBUMEN HEIGHT OR BLOOD AND

MEAT spors tN THE EGcs. Fre o cotrtsuMpr toN AND FEED pER DozEN EGGs,

HOWEVER, WERE MARKEDLY AFFECTED BY THE ENERGY CONTENT OF THE DIET

AND VJHEN THE PRODUCTIVE ENERGY PER POUND OF DIET I,IAS DECREASED BY

100 Cllontrs, THE FEED REQUIRED To PRoDucE A DozEN Eccs INcREASED

ev þ,aout 11fo .

Courneny ro rHE F I ND I NGs oF M¡c I Nrvnr Er AL, (1 957),

Brno rr el. (1 957) REpoRTED rHAr HtcH D I ErARy ENERcy RESULTED I N

T NCREASED EGG wE t cHT. Ennl t ER sruD t ES ALSo sHowED THAT D I ETARY

ENERGY LEVEL CAUSED LITTLE OR NO DIFFERENCES IN ALBUMEN QUALITY AS

REeoRTED av TnovpsoN Er AL. (1932), C¡Ro Er rr. (1934), Lrr Er ¡1.

(1944) nr'ro Gn r v r NGER Er AL. (1 954) "

M rllrn Er -g. (1957) REeoRTED rHAr FEED EFF rc rENcy lMpRovED 
'..,.'.:.:.:,:.:: - :t,i-l --

As rHE ENERGv coNTENr oF THE LAYtNc DTETS coNTAlNlNc 12 to 21/o
;t.:r,:,: .: :,:.

pRorElN INcREASED rnou 640, 145 to 930 C¡'lonlES oF PRoDUcrlvE

ENERcy pER pOUND. NO D I FFERENCE WAS OBSERVED I N BODY VIE I cHTS OR

EGG PRODUCTTON.

McD¡N I EL ET AL, (1 957) I ND r cATED rHAr BY I NcREAS I Nc rHE

pRoDUCTTvE ENERGy LEVEL rnou 962 ro 1O5O CnloRlES PER FoUND lN A

11 ^- l---^ ñrñ TI 1-pERcENT pRofLlN LAYING DIET, FEED EFFICIENCY IFEED REQUIRED To

pRoDucr A DozEN roos) was rMpRovED au 12.2fi. lr wes ALSo NorED

i5
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THAï THE SAME ENERGY INCREMENT tN 1B% PROTEIN DIETS CAUSED AN 8.2

PERCENT REDUCTION IN FEED EFFICIENCY.

HocnnE I cH Er AL. (t OSe) REPoRTED rHAr LESS ENERGY t^lAS

REqUIRED To pRoDUcE EccS WtrH 17 oA 19ft PR9TEIN DIETS THAN VJITH A

16/o eaortt N D tEr. 0N rHE orHER HAND, L t r-t lE Er AL. (l S0S) rouNo

THAT D IETARY ENERGY HAD NO EFFECT ON EGG \"/E IGHTS, MORTAL ITY,

FERT I L I TY, HATCHAB I L I TY AND PROGENY PERFORMANCE OF PULLETS FED FOUR

LEVELS oF DtErARy pRorEtN (12r 14r 16 lxo 1B%). PnorrlN x ENERcY

I NTERACT I ONS WERE NOTED ONLY IN BODY WEIGHT GAIN IN TWO

STUD IES AND I N EGG I,/E IGHTS I N ANOTHER STUD Y'

Co¡¿as ET AL- (1 960) cARR I ED our sruD I ES vl I rH RAT I oNs

coNrAlNtNc 15-19/o pRorEtN AND 909-1096 C¡lonlES oF PRoDucrlvE ENERcY

pER pOUND. ÏnrSr STUDIES SHOì¡/ED THAT A CALoRIE!PROTEIN RAÏlo AS

LARçE ¡s 66.6¡'l wAS ADEQUATE ro suPPoRT 6Ofi eee PR9DUcTloN.

S r¡¿ r llnly, MARcH ET AL. (1 962) nrronrrD rHAr Wn I rr LreuoRNs FED rHE

RATtoN coNTAtNtNc 1470 C¡r-oRlES oF METABoLIZABLE ENERGY PER PoUND

DID NOT GA¡N WEIGHT AND THE METABOLIZABLE ENERGY INTAKE PER POUND

OF EGGS PRODUCED WAS HIGHER THAN WITH THE RATIONS CONTÀIT'I INE 1270

Cl¡-on I ES oF METABoL IzABLE ENERGY PER PoUND oF FEED *

Kun¡r rcK Er AL. (1961 ) rour.ro rHAr, oN THE AVERAGE, rHE RÀrE

oF LAy WAS F tVE To S lX PERcENT Lol'/ER V/ ITH 765 Cllon IES THAN W ITH

865 ¡ru0 965 C¡r-onlES oF PRoDUcTIVE ENERGY PER PoUND OF DIET'

Colrenoo Er AL, (1967) tNDlcArED rHAr FEEDING A HIGH ENERGY DIET

AT THE ONSET OF PRODUCT I ON S I GN I F I CANTLY DEPRESSED EGG NUMBERS

AND BODY WEIGHT GAIN ALTHOUGH FEED EFFICIENCY AND EGG WEIGHT

tMpRoVED * 0N rHE orHER HAND, L I t-l- tE ET AL. (1965) REPoRTED rHAr
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HtcH ENERGy HAD No EFFECT oN EGG PRODUCTION OF NEW H¡t4pSHIRES,

Rnoor lslnno REos ttto l¡'lH trE Lre Honrus BUT MARKEDLY IMPRovED FEED

EFFICIENCY.

lr wns NorED BY MANY INVESTIcAToRS THAT THE ADDlrloN oF

ANIMAL FAT TO LAYING HENS RATIONS IMPROVED FEED EFFICIENCY AND

Ecc pRoDUcr toN (L lr-l lE Er AL., 1952¡ HocHnr lcH Er &., 1957 axo

QurnsrNBERRy Er AL., 1962). 0rnrn sruDlES sHowED rHAr HIGH

DtETARy ENERcy tNcREASED EcG stzE AND Ecc hlEIGHT (HocnnrlcH ET AL.,

1951 , i 958 ¡r.ro Qu t t{srNsrRRY Er AL', 1962).



EXPER IMENTAL PROCEDURE

A sruoy coNDUcrED DUR I Nc rru 26-ony pER I oDS (Aeatr 22, i 969

ro Jnnunnt 26r 1970) tr/AS DESIcNED To DETERMINE THE EFFEcT oF DIETARY

ENERGY ON THE PERFORMANCE OF LAYING HENS FED DIFFERENT LEVELS OF

RApESEED MEAL. FouR HuNoRED |r|H ITE LEGHoRN PULLETS (Drr<nr-a srnn tru)

V,tERE D ISTR TBUTED AT 24 Wrr¡<S OF AcE I NTO COMMUN ITY CAGES W ITH F IVE

BIRDS IN EACH.

TNERE !./ERE EIGHT DIETARY TREATMENTS IMPOSED IN A 2 X 4

FAcToRtAL ARRANGEMENï lN A RANDoMISED BLocK DESIGN WITH 1O cnors

pER DtETÀRY TREATMENT. TwO nOJACENT CAGES WERE ASSIGNED TO EACH

ïREATMENT rN A RANDoM BLocK DESTcN (rrve REpLIcAïtoNS PER TREATMENT).

Tsr rxprR I MENTAL D I ETs (Tlnr-e 1 ) WrRE FoRMULATED us I NG

Frrosrurrsl ANtlysls TABLE ron FEEo lNenrolENTS (tOOe¡ To suPPLY

cALcuLATED METABoL IzABLE ENERc IES oF 2539 nr.ro 2159 ¡< lLocALoR IES

pER KtLoGRAM oF DIET. WHr¡r BRAN WAS ADDED To RAlloNS AT THE

EXPENSE OF WHEAT, SOYBEAN MEAL AND ANIMAL TALLOW TO REDUCE DIETARY

ENERcy, Rnpe srro ¡¿rtl (sor-Ve NT EXTRAcTED) WAS SUBST ITUTED oN AN

EQU TVALENT pRoTE I N BAS lS FOR soyBEAN MEAL TO OBTÀ | N 0' B' 10 lt'to

12/o o I ETARy RApESEED MEAL. Mrreaol I ZABLE ENERGY VALUE USED FoR

RAeEsEED MEAL wAS 2120 xcalxe (Se r-r-, 1966) AND A PRorE lN coNrENr

oF 4qo WAS USED tN THE cALcULATIoN oF DIETÀRY PRoTEIN. Atl nnttoNs

WERE FoRMULATED To coNTAlN 11% PRoTEIN AND !'tERE FED To PULLETS lN

pELLET ßl B I NcH) FoRM. Tur o lErs vIERE ANALYZED FoR cRUDE PRoTE I N

1B



T¡eLr 1 . Cot"lpos trloN oF EXPER IMENTAL D lETs.
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D t Errnv TnrRrvENr NuvsEn
I ruonep r ENrs (/')

GRouNo lr,lHe¡r

RSM (41 .5/,)

SovaE¡N MrrL (so/')

F rsn Mrnr (1o/')

Arrnrr¡ Mrnr (17%)

l¡'lnerr Bn¡N

Derlu * PHospHnrt

L t vEstoNe

vrr. Pnrvr^ (tt-l)i
M r n. Pne¡¿ r* (n-t )2

AN r vrl F¡r

7?.5 64.0

1n 6 q q

?^ ?r'lv.v

2^2^

I V.J

/\/\
6 .0 6.0
1^1n
| ¿V l.v

^ÃaìÃV.J v.J

2^1n

70.0 62.5

8.0 B.O

4.5 4.0
3,0 3.0

2.O 2,O
qn

2q 2q

6,0 6,0

1.0 1.0
nÃ ô6

68.5 61.0 68.0 61.0

10.0 10.0 12.o 12.O

?ñ)tr.2n'1ar

âr\2^1^?nU.V U.V V.v v.v

2.0 2.O 2.O 2.O
qñ qn

/4/^/^/a

6.0 6.0 6.0 6.0
1^1^1a\14ì| ¡V | ¡V l.v ¡.v

^Ã^Ã^Ã^ÃW¡J V¡J V.J v.J

3.0 2.O 3.0 2.O

Clr-c. PRorr¡n (%)

Cnlc. M.E. r<crl/xe

17 .1 11.1 11 -O

2154 2530 2750

11.1 11.1 17.1 11.O

2159 2532 2150 2530

11 1

2530

1. Vrre¡¿rN PREMIx
vrrAMtN A, 7150
vrrAMrN 812: 11

4.4 ¡"tc¡ r'r iÃc r r'r,

M t Nennl PREM I x
MANGANESE, 81.4

SUPPL I ED THE FOLLOW I NG AMOUNT PER KG OF D I ET¡

IJJ; vlrAMlN D", 81 B l.C'U..¡ vlrAMtt't E, 5.5 IJJ';

Mccj Rlnor-lnvYu, 2.2 ¡'to; pANTorHENlc ÂclD,
6.6 vo; cHoLtNÉ, 110 ¡¡e AND MErHloNrNr 49,9 ¡¡o.

SUPPL I ED THE FOLLOW I NG AMOUNT PER KG OF D I ET!

MGi zrNc, 44 vo AND soDluM cHLoRtor., 4.82 ve'
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(n.0.4,c., 1e6o).

Brnos wrRr tNDtvtDuALLy viEtcHED AT THE BEcINNING oF THE

STUDY, AT THE END OF THE FIFTH PERIOD AND AT COMPLETION OF THE

EXpERIMENT (to erntoos). FrEo ¡No wATER v,tERE suppltED AD LtBtTUM

THRoucHour rHE EXpERtMENT. FEro coNsuMED AND Eccs LAID wERE

REcoRDED DArLy AND EGc pRooucriom (nrr'r-onv) was cALcuLATED AT

28-oev l NTERVALS. FrEo EFF I c I ENcY AS MEASURED BY cRAM oF FEED

REQUIRED TO PRODUCE ONE GRAM OF EGG WAS CALCULATED FOR EACH

EXpERTMENTAL pERroD (ze-ol,v). Alt- EeGs FRoM EAcH REpLtcATE wERE

vJE I GHED FOR THREE CONSECUT I VE DAYS DUR I NG THE F I RST, SECOND, FOURTH,

SIXTH. EIGHTH AND TENTH PERIOD OF PRODUCTION.

Eee surLL THtcKNESS FoR A TorAL or 1600 EGGS tvAS MEÀsuRED

DURTNc rHE FTRST, FouRTH, sEVENTH AND TENTH pERtoD (50 rees rrn

TREATMENT pER pER r oo ). Tur I NTER I oR Ecc euAL I TY lvAS DETERM I NED BY

MEASURING ALBUMEN HE¡cHT wHrcH vJAS coNVERTED ruro HAUGH uN¡TS. THr

PRESENCE OF BLOOD AND MEAT SPOTS WAS ALSO RECORDED.

MoRrll I TY wAs REcoRDED DA I LY AND DEAD B I RDS I'lERE EXAM I NED

To AScERTATN THE cAUSE oF DEATH, TwENTY-FouR BIRDs (rnner ern

DTETARy TREATMENT) wrnr sAcRrFlcED AT THE END oF THE FouRTH,

SEVENTH AND TENTH PER I OD AND L I VERS REMOVED FOR FAT DETERM I NAT I ON.

AT THT SAME TIME SPLEEN AND THYROID GLAND WERE REMOVED FROM EACH

B I RD, WE I GHED SEPARATELY, AND THE CECA LENGTH MEASURED.

To oErrRMtNE PERcENT LIvER LlPlD, A LIVER SAMPLE oF slx

cRAMS l/AS HoMocENIZED tN ¡ WtntNc BLENDER FoR TWo MINUTES, !IEIGHED

AND FREEZE-DRtED ron 24 HouRS AND \4rElGHED AGAIN. AppnoxlMATELY

TWO GRAMS OF DR I ED L IVER \,/AS WE IGHED I NTO ALUNDUM TH IMBLES AND
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EXTRACTED V\r I TH ETHER FOR FOUR HOURS I N A GOl0r'ISCH EXTRACT I ON

APPARATUS. T¡IE CRUDE FAT CONTENT WAS CALCULATED ON A DRY MATTER

8AS I S.

MrreeoLtzABLE ENERcY oF THE EXPERIMENTAL RATloNs !'/AS

DETERM I NED US I NG THE PROCEDURE DESCR I BED BY H I LL AND ANDERSON

(1958). Cnnoutc oxtDE wAS ADDED ro rHE RArloNS AS AN INDEX ro

ESTABLISH THE AMOUNT OF EXCRETA PRODUCED PER UNIT OF FEED INTAKE.

DErEn¡¡lNATtoN oF METABoLIZABLE ENERGY WAs cARRIED oUT DURING THE

SIXTH EXPERIMENTAL PERIOD AND UTILIZED ONE BIRD FROM EACH OF THREE

EXPERIMENTAL PENS PER TREATMENT. EXPENIMENTAL RATIONS CONTAINING

0.3 prncrNT cHRoMtc oXIDE WERE FED DURING A l-oev ADJUSTMENT

PER I OD FOLLOWED BY TOTAL EXCREMENT COLLECT I ON FOR THREE CONSECUT I VE

DAyS. THE TXcRETA COLLEcTED lIERE I MMED I ATELY FROZEN AFTER DA I LY

COLLECT I ON. THfSr FRoZEN EXCRETA WERE POOLED AND DR I ED I N AN A I R

^coNVECT IoN oVEN AT A TEMPERATURE oF 70"C. Slt"tpLrs WERE GROUND

AFTER DRY I NG AND STORED I N SEALED GLASS CONTA I NERS. ÏHE AMOUNT OF

CHROM¡C OXIDE IN BOTH THE FEED AND EXCRETA WAS DETERMINED USING

rHE METHoD DESCRTBED BY czARNocKl ET AL. (1961 )' .,-;,; ','
.:-.r_.:..:.:.:

HE¡T OT COMBUSTION OF FEED AND EXCRETA I^/AS DETERMINED BY :'' . ..
'''.:.:-: t

THE USE oF A PARR ADIABATIc cALoRIMETER. FTTO ¡¡¡O EXCRETA NITROGEN

coNTENTS WERE DETERMINED BY THE MACRO-KJËLDAHL TECHNIQUE,

DEScRtBED By rHE 4.0.4.C, (1960). MrraeoLrzABLE ENERcY wAs cALcULATED

US I NG THE FOLLOW I NG FORMULA:
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M"E. = A- A x CfD - B.?? (V- Z x CIO)

M.E. = M¿r¡sor- TzABLE ENERcy (xcnr-/e )

A = ExEnev (enoss) or rrro (r<crr-/e)

B = ENrRev (onoss) or oRy EXcRETA (xcnr-/e)

C = C¡rRoM tc ox rDE coNrENr oF FEED (/t)

D = CHRoMtc oxrDE coNrENT oF EXcRETA (/t)

Y = NITROGEN PER GRAM OF FEED

Z = NtTRocEN PER GRAM or EXcRETA

8.22 = Henr or coMBUsrroN oF uRtc Acro/e rulrRocEN.

Exprn I MENTAL DATA wERE ANALYZED BY ANALYS I s oF vAR I ANcE,

SNroecon (t0s0), AND rHE TREATMENT D,TFFERENcES wERE TEsTED BY rHE

MULTTpLE RANGE rESr oF Durucnru (1955).
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RESULTS AND DISCUSSION

Eee pnoo ucr I oN

Tnr suMMARy oF RESULTs (Tnslr 2) suowro rHAr ENERGY HAD No

SIGNIFICANT EFFECT ON EGG PRODUCTION OF HENS. EEO PROOUCTION

(Iaale 2) srGNrFlcANILy (P =0.01 ) rMpRovED wrrH rHE ADDrrroN oF

12/o nxetsEED MEAL CoMPARED V/lrH rHE coNrRoL DlEr oR B a$o 1O/o

RApESEED MEAL. Tnrs ts coNTRARY To rHE FlNDlNcs oF Sell rr al.

(t ooar, 1 96Ba), Sruers I NGER Er AL. (1 968) nno CLAND I Nr N (1 969) rHAr

RAPESEED MEAL LEVELS VARYING FROM 4 IO 16% IN LAYERS DIET SLIGHTLY

DECREASED EGG PRODUCTION AS COMPARED TO SOYBEAN MEAL RATIONS.

THE O I FFERENCE BETIIEEN STUD I ES MAY BE ATTR I BUTED I N PART

To rHE LENcTH oF EAcH sruDy wHlcH vARIED rnov 32 ro 40 wEEKs oF

Ecc pRoDucrroN. Arso, rHE HlcH pRorEtN LEVET (lO/0, Tnalr 4) oF rHE

12/o neer.sEED MEAL RAT I oNs pRoBABLy HAD A DEF r N I TE I NFLUENCE oN RATE

oF pRoDUCrroN. Turs vrEt/ rs suppoRrED Bv lNcR¡¡¿ (t0S0) nNo

Mrr-ror.r Er AL. (1957) wHo FouND rnnr 1B ano 19ft enotrlN LEVELS

sHoh/ED suPERroR EGG PRODUCTION TO e 16/o PROTEIN DIET WITH cAGED

LAYE RS .

ïnenr VJAS No stcNtFtcANT DIFFERENcE lN EGG PRoDUcrloN

BETWEEN THE 1O/o nAetSEED MEAL HIGH ENERGY LEVEL AND lrS

CORRESPOND I NG CONTROL NOR WAS THERE A STAT I ST I CAL D I FFERENCE

BETlvEEN THE Low ENERcy coNTRoL AND rHE Low ENERGY 10f nleesrro

MEAL RAT r oNs (Tner-r 3), Also, No D I FFERENcE wAS REcoRDED I N EGc

¿,7
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TnsLr 2. Suvvnny oF rHE EFFEcT oF ENERGy AND RAeESEED MEAL (nSU)
oN rHE 40-wrex LAYINc HEN PERFoRMANcE.

.. ..: - -..:_:: 
:

.:,-.:'..i:.:_...:

TnE nrvE Nts
, Frrp (e)

Eee Pnoo. (%) ' Eno (e ) Eee l,lr. (o)-

EnEnev LEver (t{.8.)
I¿3JU KCÀL/ KG

I'¿ (50 KCAL/ KG

RsM (ø)

R

10

12

^ão

R
68. B"

2.84

2qq

2 Rp,

,a1

-- -^

Fì

R
56 .3-

1. MrlNs Nor HAVINc rHE sAME supERScRtPT ARE stcNlFlcANTLY
D T.FFERENT (R = o.ot ¡.

?, Mrlxs Nor HAVTNG THE sAME supERScRtpr ARE stGNtFIcANTLY
D,f FFERENT (n = o.os).



2q

TneLE 3. ETTEcT oF ENERGY AND RAPESEED

ON EGG PRODUCT I ON, EFF I C I ENC Y

WE I GHT.

MEAL (nsu) oF LAYI NG RAr I oNS

OF FEED UT I L I ZAT I ON AND EGG

Tne nrve rurs Eee Pnoo.
(%)

Eee I'r|r.
(%)

a

10

tc.

'10

1?

2530

2530

c'7tr'n,

2750

2750

2150

^ABo+. J

n- nCo /.o

^, ^AB

n- nC

^^ -coo. I

n
1t\ A-

õ ^?CDE

^ ^^ABCD

< ttv

- ^-ABCDE

^ ^r cDE
J.UI

Rantr
/v6

^ ^,4t.o+

^ --ABCD

-- ^AC

-- ^AC

AT L

1. MErNs Not
D I FFERENT

MEANS NoT
D I FFERENT

HAVING THE SAME SUPERSCRIPT ARE SIGNIFICANTLY
(n = o.os).

HAVING THE SAME SUPERSCRIPT ARE SIGNIFICÂNTLY
(r < o.ot ).



T¡,a L r 4. PnoxIMATE ANALYSIS OF EXPERIMENTAL DIETS.

t.: I l; i,: :.t;." 1:.t- :';;1"--r-

ao

ïRrnlvr NTs

RsM (/,)

0

8

10

tt

0

R

10

l¿

2308

2323

236?

233?

2558

2544

2596

2570

1 8.6

1B.O

1A 2

19,2

1A n

1q 1

a-1

L2

P.1.

2.

I ND I CATES CRUDE

I ND I CATES CRUDE

PROTE I N VALUE.

F I BER VALUE"
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Fig. I Egg Production of Hens Fed Soybeon Meol Diet.
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pRoDUcTtoN BETwEEN LAYERS FED I ¡No 12fi neetsEED MEAL oN Low ENERGY

INTAKE. ANnIYSIS oF THE DATA SHoV/ED THAT EGG PRODUCTION OF LÀYERS

FED 1O ¡No 12/o aaersEED MEAL rdAS tMpRovED t^tHEN rHE ENERcY LEVEL wAS

TNçREA5ED rnov 2530 KcAL ro 2730 xcatfxe. Low olErARY RAPESEED MEAL

(t/o) snowED rHE REVERSE EFFEcT oF ENERGY (Fre.2) slNcE HENS FED

THf LOW LEVEL OF DIETARY ENERGY MAINTAINED A HIGHER RATE OF LAY

W I TH E I GHT PERCENT RAPESEED MEAL.

Se ul rT Rr. (t OOAa) rr,ro Bntec (t S0A) rouNo rHAr rHE ADVERSE

EFFECTS OF RAPESEED MEAL ON PRODUCT I ON CHARACTER I ST I CS WERE LESS

SEVERE IF THE MEAL WAS NOT FED UNTIL THE HENS HAD PASSED THE USUAL

pRoDucrtoN pEAK (36-40 wEEKs or lee). THls sHoWED rHAT HENS

UTILIZED RAPESEED MEAL BETTER AT A CERTAIN AGE AND SUPPORTED THE

FINDINcS THAï 1O Ano 12/o a¡etsEED MEAL sUPPoRTED HIGHER EGG

pRoDUcr I oN, pART I cuLARLy AFTEn 24 wEEKS oF pRoDUcr I oN PRov I DED THAT

suFFtctENr ENERGy WAS AVATLABLE tN rHE RArloN (Fles.3 lNo 4)'

FEro rFFtclENcY

D t et¡nY ENERcY OR RAPESEED MEAL HAD NO S I GN I F I CANT EFFEcT

oN THE EFFtctENCy oF FEED UTILIZATIoN (rrro PER cRAM oF EGc) ron

HENS FED rHE coNrRoL oR rHE RÀPESEED MEAL RArloNS (tlaL-r 2). THr

FEED To EGG RAT I o, HoWEVER, SHoWED A NoN-S I cN I F I cANT TREND rowÄRo

IMPROVEMENT. SII"IIINR RESULTS WERE OBSERVED EV SELL ET AL' (196S4)'

Snrrs rNcER Er AL. (t OOe) nr.ro Cl¡No ttlttt (1969).

ErrrctENcy oF FEED urtLtzArroN (Tner-r 3) vlls slcNlFlcANrLY

DTFFERENT BETWEEN LAYERS FED I ¡No 1O/o aeersEED MEAL lN THE LoW

ENERcy RANcE. TUfnf WAS, HOWEVER, NO SIGNIFICANT DIFFERENCE AMONG

THE O, B ¡t'lo 12/o ur.l,t LEVELS lN THE sAME ENERGY RANGE. A
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NON-StGNIFtCANT IMPROVEMENT WAS OBSERVED, HOV,/EVER, WITH LOW ENERGY

RAT l oNS coNTA r N r Nc B e¡¡o 12% n¡pr.sEED MEAL RAT I oNS vtHEREAS A

DEPRESSION OCCURED WITH A 1O/O A/JÛISEED MEAL RATION AS COMPARED WITH

SOYBEAN RAT I ON.

TnEnE v'lAS ALSo AN IMPRovEMENT IN FEED EFFIcIENcY wlrH HlcH

ENERGY RATIONS CONTAINING 1O/O NAPT-SEED MEAL COMPARED TO THE SOYBEAN

MEAL RArroN. THE ENERcy x RApESEED MEAL rNrERAcrloN (f =0.01 ¡

MAY BE ATTRI BUTED TO PER I OD AND RAPESEED MEAL X PER I OD I NTERACT I ON

EFFEcrs (AeerNotx Tnalr l l), DiETARY RAPESEED utat or 12, 10 nNo

B% rN THAT oRDER vrERE urlLlzED MoRE EFFtc¡ENTLY AFTEn 32 wreKS oF

pRoDUcrroN coMpARED tvrrH soyBEAN MEAL (ñre. s¡.

TuE ¡N¡r-yzED vALUES (Tenr-e 4) FoR rHE rÌ,/o LEVELS oF

METABoL IzABLE ENERcy (2331 ¡,No 2565 rcar-/re AS rHE MEANS oF

O, E,1O ano 1?/o nteusEED MEAL ) usro lN rHls sruDY !./ERE LowER THAN

rHE cALcuLATED vALUES (2530 lNo 2750 rcclr-/xe ) . Howrvrn, soYBEAN

MEAL RATIONS WERE ISOCALORIC WITH THE CORRESPONDING ENERGY LEVEL

IN RAPESEED MEAL RATIONS AND SHOWED THAT ANIMAL TALLOW IMPROVED

THE ENERGY LEVEL OF LAYERS RATIONS CONTÂINING RAPESEED MEAL.

Mel¡,aoL IzABLE ENERGY vALUES oBTAI NED BY ANALYSIS I N THls

sruDy wERE MUcH HtcHER IHAN ïHE vALUEs (2290 ¡t¡o 1782 xcelxe)

oBTATNED wrrH HEns av Sell (1966) rNo LoHot Er AL. (1969),

RESpEcT I VELy. TUr D I FFERENcE WAs PRoBABLY DUE To H I GHER PRoTE I N

LEVEL (41%) rocErHER t,t t rH LowER F I BER (5.5 rrncrNr) | N rHE RAPESEED

MEAL EMPLOYED I N THE PRESENT D I ETARY TREATMENTS COMPARED W I TH

35,9 ro 38'3/ pRorEtN AND 13,2/0 FIBER lN rHE RAPESEED MEAL usED BY

THESE WORKERS '
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lr wns sHot',rN (Blar<rr-y Er AL., 1965 AND SuMMER Er AL., i967)

THAT PELLET I NG RAPESEED MEÄL D I ETS I MPROVED METABOL I ZABLE ENERGY.

THls vnv ALSo AccouNT FoR HtcHER vALUES oF METABoLIZABLE ENERcy

OBTA I NED S I NCE THE RAT I ONS WERE FED I N PELLET FORM.

Eee wr r eHr

Enrne y Hno No s rcN lF IcANT EFFEcT oN EGG r,/E rcHTS (tnale 2 ) oF

HENS FED soyBEAN AND RApESEED MEAL RATToNS. Ese t,/E rcHTS (Teer-r 2)

slcNrFrcANTLy (p = o.os) oTcREASED v/rrH THE ADDrrroN oF RApEsEED

MEAL COMPARED Iií I TH SOYBEAN MEAL D I ET" S IV I I-IR RESULTS WERE OBSERVED

av SrLL Er AL- (i968A, 1968e). Eee wrrcHrs oF LAyERs FED 8,10 rNo

12/o nAersEED MEAL RATIoNS, HoWEVER, WERE NoT SIGNIFIcANTLY DIFFERENT"

Tur ree wErcHr (Teor-e 3) oF LAvERS rEo 1Zft neetsYED MEAL

hrrrH RATIoNS Low lN ENERcy i,lAS srcNrFrcANTLv (R = 0.01) sMALLER

THAN THosE oF LAvERS FED soyBEAN nno B truo 1Oft atezst-ED MEAL RATtoNS

t,t rrH rHE sAME D lErARy ENERGv (zsso rclr-/xc). Also, EGG luE rcHr oF

LAYERS ON EIGHT PERCENT RAPESEED MEAL VJAS SIGNIFICANTLY SMALLER

T.HAN EGGS OF HENS FED SOYBEAN MEAL ¡I'IO 1?% AP,PUSUED MEAL RAT IONS

r^/ rrH rHE sAME LEVEL oF D lErARy ENERcy (2750 xcte f r'e) . Tn ts wns

PROBABLY DUE TO AN ENERGYi PROTE I N RELAT I ONSH I P.

Aru¡lvsrs oF vARTANcE (ArerNotx T¡eLE I I I ) sHoweo n

srGNrFlcANr (p =o.ol) nnerseED MEAL x ENERcy INTERAcTtoN FoR EGG

wErGHT. Rrsults (Taer-r 3) suowro rHAT THts lNTERAcrloN \i'lAS

MANTFESTED lN DEpRESSED EGc wEtcHT oNLy \"/trH rsr 1Zfi aeetstED MEAL

LOW ENERGY RATION AN,D THE EIGHT PERCENT RAPESEED MEAL HIGH ENERGY

RATloN. Eoe wErcHr vJAS tMpRovED, HowEVER, wtr¡ 1Zft atETARY
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RApESEED MEAL AT THE H r cHER ENERcy LEVEL. SNErs r NGER Er AL. (1 968)

OBSERVED SIMILAR RESULTS IN THE SECOND EXPERIMENT OF THEIR STUDY,

t.t., THAT EGcs FRoM HENS rro 1Zft nl,ersrED MEAL wERE sLtGHTLY

GREATER IN WEIGHT THAN EGGS OF HENS FED SOYBEAN MEAL, AND FOUR AND

EIGHT PERCENT RAPESEED MEAL RATIONS.

Eec qu+trv

Dtertnv ENERGy DtD Nor stcNtFlcANTLY AFFEcT rHE tNTERIoR

euALrrv (Tlar-rs 5 ar'ro 6) oF Eccs (HnueH uNtrs) rnor',t HENS FED EtTHER

soyBEÀN oR RAeESEED MEAL. H¡uen uNtrs (Tnar-r 5) oF LAYERS FED THE

rHREE LEVELS oF RApESEED MEAL wERE srGNtFtcÀNrLy (p * o'ot) r-owrn

THAN THAT oF HENS FED soyBEAN MEAL. Slt¡tl¡n RESULTS v'/ERE oBTAtNED

ay ClaruorNlrrl (1969).

TnvnolD: BoDY t,tE rcHT RATto

Tnvno rDr BoDy wE tGHT RAr to (Tnar-rs 5 nruo 6) wes r'ror

AFFECTED BY DIETARY ENERGY OF RATIONS CONTAINING EITHER SOYBEAN

oR RApESEED MEAL. Tne nnrto (Tnnr-r 5) tNcREASED slcNlFlcANrLY

(e = o.ot) wrru TNcREASTNc LEVELS (0, 8, 10, 12/t) oF RAPESEED MEAL

tN LAyER DtETs. ïHe RESULT SUGGESTED THAT oXAZoLIDINETHIoNE

(eorrnrN) wns pRoDUcED FRoM THE pARENT GLUcoSIDE lN THE DIETARY

RAPESEED MEAL AND EXERTED ANT ITHYRO ID ACT IV I TY BY I NTERFER I NG I'/ I TH

THE ORGANIC BINDING OF IODINE AND SYNTHESIS OF THYROXINE AS REPORTED

ev KrNNroy ET AL. (1941 ), GntEsBAcH, (1941 ), GRtrsBAcH Er. AL.

(1941 ), GnTESBAcH Er AL. (to+:), GnrEn Er AL. (t0oz) nr.ro

ClnnotNrN Er AL. (1966).

Tnr rNzy¡¿E MYRoStNASE PLAYS A PART lN PRoDUCING GolrRlN
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TtsLr 5. SuMr4¿nv oF rHE EFFEcT oF ENERcY AND RAPESEED MEAL (nSU)

oN HnuoH uNtrs, ïHYRolD:BoDY wEIGHT RATIo (T:g) eN¡n

CECA LENGTH.

H ¡ren1 T¡g1
TnE nru E nrs uu r rs (ve/t oo e)

Crc¡ LrNerH
(.t. )

EnEnev Lrvrl (M-E")

2530 xcrr-/r<e

2150 xcatfxe

RsM (/,)

U

8

10

lt

-7a. A

18.2

^^ ^Aðu. Õ

1q q

lq ¿A

R
tv

I
¿v.o

n

À
II

R

lo

R
lb

to

to

16

1. Mr¡Ns NoT HAVING THE SAME SUPERScRIPT ARE SlGNlFlcÀNTLY
D r FFERENT (r = o.ot ).

2. ME¡tts NoT HAVINc THE SAME SUPERSCRIPT ÀRE StGNIFIcANTLY
D r FFERENT (n = o.os).
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TnsLE 6, ErrEcr oF ENERGY AND RÀPESEED MEÀL (nSU) oF LAYING RArloNS
oN r NTERNAL EGc RUAL I TY, rHYRo I D¡ BoDY lvE I GHT RAT I o (T¡B)
AND CECA LENGTH,'

ïnrnrurNrs Hornnl ï:81 cEc¡ LrNerH2
uN t ts (ue/t oo e) (.t, )

0

i0

ta

U

q

10

12

2530

2530

2530

2530

2750

?750

2750

2750

a1 
"A 

tq qA
v t av

zc <B lo 28¡ UlJ I r.ç

78. BB 20.3c

-^ -B ^^ ^Dto - t t,t.t

BO.4A 15.44

-la zB 1q ¿Br va I

-- ^B nn "CI I.Y LV.+

7B.oB 23,60

.- ^ÃI f .o

nn -B

Þ

11 1A

1Ã AD

,- ^B

to.t

i" Mr¡Xs NoT HAVTNG THE SAME SUPERSCRIPT ARE SIGNIFIcANTLY
D r FFERENT (R = o.ot ).

2. Mrnrus Nor HÁv I Nc rHE sAME suPERScRl PT ARE s I cN I F I cANTLY

D r FFERENT (r = o.os).



3B

FRoM rrs cLUcostDE (Asrwooo Er AL., 1949). AlrHouen rHE soLVENr-

PROCESSING METHOD EMPLOYED IN PREPARING RAPESEED MEAL SHOULD HAVE

DESTROYED THE MYROS I NASE. THERE \^/ERE PROBABLY SOME M I CROORGAN ISMS

THAT POSSESSED ENZ YMES CAPABLE OF HYDROL YZ I NG TH I OGLUCOS I DES I N

THE GASTRO I NTEST I NAL TRACT OF THE HENS.

THr rHyRorD:BoDy wErcHT RATto HAS BEEN sHowN To tNcREAsE wrrH

D I ETARy RApESEED MEAL I N cH I cKS (Prrr r r, 1944; Tunrurn, 1 948¡

FnolrsH, 1952 nNo Cl¡NorNrN ET AL., 1960), rN ruRKEy pouLrs

(Br-axe r-y AND Axoenson, 1948) AND rN LAyTNG HENS (Cr-nr.ro rNlN Er AL.,

i 960 ¡,r'ro SNrrs l NcER Er AL., 1 968) . THEsE sruD rES HAVE sHolvN tHAr

AS LITTLE AS FIVE PERCENT RAPESEED MEAL IN THE DIET V/AS SUFFICIENT

TO I NFLUENCE THE THYRO ID: BOD Y h/E IGHT RAT IO..

ANrlvsls oF vARTANcE (AnneNotx IleLe V) sHowED A

srcNrFrcANT (n = O.Ot ) pERroD EFFEcT FoR THE RATto. Howrven,

Fre.6 sHotnlED A RATro DIFFERENcE AT 16 wrers oF pRoDUcrroN wrrH

TNcREASTNc LEVEL (0, 6, 1o aNo 12fi) oF RAeESEED MEAL. THr

TNcREASE rN THE RATro AFTER 16 wrExs oF pRoDUcrroN lvAS A NoRMAL

ONE PROBABLY DUE TO LOSS IN BODY WEIGHT CAUSED BY MOLTING.

I r n¡s BEEN sHowN v/ | TH cH I cKS THAT coMpENSAToRy cHANGES

OCCUR IN THE THYRO ID GLAND WI-IICH PERM IT A RETURN TO NORMAL RATE

OF THYROXINE SECRETION AFTER THREE TO FOUR !'/EEKS OF FEEDING DIETS

coNTArNrNc RÀpESEED MEAL (Cl¡norNrN ET AL., 1966). lr AppEARS,

HOl,IEVER, THAT LAY I NG HENS NEED A LONGER ADJUST I NG PER I OD TO

DtETARy RApESEED MEAL. ï¡tts vtrw ts suppoRTED BY THE FtNDINGS oF

Sell rr ¡1. (1968a) ¡uo Bnneo (1968) rHAr pRoDUcrroN cHARACrERrsrrcs

WERE LESS SEVERELY AFFECTED IF THE MEAL I¡,/AS NOT FED UNT IL THE HENS

wrne 36-40 wErKs or-0.
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CEc¿ r-E ue ru

Crcn lrNe rr-r (Taar-rs 5 nruo 6) was Nor AFFEcTED By D TETARy

ENERGy oF soyBEAN oR RApESEED MEAL DrErs. TnE crcn (Tlor-r S) oF

HENS FED RAPESEED MEAL RAT I ONS WERE, HOWEVER, S I GN I F I CANTLY

(R <o-os) snonrrn rN LENGTH rHAN rnosE oF HENS FED soyBEAN MEAL.

ïHrnE ls No coNcLUStvE EVIDENcE To sHovl rHAT THE cEcA PLAYS

A stGNtFtcANT RoLE tN pouLTRY DtGESTtoN. lr wns oBSERVED,

HowEVER, (Mur-r-rn ET AL., 1 968) rnnr EMpry cEcAL tvE TGHTS oF cH lcKS

oN A sAcEBRUSH FrBER DrET (25-29% FrBER) wrnr slcNtFtcANrLY

GREATER THAN rHosE oN THE BASAL DIET (zo/o c:LtLur-osr).

lNsurrrcrENT tNFoRMATIoN ls AVAILABLE oN THE EFFEcT oF THE

COMPONENTS OF RAPESEED MEAL ON THE CECAL M I CROORGAN I SMS WH I CH

PROBABLY PLAY SOME ROLE IN POULTRY DIGESTION AND NUTRITION.

Airnlvs rs oF vAR TANCE. (Aeerruo tx InalE V | ) sHowED A s lcN lF lcANr

RApESEED MEAL (R =o.os) nNo pràtoo (,R <o.ot) EFFEcrs FoR cEcA

L E NG.TH .

Slncr DtETARy FIBER INcREASED wlrH INCREASINc LEVELS

(0, B, 1o aNo 12/') oF DrErARy RArESEED MEAL (Tner-r 4), lr ls

REASONABLE TO EXPECT LONGER CECA FOR HENS FED RAPESEED MEAL THAN

FoR HENS FED soYBEAN MEAL. THr REVERSE v'/AS FoUND lN THls cASE

I,/HICH MAY BE DUE TO A LOWER MICROBIOLOGICAL ACTIVITY OR THE CECA

DEVELopED AT A SLou/ER RATE coMPARED W I TH coNTRoLS. ÏH ts V IEW WAS

ALSo SUppoRTED By THE DTFFERENcE lN cEcA LENcTH (Fre.7) oF HENS

F'ED RAPESEED MEAL DIET FROM THOSE OF THE HENS FED THE SOYBEAN MEAL

SUppLEMENTED DIET. lr WaS FoUND, HOWEVER, THAT THE CECA LENGTH OF

THE HENS FED BOTH SOYBEAN AND RAPESEED MEAL GRADUALLY DECREASED

40

.:i:':.::-i--'



41

20

A"/o Ropeseed $¿leol

8o/o Ropeseed Meol

lO% Ropeseed : Meol

l2T" Rcpeseed N4eol

N

o 4 I 12 16 20 24 28 3? 36 40 ,, .,,

WEEKSTTLE.KS

Fig. 7 Cecol Length of Hens Fed 0, 8, l},l23/o Ropeseed Meol. 
, 

,,

ê-
C'

l:t

r8

t7
+

ËI(9
-GLtJ 16
J
<()

, l"úi c->ls

l4



42

DUR r Nc rHE EXpER r MENr (F r e. 7) .

Eee s.Hrtl tn rcxrurss

NE HTn ENERGY NOR D I ETARY LEVELS oF RAPESEED MEAL AFFECTED

Ecc sHELL TH tcKNEss (Tlar-us 7 lr.ro B) . Tu rs wts EXpEcrED, HotvEVER,

SINCE THE DIETARY TREATMENTS PROVIDED ADEQUATE DIETARY CALCIUM.

Cl¿nornrN (1969) oBSERVED No srGNlFrcANT DIFFERENcE lN spEcrFrc

GRAVITY OF EGGS OF HENS FED SOYBEAN AND RAPESEED MEAL RATIONS,

V,IHICH WAS IN AGREEMENT WITH THE RESULTS OBTAINED IN THIS STUDY,

SINCE EGG SHELL THICKNESS AND SPECIFIC GRAVITY ARE MEASUREMENTS

oF rHE sAME rARAMETER (rec sHELL euALrrv),

Boov wETGHT cAtN PER BtRD

Boov wr rcHr cArN pER B rRD (Tnar-e 7 eno Appe No rx Tnar-r Xl)

WAS NOT AFFECTED BY DIETARY RAPESEED MEAL OR ENERGY CONTENT OF THE

RATroN. Booy lvErcHr cArN pER BrRD (TneL-r B), DEcREASED

NON-SIGNIFICANILY l.llTH THE ADDITION OF RAPESEED MEAL AT BOTH LEVELS

oF D IETARY ENERGY EXcEPT V,r ITH THE 12/o A¡pç.SEED MEA.L H lcH ENERGY

DtET. Tuts wns pRoEABLy DUE To A DEcREASE lN FEED coNSUMprtoN

(Taer-r 9) By ADDlNc RApESEED MEAL. Booy l.tElcHr wAS oBSERVED ro

DECREASE IN A PREVIOUS STUDY BY THE REPLACEMENT OF SOYBEAN MEAL WITH

1@ sotvuNT-pRocESSED RAeESEED MEAL rN A LAyER DrET (culNorNrN,

1 e6s),

L lvrn w¡ re ur ¡s n prRcrNr or aoov .wr teHr

DrErnny ENERGy HAD No EFFEcT oN LIVER vtEtcHT AS A pERcENT

oF BoDy t',fElGHr (Tnar-rs 7 nNo B). THE pERcENr oF LrvER wEtcHr Ar



T¡eLr 7- Su¡¿r¿¡Ry oF rHE ErFEcr oF ENERcy AND RAeESEED MEAL (nSU)
ON EGG SHELL TH I CKNESS, BOD Y WEJ GHT GA I N PER B I RD AND

L IVER V/E IGHTi BODY WE IGHT RAT IO, .

Snrll Tn r crruEss Boo y wr.2 L r vEn }{r,3
Inrnrur ¡¡rs (o.oot r Nc n ) Gn r r.r (e ) (/')

Erurnev Lrvrr (u,f .)
I¿ÐJU KCAL/ KG

I
¿ r)u Kc^L/ KG

RsM (ø)

0

R

10

t(.

1 3.6

13.7

t<h

1a A
T U.T

206.6

2ñA 1

1A-7 
^

21

2L

1. MEnNs Nor HAVTNG THE sAME supERScRrpr ARE stcNrFIcANTLy ,.,.:'
DTFFERENT (p =o.os). ,.''---

2. Boov wr l cHT GAI N pER B r RD. ",.'.

3. L¡vrn v{EtcHT AS pERcENT BoDy l^lErcHT.
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Er-rEcr oF ENERGy AND RApEsEED MEÀL (nSU)
oN EcG SHELL THICKNESS, BODy WEtcHT GÀtN
t/E I OHT. I

l :i t.-'f -:t ;,:1 1'--r::,i:-:ì: -

AtlIÌ

T¡eLr B. OF LAY I NG RÅ,T I ONS

AND PERCENT LIVER

M,E. (xcar-/xe)

/Surll THrct<rurss Booy }'lr.-
(o,oo1 r ncn) Gnrru (")

1? 7

12, ,4-

1? -7

1a A

10

12

a

'10

t¿.

2530

¿CJU

2530

2530

2750

2750

2150

2750

224.3

21-7 
^

1 96.6

116.2

/t/ 9

avt -l

tv4

217 -9

L¡vrn 1,,,r.3
(%)

21

t.l

¿.1

2.4

2.?

1.1

2.4

?

ME¡Ns NoT HAVING THE SAME SUPERscRIPT ARE SIGNIFICANTLY
DTFFERENT (r < o.os),

Boov wrtGHT cAlN pER BtRD.

Ltvrn !,/E tGHT As pERcENT BoDy wËtGHT.
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FETo INTAKE OF LAYERS FED SOYBEAN AND RAPESEED MEAL

(nsu) DrErs.

TRenrvE Nrs
Fero I urexr (no ) 

1

0

B

10

12

n

B

10

12

0

B

10

12

2530

2530

2530

2530

2150

2.t50

2150

2750

2,10

2.15

c^^

/ /H

1q?

tx5

2.O1

2.17-

¿.v¿

?.oo2

2.OO2

1 Frro INTAKE PER BtRD

Tnr RrsprcrrvE MEANS

CORRESPOND I NG LOIV AND

IN THIS TABLE.

DUR I Nc rrn 2B- DAY PER I oDS.

OF THE COMB I NED FEED I NTAKE AT THE

H I GH D I ETARY ENERGY LEVELS SHOWN
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BOTH THE LOW AND H IGH LEVEL OF D IETARY ENERGY I4IAS THE SAME I RRESPEC.

TIVE OF DIETARY RAPESEED MEÀL LEVEL. THIS IS SIMILAR TO THE RESULTS

OBTA I NED \/I I TH 12_i^/EEK OLD GRO!,i I NG RATS, RATS FOLLOW I NG REPRODUCT I ON

AND plcs Ar 2OO r-ss. LrvE wErcHr By Bor/,/LAND ET AL. (1963) rHlr rHr

RATIO OF LIVER \"/EIGHT TO BODY WEIGHT INCREASED NON-SIGNIFICANTLY

BY FEED I NG H I GH LEVELS OF D I ETARY RAPESEED MEAL.

Llvrn lrpto ns- ¡ prncrrut.or oRv rls.s.ur

L rvrn L lp tD AS A pERcENr oF DRY L tvER T tssuE (Tnar-rs 10

AND 11) wns Nor AFFEcTED stGNtFtcANTLY By DTETARY ENERGY. Ltpto

IN THE LIVER OF HENS FED EIGHT PERCENT RAPESEED MEAL WAS

s rGN rF lcANTLy Loì,,/ER (R = o.os) rHnN rHosE oF HENS FED soYBEAN

MEAL, rxp 1O ¡tto 12ft naezsEED MEAL RATtoNS AT A Lovl oR HlcH LEVE.

oF DIETARy ENERGY- PrRcrNT LIvER LIPID oF LAYERS, HowEVER,

I NCREASED AS THE ENERGY LEVEL I N RAPESEED MEAL D I ETS VJAS I NCREASED

WH I LE THAT OF HENS FED THE CONTROL D I ET DECREASED. EnUC I C AC I D

PRESENT IN RAPESEED OIL HAS BEEN SHOWN TO FAVOUR LIVER LIPID

AccuMULArloN (Srv, i970). lr ts NoT KNoWN WHETHER rHE AMoUNT oF

ERUCIC ACID PRESENT IN RAPESEED MEAL OR THE PRESENCE OF TOXIC

COMPONENTS OF RAPESEED MEAL AFFECT LIPID METABOLISM IN THE LIVER.

McDeN IEL ÉI 4. (i 957), HowEVER, HAS sHowN rHAr L lvER FÀr INcREASED

SLIGHTLY WITH AN INCREASE IN ENERGY CONTEN-T OF THE DIET AND EECREASED

SLIGHTLY !'/ITH AN INCREASE IN DIETARY PROTEIN AT A GIVEN LEVEL OF

D IETARY ENERGY..

Sp¡-rrN t^lE IcHT As A pERcENT oF BoDY vvr lcHT

Srle e N wE reHT AS A pERcENTAGE oF BoDY \"/E lcHT (InalEs 10 lt'lo
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T¡alr 10. SuMMnny oF rHE EFFEcT oF ENERGy AND RAeESEED MEAL (nSU)
ON LIVER LIPIDS, SPLEEN WEIGHT AS A PERCENT OF BODY

tvE r GHr (s: n) AND MoRTAL I rY.

Lrvrn Lrptos' ^ Monreutrv
TnE rrMr Nrs Vù s : BÉ (/') ,',, ,",' ..'...::

Erurne v LrvEl (U.f . ) ', '.,'
_: 

-...' ..:,'

t ^^ ^ ^ ^^A 4^ZSJU KCAL/ KG É+.Õ U.UÕ I J

I a¡ ¡ . 
^'2750 xct;r/xa 26.1 0.09^ 12

RsM (%)

0

a

i0

1?

^^ ^A.tv.1

1R q"

/< 9

tö.v

0.09

0.09

0.08

0-08

10

tl

14

15

1 . Mrlxs Nor HAV I NG THE sAME supERScR I PT ARE s lcNl F I cANTLY

ÐTFFERENT (n = o.os).

2. MEnns Nor HÂvtNc rHE sAME supERscRIPT ARE Nor SIGNIFIcANTLY
D I FFERENT (n < o.ot ) .
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T¡aLr 1 1 . Errrcr oF ENERcY
ON PERCENT LIVER
BOD Y WE I GHT ÀND

AND RAPEsEED MEAL (nsu) oF
LIPIDS, SPLEEN WEIGHT AS A

MORTAL I TY.

LAY I NG RAT I ONS

PERCENT OF

Ltvrn Ltptos W1 MoRr¡r trv Ø)2S¡B

U

I

10

l/

B

10

12

2530

¿3óU

2530

2530

2750

2750

2750

2750

11 ')

2^ p.

2-7 
^

0.07

0,08

0.08

0.07

0.1 0

0.10

0.08

0.09

B

14

18

l¿

tt

8

10

1B

1 Ltvrn LlPtDs AS PERcENT oF

PrRcrNr oF BTRDS THAT DIED

DRY LIVER TISSUE.

FROM FATTY L I VER AND LEUKOS I S.
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11) wrnr Nor srcNtFrcANrLy (R = o.ot ) rr'rrL-uENcED By RApESEED MEAL.

Hot"tEVER, rHE ANALysls oF vARtANCE (AnerNorx ï¡eLr Vlll) sHot"lED A

s rcN rF rcANr (r = o.ot ) rr'rrRGy EFFEcT FoR spLEEN \,/E rcHr.

MoRrnlt ry cAUSED By FATTy L rvER AND LEUKost s

Drrtnnv ENERGy AND RApESEED MEAL LEVELS DrD Nor AFFEcT

MoRTALrry (Tnnr-es 10 l,No 11) cAUSED By FArry LrvER AND LEUKosts.

Howrve R, rr wAS FouND (Tnar-e 12 ¡r.ro Appeuo rx T¡nlr lX) rHAr

MoRTALrry tn'Às srcNrFrcANrLy (P = 0.05) AFFEcTED By pERroD,

Monroven, tr u/AS oBSERVED THAT HtcHER MoRTALtry wAS cAUSED By

LEUKosts rHAN FATTy LtvER. Srvtt¡R RESULTS }vERE REpoRTED By

Snrrs r NGER Er AL. (1 968) .
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TnaLr 12. Err¡cr
FATTY

OF PER I OD

L I VER AND

ON MORTAL I TY
LErroils.1

DUE TO

PrR t oo

1

2

AT

5

6

7

B

i0

Monrnl I rv (/r)?

1.

¿

tAB
l

. -ABC

20""
a

-AB

-ABI

r TABCtt

. ^ABtv

. ^ABIU

PTncTruT oF BIRDS THAT DIED FRoM FATTY LIVER
AND LEUKOS I S.

MEnNs NoT HAVING THE SAME SUPERScRIPT ARE

srGNtFrcANrLy DTFFERENT (f = O,OS).
2



SUMMARY AND CONCLUS I ONS

A sruoy wAS coNDucrED vJtrH FouR HUNDRED LAytNe HE.Ns ro

DETERM I NE THE I NFLUENCE OF ENERGY ON RAPESEED MEAL UT I L I ZAT I ON BY

HENS. Two rnrRGy LEVELS (2530 ar'ro 2750 xcnl M.E.f xe) we nr EMpLoyED

Ar EAcH RArESEED MEAL LEVEI (0, 8,1o nso 12%)- Tn¡trs sruDlED

\^tERE EGG pRODUCT I ON, FEED EFF I C I ENCY, EGG AND BODY V/E I GHTS, EGG

QUAL¡TY, EGG SHELL THICKNESS, THYROID:BODY VJEIGHT RATIO, CECA

LENGTH, LIVER WEIGHT, LIVER LIPIDS, SPLEEN WEIGHT AND MORTALITY.

1. REsut-ts sHolvED THAT ENERcy pER sE HAD No stGNtFtcANT

EFFEcT oN TRAtrs sruDtED EXcEpr spLEEN wElGHT. Eee pRooucrloN oF

LAvERS rEo i0 nNo 12fi ntetsEED MEAL RATloNs DtD, HowEVER, sHov/

slcNrFlcANT TMpRovEMENT AS THE ENERGy TNcREASED rno¡¡ 2530 to 2150

I ^ Y RAPESEED MEÀL Â1- THF. 1?4^ ITVTI IN HIGH ENERGYKCAL/ KG. U I ETARY RAPESEED MEAL ^

RAT I ONS SUPPORTED APPREC r ABLY H I GHER EGG PRODUCT I ON, PART I CULARLY

AFrER 24 wrrxs oF LAy, IHAN DrD rHE coNTRoL on I nruo 1Of nneesreo

MEAL D I ETS,

2. TUEnE lvAS No stGNtFtcANT tMpRovEMENT tN EFFIcIENcY oF

FEED urlLfzATroN wrrH HrcH ENERcy RATtoNs on 8, 10 aNo 12fi

RAPESEED MEAL COMPARED WITH SOYBEAN MEAL RATIONS.

3. Mrr¡aoltzABLE ENERGY wAS stMlLAR FoR SoYBEAN AND

RApESEED MEAL RAT I ONS, SHOW I NG THAT AN I MAL TALLOW TOGETHER V'/ | TH

PELLET I NG OF RAPESEED MEAL D I ETS IMPROVED METABOL I ZABLE ENERGY.

4. TNEnE WAS A SIGNIFICANT RAPESEED MEAL X ENERGY
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INTERACTION FOR EGG WEtGHT, MANITESTED lN DEPRESSED EGG WEIGHT WITH

THE 12/o Al,etSZ.ED MEAL Lo\"/ ENERGY RAT loN AS WELL AS W ITH THE E IGHT

pERcENT RApESEED MEAL H tcH ENERGy RAT toN. Ee e wr te ut, HovtEVER, !'/AS

tMpRovED wtru 17fi otETARy RApESEED MEAL AND HrcH DTETARy ENERcy

coMpARED ro B ¡r'to 1016 a¡,pr.sEED MEAL D rETs AT THE sAME H tcH LEVEL oF

ENERGY. B I ROS RECE IV I XE 12/O N¡PTSI.ED MEAL AND THE H IGH ENERGY

RAT¡ON PRODUCED SIGNIFICANTLY MORE AND LARGER EGGS THAN DID THOSE

FED THE SAME LEVEL OF RAPESEED MEAL ON THE LOW ENERGY DIET.

5. H¡ue n uN rrs oF Eccs FRoM RApESEED MEAL TREATMENTS \¡/ERE

S I GN I F I CANTLY LOWER THAN THOSE OF THE CONTROL D I ET.

6- Eee snEll THtcKNESS lvAS Nor AFFEcTED By DtETARy TREATMENT.

1. Tnvno rD: BoDy vJE lcHT RAT ro I NCREASED s tcN I F tcANTLy \,t trH

r NcREAS I Nc LEVELS oF RApESEED MEAL r N THE LAyER D I ET. ïu I s

I ND I cATED THAT RApESEED MEAL coNTA I NED cHEM l cAL coMpouNDS Hnv I ruo

THYRoGENIc PRoPERTIES. PTRIoO ALSO HAD A SIGN ICANT EFFECT ON THE

THYRO IDI BODY VIE IGHT RAT IO.

B. THr crc¿ oF HENS FED RApESEED MEAL RATtoNS wERE

SIGNIFICANTLY SHORTER IN LENGTH THAN THOSE OF HENS FED SOYBEAN

MEAL RAT I ONS,

9. Boov wrtcHT cAtN pER BrRD DEcREASED BUT NoN-stGNtFtcANTLY

AT ALL LEVELS oF RAPESEED MEAL. TTIIS DECREASE WAS RELATED TO A

DECLINE IN FEED CONSUMPTION.

10. LrvER t,/EtcHT AS A pERcENT oF BoDY !'/ElcHT REMAINED THE

SAME I RRESPECT f VE OF D I ETARY RAPESEED MEAL OR ENERGY LEVELS. L I VEN

LIPIDT HOh/EVER' INCREASED AS THE ENERGY LEVEL IN RAPESEED MEAL DIETS

V/AS ELEVATED !IHILE THAT OF HENS FED THE CONTROL DfET DECREASED'

11. MoRrelrry cAUSED By FATTY LtvER AND LEUKosls wAS Nor

AFFECTED BY D I ETARY RAPESEED MEAL OR D I ETARY ENERGY,
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APPENDIX



AppeNorx ï¡nlr l. ANtlvsrs oF vARIANcE oF Ecc
OF LAY I NG HENS FED D I FFERENT

ENERGY AND RAPESEED MEAL.

PRoDUcr I oN (Hrr.r-onv)
LEVELS OT DIETARY

t.l::.'..---,,.,

SouRce MSssDF

Torel

EneneY

Rnprsrro ME¡l

ENrnev x Rnprsero
Mr¡t-

PrR t oo

Exraev x PEnt oo

RnprsEro Me¡,1 x
PER t oo

Enenev x RrprsEEo
Mrll x Prntoo

Ennon

399

1

o

o

çl

LT

1 12 '7ñ

YtÕ-lo

A^ -7^

2Ã ôñ

32.60

21 309.00

/^ /^

??q 1?

370.00

R2R2 Lq

1 00.31

1 098.75

675.00

10431.33

ôR1

3.46*

? 7Q*

2 9, 1-7XX

tt t4

^ 
'77

*SrltlsrlcALLY

*xSl¡ttsrtcALLY

srcNrFrcANT lr P <0.05.

srGNrFrCANT et P <0.01.
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ANnr-vs ls oF vAR rANcE oF FEED pER cRAM oF EGG oF
LAY I NG HENS FED D I FFERENT LEVELS OF D I ETARY

ENERGY AND RAPESEED MEAL.

SouncE MSSSDF

TorRl

ENrRey

R¡prsrro Mrnl

ENEnEV X RAPESEED

Mrnl

Prntop

ENEnev x PrRtoo

Rtprsrro MEnl x
PrR t oo

ENenev x Rnprsrro
Mrtl x Prntoo

E nRoR

399

1

I

20?"qñ2 nô

8850.00

1 771 0.00

52415.O5

1 233041 -00

7320.00

1 93095.75

1 46400.06

1274793-OO

B 850.00

60n? ??

17411 .68

1 37004.50

ñ4 
^ 

4^

-71tr'1 Âq

5422.22

1.48

4 ?qxt(

34,39rÉx

^D^

1 RTìJÉ*

*xSt¡lrsrlcALLy stGNrFtcANT er P <0.01.



Apprruolx T¡alr lll. Annlvsrs oF vARTANcE oF EGG

HENS FED D I FFERENT LEVELS OF

AND RAPESEED MEAL*

WE I GHTS OF LÀY I NG

D I ETARY ENERGY

66

Souncr

Torl l

EruEnev

RnpEsero Mrnl

EnrRov x RnpEsrEo
ME rl

Prn I oo

ENEnev x PEnroo

RApEsrro Mr,al x
Prn t oo

Enrnoy x Rrpesero
Mrnl x Pen¡oo

Ennon

DF

399

1

3

9

9

21

tI

3?O

MS

1n ?1

42.81

6C 6¿

n¿ã

1 A^

A. RA

ss

6692 .00

1 0.31

128.44

1 60.63

4731.50

4.06

59,06

?q rì^

1q¿q 1?

g. B4**

1 1 nÂx*

108.74xx

nno

0"45

^ ?rì

x*SrnrrsrrcALLy srcNlFrcANr lr P <0.01.



Arunlvs rs oF vAR rANcE or H.qucH uN I TS oF EcG

ALBUMEN OF LAYIN.G HENS FED D IFFERENT LEVELS
OF DIETARY ENERGY AND RÀPESEED MEAL,

67

Apprnotx Tner-E IV.

SouRcr MSssDF

Tornt

EneRev

Rnprsrro Menl

Eurnev x R¡prsEro
Mr nl

Pen t oo

ENrencv x PrRroo

R¡pEsEeo Menl x
PrRtoo

ENrnev x Rnprsrro
Mrll x PrRtoo

Ennon

159

1

J

o

128

13.44

qq qn

17.08

710.42

11 .O4

1.64

q ¿.R

qR6

4121.88

11 Atl

2qq Âq

1t /^

Lvt ¡.LJ

6 8.75

1260.82

1 0.1 4*x

tu /t^^

1 12

0,78

rì qA,

**SrArrsrlcALLy slGNtFlcANT nl P < 0,01.
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AppENotx I¡alr V, ANluvsts oF vARIANcE oF THYRoID wElcHT PER

i 00 e nt¡¿s BoD y t"/E I GHT oF LAY I NG HENS FED

D I FFERENT LEVELS OF D I ETARY ENERGY AND

RAPESEED ME AL.

SouRcE MSSSDF

Rnpesero Mrnl 3 540.13 180.04 289.90rÉt(

ENrnev x RrpEsrro
Mrnr 3 0.'l B 0.06 0.09

PER r oo 2 IO.OO 35.00 56.35x*

I OTAL

ENtnov

ENrnsv x Prn¡oo

R¡rrsreo Mrtl x
Pen t op

ENrRev x RnpEsEtp
M¿el x PrRtoo

En noR

71 645.1 0

1 0.16

fi 1?

6 1.04

48 29.81

u. to

rì ô7

^RC

^ 
1'I

tt 
^/

aì 1r\

^oo

^2A

**SrelrsrlcALLy stcNtFtcANT tr P < 0.0i.
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ApprNorx T¡eLr Vl. Arunlvsls oF vARIANcE oF cEcA
HENS FED D I FFERENT LEVELS OF

AND RAPESEED MEAL.

LE NGTH OF LAY I NG

D I ETARY ENERGY

S ouR cr MSSSDF

Torel

Eurnev

RnprsrEo Mr¡,1

ENrnov x RnpesEro
Ms nL

PrR t oo

ENrRev x PrRroo

RnprsEro Mr¡l x
P¿n t oo

ENrnsv x RnpEsrEo
Mrnl x Pentoo

EnRoR

'71

1
I

e^7 2A

1ÃÊ

JU. UO

1ô ãq

ÃÃ Ê?

146.29

't 6R

1at 1^

2-7 01

1 -7p,

4.?1

? 2AX

1 .16

q 1Âx)É

rì Ãa

1 A-7

3

?

2

48

xSlAt I sr I cALL Y

x*Sl¡trsrlcALLY

SlcNlFlCANT Er,P < 0.05.

slcNlFlCANT ¡r.P < 0.01 .
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Apprruorx ïneLr Vll, Annlvsls oF vARtÀNcE oF pERcENT LtvER LtptD
OF LAYI NG HENS FED D I FFERENT LEVELS OF

D IETARY ENERGY AND RAPESEED MEAL.

S ouncr MSSSDF

ïornl

EruEnev

R¡prsreo Mrnl

EurRev x Rrpes¡ro
MEA[

PrR t oo

ENrneY x Penloo

RnpEsrro Mrrl x
Pentoo

Erurnev x RnpEsr¿o
Menl x PrRtoo

Ennon

-71
¡I

1

1^O^/4 Ã1¡ VJvT. J I

4¿. 
^2

308 .6 B

1054.62

x1î 
^h

6 80.71

65i 1 .89

445.39

1n' o^

81 .16

1L2 4q

I tJ.+3

0,40

3.28x

0. 76

? Qq*

0,60

1l-ì6

0. 84

J

2

a-

A

4B

*Sr.rrlsrrcALLy srGNrFlcANT ¡r P < 0.05.



Axllvs ts oF vAR tANcE oF SPLEEN l/E lcHT AS A
PERCENT OF BODY WE¡GHT OF LAYING HENS FED

D I FFERENT LEVELS OF D I ETARY ENERGY AND

RAPESEED MEA.L.

-71

ApprNotx Tnalr Vlll.

SouRcr MSssDF

Tornl

ENERev

Rnpqsrro Mrnl

Enrnov x R¡.pEstro
ME¡l

PrRIoo

ENrRev x PrRtoo

R¡p¡srro Mrtl x
Prn t oo

ENrnev x Rnprsrro
MrRl x PERtoo

ERnoR

II

1

3

o.o44?

0.0044

0.0025

0.001 9

0.0007

0.0004

^ ^n10

0.0025

0.0280

0,0044

0.0008

0.0006

0.0004

0.0002

0.0006

0.0004

0.0006

-7 A'7**

1 A^

1 
^'7

1 'l^

^ 
-t1

2

?

Â

4B

**SrArlSTtcALLy slGNtFlcANT nr P < 0.01.



Appe no t x Tea¡-e lX. ANnlvsls oF vARtANcE oF MoRTALtTY (our ro FATTY

L I vER nNo lruxos t s ) oF LAy I NG HENS FED

D I FFERENT LEVELS OF D I ETARY ENERGY AND

RAPESEED MEAL.

12

SouRcr MSssDF

ToTAL

Erurnev

R¡pEsEeo Mrnl

ExrRev x Rnprsrro
Mrnl

Pentoo

Erurnev x PERtoD

RnrrsEto Mrnu x
Prntoo

Erurnev x RRpEsrrP
Mr¡l x PrRtoo

Ennon

1

3

9

9

21

27

320

n rì1

^ 
1-7

2^q

ô6q

10?

4.63

0.01

0.06

v.tc

^21

0.07

0.07

o.11

0.1 1

ô rìq

ôã1

a a1LlI

2.45x

ôãq

0.64

1 6¿J(

xSrlrrsrrcALLY slcNlFtcANr lr P < 0.05.



Àpprxotx Tnslr X. Atrlr-vsls oF vARtANcE oF EGG sHELL THIcKNESS oF

LAY I NG HENS FED D I FFERENT LEVELS OF D I ETARY

ENERGY AND RAPESEED MEAL.

SouRcs MSSSDF

TorRl-

ENrnev

Rnrrsqro Mr¡l

ENrnev x R¡prsrro
Mr ¡l

PEn t oo

ENrnov x Prnloo

R¡pEsrro Mrnl x
PrR t oo

ENrnov x ReprsEro
MEnl x Prntoo

E nnon

1

9

^2q
táa

^ 
/t Ã

^1L

^ a\o

1 .00

2 1A

2A ôR

^2q

0.61

ar 1q

-U.UJ

^ 
11

^ 
2¿"

v -¿..)

l.lt

0.66

1nq

-0.1 1

0.49

1 
^-7
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ArpE¡rorx TABLE XI. Aruelysls oF vARtANcE oF BoDy t.tErcHT GAtN By
LAYI NG HEN FED D I FFERENT LEVELS OF D I ETARY
ENERGY AND RAPESEED MEAL.

Souncr

To r¡,r 79 307467 ,00

ENrRcv 1 187.19 187.19 0.05

MSSSDF

R¡prsrEo Mrnl

EnrneY x RAPESEED

MEnl

Prn I oo

ENERov x PEntoo

Rnprsrro Metl x
Prntoo

3 7120.94 2313"65 0.63

3 1 0473,44 3491 .1 5 0.93

1 6513,44 6513-44 1 .14

1 415s.94 4155.94 1,11

Uvvv. J f

EN¡neY x Rnpus¡Eo
Mr¡r x PEnroo 3 139?9.07 4643.0" 1-24

EnnoR 64 ?4OO14.38 3150.23
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Apprruotx T¡,eLE Xll. Ar.¡¡,1-vsts oF vARTANcE oF LIvER t"lElcHT AS A

PERCENT OF BODY WEIGHT OF LAYING HENS FED

D I FFERENT LEVELS OF D I ETARY ENERGY AND

RAPESEED MEAL.

M$ssDFSouRcr

ïornl

ENr Ro v

RepEsrro Mrtl

ErurRov x RrprsrEo
Mrrl

PEnloo

Erurnev x PEnloo

RnpEsrro Mrnl x
Fen t oo

EruEnev x RnpEsEro
Mrll x Prnroo

Ennon

tl

'1
I

q 1R

0.04

o.82

U+lJ

aì 7Ê

nRo

0.04

o.21
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