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ABSTRACT

INFLUENCE OF DIETARY ENERGY ON UTILIZATION OF
RAPESEED MEAL BY LAYING HENS
BY

AMOS [IFEOLU AKINWANDE

A sTupY EMPLOYING 400 COMMERCIAL LAYING HENS WAS CONDUCTED
TO EVALUATE THE EFFECT OF DIETARY ENERGY ON RAPESEED MEAL
UTILIZATION. DIETARY TREATMENTS INCLUDED Two LEVELS (2530 AnD
2750 KcAL/KG) OF METABOLIZABLE ENERGY SUPPLIED AT FOUR LEVELS
(0, 8, 10 anp 12%) OF RAPESEED MEAL.

EGG PRODUCTION, EFFICIENCY OF FEED UTILIZATION, EGG WEIGHT,
BODY WEIGHT , EGG QUALITY, SHELL THICKNESS, THYROID:BODY WEIGHT
RAT10, CECA LENGTH, LIVER WEIGHT, LIVER LIPID, SPLEEN WEIGHT,
MORTAL{TY DUE TO FATTY LIVER, AND LEUKOSIS MORTALITY WERE MEASURED
DURING THE EXPERIMENT WHICH COVERED 10 PER10DS OF 28 DAYS EACH.

RESULTS SHOWED THAT EGG PRODUCTICN SIGNIF|JCANTLY IMPROVED
BY INCREASING THE ENERGY LEVEL OF DIETS CONTAINING 10 anp 12%
RAPESEED MEAL. THE LOW ENERGY DIETS SHOWED NO SIGNIFICANT DIFFERENCE
IN FEED EFFICIENCY BETWEEN THE CONTROL AND THE 8 AND 12% RAPESEED
MEAL WHEREAS A SIGNIFICANT DEPRESS|ON OCCURED AT THE 10% LEVEL
BUT ONLY COMPARED WITH EIGHT PERCENT RAPESEED MEAL. ANALYSED

METABOLIZABLE ENERGY WAS SIMILAR FOR SOYBEAN AND RAPESEED MEAL




RATIONS BUT LOWER THAN CALCULATED VALUES. A RAPESEED MEAL X

ENERGY INTERACTION RESULTED IN DEPRESSED EGG WEIGHT WITH
INCREAS ING RAPESEED MEAL AT BOTH ENERGY LEVELS. BIRDS RECEIVING
12% RAPESEED MEAL AND THE HIGH ENERGY RATION PRODUCED SIGNIFICANT
MORE AND LARGER EGGS THAN DID THOSE FED THE SAME LEVEL OF
RAPESEED MEAL ON THE LOW ENERGY DIET.

EcG QUALITY (HAUGH UNITS) OF EGGS FROM THE RAPESEED MEAL
TREATED GROUPS WERE LOWER WHILE EGG SHELL THICKNESS WAS THE SAME
AS THOSE FROM HENS FED SOYBEAN MEAL., THE THYROID TO BODY WEIGHT
RAT!O INCREASED WITH DIETARY RAPESEED MEAL. CECA LENGTH WAS
SHORTER AND BODY WEIGHT GAIN PER BIRD SHOWED A NON=SIGNIFICANT
BUT CONSISTENT DECREASE WITH EACH ADDITION OF RAPESEED MEAL AT
BOTH LEVELS OF DIETARY ENERGY EXCEPT FOR HIGH ENERGY DIET
CONTAINING 12% MEAL. LIVER WEIGHT AS A PERCENT OF BODY WE|GHT
REMAINED UNCHANGED |RRESPECTIVE OF EITHER THE RAPESEED OR ENERGY
LEVELS EMPLOYED. THE PERCENT LIVER LIPID OF DRY TISSUE INCREASED
AS THE ENERGY LEVEL IN RAPESEED MEAL DIETS WAS ELEVATED. ENERGY
HAD A SIGNIFICANT POSITIVE EFFECT ON SPLEEN WEIGHT. MORTALITY
CAUSED BY FATTY LIVER AND LEUKOSIS WAS NOT AFFECTED BY DIETARY
ENERGY OR RAPESEED MEAL BUT WAS INCREASED BY LENGTH OF THE

EXPERIMENTAL PERIOD.
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INTRODUCTION

THERE 1S AN INCREAS!NG DEMAND FOR ANIMAL PROTE(N BY THE
RAPIDLY GROWING POPULATION OF THE WORLD. IN ORDER TO MEET THIS
URGENT DEMAND, THE IMMEDIATE EXPANSION OF ANIMAL PRODUCTION, USING
THE MOST ECONOMICAL METHODS 1S ESSENTIAL. THE RATE AT WHICH POULTRY
PRODUCTS CAN BE PRODUCED PROVIDES AN EXCELLENT MEANS OF MEETING A
LARGE PART OF WORLD PROTEIN REQUIREMENTS. BIRDS ARE CAPABLE OF
EFFICIENTLY UTILIZING A POOR QUALITY PLANT PROTEIN IN THE PRODUCTION
OF MEAT AND EGG. HIGH PROTEIN POULTRY MEAT IS LOW IN FAT AND THE
EGG IS A "coMPLETE" HUMAN FoOD.

RAPESEED IS AN EXCELLENT SOURCE OF PLANT PROTEIN THAT CAN
BE PRODUCED UNDER CLIMAT!IC CONDITIONS THAT ARE NOT FAVOURABLE FOR
SOYBEAN PRODUCTION., RAPESEED PER SE CONTAINS RELATIVELY HIGH LEVELS
OF OIL. A HIGH PROTEIN MEAL IS PRODUCED UPON EXTRACTION OF THE
OiL. UNDER SUITABLE MANUFACTURING CONDITIONS RAPESEED MEAL IS A
HIGH QUALITY PROTEIN PRODUCT. [T PROVIDES AN EXCELLENT SUPPLY OF
AMINO ACIDS FOR ANIMALS. CLANDININ ET AL. (1967) SHOWED THAT UNDER
RIGIDLY TEMPERATURE CONTROLLED PROCESSING RAPESEED MEAL YiELDS MORE
LYSINE. AND PROVIDES OTHER AMINO ACIDS IN MORE FAVOURABLE AMOUNTS
THAN SOYBEAN MEAL.

THE MEAL CONTAINS A HIGHER CONCENTRATION OF CHOLINE AND

NIACIN AND A SIMILAR AMOUNT OF RIBOFLAVIN COMPARED WITH SOYBEAN MEAL

(KLaiN ET AL., 1956). IT ALSO CONTAINS APPROXIMATELY 0,6 anD 1.0




PERCENT CALC1UM AND PHOSPHORUS, RESPECTIVELY, COMPARED TO 0.3 AND

O.7 PERCENT FOR SOYBEAN MEAL,

THE LIMITING FACTOR [N USING RAPESEED MEAL IN POULTRY FEED
IS BELIEVED TO BE THE CONCENTRATION OF ITS TOXIC COMPONENTS,
PREVIOUS STUDIES HAVE SHOWN, HOWEVER, THAT UP TO 10% RAPESEED MEAL
CAN BE USED IN LAYER DI{ETS WITHOUT DETRIMENTAL EFFECTS
(0"NEIL, 1957).

THE ENERGY REQUIREMENTS FOR LAYING HENS HAVE RECEIVED
CONSIDERABLE ATTENTION AND WIDE VARIATION IN YALUES HAS BEEN
REPORTED. |T WAS ALSO REPORTED THAT GOITRIN PRESENT IN RAPESEED
MEAL HAD A DETRIMENTAL EFFECT ON ENERGY METABOLISM (LOHD! ET AL.,
1969) IN CHICKS., THE EFFECT OF GOITRIN ON THE ENERGY REQUIREMENT
OF THE LAYING HEN, HOWEVER, REMAINS UNKNOWN.

THE PRESENT STUDY WAS DESIGNED TO INVESTIGATE THE USE OF
RAPESEED MEAL IN LAYING RATIONS AT TWO LEVELS OF DIETARY ENERGY.
EGcc PRODUCTION, EFFICIENCY OF FEED UTILIZATION, BODY WEIGHT, EGG
WEIGHT, EGG QUALITY, LIVER WEIGHT, LIVER LIPIDS, SPLEEN WEIGHT,
THYROID:BODY WEIGHT RATIO, CECA LENGTH AND MORTALITY WERE MEASURED
IN ORDER TO EVALUATE THE EFFECT OF DIETARY ENERGY ON THE

UTILIZATION OF RAPESEED MEAL BY LAYING HENS.




LITERATURE REVIEW

GO! TROGENIC PROPERTIES OF RAPESEED MEAL

PREVIOUS RESEARCH FINDINGS HAVE DEMONSTRATED THAT RAPESEED
CONTAINS CERTAIN COMPOUNDS THAT ARE TOXIC TO MONOGASTRIC ANIMALS.
AsTwoobp ET AL. (1949) anp CARROLL (1949) ISOLATED GOITRIN FROM
RAPESEED AND IDENTIFIED THE COMPOUND AS L=5=VINYL=Z2=THIOOXAZOLIDONE.
THE THIOGLUCOSIDES, SINIGRIN AND GLUCONAPIN, WERE ALSO ISOLATED FROM
RAPESEED {ARMSTRONG ET AL., 1931) AND RAPESEED MEAL (MATET ET AL.,
1949 AND FROLICH, 1952) AND IDENTIFIED AS THE PRECURSORS OF THE
TOXIC ALLYL AND CROTONYL ISOTHIOCYANATES.

RAPESEED MEAL FED UP TO 20% OF THE DIET TO CHICKS CAUSED
THYRO!D HYPERTROPHY. (TURNER, 1946, 1948, AND PETTIT ET AL., 1944).

A SIMILAR FINDING WAS MADE BY CLANDININ ET AL. (1960) THROUGH

FEEDING 15% PoLisH (BRASSICA CAMPESTRIS) OR FIVE PERCENT ARGENTINE

(BRASSICA NAPUS) EXPELLER MEAL TO CHICKS. THESE RESEARCHERS

OBSERVED A DOUBLE THYROID:BODY WE!GHT RATIO. |IT WAS SUGGESTED
THAT THE THYROID:BODY WEIGHT RAT!O DIFFERENCE WAS DUE TO THE
VARIATION I[N GOITROGEN CONTENT BETWEEN THE TWO TYPES OF MEAL.

THE ADDITION OF 20% RAPESEED MEAL TO A TURKEY POULT RATION
CAUSED A FIVE TO SIX FOLD INCREASE [N THE THYROID WEIGHT
(BLAKELY ET AL., 1948). HussAR ET AL. (1959) REPORTED THAT THE

GOITROGENIC EFFECT WAS EVIDENT WHEN 10% ARGENTINE MEAL WAS ADDED

TO A RATION FED TO RATS., A SIMILAR RESULT WAS OBSERVED WITH MICE




By BELL (1957) AS WELL AS A REDUCED METABOLIC RATE UPON PROLONGED

FEEDING OF THE ARGENTINE MEAL.

THE GOITROGENIC EFFECT OF FEEDING RAPESEED MEAL TO SWINE HAS
ALSO BEEN DEMONSTRATED BY SEALE (1952), HussArR ET AL. (1959) anD
MANNS ET AL. (1963). GOITROGENIC PROPERTIES OF THE MEAL WERE ALSO
DEMONSTRATED WHEN FED TO LAYING HENS (CLANDININ ET AL., 1960 AnD
SNETSINGER ET AL., 1968),

VARIOUS PRECAUTIONARY METHODS EMPLOYED TO CONTROL THE
GOITROGENIC NATURE OF RAPESEED HAVE BEEN MET WITH VARYING DEGREES
OF SUCCESS. THESE PRECAUTIONS FALL INTO VARIOUS CATEGORIES SUCH

AS LIMITING THE LEVEL OF GOITRIN IN EXPERIMENTAL DIETS

AL., 1944 AND BLAKELY ET AL., 1948), ADDING [ODINE

(PETTIT E

(PurRvES, 1943; ALLEN ET AL., 1952; Dow ET AL., 1954; KRATZER ET AL.,
1954; KLAIN ET AL., 19563 CLANDININ ET AL., 1960 AND BELL ET AL.,
1963), AND ADDING D{I1ODOTYROSINE OR THYROXINE (PurveEs, 1943;
BLAKELY ET AL., 19483 BeLr, 1957 AND CLANDININ ET AL., 1960) TO THE
RATION. THE FEEDING VALUE OF RAPESEED MEAL WAS MODIFIED BY COOKING

(WAGNER-JAUREGG ET AL., 1947) INCLUDING A STEAM TREATMENT, HOT

ET AL., 1936) OR ETHANOL EXTRACT!ON

———

' WATER EXTRACTION (HERCUS
(FroLicH, 1952).
KENNEDY ET AL. (1941) FOUND THAT FEEDING RAPESEED TO RATS
For 30 DAYS PRODUCED ENLARGED THYROIDS (22 To 25 Me/100 @ oF BoODY
WEIGHT). THESE WORKERS SUGGESTED THAT THE GLUCOSIDES IN RAPESEED
EXHIBITED THE GOITROGENIC PROPERTY AND CONCLUDED THAT A RAPESEED
DIET PRODUCED THYROID HYPERTROPHY BY INTERFERING WITH THE SYNTHESIS

OF THYROXINE., CONSEQUENTLY, THE ANTERIOR PITUITARY WAS STIMULATED



TO PRODUCE A THYROTROPHIC STIMULATING HORMONE WHICH ACTED ON THE

THYROID AND CAUSED HYPERTROPHY AND HYPERPLASIA, THE SAME RESULT
WAS OBSERVED BY HERCUS ET AL. (1936), GriessacH (1941),

GRIESBACH ET AL. (1943) anD Purves (1943). UNDER THESE CONDITIONS,
THE FEED=BACK MECHANISM FOR THYROID CONTROL WAS INTERRUPTED AND
HENCE GOITROGENES!S CONTINUED.

AsTwoob ET AL. (1949) REPORTED THAT THE ENZYME MYROSINASE
PLAYED A PART IN RELEASING GOITRIN FROM THE GLUCOSIDE. THESE
RESEARCHERS DESTROYED THE ENZYMES IN RAPESEED BY SUSPENDING THE
GROUND SEED IN BOILING WATER AND FOUND NO GOITRIN FORMATIONj
SUBSEQUENT TREATMENT OF THE FILTRATE WITH MYROSINASE LIBERATED
GOITRIN,

ETTLINGER ET AL. (1956) PROPOSED THAT HYDROLYTIC ACTION OF
MYROS | NASE ON THIOGLUCOSIDES COULD GIVE RISE TO ISOTHIOCYANATES,
THIOCYANATES OR NITRILES. SIMILARLY, ALTscHuL (1958) REPORTED THAT
MYROS INASE CATALYZED DECOMPOSITION OF SINIGRIN AND SINALBIN WITH
THE FORMATION OF MUSTARD OILS.

GREER ET AL. (1962) DEMONSTRATED THAT OXAZOLIDINETHIONE OR
THE FORMATION OF OXAZOLIDINETHIONE FROM ISOTHIOCYANATES BY ENZYMATIC
ACTION EXERTED THE ANTITHYROID ACTIVITY BY INTERFERING WITH THE
ORGANIC BINDING OF [ODINE. [T WAS SUGGESTED THAT THE COUPLING OF
TWO 10D INATED TYROSINE MOLECULES TO FORM THYROXINE COULD BE THE
SENSITIVE STAGE AND THAT TYROSINE |ODINATION WAS PROBABLY IMPAIRED.
THESE RESEARCHERS ALSO SHOWED THAT ISOTHIOCYANATE COULD INTERFERE

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

OF COMPETI!TIVE INHIBITION.




ALTHOUGH CURRENT PROCESSING METHODS EMPLOYED IN PREPARING

RAPESEED MEAL DESTROYS MYROSINASE, THERE ARE SEVERAL BACTERIA SUCH

AS ESCHERICIA COLI THAT POSSESS ENZYMES CAPABLE OF HYDROLYSING

THIOGLUCOS IDES N THE GASTROINTESTINAL TRACT. THE TOXIC PRODUCTS
CAN THEN BE ABSORBED AND EXERT THEIR THYROGENIC ACTION,

OTHER RESEARCH WORKERS DEMONSTRATED THE GOITROGENIC
ACTIVITY OF THIOGLUCOSIDES. CLANDININ ET AL. (1966) REPORTED THAT
(£)=5-VINYL-2-0XAZOLID INE=THIONE CONSTITUTING O.15% OF THE DIET OF
CHICKS DEPRESSED GROWTH RATE AND INDUCED THYROID ENLARGEMENT.

BAcH (1942) FOUND RETARDATION OF THE TISSUE OXIDATION OF ASCORBIC

ACID WHEN EfTHER SINIGRIN OR ALLYLISOTHIOCYANATE WAS PRESENT IN A

DIETARY CONCENTRATION OF 5.7 X 1O~4M. BENDA (1951) REPORTED THAT

RESPIRATION IN GUINEA PIG LIVER SLICES WAS DEPRESSED BY 50% BY THE
INFLUENCE OF SMALL CONCENTRATIONS (TO—ZM) OF ALLYLISOTHIOCYANATE [N
THE MEDIA,

FLICHENSTEIN ET AL, (1951) SHOWED THE INHIBITION OF
DEHYDROGENATION REACTIONS INVOLVING PYRUYIC, LACTIC, CITRIC AND
SUCCINIC ACIDS BY ALLYLISOTH!OCYANATE. THESE EFFECTS WERE
INDEPENDENT OF THYROID GLAND FUNCTION.

LobH!I ET AL. {1969) REPORTED THAT THE ADDITION OF GROUND
MUSTARD SEED TO THE CHICK DIET CONTAINING 30% RAPESEED MEAL HAD NO
SIGNIFICANT EFFECT ON ENERGY METABOL!SM. THE MUSTARD SEED WAS
ADDED AS A SOURCE OF MYROSINASE WHiCH WAS NEEDED FOR THE RELEASE
OF GOITRIN IN RAPESEED MEAL. THE ADDITION OF 0,09 PERCENT

(£)=5-VINYL=OXAZOL IDINE~2=THIONE (GOITRIN) TO A SOYBEAN MEAL DIET

(LEVEL CORRESPONDING TO 30% DIETARY RAPESEED MEAL) WAS SUFFICIENT




TO REDUCE THE DIETARY METABOLIZABLE ENERGY.

FEEDING VALUE OF RAPESEED MEAL

APART FROM THE GOITROGENIC EFFECT, GROWTH INHIBITION WAS
ALSO OBSERVED AS A RESULT OF THYROID MALFUNCTION FOLLOWING THE
CONSUMPTION OF RAPESEED MEAL. EXPELLER=PROCESSED MEAL USED AS A
PROTEIN SUPPLEMENT IN CHICK STARTER RATIONS RESULTED IN GROWTH
DEPRESSION UP TO 25% TOGETHER WITH A DECREASE OF -10% IN FEED

EFFICIENCY, {PETTIT E L., 1944; TurNER, 19463 WiTz E

ET AL ET AL.,

1950;

ET AL., 1954; KLAIN ET AL., 1956 AND

— ———

KRATZER ET AL., 1954; Dow
CLANDININ ET AL., 1959).
BLAKELY ET AL. (1948, 1949) REPORTED THAT THE INCORPORATION
OF RAPESEED MEAL !N A TURKEY STARTER RATION AS A REPLACEMENT FOR
MEAT MEAL REDUCED THE GROWTH RATE. MACGREGOR ET AL. (1964) FounD
THAT THE RATE OF GROWTH WAS DEPRESSED SIGNIFICANTLY BY SUBSTITUTING
10% EXPELLER-PROCESSED RAPESEED MEAL FOR SOYBEAN MEAL IN RATIONS FED
TO TURKEYS FROM ONE DAY TO 24 WEEKS OF AGE. ALTHOUGH MANY REPORTS
ARE AVAILABLE ON GROWTH INHIBITION, GROWTH PROMOTING EFFECTS OF
RAPESEED MEAL HAVE ALSO BEEN REPORTED (ALLEN ET AL., 1952; FROLICH,
1952 AND KONDRA ET AL., 1948).
KraTzER ET AL. (1954) aND KLAIN ET AL. (1956) DEMONSTRATED
THAT THE LYSINE CONTENT OF EXPELLER~PROCESSED MEAL WAS LIMITING
WHEN USED IN CHICK STARTER RATIONS, [T WAS SOON DISCOVERED THAT
THE EXPELLER~PROCESSED RAPESEED MEAL USED PRIOR TO 1958 wAs

INFERIOR TO SOYBEAN MEAL AS A PROTEIN SUPPLEMENT FOR CHICKS DUE TO

OVERHEATING OF THE RAPESEED MEAL WH!CH RESULTED IN A DECREASE IN




AVAILABLE LYSINE (CLANDININ ET AL., 1959). CONSEQUENTLY, SOLVENT

PROCESS ING HAS BEEN SUBSTITUTED FOR THE EXPELLER PROCESSING METHOD
AND THE PROBLEM OF GROWTH INHIBITION HAS BEEN MARKEDLY ALLEVIATED.

CLANDININ ET AL. (1965)‘REPORTED THAT 5 AND 10% DIETARY
PREPRESS SOLVENT AND SOLVENT-PROCESSED RAPESEED MEAL WERE USED AS
A REPLACEMENT FOR PART OF THE SOYBEAN MEAL IN I1SOCALORIC,
ISONITROGENOUS TURKEY STARTER RATIONS. THE GROWTH OF POULTS WAS
EQUAL TO THOSE FED THE CONTROL DIET. THESE SAME WORKERS
(CLANDININ ET AL., 1966) REPORTED THAT WHEN 15% DIETARY COMMERICAL
PREPRESS-SOLVENT AND SOLVENT=PROCESSED RAPESEED MEAL REPLACED PART
OF THE SOYBEAN MEAL IN A 23% PROTEIN BROILER RATION ON AN
ISOCALORIC AND [SONITROGENOUS BAS!S, CHICK GROWTH AND FEED
CONVERS | ON WERE EQUAL TO RATIONS CONTAINING SOYBEAN MEAL.

RAPESEED MEAL HAS ALSO BEEN USED IN THE RATIONS FOR LAYING
AND BREEDING POULTRY. MACGREGOR ET AL. (1964) REPORTED THAT 10%
EXPELLER OR PREPRESS-SOLVENT PROCESSED MEAL COULD BE USED IN TURKEY
BREEDER RATIONS AS A REPLACEMENT FOR SOYBEAN MEAL WITHOUT ADVERSE
EFFECT ON EGG PRODUCTION, EFFICIENCY OF FEED UTILIZATION, FEED
CONSUMPTION, EGG SIZE, BODY WEIGHT AND FERTILITY OF HATCHING EGGS.

IN A RECENT REVIEW ON FEEDING VALUE OF RAPESEED MEAL FOR
POULTRY, CLANDININ ET AL. (1966) REPORTED A TWO YEAR STUDY IN
WHICH DUPLICATE GROUPS OF T2 TURKEYS WERE FED A BREEDER RATION
CONTAINING SOYBEAN MEAL AS THE MAIN PROTEIN SUPPLEMENT AND
SOLVENT-PROCESSED RAPESEED MEAL AS A REPLACEMENT FOR MOST OF THE

SOYBEAN MEAL IN THE RATION, THEY FOUND THAT RAPESEED MEAL

SUBSTITUTION FOR SOYBEAN MEAL HAD NO ADVERSE EFFECTS ON EGG




PRODUCTION, FEED CONVERSION OR HATCHABILITY. CLANDININ ET AL. (1966)

REPORTED THAT 10% DIETARY PREPRESS=SOLVENT OR SOLVENT=PROCESSED
RAPESEED MEAL FED TO LAYING AND BREEDING CHICKENS AND TURKEYS
RESULTED iN SATISFACTORY EGG PRODUCTION, FEED CONVERSION, FERTILITY
AND HATCHABILITY AS DID THE CORRESPONDING AMOUNTS OF PROTEIN FROM
SOYBEAN MEAL.

RoBBLEE ET AL. (1967) CONDUCTED TWO EXPERIMENTS IN WHICH

THE PERFORMANCE OF BREEDER TURKEYS FED RATIONS CONTAINING 10%

PREPRESS~=SOLVENT RAPESEED MEAL WAS COMPARED WITH THE PERFORMANCE
OF BREEDERS FED AN JSOCALORIC AND {SONITROGENOUS CONTROL RATION
W!ITHOUT RAPESEED MEAL. THESE WORKERS FOUND NO ADVERSE EFFECT ON
MORTALITY, RATE OF EGG PRODUCTION, FERTILITY, HATCHABILITY OR
MARKET QUALITY OF BREEDERS AT THE END OF THE BREEDING SEASON AS A
RESULT OF THE RAPESEED MEAL SUBSTITUTION FOR OTHER PROTEIN
SUPPLEMENTS. ALTHOUGH A.SIMlLAR DISTRIBUTION OF AMINO ACIDS WAS
OBSERVED IN THE RATION WI!TH AND WITHOUT RAPESEED MEAL, THERE WAS
AN INCREASE IN THE AMOUNT OF FEED REQU!RED TO PRODUCE A DOZEN EGGS

WITH RAPESEED MEAL DIETS.

FANGUAF ET AL. (1938) anp Witz ET AL. (1950) FouND THAT

e ————

WHEN RAPESEED O!L MEAL, PRESUMABLY EXPELLER-PROCESSED TYPE, WAS
USED AT 10% IN THE DIET OF HENS, !T CAUSED AN INHIBITION OF

GROWTH. CONTRARILY, NO APPARENT ILL=EFFECTS WERE FOUND BY FOLKE

(1931) aND KonDRA ET AL. (1948) wHEN LEVELS BELOW 10% OF THE DIET
WAS FED,
O'NE1L (1957) CONDUCTED THREE EXPERIMENTS IN WHICH

EXPELLER-PROCESSED RAPESEED OIL MEAL WAS FED TO LAYING HENS, THE



FIRST TEST WAS WITH 10% RAPESEED MEAL IN RATIONS CONTAINING SOYBEAN

OlL MEAL, TWO PERCENT MEAT MEAL AND ONE PERCENT FISH MEAL. SOYBEAN
MEAL WAS REPLACED !N THE SECOND TEST BY RAPESEED MEAL ON A PROTEIN
EQUIVALENT BASIS AND THE LEVELS OF CALCIUM AND PHOSPHORUS WERE
ADJUSTED [N TEST DIETS. IN BOTH TESTS, NO SIGNIFICANT DIFFERENCES
BETWEEN TREATMENTS WERE OBSERVED FOR EI!THER PERCENT PRODUCTION OR
AMOUNT OF FEED REQUIRED TO PRODUCE A DOZEN EGGS. SOYBEAN MEAL WAS
REPLACED WITH RAPESEED MEAL IN THE THIRD TEST AND ANIMAL PROTEIN
WAS SUPPLIED AT EITHER THE 1.5 OR 3 PERCENT LEVEL. AGAIN, NO
SIGNIFICANT DIFFERENCE WAS OBSERVED BETWEEN TREATMENTS I[N THE
REPRODUCTIVE TRAITS STUDIED,

IN A RECENT REVIEW, CLANDININ ET AL. (1966) REPORTED
RESULTS OF PREVIOUSLY UNPUBLISHED DATA COLLECTED DURING 1955-56.
Groups oF 30 WHITE LEGHORN PULLETS I[N BATTERIES WERE FED RATIONS
CONTAINING 0.5 PERCENT FISH MEAL COMBINED WiTH O, 3, 6 AND 9
PERCENT EXPELLER~PROCESSED RAPESEED MEAL AS A REPLACEMENT FOR
SOYBEAN MEAL. THE RATIONS WERE FED OVER A PERIOD OF 24 WEEKS.
RATE OF LAY WAS SiMILAR FOR EACH OF THE TREATMENT GROUPS.

SELL ET AL. (1968) CONDUCTED FOUR EXPERIMENTS TO EVALUATE
RAPESEED MEAL AS A POTENTIAL PROTEIN SOURCE FOR LAYING HENS. IT
WAS SHOWN THAT DIETARY LEVELS OF 10% OR MORE RAPESEED MEAL CAUSED
A SLIGHT BUT CONSISTENT DECREASE IN HEN-DAY EGG PRODUCTION AND
THE RATE OF MORTALITY INCREASED MARKEDLY. RAPESEED MEAL IN THE
DIETS CAUSED A DECREASE IN EGG WEIGHT, BUT FEED CONSUMPTION AND
EFFICIENCY OF FEED UTILIZATION WERE NOT AFFECTED, THESE WORKERS

OBSERVED THAT THE ADVERSE EFFECTS OF RAPESEED MEAL ON HENS AFTER
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PEAK PRODUCTION WAS LESS, MORTALITY WAS HIGH AND HEN-HOUSE. EGG
PRODUCTION WAS POOR. HOWEVER, THESE STUDIES SHOWED THAT LEVELS OF
RAPESEED MEAL OVER FIVE PERCENT RESULTED IN INFERIOR PERFORMANCE
OF LAYING HENS AND HIGHER MORTALITY.

SNETSINGER ET AL. (1968) REPORTED THE SAME FINDINGS AS THE
ABOVE WORKERS WITH COMMERCIAL LAYERS. IN ADDITION, 10DINE
SUPPLEMENTED TO THE DIET DID NOT ALLEVIATE MORTALITY. THE METHOD
OF RAPESEED MEAL PROCESSING (DIRECT SOLVENT OR PREPRESS SOLVENT)
AND THE ADDIT!ON OF IODINE HAD NO EFFECT ON EGG WEIGHT AND THE
AMOUNT OF FEED REQUIRED TO PRODUCE A DOZEN EGGS.

COMPOUNDS OTHER THAN THE BREAK-DOWN PRODUCTS OF GLUCOS!DES
WERE ALSO SHOWN TO BE PRESENT IN RAPESEED MEAL. CLANDININ (1967)
REPORTED THAT SINAPIN, THE BITTER COMPOUND N RAPESEED MEAL, ADDED
AS SINAPIN BISULPHATE TO CHICKS DIET AT 0.39% LEVEL DID NOT
DEPRESS GROWTH. VOHARA ET AL. (1966) STUDIED THE EFFECT OF ADDING
VARIOUS LEVELS OF TANNIN TO A SOYBEAN MEAL DIET OF GROWING CHICKS,
RESULTS INDICATED THAT 0.59% TANNIN IN THE DIET REDUCED GROWTH.
A LEVEL OF FIVE PERCENT RESULTED IN 70% MORTALITY WITHIN 7-11 DAYs.
CLANDININ ET AL. (1968) REPORTED THAT TANNIN IS PRESENT IN RAPESEED
IN SUFFICIENT AMOUNTS {THREE PERCENT) TO ADVERSELY AFFECT CHICK

GROWTH AND THE METABOLIZABLE ENERGY VALUE OF RATIONS WITH HIGH

LEVELS OF RAPESEED MEAL.

DIETARY ENERGY

THE ENERGY REQUIREMENT OF LAYING HENS HAS RECEIVED

CONS IDERABLE ATTENTION FOR MANY YEARS AND NUMEROUS STUDIES HAVE
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BEEN CARRIED OUT IN ORDER TO ESTABLISH THESE REQUIREMENTS.
CONTROLLING THE FEED INTAKE OF HENS WAS USED IN EARLY STUDYES
BECAUSE |T WAS BELIEVED THAT RESTRICTION OF FEED WOULD PREVENT
EXCESSIVE ENERGY [INTAKE.

HEvywaNGg (1940) OBSERVED A DRASTIC REDUCTION IN EGG PRODUCTION
BUT NO EFFECT ON BODY WEIGHT OR EGG SIZE WHEN THE FEED INTAKE OF
LEGHORN HENS WAS RESTRICTED TO 873 AND 75% OF AD LIBITUM INTAKE.
CONTRARILY, ComBS ET AL. (1961) INDICATED THAT RESTRICTION. OF
ENERGY INTAKE OF HEAVY TYPE HENS TO 81 AND 87% OF AD LIBITUM INTAKE
HAD NO EFFECT ON EGG PRODUCTION, HAUGH UNIT SCORES OR MORTALITY,
BUT DID CAUSE A REDUCTION IN BODY WEIGHT GAIN AND RATE OF INCREASE
IN EGG WEIGHT.

SINGSEN ET AL. (1958) REPORTED THAT AD LIBITUM FEEDING OF A
HiGH ENERGY DIET, 1014 CALORIES OF PRODUCTIVE ENERGY PER POUND,
INCREASED BODY WEIGHT AND MORTALITY; EGG PRODUCTION, HOWEVER, WAS

MAINTAINED. AD LIBITUM FEEDING OF A LOW ENERGY DIET, 857 CALORIES

OF PRODUCTIVE ENERGY PER POUND, ALSO RESULTED IN SATISFACTORY
PERFORMANCE BUT TO A SIGNIFICANTLY LESS DEGREE. [T WAS FOUND BY
THE SAME WORKERS THAT EGG PRODUCTION WAS MALNTAINED, MORTALITY AND
BODY WEIGHT GAIN WERE REDUCED WHEN FEED INTAKE WAS CONTROLLED., ON
THE OTHER HAND, DONALDSON ET AL. (1962) REPORTED THAT ENERGY
RESTRICTION ON LAYING HENS RESULTED [N LOWER EGG PRODUCTION, BODY
WEIGHT AND EGG SI1ZE, [T WAS SUGGESTED THAT DIETARY PROTEIN,
VITAMINS AND MINERALS WERE POORLY UTILIZED WHEN ENERGY INTAKE WAS
RESTRICTED.

EARLY STUDIES ON DIETARY ENERGY FOR LAYING DIETS BY
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THAYER (1953) INDICATED THAT NIACIN, RIBOFLAVIN, PANTOTHENIC ACID
AND FOLIC ACID LEVELS SHOULD BE INCREASED IN HIGH ENERGY LAYING DIETS
TO OBTAIN MAXIMUM EGG PRODUCTION AND FEED UTILIZATION. BERG ET AL.

(1956), HOWEVER, COULD NOT DEMONSTRATE THE BENEFICIAL EFFECT OF

INCREASED LEVELS OF THESE VITAMINS WHEN 1148 anp 1331 CALORIES oOF
METABOL | ZABLE ENERGY PER POUND OF DIET WERE FED TO BOTH

NEw HAMPSHIRE AND WHITE LEGHORN HENS, |T WAS NOTED THAT A 1331

CALORIE DIET IMPROVED FEED EFFICIENCY (FEED/DOZEN EGGS) AND

INCREASED BODY WEIGHT GAINS.

THE FIBER CONTENT OF THE LAYING HEN DIET HAS AN INFLUENCE
ON THE DIETARY ENERGY LEVEL. HEUSER ET AL. (1945) AND BiRD ET AL.
(1946) REPORTED THAT LOW FIBER RATIONS SUPPORTED A HIGHER RATE OF
EGG PRODUCTION THAN SIMILAR RATIONS HIGH IN FIBER.

FOLLOWING THE ESTABLISHMENT OF THE PRODUCTIVE ENERGY VALUES
OF FEEDSTUFF BY FRAPS (1946), MANY RESEARCH WORKERS UTILIZED THESE
VALUES TO STUDY THE ENERGY REQUIREMENTS OF LAYING HENS. HIGHER EGG
PRODUCT{ON AND LOWER EFFICIENCY OF FEED UTILIZATION, MEASURED AS

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

WERE OBTAINED WITH HI!GH ENERGY AS COMPARED TO LOW ENERGY RATIONS

AL. (1952), Gerry (1954),

BY SKINNER ET AL. (1957), SiNGSEN ET

Harms ET AL. (1957), AND PETERSEN ET AL, (1957).

GRIMINGER ET AL. (1954) INDICATED THAT 66 THERMS PER POUND

OF RATION CAUSED A DECREASE IN EGG PRODUCTION AND BODY WEIGHT WHEN

COMPARED TO RATIONS OF HIGHER ENERGY CONTENT BUT EGG SHELL THICKNESS
AND EGG WEIGHT WERE NOT AFFECTED BY THE RATIONS.

Hite £7 AL, (1954) REPORTED THAT A MARKED REDUCTION WAS

ot
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OBSERVED IN THE AMOUNT OF FEED REQUIRED TO PRODUCE A DOZEN EGGS BY
INCREAS ING D!ETARY ENERGY FROM 740 To 930 CALORIES OF PRODUCT!VE
ENERGY PER POUND OF DIET, TwO YEARS LATER THE SAME WORKERS

(HiLL ET AL., 1956) OBSERVED THAT HIGH ENERGY DIETS SUPPORTED A
HIGH RATE OF EGG PRODUCTION DURING THE WINTER MONTHS. WHEN THE
ENERGY LEVEL [N 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. THE FEED REQUIREMENT INCREASED BY ABOUT 12%
WHEN THE ENERGY CONCENTRATION OF A 930 CALORIES (PE/LB.) DIET

wAS REDUCED BY 100 CALORIES PER POUND. BODY WEIGHT, HOWEVER, WAS
MAINTAINED BY HIGH ENERGY RATIONS AND THE TOTAL WEIGHT GAINED
DURING THE PRODUCTION PERIOD SEEMED TO INCREASE WITH ENERGY
CONCENTRATION,

ANDERSON ET AL. (1957) REPORTED THAT A HIGH ENERGY RATION
CONTAINING 884 CALORIES OF PRODUCTIVE ENERGY PER POUND DID NOT
RESULT IN GREATER EGG PRODUCTION OF SINGLE COMB WHITE LEGHORN
PULLETS THAN A LOW ENERGY RATION CONTAINING 723 CALORIES OF
PRODUCTIVE ENERGY PER POUND, FEED EFFICIENCY, HOWEVER, WAS
SIGNIFICANTLY BETTER FOR HENS FED THE RATIONS CONTAINING 884
CALORIES OF PRODUCTIVE ENERGY PER POUND, AND THEIR BODY WEI[GHTS
INCREASED, |T WAS NOTED THAT LIVABILITY AND EGG WEIGHT WERE NOT
AFFECTED BY ENERGY LEVELS, THE GROUPS FED THE HIGH ENERGY BASAL
RATION PRODUCED EGGS OF SIGNIFICANTLY LOWER SPECIFIC GRAVITY THAN
DID THE BIRDS ON OTHER RATIONS,

WiESE ET AL. (1957) REPORTED THE SAME FINDINGS AS THE ABOVE

WORKERS . IN ADDITION, DIFFERENT LEVELS OF DIETARY ENERGY DID NOT
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AFFECT SPECIFIC GRAVITY OF THE EGGS FROM GROUPS OF HENS DURING THE
FIRST TWO MONTHS OF PRODUCTION BUT DURING THE LAST TWO MONTHS OF
PRODUCT I ON,

HiGH PRODUCTIVE ENERGY PER POUND, 700-940 CALORIES, WERE
REPORTED BY MACINTYRE ET AL. (1957) ON RATE OF EGG PRODUCTION, EGG
WEIGHT, SPECLFIC GRAVITY OF THE EGGS, ALBUMEN HEIGHT OR BLOOD AND
MEAT SPOTS IN THE EGGS. FEED CONSUMPT!ION AND FEED PER DOZEN EGGS,
HOWEVER, WERE MARKEDLY AFFECTED BY THE ENERGY CONTENT OF THE DIET
AND WHEN THE PRODUCTIVE ENERGY PER POUND OF DIET WAS DECREASED BY
100 CALORIES, THE FEED REQUIRED TO PRODUCE A DOZEN EGGS INCREASED
BY aBouT 11%.

CONTRARY TO THE FINDINGS OF MACINTYRE ET AL. (1957),
BERG ET Al. (1957) REPORTED THAT HIGH DIETARY ENERGY RESULTED IN
INCREASED EGG WE!GHT. EARLIER STUDIES ALSO SHOWED THAT DIETARY
ENERGY LEVEL CAUSED LITTLE OR NO DIFFERENCES IN ALBUMEN QUALITY AS
REPORTED BY THOMPSON ET AL. (1932), CArD £T AL. (1934), LEE ET AL.
(1944) AND GRIMINGER ET AL. (1954).

MILLER ET AL. (1957) REPORTED THAT FEED EFFICIENCY IMPROVED
AS THE ENERGY CONTENT OF THE LAYING DIETS CONTAINING 12 To 21%
PROTE IN INCREASED FROM 640, 745 1o 930 CALORIES OF PRODUCTIVE
ENERGY PER POUND. NO DIFFERENCE WAS OBSERVED IN BODY WEIGHTS OR
EGG PRODUCT!ON.

McDANIEL ET AL. (1957) INDICATED THAT BY INCREASING THE
PRODUCTIVE ENERGY LEVEL FROM 962 To 1050 CALORI{ES PER POUND IN A

17-PERCENT PROTE!IN LAYING DIET, FEED EFFICIENCY (FEED REQUIRED TO

PRODUCE A DOZEN EGGS) WAS IMPROVED BY 12.2%. 1T WAS ALSO NOTED
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THAT THE SAME ENERGY INCREMENT IN 18% PROTEIN DIETS CAUSED AN 8.2
PERCENT REDUCTION IN FEED EFFICIENCY.,

HOCHRE ICH ET AL. (1958) REPORTED THAT LESS ENERGY WAS
REQUIRED TO PRODUCE EGGS WITH 17 OorR 18% PROTEIN DIETS THAN WITH A
16% PROTEIN DIET. ON THE OTHER HAND, LiLLIE ET AL. (1965) rounp
THAT DIETARY ENERGY HAD NO EFFECT ON EGG WEIGHTS, MORTALITY,
FERTILITY, HATCHABILITY AND PROGENY PERFORMANCE OF PULLETS FED FOUR
LEVELS OF DIETARY PROTEIN (12, 14, 16 AND 18%). PROTEIN X ENERGY
INTERACT I ONS WERE NOTED ONLY IN BODY WEIGHT GAIN IN TWO
STUDIES AND IN EGG WEIGHTS IN ANOTHER STUDY.

ComBs ET AL. (1960) CARRIED OUT STUDIES WITH RATIONS
CONTAINING 15-19% PROTEIN AND 909-1096 CALORIES OF PRODUCTIVE ENERGY
PER POUND. THESE STUDIES SHOWED THAT A CALORIE:PROTEIN RATIO AS
LARGE AS 66.6:1 WAS ADEQUATE TO SUPPORT B0% EGG PRODUCTION.
SIMILARLY, MARCH ET AL. (1962) REPORTED THAT WHITE LEGHORNS FED THE
RATION CONTAINING 1470 CALORIES OF METABOL|ZABLE ENERGY PER POUND
DID NOT GAIN WEIGHT AND THE METABOL!ZABLE ENERGY INTAKE PER POUND
OF EGGS PRODUCED WAS HIGHER THAN WITH THE RATIONS CONTAINING 1270
CALORIES OF METABOLIZABLE ENERGY PER POUND OF FEED.

KurNiCcK ET AL. (1961) FOUND THAT, ON THE AVERAGE, THE RATE
OF LAY WAS FIVE TO SIX PERCENT LOWER WITH 765 CALORIES THAN WITH
865 AND 965 CALORIES OF PRODUCTIVE ENERGY PER POUND OF DIET.
CoL1GADO ET AL. {1967) INDICATED THAT FEEDING A HIGH ENERGY DIET
AT THE ONSET OF PRODUCTION SIGNIFICANTLY DEPRESSED EGG NUMBERS

AND BODY WEIGHT GAIN ALTHOUGH FEED EFFICIENCY AND EGG WE1GHT

IMPROVED. ON THE OTHER HAND, LiLL{E ET AL. (1965) REPORTED THAT
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HIGH ENERGY HAD NO EFFECT ON EGG PRODUCT!ON OF NEW HAMPSHIRES,

RHODE [SLAND REDS AND WHITE LEGHORNS BUT MARKEDLY IMPROVED FEED

EFFICIENCY.

IT WAS NOTED BY MANY INVESTIGATORS THAT THE ADDITION OF

ANIMAL FAT TO LAYING HENS RATIONS [MPROVED FEED EFFICIENCY AND

EGG PRODUCTION (LILLIE ET AL., 19523 HOCHREICH ET AL., 1957 AND

QUINSENBERRY ET AL., 1962). OTHER STUDIES SHOWED THAT HIGH

——

DIETARY ENERGY INCREASED EGG SIZE AND EGG WEIGHT (HOCHREICH ET AL.,

1957, 1958 AND QUINSENBERRY ET AL,, 1962).




EXPERIMENTAL PROCEDURE

A STUDY CONDUCTED DURING TEN 28-DAY PERIODS (APRIL 22, 1969
10 JANUARY 26, 1970) wAS DESIGNED TO DETERMINE THE EFFECT OF DIETARY
ENERGY ON THE PERFCRMANCE OF LAYING HENS FED DIFFERENT LEVELS OF
RAPESEED MEAL. FOUR HUNDRED WHITE LEGHORN PULLETS (DEKALB STRAIN)
WERE DISTRIBUTED AT 24 WEEKS OF AGE INTO COMMUNITY CAGES WITH FIVE
BIRDS IN EACH.

THERE WERE EIGHT DIETARY TREATMENTS [MPOSED IN A 2 X 4
FACTORIAL ARRANGEMENT [N A RANDOMISED BLOCK DESIGN WITH 10 CAGES
PER DIETARY TREATMENT. TWO ADJACENT CAGES WERE ASSIGNED TO EACH
TREATMENT IN A RANDOM BLOCK DESIGN (FIVE REPLICATIONS PER TREATMENT )o

THE EXPERIMENTAL DIETS (TABLE 1) WERE FORMULATED USING
FEEDSTUFFS' ANALYSiS TABLE FOR FEED INGREDIENTS (1968) 10 SuPPLY
CALCULATED METABOL!ZABLE ENERGIES OF 2539 AND 2759 KILOCALORIES
PER KILOGRAM OF DIET. WHEAT BRAN WAS ADDED TO RATIONS AT THE
EXPENSE OF WHEAT, SOYBEAN MEAL AND ANIMAL TALLOW TO REDUCE DIETARY
ENERGY. RAPESEED MEAL (SOLVENT EXTRACTED) WAS SUBSTITUTED ON AN
EQUIVALENT PROTEIN BASIS FOR SOYBEAN MEAL TO 0BTAIN O, 8, 10 AND
12% DIETARY RAPESEED MEAL. METABOLIZABLE ENERGY VALUE USED FOR
RAPESEED MEAL WAS 2120 kcaL/ka (SELL, 1966) AND A PROTEIN CONTENT
OoF 40% WAS USED IN THE CALCULATION OF DIETARY PROTEIN. ALL RATIONS
WERE FORMULATED TO CONTAIN 17% PROTEIN AND WERE FED TO PULLETS IN

PELLET (3/8 INCH) FORM. THE DIETS WERE ANALYZED FOR CRUDE PROTEIN

18




TagLE 1. COMPOSITION OF EXPERIMENTAL DIETS,
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DiETARY TREATMENT NUMBER

INGRED IENTS (%) 1 2 3 4 5 6 7 8
GROUND WHEAT 72.5 64.0 70.0 62.5 68.5 61.0 68.0 61.0
RSM (41.5%) - -— 8,0 8.0 10.0 10.0 12.0 12.0
SovyseaN MeaL (50%) 10.5 9.5 4,5 4,0 3,5 2,5 2.0 1.0
FisH MeaL (70%) 3.0 3.0 3,0 3,0 3.0 3.0 3.0 3.0
ALFALFA MeaL (17%) 2.0 2.0 2,0 2,0 2.0 2.0 2.0 2.0
WHEAT BRAN -~ 10.5 -~ 9,0 -~ 9,5 -~ 9,0
DEFLU. PHOSPHATE 2.5 2.5 2.5 2,5 2.5 2.5 2.5 2.5
LIMESTONE 6.0 6.0 6.0 6,0 6.0 86,0 6.0 6.0
Vit. Premix (#=1)' 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
MiN. PREMIX (H-1)2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
ANIMAL FaT 2.0 1.0 2.5 1.5 3.0 2.0 3.0 2.0
CaLc. PrRoTEIN (%) 17.1 17.1 17.0 17.1 17.1 17.1 17.1 17.0
CALc. M.E. kcaL/ke 2754 2530 2750 2530 2759 2532 2750 2530

1. PREMIX SUPPLIED THE FOLLOWING AMOUNT PER KG OF DIET!?

VITAMIN
VITAMIN

VITAMIN 11 McG3 RIBOFLAVIN, 2.2 MG; PANTOTHENIC ACID,

B
122
4,4 Mgy NIACIN, 6.6 MG; CHOLINE, 110 MG AND METHIONINE 49.9
2. MINERAL PREM!X SUPPLIED THE FOLLOWING AMOUNT PER KG OF DIET?

MANGANESE, 81.4 MG; zINC, 44 MG AND SODIUM CHLORIDE, 4,82 MG.

A, 7150 LUs VITAMIN D3, 818 1.C.U.3 viTaminN E, 5.5 LUs

MG«
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(A.0.A.C., 1960).
BIRDS WERE INDIVIDUALLY WEIGHED AT THE BEGINNING OF THE
STUDY, AT THE END OF THE FI{FTH PERIOD AND AT COMPLETION OF THE

EXPERIMENT (10 PERiODS). FEED AND WATER WERE SUPPLIED AD LIBITUM

THROUGHOUT THE EXPERIMENT, FEED CONSUMED AND EGGS LAID WERE
RECORDED DAILY AND EGG PRODUCTION (HEN=DAY) WAS CALCULATED AT
28~DAY INTERVALS. FEED EFFICIENCY AS MEASURED BY GRAM OF FEED
REQUIRED TO PRODUCE ONE GRAM OF EGG WAS CALCULATED FOR EACH

EXPERIMENTAL PERIOD (28-DAY). ALL EGGS FROM EACH REPLICATE WERE

WE IGHED FOR THREE CONSECUTIVE DAYS DURING THE FIRST, SECOND, FOURTH,
SIXTH, EIGHTH AND TENTH PER!OD OF PRODUCTION.

EGG SHELL THICKNESS FOR A TOTAL OF 1600 EGGS WAS MEASURED
DURING THE FIRST, FOURTH, SEVENTH AND TENTH PER|OD (50 EGas PER
TREATMENT PER PERIOD). THE INTERIOR EGG QUALITY WAS DETERMINED BY
MEASURING ALBUMEN HEIGHT WHICH WAS CONVERTED [INTO HaugH uNiTS. THE
PRESENCE OF BLOOD AND MEAT SPOTS WAS ALSO RECORbED.

MORTAL!ITY WAS RECORDED DAILY AND DEAD BIRDS WERE EXAMINED

TO ASCERTAIN THE CAUSE OF DEATH, TWENTY-FOUR BIRDS (THREE PER

DIETARY TREATMENT) WERE SACRIFICED AT THE END OF THE FOURTH,

SEVENTH AND TENTH PERIOD AND LIVERS REMOVED FOR FAT DETERMINATION.
AT THE SAME TIME SPLEEN AND THYROID GLAND WERE REMOVED FROM EACH

BIRD, WEIGHED SEPARATELY, AND THE CECA LENGTH MEASURED .

ToO DETERMINE PERCENT LIVER LIPID, A LIVER SAMPLE OF SIX

GRAMS WAS HOMOGENI!ZED IN A WARING BLENDER FOR TWO MINUTES, WEIGHED
AND FREEZE-DRIED FOR 24 HOURS AND WEIGHED AGAIN. APPROXIMATELY

TWO GRAMS OF DRIED LIVER WAS WE!GHED INTO ALUNDUM THIMBLES AND
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EXTRACTED W!TH ETHER FOR FOUR HOURS IN A GOLDFISCH EXTRACTION

APPARATUS. THE CRUDE FAT CONTENT WAS CALCULATED ON A DRY MATTER

BAS1S.

METABOL{ZABLE ENERGY OF THE EXPERIMENTAL RATIONS WAS

DETERMINED USING THE PROCEDURE DESCRIBED BY HILL AND ANDERSON
(1958). CHROMIC OXIDE WAS ADDED TO THE RATIONS AS AN INDEX TO
ESTABLISH THE AMOUNT OF EXCRETA PRODUCED PER UNIT OF FEED |NTAKE.
DETERMINATION OF METABOLIZABLE ENERGY WAS CARRIED OUT DURING THE

SIXTH EXPERIMENTAL PERIOD AND UTILIZED ONE BiRD FROM EACH OF THREE

EXPERIMENTAL PENS PER TREATMENT., EXPERIMENTAL RATIONS CONTAINING
0.3 PERCENT CHROMIC OXIDE WERE FED DURING A [=~DAY ADJUSTMENT

PERIOD FOLLOWED BY TOTAL EXCREMENT COLLECT!ON FOR THREE CONSECUTIVE
DAYS. THE EXCRETA COLLECTED WERE IMMEDIATELY FROZEN AFTER DAILY
COLLECTION. THESE FROZEN EXCRETA WERE POOLED AND DRIED IN AN AIR
CONVECTION OVEN AT A TEMPERATURE OF YOOC. SAMPLES WERE GROUND
AFTER DRYING AND STORED IN SEALED GLASS CONTAINERS. THE AMOUNT OF
CHROMIC OXIDE IN BOTH THE FEED AND EXCRETA WAS DETERMINED USING

THE METHOD DESCRIBED BY CzARNOCKI ET AL. (1961).

HEAT OF COMBUSTION OF FEED AND EXCRETA WAS DETERMINED BY

THE USE OF A PARR ADIABATIC CALORIMETER. FEED AND EXCRETA NiTROGEN
CONTENTS WERE DETERMINED BY THE MACRO-KJELDAHL TECHNIQUE,
DESCRIBED BY THE A.0.A.C. (1960). METABOL!ZABLE ENERGY WAS CALCULATED

USING THE FOLLOWING FORMULA:Z




M.E.

M.E.

Y

A

8.22

A- B xC/D - 8.22 (Y- Z x ¢/D)

METABOL | ZABLE ENERGY (KcAL/G)

EnEraY (Gross) oF FeED (kcaL/a)

ENERGY (GROSS) OF DRY EXCRETA (KcAL/G)
CHROMIC OXIDE CONTENT oF FEED (%)
CHROMIC OXIDE CONTENT OF EXCRETA (%)
NITROGEN PER GRAM OF FEED

NiTROGEN PER GRAM OF EXCRETA

HEAT OF COMBUSTION OF URIC ACID/G NITROGEN.

EXPERIMENTAL DATA WERE ANALYZED BY ANALYSIS OF VARIANCE,

SNEDECOR (1956), AND THE TREATMENT DJIFFERENCES WERE TESTED BY THE

MULTIPLE RANGE TEST OoF DuNcan (1955).




RESULTS AND DISCUSSION

EGG PRODUCT{ON

THE SUMMARY OF RESULTS (TABLE 2) SHOWED THAT ENERGY HAD NO
SIGNIFICANT EFFECT ON EGG PRODUCTION OF HENS. EGG PRODUCTION
(TaBLE 2) siGNIFICcANTLY (P < 0,01) iMPROVED WITH THE ADDITION OF
12% RAPESEED MEAL COMPARED WITH THE CONTROL DIET OR 8 AND 10%
RAPESEED MEAL, THIS 1S CONTRARY TO THE FINDINGS OF SELL ET AL.

(1968a, 19688), SNETSINGER ET AL. (1968) AND CLANDININ (1969) THAT
RAPESEED MEAL LEVELS VARYING FROM 4 TO 16% IN LAYERS DIET SLIGHTLY
DECREASED EGG PRODUCTION AS COMPARED TO SOYBEAN MEAL RATIONS,

THE DIFFERENCE BETWEEN STUDIES MAY BE ATTR!BUTED IN PART
TO THE LENGTH OF EACH STUDY WHICH VARIED FROM 32 10 40 WEEKS OF
EGG PRODUCTION. ALSO, THE HIGH PROTE!N LEVEL (19%, TABLE 4) oF THE
12% RAPESEED MEAL RATIONS PROBABLY HAD A DEFINITE INFLUENCE ON RATE
OF PRODUCTION., THIS VIEW IS SUPPORTED BY INGRAM (1956) AND
MiLTon ET AL. (1957) wHO FOUND THAT 18 AND 19% PROTEIN LEVELS
SHOWED SUPERIOR EGG PRODUCTION TO A 16% PROTEIN DIET WITH CAGED
LAYERS.

THERE WAS NO SIGNIFICANT DIFFERENCE IN EGG PRODUCT!ON
BETWEEN THE 10% RAPESEED MEAL HIGH ENERGY LEVEL AND I[TS
CORRESPOND ING CONTROL NOR WAS THERE A STATISTICAL DIFFERENCE

BETWEEN THE LOW ENERGY CONTROL AND THE LOW ENERGY TO% RAPESEED

MEAL RATIONS (TABLE 3). ALSO, NO DIFFERENCE WAS RECORDED IN EGG

23




TABLE 2. SUMMARY OF THE EFFECT OF ENERGY AND RAPESEED MEAL (RSM)
ON THE 40~-WEEK LAYING HEN PERFORMANCE.

1 FEED >
TREATMENTS Eca Prop. (%) Eee (a) Eca Wrt. (a)
ENErRGY LEVEL (M.E.)
2530 KkcAL/ka 65.9 2.93 56.5
2750 KcAL/Ka 66,6 2.84 56.6
RSM (%)
0 65.4" 2,99 57.5"
8 65.2" 2,88 56.0°
10 65.5" 2.87 56.5"
12 , 68.8° 2,81 56.3"

1. MEANS NOT HAVING THE SAME SUPERSCRIPT ARE SIGNIFICANTLY

DLFFERENT (P < 0.01).

2. MEANS NOT HAVING THE SAME SUPERSCRIPT ARE SIGNIFICANTLY

DIFFERENT (P < 0.05).
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TABLE 3. EFFECT OF ENERGY AND RAPESEED MEAL (RSM) OF LAYING RATIONS
ON EGG PRODUCTION, EFFICIENCY OF FEED UTILIZATION AND EGG
WEIGHT.
TREATMENTS Eaca PROD.1 FEED (9}1 Eca WT.2
RSM (%) M.E. (kcaL/ka) (%) Ecc (a) (%)
0 2530 64,3"° 2.97°PF 57.3°
8 2530 67.6° 2.80"PP 56.7°
10 2530 64.2°8 3.09 56.7°
12 2530 67.3° 2,g7"BCPE 55,3%¢
0 2750 66,4°¢ 3.01°PF 57.6°
2750 62.8" 2.,96°CPE 55.2°¢
10 2750 66.7° 2.64" 56,3°¢
12 2750 70.4° 2, 75"BCP 57.4°
1 . MEANS NOT HAVING THE SAME SUPERSCRIPT ARE SIGNIFICANTLY
DIFFERENT (P < 0.05).
2. MEANS NOT HAVING THE SAME SUPERSCRIPT ARE SIGNIFICANTLY
DIFFERENT (P < 0.01).
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2. C. F.

INDICATES CRUDE PROTEIN VALUE.

INDICATES CRUDE FIBER VALUE.

TABLE 4. PROXIMATE ANALYS|S OF EXPERIMENTAL DIETS.

TREATMENTS ANALYZED VALUES o

RSM (%) M.E. (kcaL/ka) C.p. (%) C.F. (%)
0 2308 17.9 3.6
8 2323 18,6 3.9
10 2362 18.0 4.1
12 2332 19.2 4,2
0 2558 18.2 2.6
_8 2544 16.5 3.1
10 2596 18.0 3.3
12 2570 19.1 3.4

1. C.
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PRODUCTION BETWEEN LAYERS FED 8 AND 12% RAPESEED MEAL ON LOW ENERGY
INTAKE. ANALYS|S OF THE DATA SHOWED THAT EGG PRODUCTION OF LAYERS
FED 10 AND 12% RAPESEED MEAL WAS [MPROVED WHEN THE ENERGY LEVEL WAS
INCREASED FROM 2530 KCAL TO 2730 KcAL/KG. LOW DIETARY RAPESEED MEAL
(6%) SHOWED THE REVERSE EFFECT OF ENERGY (F1G. 2) SINCE HENS FED
THE LOW LEVEL OF DIETARY ENERGY MAINTAINED A HIGHER RATE OF LAY
WiTH EIGHT PERCENT RAPESEED MEAL.

SELL ET AL. (1968A) AND BRAGG (1968) FOUND THAT THE ADVERSE
EFFECTS OF RAPESEED MEAL ON PRODUCTION CHARACTERISTICS WERE LESS
SEVERE |F THE MEAL WAS NOT FED UNTIL THE HENS HAD PASSED THE USUAL
PRODUCTION PEAK (36-40 WEEKS OF AGE). THIS SHOWED THAT HENS
UTIL1ZED RAPESEED MEAL BETTER AT A CERTAIN AGE AND SUPPORTED THE
FINDINGS THAT 10 AND 12% RAPESEED MEAL SUPPORTED HIGHER EGG
PRODUCTION, PARTICULARLY AFTER 24 WEEKS OF PRODUCTION PROVIDED THAT

SUFFICIENT ENERGY WAS AVAILABLE IN THE RATION (Fias. 3 AND 4).

FEED EFFICIENCY

DIETARY ENERGY OR RAPESEED MEAL HAD NO SIGNIFICANT EFFECT
ON THE EFFICIENCY OF FEED UTILIZATION (FEED PER GRAM OF EGG) FOR
HENS FED THE CONTROL OR THE RAPESEED MEAL RATIONS (TABLE 2). THE
FEED TO EGG RATIO, HOWEVER, SHOWED A NON=SIGNIFICANT TREND TOWARD
IMPROVEMENT. SIMILAR RESULTS WERE OBSERVED BY SELL ET AL. (19684),
SNETSINGER ET AL. (1968) AnD CLANDININ (1969).

EFFICIENCY OF FEED UTIL!IZATION (TABLE 3) WAS SIGNIFICANTLY
DIFFERENT BETWEEN LAYERS FED & AND 10% RAPESEED MEAL IN THE LOW

ENERGY RANGE. THERE WAS, HOWEVER, NO SIGNIFICANT DIFFERENCE AMONG

THE O, 8 AND 12% MEAL LEVELS IN THE SAME ENERGY RANGE. A
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NON=SIGNIFICANT IMPROVEMENT WAS OBSERVED, HOWEVER, WITH LOW ENERGY
RATIONS CONTAINING 8 AND 12% RAPESEED MEAL RATIONS WHEREAS A
DEPRESSION OCCURED WITH A 10% RAPESEED MEAL RATION AS COMPARED WITH
SOYBEAN RATION.

THERE WAS ALSO AN IMPROVEMENT [N FEED EFFICIENCY WITH HIGH
ENERGY RATIONS CONTAINING 10% RAPESEED MEAL COMPARED TO THE SOYBEAN
MEAL RATION. THE ENERGY X RAPESEED MEAL [NTERACTION (P <0,01)
MAY BE ATTRIBUTED TO PERIOD AND RAPESEED MEAL X PERIOD INTERACTION
eFFEcTs (APPENDIX TABLE I1). DIETARY RAPESEED MEAL oF 12, 10 AND
8% IN THAT ORDER WERE UTILIZED MORE EFFICIENTLY AFTER 32 WEEKS OF
PRODUCTION COMPARED WITH SOYBEAN MEAL (Rig. 5).

THE ANALYZED VALUES (TABLE 4) FOR THE TWO LEVELS OF
METABOL | ZABLE ENERGY (2331 AND 2565 KCAL/KG AS THE MEANS OF
0, &, 10 AND 12% RAPESEED MEAL ) USED IN THIS STUDY WERE LOWER THAN
THE CALCULATED VALUES (2530 anp 2750 kcAL/KkG). HOWEVER, 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 CONTAINING RAPESEED MEAL.

METABOL I ZABLE ENERGY VALUES OBTAINED BY ANALYSIS IN THIS
STUDY WERE MUCH HIGHER THAN THE VALUES (2290 aND 1782 kcaL/ka)
OBTAINED WITH HENS BY SELL (1966) anp Loupi E£T AL. (1969),
RESPECTIVELY. THE DIFFERENCE WAS PROBABLY DUE TO HIGHER PROTEIN
LEVEL (41%) TOGETHER WITH LOWER FIBER (5.5 PERCENT) IN THE RAPESEED
MEAL EMPLOYED IN THE PRESENT DIETARY TREATMENTS COMPARED WI!TH

35.9 1o 38.3% PROTEIN AND 13.2% FIBER IN THE RAPESEED MEAL USED BY

THESE WORKERS.
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IT wAS sHowN (BLAKELY ET AL., 1965 AND SUMMER ET AL., 1967)
THAT PELLETING RAPESEED MEAL DIETS IMPROVED METABOLIZABLE ENERGY.
THIS MAY ALSO ACCOUNT FOR HIGHER VALUES OF METABOLIZABLE ENERGY

OBTAINED SINCE THE RATIONS WERE FED [N PELLET FORM.

EcG WEIGHT

ENERGY HAD NO SIGNIFICANT EFFECT ON EGG WEIGHTS (TABLE 2) oF
HENS FED SOYBEAN AND RAPESEED MEAL RATIONS. EaG WEIGHTS (TABLE 2)
SIGNIFICANTLY (P < 0.05) DECREASED WITH THE ADDITION OF RAPESEED
MEAL COMPARED WITH SOYBEAN MEAL DiET. SIMILAR RESULTS WERE OBSERVED
BY SELL ET AL. (1968A, 1968B). Ece WEIGHTS OF LAYERS FED 8, 10 AND
12% RAPESEED MEAL RATIONS, HOWEVER, WERE NOT SIGNIFICANTLY DIFFERENT.

THE EGG WEIGHT (TABLE 3) OF LAYERS FED 12% RAPESEED MEAL
WITH RATIONS LOW IN ENERGY WAS SIGNIFICANTLY (P < 0.01) SMALLER
THAN THOSE OF LAYERS FED SOYBEAN AND 8 AND 10% RAPESEED MEAL RATIONS
WITH THE SAME DIETARY ENERGY (2530 kcaL/ka). ALSO, EGG WEIGHT OF
LAYERS ON E!GHT PERCENT RAPESEED MEAL WAS S!GNIFICANTLY SMALLER
THAN EGGS OF HENS FED SOYBEAN MEAL AND 12% RAPESEED MEAL RATIONS
WITH THE SAME LEVEL OF DIETARY ENERGY (2750 kcaL/ka). THIS wAs
PROBABLY DUE TO AN ENERGY{PROTEIN RELATIONSHIP.

ANALYSIS OF VARIANCE (APPENDIX TABLE Ill) SHOWED A
s1GNIFICANT (P =< 0.01) RAPESEED MEAL X ENERGY INTERACTION FOR EGG
WEIGHT. ReEsuLTs (TABLE 3) SHOWED THAT THIS INTERACTION WAS
MANIFESTED IN DEPRESSED EGG WEIGHT ONLY WITH THE 12% RAPESEED MEAL
LOW ENERGY RATION AND THE EIGHT PERCENT RAPESEED MEAL HIGH ENERGY

RATION. EGG WEIGHT WAS IMPROVED, HOWEVER, WITH 12% DIETARY
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RAPESEED MEAL AT THE HIGHER ENERGY LEVEL. SNETSINGER ET AL. (1968)
OBSERVED SIMILAR RESULTS N THE SECOND EXPERIMENT OF THEIR STUDY,
|.E., THAT EGGS FROM HENS FED 12% RAPESEED MEAL WERE SLIGHTLY

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

EIGHT PERCENT RAPESEED MEAL RATIONS.

EGcG qQuALiTY

DIETARY ENERGY DID NOT SIGNIFICANTLY AFFECT THE {NTERIOR
QUALITY (TaBLES 5 AND 6) oF EGGS (HAUGH UNITS) FROM HENS FED E{THER
SOYBEAN OR RAPESEED MEAL. MHAUGH UNITS (TABLE 5) OF LAYERS FED THE
THREE LEVELS OF RAPESEED MEAL WERE SIGNIFICANTLY (P < 0,01) LOWER
THAN THAT OF HENS FED SOYBEAN MEAL, SIMILAR RESULTS WERE OBTAINED

BY CLANDININ (1969).

THYROID:BODY WEIGHT RATIO

THYROID:BODY WEIGHT RATIO (TABLES 5 AND 6) WAS NOT
AFFECTED BY DIETARY ENERGY OF RATIONS CONTAINING EITHER SOYBEAN
OR RAPESEED MEAL. THE RATIO (TABLE 5) INCREASED SIGNIFICANTLY
(P < 0.01) wiTH INcrREASING LEVELS (0, 8, 10, 12%) OF RAPESEED MEAL
IN LAYER DIETS. THE RESULT SUGGESTED THAT OXAZOLIDINETH|ONE
(6OITRIN) WAS PRODUCED FROM THE PARENT GLUCOSIDE IN THE DIETARY
RAPESEED MEAL AND EXERTED ANTITHYROID ACTIVITY BY INTERFERING WITH
THE ORGANIC BINDING OF [ODINE AND SYNTHESIS OF THYROXINE AS REPORTED
By KENNEDY ET AL. (1941), GriEsBACH, (1941), GRIESBACH ET AL.
(1941), GrRIESBACH ET AL. (1943), GREER ET AL. (1962) anp

CLANDININ ET AL. (1966).

THE ENZYME MYROSINASE PLAYS A PART IN PRODUCING GOITRIN




CECA LENGTH.
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TASBLE 5. SUMMARY OF THE EFFECT OF ENERGY AND RAPESEED MEAL (RSM)
ON HAUGH UNITS, THYROIDIBODY WEIGHT RAT!O (T:B) aAnD

HAUGH1 T:B1 Ceca LENGTH2
TREATMENTS UNITS (Ma/100 @) (cm.)
EnErgY LEVEL (M.E.)
2530 kcAL/Ka 78.8 19.5 16
2750 KkcAL/Ka 78.2 19.5 16
RSM (%)
0 go. 8" 15.4" 174
8 77.6° 19.3° 16°
10 78.3° 20.3° 16°
12 77.3° 23.0° 16°

pIFFERENT (P < 0.01).

pIFFERENT (P <0.05).

1. MEANS NOT HAVING THE SAME SUPERSCRIPT ARE SIGNIFICANTLY

2. MEANS NOT HAVING THE SAME SUPERSCRIPT ARE SIGNIFICANTLY
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TABLE 6. EFFECT OF ENERGY AND RAPESEED MEAL (RSM) OF LAYING RATIONS
ON INTERNAL EGG QUALITY, THYROID1BODY WEIGHT RATIO (T:B)
AND CECA LENGTH.

TREATMENTS HAUGH1 T:B1 Ceca LENGTH2
RSM (%) M.E. (kcar/ka) UNITS (Ma/100 &) (cM.)
0 2530 81.3" 15.5% 17.6"
8 2530 78.5° 19.2° 15.7°
10 2530 78.8° 20.3° 16.7°
12 2530 76.7° 23.,2° 15.5°
0 2750 80.4" 15.4% 17.1%
8 2750 76.7° 19.4° 15.88
10 2750 77.9° 20.4° 15.3°
12 2750 78.0° 23,0° 16.2°

1. MEANS NOT HAVING THE SAME SUPERSCRIPT ARE SIGNIFICANTLY
piFFERENT (P <0.01).

2. MEANS NOT HAVING THE SAME SUPERSCRIPT ARE SIGNIFICANTLY
piFFERENT (P < 0.05).
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FROM TS GLUCOSIDE (ASTWOOD ET AL., 1949). ALTHOUGH THE SOLVENT-
PROCESSING METHOD EMPLOYED [N PREPARING RAPESEED MEAL SHOULD HAVE
DESTROYED THE MYROSINASE, THERE WERE PROBABLY SOME MICROORGANISMS

THAT POSSESSED ENZYMES CAPABLE OF HYDROLYZING THIOGLUCOSIDES 1IN

THE GASTROINTESTINAL TRACT OF THE HENS,

THE THYROID3BODY WEIGHT RATIO HAS BEEN SHOWN TO INCREASE WITH

DIETARY RAPESEED MEAL IN cHIcks (PETTIT, 1944; TurRNEr, 1948;
FRoL1SH, 1952 AND CLANDININ ET AL., 1960), IN TURKEY POULTS
(BLAKELY AND ANDERSON, 1948) AND IN LAYiING HENS (CLANDININ ET AL.,
1960 AND SNETSINGER ET AL., 1968). THESE STUDIES HAVE SHOWN THAT
AS LITTLE AS FIVE PERCENT RAPESEED MEAL (N THE DIET WAS SUFFICIENT
TO INFLUENCE THE THYROID:;BODY WEIGHT RATIO.

ANALYS IS OF VARIANCE (APPENDIX TABLE V) SHOWED A
s1GNIFICANT (P < 0.01) PERIOD EFFECT FOR THE RATIO. HOWEVER,
FiG. © SHOWED A RATIO DIFFERENCE AT 16 WEEKS OF PRODUCTION WITH
INCREAS ING LEVEL (O, 8, 10 aAND 12%) OF RAPESEED MEAL. THE
INCREASE IN THE RAT!O AFTER 16 WEEKS OF PRODUCTION WAS A NORMAL
ONE PROBABLY DUE TO LOSS IN BODY WEIGHT CAUSED BY MOLTING.

[T HAS BEEN SHOWN WITH CHICKS THAT COMPENSATORY CHANGES
OCCUR N THE THYROID GLAND WHICH PERMIT A RETURN TO NORMAL RATE
OF THYROXINE SECRETION AFTER THREE TO FOUR WEEKS OF FEEDING DIETS
CONTAINING RAPESEED MEAL (CLANDININ ET AL., 1966). |T APPEARS,
HOWEVER, THAT LAYING HENS NEED A LONGER ADJUSTING PERIOD TO

DIETARY RAPESEED MEAL. THIS VIEW IS SUPPORTED BY THE FINDINGS OF

L. {(1968A) anD BrAGG (1968) THAT PRODUCTION CHARACTERISTICS

SELL ET
WERE LESS SEVERELY AFFECTED IF THE MEAL WAS NOT FED UNTIL THE HENS

WERE 36-=40 WEEKS OLD.
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CECA LENGTH

Ceca LENGTH (TABLES 5 AND 6) WAS NOT AFFECTED BY DIETARY
ENERGY OF SOYBEAN OR RAPESEED MEAL DIETS. THE ciEcA (TABLE 5) oF
HENS FED RAPESEED MEAL RATIONS WERE, HOWEVER, SIGNIFICANTLY
(P < 0.05) SHORTER IN LENGTH THAN THOSE OF HENS FED SOYBEAN MEAL.

THERE 1S NO CONCLUS!VE EVIDENCE TO SHOW THAT THE CECA PLAYS
A SIGNIF{CANT ROLE IN POULTRY DIGESTION., |T WAS OBSERVED,
HOWEVER, (MULLER ET AL., 1968) THAT EMPTY CECAL WEIGHTS OF CHICKS
ON A SAGEBRUSH FIBER DIET (25-29% FIBER) WERE SIGNIFICANTLY
GREATER THAN THOSE ON THE BASAL DIET (20% CELLULOSE).

INSUFFICIENT INFORMATION IS AVAILABLE ON THE EFFECT OF THE
COMPONENTS OF RAPESEED MEAL ON THE CECAL MICROORGANISMS WHICH
PROBABLY PLAY SOME ROLE [N POULTRY DIGESTION AND NUTRITION.
ANALYSIS OF VARIANCE (APPENDIX TABLE V) SHOWED A SIGNIFICANT
RAPESEED MEAL (P =< 0.05) anp pERIOD (P <O0,01) EFFECTS FOR CECA
LENGTH,

SINCE DIETARY FIBER INCREASED W!TH INCREASING LEVELS
(0, 8, 10 aND 12%) OF DIETARY RAPESEED MEAL (TABLE 4), T 1Is
REASONABLE TO EXPECT LONGER CECA FOR HENS FED RAPESEED MEAL THAN
FOR HENS FED SOYBEAN MEAL. THE REVERSE WAS FOUND IN THIS CASE
WHICH MAY BE DUE TO A LOWER MICROBIOLOGICAL ACTIVITY OR THE CECA
DEVELOPED AT A SLOWER RATE COMPARED WITH CONTROLS. THIS VIEW WAS
ALSO SUPPORTED BY THE DIFFERENCE IN CECA LENGTH (FiG. 7) OF HENS
FED RAPESEED MEAL DIET FROM THOSE OF THE HENS FED THE SOYBEAN MEAL
SUPPLEMENTED DIET«. |IT WAS FOUND, HOWEVER, THAT THE CECA LENGTH OF

THE HENS FED BOTH SOYBEAN AND RAPESEED MEAL GRADUALLY DECREASED
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DURING THE EXPERIMENT (Fiac. 7).

EGG SHELL THICKNESS

NEITHER ENERGY NOR D!ETARY LEVELS OF RAPESEED MEAL AFFECTED
EGG SHELL THICKNESS (TABLES 7 AND 8). THIS WAS EXPECTED, HOWEVER,
S!NCE THE DIETARY TREATMENTS PROVIDED ADEQUATE DIETARY CALC!UM.
CLAND ININ (1969) OBSERVED NO SIGNIFICANT DIFFERENCE IN SPECIFIC
GRAVITY OF EGGS OF HENS FED SOYBEAN AND RAPESEED MEAL RATIONS,
WHICH WAS IN AGREEMENT WITH THE RESULTS OBTAINED IN THIS STUDY,
SINCE EGG SHELL THICKNESS AND SPECIFIC GRAVITY ARE MEASUREMENTS

OF THE SAME PARAMETER (EGG SHELL QUALITY).

BoDY WEIGHT GAIN PER BIRD

BODY WEIGHT GAIN PER BIRD (TABLE 7 AND APPENDIX TABLE XI)
WAS NOT AFFECTED BY DIETARY RAPESEED MEAL OR ENERGY CONTENT OF THE
RATION, BODY WEIGHT GAIN PER BIRD (TABLE 8), DECREASED
NON~SIGNIFICANTLY WITH THE ADDITION OF RAPESEED MEAL AT BOTH LEVELS
OF DIETARY ENERGY EXCEPT WITH THE 12% RAPESEED MEAL HIGH ENERGY
DIET, THIS WAS PROBABLY DUE TO A DECREASE [N FEED CONSUMPTION
(TABLE 9) BY ADDING RAPESEED MEAL. BODY WEIGHT WAS OBSERVED TO
DECREASE IN A PREVIOUS STUDY BY THE REPLACEMENT OF SOYBEAN MEAL WITH
10% SOLVENT=PROCESSED RAPESEED MEAL IN A LAYER DIET (CLANDININ,

1969).

LIVER WEIGHT AS A PERCENT OF BODY WEIGHT

DIETARY ENERGY HAD NO EFFECT ON LIVER WEIGHT AS A PERCENT

OF BODY WEIGHT (TABLES 7 AND 8). THE PERCENT OF LIVER WEIGHT AT



TABLE 7. SUMMARY OF THE EFFECT OF ENERGY AND RAPESEED MEAL

(RSM)

ON EGG SHELL THICKNESS, BODY WEJGHT GAIN PER BIRD AND
LIVER WEIGHT:BODY WEIGHT RATIO.
2 3
SHELL THICKNESS Boby Wr. LIVER WT.
TREATMENTS (0.001 1NCH) Gain (a) (%)
ENErRGY LEVEL (M.E.)
2530 KkcaL/KG 13.6 203.5 2.2
2750 kcaL/ke 13.6 206.6 2.3
RSM (%)
0 13.7 218.6 2.3
8 13.6 209.1 2.1
10 13.4 195.5 2.2
12 13.6 197.0 2.4

T. MEANS NOT HAVING THE SAME SUPERSCRIPT ARE SIGNIFICANTLY
DIFFERENT (P =<0.05).

2. BoDY WEIGHT GAIN PER BIRD.

3. LIVER WEIGHT AS PERCENT BODY WEIGHT.




TABLE 8, EFFECT OF ENERGY AND RAPESEED MEAL (RSM) OF LAYING RATIONS
ON EGG SHELL THICKNESS, BODY WEIGHT GAIN AND PERCENT L IVER
WE IGHT .
2 3
TREATMENTS SHELL THICKNESS  BobDYy WrT. LivER WT.
RSM(%) M.E. (kcar/ka) (0.001 inNcH) GAIN (a) (%)
0 2530 13.7 224.3 2.1
8 2530 13.7 217.0 2.1
10 2530 13.4 196.6 2.2
12 2530 13.5 176.2 2.5
0 2750 13.7 212,9 2.4
8 2750 13.6 201.1 2.2
10 2750 13.4 194.3 2.1
12 - 2750 13.8 217.9 2.4

MEANS NOT HAVING THE SAME SUPERSCRIPT ARE S|GNIFICANTLY
DIFFERENT (P =< 0.05).

BoDY WEI!GHT GAIN PER BIRD.

LIVER WEIGHT AS PERCENT BODY WEIGHT.
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TABLE 9. FEED INTAKE OF LAYERS FED SOYBEAN AND RAPESEED MEAL
(RSM) piETS.

TREATMENTS

RSM (%) M.E. (kcaL/ka) FEED INTAKE (KG)1
0 2530 2.05
8 2530 2.10

10 2530 2.15
12 2530 2.00
0 2750 2.28
8 2150 1.93
10 2750 1.85
12 2750 | 2.01
0 - 2.172
8 - 2.022
10 - 2.002
12 - 2.00°

1. FEED INTAKE PER BIRD DURING TEN 28-DAY PERIODS,

2. THE RESPECTIVE MEANS OF THE COMBINED FEED [INTAKE AT THE
CORRESPONDING LOW AND HIGH DIiETARY ENERGY LEVELS SHOWN
IN THIS TABLE.
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BOTH THE LOW AND HIGH LEVEL OF DIETARY ENERGY WAS THE SAME |RRESPEC-
TIVE OF DIETARY RAPESEED MEAL LEVEL. THIS IS SIMILAR TO THE RESULTS
OBTAINED WITH 12-WEEK OLD GROWING RATS, RATS FOLLOWING REPRODUCTION
AND P1GS AT 200 LBS. LIVE WEIGHT BY BOWLAND ET AL. (1963) THAT THE
RATIO OF LIVER WEIGHT TO BODY WEI|GHT INCREASED NON-SIGNIFICANTLY

BY FEEDING HIGH LEVELS OF DIETARY RAPESEED MEAL.

LIVER LIPID AS A PERCENT OF DRY TISSUE

LIVER LIPID AS A PERCENT OF DRY LIVER TISSUE (TaBLEs 10
AND 17) WAS NOT AFFECTED SIGNIFICANTLY BY DIETARY ENERGY. LIPID
IN THE LIVER OF HENS FED EIGHT PERCENT RAPESEED MEAL WAS
SIGNIFICANTLY LOWER (P =<O0.05) THAN THOSE OF HENS FED SOYBEAN
MEAL, AND 10 AND 12% RAPESEED MEAL RATIONS AT A LOW OR HIGH LEVEL
OF DIETARY ENERGY, PERCENT LIVER LIP{D OF LAYERS, HOWEVER,
INCREASED AS THE ENERGY LEVEL IN RAPESEED MEAL DIETS WAS INCREASED
WHILE THAT OF HENS FED THE CONTROL DIET DECREASED. ERUCIC ACID
PRESENT (N RAPESEED OIL HAS BEEN SHOWN TO FAVOUR LIVER LIPID
ACCUMULATION (SiM, 1970). IT IS NOT KNOWN WHETHER THE AMOUNT OF
ERUCIC ACID PRESENT IN RAPESEED MEAL OR THE PRESENCE OF TOXIC
COMPONENTS OF RAPESEED MEAL AFFECT LIPID METABOLISM IN THE LI!VER.
McDANIEL ET AL. (1957), HOWEVER, HAS SHOWN THAT.LIVER FAT INCREASED
SLIGHTLY WITH AN INCREASE IN ENERGY CONTENT OF THE DIET AND BECREASED
SLIGHTLY WITH AN INCREASE IN DIETARY PROTEIN AT A GIVEN LEVEL OF

DIETARY ENERGY.

SPLEEN WEIGHT AS A PERCENT OF BODY WEIGHT

SPLEEN WEIGHT AS A PERCENTAGE OF BODY WEIGHT (TaBLES 10 AND
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TaBLE 10. SUMMARY OF THE EFFECT OF ENERGY AND RAPESEED MEAL (RSM)
ON LIVER LIPIDS, SPLEEN WEIGHT AS A PERECENT OF BODY

WEIGHT (S:B) AND MORTALITY.

LIVER LlPle1

> MORTALITY

TREATMENTS (%) S:B (%)
EnErRGY LeEveL (M.E.)

2530 KcAL/ke 24.3 0.08" 13

2750 KcAL/Ka 26.1 0.09" 12

RSM (%)

0 30.2% 0.09 10

8 18.9° 0.09 11

10 23,94 0.08 14

12 28.0" 0.08 15

PIFFERENT (P < 0.05).

1. MEANS NOT HAVING THE SAME SUPERSCRIPT ARE SIGNIFICANTLY

2. MEANS NOT HAVING THE SAME SUPERSCRI!PT ARE NOT SIGNIFICANTLY

piFFERENT (P < 0,01).




ON PERCENT LIVER LIPIDS,

BODY WEIGHT AND MORTALITY.
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TaBLE 11. EFFECT OF ENERGY AND RAPESEED MEAL (RSM) OF LAYING RATIONS
SPLEEN WEIGHT AS A PERCENT OF

TREATMENTS
RSM (%) M.E. (kcAL/kG) LIVER LIPIDS (%)1 S:B MORTALITY (%)2
0 2530 32.7 0.07 8
8 2530 17.3 0.08 14
10 2530 20.8 0.08 18
12 2530 26.7 0.07 12
0 2750 27.6 0.10 12
8 2750 20.5 0.10 8
10 2750 27.0 0.08 10
12 2750 29.3 0.09 18

1« LIVER LIPIDS AS PERCENT OF DRY LIVER TISSUE.

2. PERCENT OF BIRDS THAT DIED FROM FATTY LIVER AND LEUKOSI|S,
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11) WERE NOT SIGNIFICANTLY (P < 0.01) INFLUENCED BY RAPESEED MEAL.
HOWEVER, THE ANALYSIS OF VARIANCE (APPENDIX TABLE VII]) SHOWED A

SIGNIFICANT (P < 0.01) ENERGY EFFECT FOR SPLEEN WEIGHT.

MORTAL ITY CAUSED BY FATTY LIVER AND LEUKOS]S

DIETARY ENERGY AND RAPESEED MEAL LEVELS DID NOT AFFECT
MORTALITY (TaBLES 10 AND 11) CAUSED BY FATTY LIVER AND LEUKOSIS,
HOWEVER, 1T wAS FOUND (TABLE 12 AND APPENDIX TABLE [X) THAT

MORTALITY WAS SIGNIFICANTLY (P < 0.05) AFFECTED BY PERIOD.

MOREOVER, IT WAS OBSERVED THAT HIGHER MORTALITY WAS CAUSED BY
LEUKOS IS THAN FATTY LIVER. SIMILAR RESULTS WERE REPORTED BY

SNETSINGER ET AL. (1968).
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TasLe 12, EFFECT OF PERIOD ON MORTALITY DUE TO
FATTY LIVER AND LEUKOSIS.'l

PER1OD MORTALITY (%)2
1 ' 2t
2 78
3 1548¢
4 20°¢
5 30°
6 5*P
7 7A8
8 1748¢
9 10*®

10 107%

1. PERCENT OF BIRDS THAT DIEP FROM FATTY LIVER
AND LEUKOS!S.

2. MEANS NOT HAVING THE SAME SUPERSCR!IPT ARE
SIGNIFICANTLY DIFFERENT (P < 0.05).




SUMMARY AND CONCLUSIONS

A sTuDY WAS CONDUCTED Wi{TH FOUR HUNDRED LAYING HENS TO
DETERMINE THE INFLUENCE OF ENERGY ON RAPESEED MEAL UTILIZAT|ON BY
HENS. TwO ENERGY LEVELS (2530 AnD 2750 KCAL M.E./KG) WERE EMPLOYED
AT EACH RAPESEED MEAL LEVEL (O, 8, 10 aND 12%). TRAITS STUDIED
WERE EGG PRODUCTION, FEED EFFICIENCY, EGG AND BODY WEIGHTS, EGG
QUALITY, EGG SHELL THICKNESS, THYROID3:BODY WEIGHT RATIO, CECA
LENGTH, LIVER WEIGHT, LIVER LIPIDS, SPLEEN WEIGHT AND MORTALITY.

1. RESULTS SHOWED THAT ENERGY PER SE HAD NO SIGNIFICANT
EFFECT ON TRAITS STUDIED EXCEPT SPLEEN WEIGHT. EGG PRODUCTION OF
LAYERS FED 10 AND 12% RAPESEED MEAL RATIONS DiD, HOWEVER, SHOW
SIGNIFICANT IMPROVEMENT AS THE ENERGY |NCREASED FROM 2530 To 2750
KcAL/KG. DIETARY RAPESEED MEAL AT THE 12% LEVEL IN HIGH ENERGY
RATIONS SUPPORTED APPRECIABLY HIGHER EGG PRODUCTION, PARTICULARLY
AFTER 24 WEEKS OF LAY, THAN DID THE CONTROL OR & AND 10% RAPESEED
MEAL DIETS.

2. THERE WAS NO SIGNIFICANT IMPROVEMENT IN EFFICIENCY OF
FEED UTILIZATION WITH HIGH ENERGY RATIONS OR §, 10 AND 12%
RAPESEED MEAL COMPARED W!TH SOYBEAN MEAL RATIONS.

3., METABOLIZABLE ENERGY WAS SIMILAR FOR SOYBEAN AND
RAPESEED MEAL RATIONS, SHOW!ING THAT ANIMAL TALLOW TOGETHER WITH
PELLETING OF RAPESEED MEAL DI!ETS IMPROVED METABOLIZABLE ENERGY.

4, THERE WAS A SIGNIFICANT RAPESEED MEAL X ENERGY
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INTERACTION FOR EGG WEIGHT, MANIFESTED N DEPRESSED EGG WEIGHT WITH
THE 12% RAPESEED MEAL LOW ENERGY RATION AS WELL AS WITH THE EI[GHT
PERCENT RAPESEED MEAL HIGH ENERGY RATION. EGG WEIGHT, HOWEVER, WAS
IMPROVED WITH 12% DIETARY RAPESEED MEAL AND HIGH DIETARY ENERGY
COMPARED TO 8 AND 10% RAPESEED MEAL DIETS AT THE SAME HIGH LEVEL OF
ENERGY. BIRDS RECEIVING 12% RAPESEED MEAL AND THE HIGH ENERGY
RATION PRODUCED SIGNIFICANTLY MORE AND LARGER EGGS THAN DID THOSE
FED THE SAME LEVEL OF RAPESEED MEAL ON THE LOW ENERGY DIET,

5. HAUGH UNITS OF EGGS FROM RAPESEED MEAL TREATMENTS WERE

SIGNIFICANTLY LOWER THAN THOSE OF THE CONTROL DIET.

6. EGG SHELL THICKNESS WAS NOT AFFECTED BY DI{ETARY TREATMENT.

7. THYROIDIBODY WEIGHT RATIO INCREASED SIGNIFICANTLY WITH
INCREASING LEVELS OF RAPESEED MEAL {N THE LAYER DIET. THIS
INDICATED THAT RAPESEED MEAL CONTAINED CHEMICAL COMPOUNDS HAV ING
THYROGEN!C PROPERT!ES, PER!{OD ALSO HAD A SIGNIFICANT EFFECT ON THE
THYROIDIBODY WEIGHT RAT!O.

8., THE CECA OF HENS FED RAPESEED MEAL RATIONS WERE
SIGNIFICANTLY SHORTER !N LENGTH THAN THOSE OF HENS FED SOYBEAN
MEAL RATIONS,

9. BODY WEIGHT GAIN PER BIRD DECREASED BUT NON=SIGNIFICANTLY
AT ALL LEVELS OF RAPESEED MEAL. THIS DECREASE WAS RELATED TO A
DECLINE IN FEED CONSUMPTION,

10, LIVER WEIGHT AS A PERCENT OF BODY WEIGHT REMAINED THE
SAME IRRESPECT!VE OF DIETARY RAPESEED MEAL OR ENERGY LEVELS. LIVER
LIPID, HOWEVER, INCREASED AS THE ENERGY LEVEL [N RAPESEED MEAL DIETS
WAS ELEVATED WHILE THAT OF HENS FED THE CONTROL D|ET DECREASED,

11. MORTALITY CAUSED BY FATTY LIVER AND LEUKOS}S WAS NOT

AFFECTED BY DIETARY RAPESEED MEAL OR DIETARY ENERGY.
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APPENDIX TABLE |. ANALYSIS OF VARIANCE OF EGG PRODUCTION (HEN=DAY)
OF LAYING HENS FED DIFFERENT LEVELS OF DIETARY
ENERGY AND RAPESEED MEAL.

SOURCE DF 3S MS F
ToTAL 399 21309.00 —— ——
ENERGY 1 26.25 26.25 0.81
RAPESEED MEAL 3 338.13 112.70 3.46%
ENERGY X RAPESEED
MEAL 3 370.00 123.33 3.78%
PERIOD 9 8263.45 918.16 28,17%%
ENERGY X PERJOD 9 100.31 11.15 0.34
RAPESEED MEAL X
PER!1OD 27 1098.,75 40.70 1.25
ENERGY X RAPESEED
MEAL X PERIOD 27 675.00 25,00 0.77
ErRROR 320 10431.33 32.60 -

*STATISTICALLY SIGNIFICANT AT P < 0.05.

*¥STATISTICALLY SIGNIFICANT AT P =< 0.01,
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ApPPENDIX TABLE |l. ANALYS!IS OF VARIANCE OF FEED PER GRAM OF EGG OF
LAYING HENS FED DIFFERENT LEVELS OF DIETARY
ENERGY AND RAPESEED MEAL.

SOURCE DF SS MS F
ToTAL 399 2933952.00 - -
ENERGY 1 8850.00 8850.00 2.22
RAPESEED MEAL 3 17710.00 5803.33 1.48
ENERGY X RAPESEED
MEAL 3 52415,05 17471.68 4,39%%
PERIOD 9 1233041 .00 137004.50 34 ,39%*
ENERGY X PERIOD 9 7320.00 813.33 0.20
RAPESEED MEAL X
PERiOD 27 193095.75 7151.69 1.80%*
ENERGY X RAPESEED
MEAL X PER1OD 27 146400.,06 5422 .22 1.306
ERROR 320 1274793.00 3983.73 - -

¥*¥STATISTICALLY SIGNIFICANT AT P < 0,01.
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APPENDIX TaABLE [ll. ANALYSIS OF VARIANCE OF EGG WEIGHTS OF LAYING

HENS FED DIFFERENT LEVELS OF DIETARY ENERGY

AND RAPESEED MEAL.

SOURCE DF SS MS F
ToTAL 399 6692.00 —-— -
ENERGY 1 10.31 10.31 2.13
RAPESEED MEAL 3 128.44 42.81 8.84%*
ENERGY X RAPESEED
MEAL 3 160.63 53.54 11.06%*
PERIOD 9 4737.50 526.39 108, 74%*
ENERGY X PERIOD 9 4,06 0.45 0.09
RAPESEED MEAL X
PERIOD 27 59,06 2,19 0.45
ENERGY X RAPESEED
MEaL X PERiIOD 27 39,06 1.45 0.30
ERROR 320 1548.13 4,84 —_—

*¥¥STATISTICALLY SIGNIFICANT AT P < 0.01.
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ANALYSIS OF VARIANCE OF HAUGH UNITS OF EGG
ALBUMEN OF LAYING HENS FED DI!FFERENT LEVELS
OF DIETARY ENERGY AND RAPESEED MEAL.

DF 38 MS F

SOURCE
ToTAL _ 159 4127.88 -~ -
ENERGY 1 13.44 13.44 1.36
RAPESEED MEAL 3 299.69 98.90 10, 14%*
ENERGY X RAPESEED
MEAL 3 51.25 17.08 1.73
PER 10D 3 . 2311.25 770,42 78,271 %%
ENERGY X PERIOD 3 | 33.13 11.04 1.12
RAPESEED MEAL X
PER1OD 9 68.75 7.64 0.78
ENERGY X RAPESEED
MEAL X PERIOD 9 85.31 9.48 0.9
ErRROR 128 1260.82 9.85 -

¥¥STATISTICALLY SIGNIFICANT AT P = 0.01.



ApPENDIX TABLE V.

ANALYSIS OF VARIANCE OF THYROID WEIGHT PER
100 GRAMS BODY WE!GHT OF LAYING HENS FED
DIFFERENT LEVELS OF DIETARY ENERGY AND
RAPESEED MEAL.

68

SOURCE DF SS MS F
ToTAL 1 645,10 - -
ENERGY 1 0.16 0.16 0.26
RAPESEED MEAL 3 540,13 180.04 289,90%%
ENERGY X RAPESEED
MEAL 3 0.18 0.06 0.09
PERIOD 2 70.00 35.00 56.,35%%
ENERGY X PER1OD 2 0.13 0.07 0.10
RAPESEED MEAL X
PERIOD 6 3.69 0.62 0.99
ENERGY X RAPESEED
MEAL X PERIOCD 6 1.04 0.17 0.28
ERROR 48 29.81 0.62 —-—

¥¥STATISTICALLY SIGNIFICANT AT P < 0.01,
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ANALYS!S OF VARIANCE OF CECA
HENS FED DIFFERENT LEVELS OF
AND RAPESEED MEAL.
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LENGTH OF LAYING
DIETARY ENERGY

SOURCE DF SS MS F
ToTAL 71 307.28 — -
ENERGY 1 1.58 1.58 0.52
RAPESEED MEAL 3 30.06 10.10 3.29%
ENERGY X RAPESEED
MEAL 3 10.59 3.53 1.16
PERIOD 2 55,83 27.91 9.16%*
ENERGY X PERIOD 2 3.56 1.78 0.58
RAPESEED MEAL X
PERIOD 6 34.13 5.69 1.87
ENERGY X RAPESEED
MEAL X PERIOD 6 25,27 4.21 1.38
ERROR 48 146.29 3.05 -

¥STATISTICALLY SIGNIF!CANT AT P < 0.05.

¥X¥STATISTICALLY SIGNIFICANT AT P = 0.01.




ApPENDIX TABLE VIiI.
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ANALYS|IS OF VARIANCE OF PERCENT LIVER LIPID

OF LAYING HENS FED DIFFERENT LEVELS OF

DIETARY ENERGY AND RAPESEED MEAL.

SOURCE DF SS MS F
ToTAL 71 10964.,51 ~-— -
ENERGY 1 54,62 54.62 0,40
RAPESEED MEAL 3 1336.17 445,39 3.28%
ENERGY X RAPESEED
MEAL 3 308.68 102.90 0.76
PER1OD 2 1054,62 527.31 3.89%
ENERGY X PERIOD 2 162.33 81.16 0.60
RAPESEED MEAL X
PER1OD 6 855.56 142.59 1.05
ENERGY X RAPESEED
MEAL x PERtOD 6 680.71 113.45 0.84
ErRROR 48 6511.89 135.66 -

¥STATISTICALLY SIGNIFICANT AT P < 0.05.



ApPENDIX TaBLE VIII.

ANALYSIS OF VARIANCE OF SPLEEN WEIGHT AS A
PERCENT OF BODY WEIGHT OF LAYING HENS FED

DIFFERENT LEVELS OF DI!ETARY ENERGY AND

RAPESEED MEAL.

71

SOURCE DF SS MS F
ToTAL 71 0.0442 - _—
ENERGY 1 0.0044 0.0044 T.4T%*
RAPESEED MEAL 3 0.0025 0.0008 1.40
ENERGY X RAPESEED
MEAL 3 0.0018 0.0006 1.07
PERIOD 2 0.0007 0.0004 0.62
ENERGY X PERIOD 2 0.0004 0.0002 0.37
RAPESEED MEAL X
PER10OD 6 0.0039 0.0006 1.10
ENERGY X RAPESEED
MEAL X PER!OD 6 0.0025 0.0004 0.7
ERROR 48 0.0280 0.0006 -

¥¥STATISTICALLY SIGN{FICANT AT P < 0,01.
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ANALYSIS OF VARIANCE OF MORTALITY (DUE TO FATTY
LIVER AND LEUKOSlS) OF LAYING HENS FED
DIFFERENT LEVELS OF DIETARY ENERGY AND

RAPESEED MEAL.

SOURCE DF SS MS F
ToTAL 399 45,75 e ——
ENERGY 1 0.01 0.01 0.09
RAPESEED MEAL 3 0.17 0.06 0.51
ENERGY X RAPESEED
MEAL 3 0.37 0.12 1.1
PERIOD 9 2.45 0.27 2.45%
ENERGY X PERIOD 9 0.59 0.07 0.59
RAPESEED MEAL X
PERIOD 27 1.93 0.07 0.64
ENERGY X RAPESEED
MEaL x PERtIOD 27 4,63 0.17 1.54%
ErRROR 320 35.60 0.11 ———

*STATISTICALLY SIGNIFICANT AT P < 0.05.
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APPENDIX TABLE X. ANALYSIS OF VARIANCE OF EGG SHELL THICKNESS OF

LAYING HENS FED DIFFERENT LEVELS OF DIETARY
ENERGY AND RAPESEED MEAL.,

SOURCE DF 33 MS F
ToTAL 159 35.33 - —
ENERGY 1 0.25 0.25 1.12
RAPESEED MEAL 3 1.82 0.61 2.66
ENERGY X RAPESEED
MEAL 3 0.45 0.15 0.66
PER 10D 3 0.74 0.25 1.08
ENERGY X PER!IOD 3 ~0.08 ~-0,03 ~0.11
RAPESEED MEAL X
PER10OD 9 1.00 0.11 0.49
ENERGY X RAPESEED
MEAL X PERLOD 9 2.19 0.24 1.07
ERROR 128 29.08 0.23 -




ApPEND IX TaABLE XI.

ANALYSIS OF VARIANCE OF BODY WEIGHT GAIN BY
LAYING HEN FED DIFFERENT LEVELS OF DI{ETARY
ENERGY AND RAPESEED MEAL.

74

SOURCE DF $S MS F
ToTAL 79 307467.00 -~ ——
ENERGY 1 187.19 187.19 0.05
RAPESEED MEAL 3 7120,94 2373.65 0.63
ENERGY X RAPESEED |
MEAL 3 10473.44 3491.15 0.93
PERIOD 1 6513.44 6513.44 1.74
ENERGY X PERIOD 1 4155.94 4155,94 1.11
RAPESEED MEAL X
PERIOD 3 25066.57 8355.52 2,23
ENERGY X RAPESEED
MEAL X PERIOD 3 13929.07 4643.02 1.24
ERROR 64 240014.38 3750.23 -




ArPPENDIX TAaBLE Xll.

ANALYS!IS OF VARIANCE OF LIVER WEIGHT AS A
PERCENT OF BODY WEIGHT OF LAYING HENS FED
DIFFERENT LEVELS OF DIETARY ENERGY AND

RAPESEED MEAL.

5

SOURCE DF SS MS F
ToTAL 71 .18 — -
ENERGY 1 0.04 0.04 0.38
RAPESEED MEAL 3 0.82 0.27 2.38
ENERGY X RAPESEED
MEAL 3 0.51 0.17 1.47
PER1IOD 2 0.52 0.26 2.26
ENERGY X PERiOD 2 0.13 0.07 0.58
RAPESEED MEAL X
PERIOD 6 0,78 0.13 1.13
ENERGY X RAPESEED
MEAL X PERlOD 6 0,89 0.15 1.30
ERrRROR 48 5.50 0.12 -




