,30876
. \ -

. Ly National Library. Bibliothdque nationale CANADIAN THESES THIESES CANADIENNES
) of Canada du Cenads ON MICROFICHE SUR MICROFICHE
-
]
. y ) )
[ 4 — 4 ’ .
NAME OF AUTHOR/NOM DE L AUTEUR Swesen [ Wison .
TITLE OF THESIS/T/TRE DE LA THESE Kpreseed (i @ NeTR Tipnme  H8nd

HE  CHICK .

UNIVERSITY/UNI VERSITE.

DEGREE FOR WHICH THESIS WAS

GRADE POUR LEQUEL CETTE THESE FUT PRESENTEE

BloCHEMIC AL o LEFFECTS  oN
He BELTI
SENTED/ M SC—
/976

YEAR THIS DEGREE CONFERRED/ANNEE D'OBTENTION DE CE GRADE

DF

NAME OF SUPERVISOR/NOM DU DIRECTEUR DE THESE

Rurw [fewncr

-

Permission is hereby granted to the NATIONAL LIBRARY OF
')
CANADA to microfilm this thesis and to lend or sell copies
. LY
of the film,

The author reserves other publication rights, and neither the
thesis nor extensive extracts from it may be printed or other-

wise reproduced without the suthor’s w‘tten permission.

L'sutarisation est, par la prdscnra; .accordlc 3 /2 BIBLIOTHE-
QUE NATIONALE DU CANADA de microfilmer cette thése et
de préter ou de vendre des exemplaires du fim,

L'sutewr se réserve les autres droits de publication; ni la
thdse ni de longs extraits de celle-ci re ;Ioivcm étre imprimds

ou sutrement reproduits sans ['sutorisation écrite de I'suteur.
\ .

onso/oartﬁ%lﬁlé__.smumhw?%/ /a LY. //bé‘ﬂ <

: ¥ -
PERMANENT ADDRESS/RESIDENCE FIXE. %, NEGENT j\ 776{«5 T
STon e HovsE. @oac&r TERSr s (g s0. 2
- LNnGLAD

NLe®t (3-74)

[ PP



INFORMATION TO USERS

THIS DISSERTATION HAS BEEN
MICROFILMED EXACTLY AS RECEIVED >

This y was produced from a micro-
fiche copy of the original document.
The quality of the copy is heavily
dependent upon the quality of the
original thests submitted for
microfilming. Every effort has

been made to ensure the highest
quality of reproduction possible.

PLEASE NOTE: Some pages may have
indistinct print. Filmed as
received. :

. -

Canadian Theses Division -
Cataloguing Branch _

National Library of Canada

Ottawa, Canada K1A ON4

>

AVIS AUX USAGERS

LA THESE A“ETE MICROF ILMEE
TELLE QUE NOUS L'AVONS RECUE

Cette copie a été faite & partir
d'une microfiche du document
original. La qualité de la copre
dépend grandement de laiqualité
de la _thése soumise pour le
microfilmage. Nous avons tout
fait pour assurer une qua alité
supérieure de reproduct on. ¢

~

NOTA BENE: La qualité d' impﬁess1on
de certaines pages peut laisser & -
désirer. Microfilmee telle que .
nous 1'avons regue.

L &

3

Division des th&ses canadiennes
Direction du catalegage
Bibliothéque nationale du Canada
Ottawa, Canada K1A ON4



THE UNIVERSITY OF ALBLRTA (N

RAPESEED OIL: NUTRITIONAL AND BIOCHBMICAL

EFFECTS ON THE CHICK

by

@ SHEILA MARGARET WILSON ¢

| 4

‘A THESIS .
SUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESELARCH
"IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE.

OF MASTER OF SCIENCE

FACULTY OR HOME ECONOMICS

e

.

EDMONTON , ALBERTA

FALL, 1976



THE UNIVERSITY OF ALBERTA o

FACULTY OF GRADUATE. STUDIES AND RESFEARCH

The undersigned ceftify that they have read, ‘and
recommend to the Faceléy of Graduate Studies and Researeh,
for acceptance, a thesis entitled “Rapeseed dil:
thrisiobal and biochemical effeéts;onlthe chick;~
submitted by Sheila Margatet Wilsdﬂﬁ-in partial
fulfilment of the' requlgsments for the degree of Master

BN of Science.

‘ ;.' \\
.
. %':q .
o 5 P>
Supervisor

Date: . /ZZ‘/J; P&



ABSTRACT

An experiment was'conducted-to determiné the effects
of 1ncrea51ng ‘the level of saturated fatty acids in diets
containing rapesced-oils on th:lr nutrltlvo propertlos
for the chick usxng rate of. growth, energetlc eff1c1ency,
and tls§ue comp051t10n as. crlteria for comoarlson. The
diets fed contalned 20 parts hlgh eruc1c acid rapeseed
~o0il (HER), low erucic acid rapeseed oil (LER) or sunfloweE:
seed oil (SFO) or 15 parts HER or LBER with S-partsv ’
palmitic or oléic‘acid, and wete formglatqd by isocaloric.
’Substitutiop of the respective.¢i1 orﬁbil‘mixture for .

‘glueoséu | .

Regults showed that 1ncrea51ng the saturated fatty

acid content of dlets conta1n1ng HER by the addltlon of
x §;}mit1c acid had no beneflclal ?ffett opbthg_decreasedm

wdight gain, fat deposition, or energetic efficiency, or

heart.enlargement observeé in dhicks fed diets contqining

20 parts HER for 3 to 4 weeks} whén cémpared with chicks ,
_ fed diets containing HERtsuppleméﬂted Qith oléic_aqid; t

Chicks féd diets containing 2p parts LER for 3 to .
4 weeks qained:morefweight, héd.smailer hearts, and J

. utilized enetéyigltg greater efﬁiciénc} than chicks,fed'

diets containing,B!R; ‘However, body fat gain and enegy’ '

3 getic,efficiency-of chicks pair-fed diets Contaiﬁiq@g

for 3 to 4 weeks were lower than of chicks pair-fed diets

iv,
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. | \ : | |
containling SKL’ Increasing the saturated fatty acid

intake of chicks fed dietscontaining LER impxoved

neither fat deposition nor energetic efficiency.
: : [} ‘ ]
Analysis of the fatty acid composition of heart
-~

and carcass lipid by gas chromatography showed chicks
fed a diet containing HﬁR.plus oleic acid for 7 days or
5 to 4;weeks debositednless erucic and eicosenoic acid
than chicks fed comparable diets containing HER plus

palmitic acid.
In vitro studies showed that mitochondria isolated
t\

from the heart apd skeletal muscle of chicks fed diets.-

containing 20 pazts HER for’ 28 days had reduced ADP/O

' ratios, but similar rates of oxygen uptake and ATP syn-

thesis, when compared ‘with mitochondria 1solated from

 chicks fed comparable diets containing SFQ

'~ Mitochondria isolated from the.heart‘and skeletal -
muscle of'chicks fed diets containing 26 barts<%3§ for
28 days showed rates of oxygen uptake and ATP synthesis .1%
similar to those of chicks fed diets containinc SFO.
ADP/O ratios of skeletal~;uscle<mitochondraa isolated ‘ #ﬁl
from chicks - fed diets’ containing LER were szmilar to &

Vet

those of chicks fed diets containing. SFO; however, AD%/O 2

ratios of cardiac’ mitochondria were intermediary between

-and no different from, those of chicks fed diets oontagpr

ing HER or SFO, A » - S
These data suggest that the erucic and=eicosenoic

LYY

N ~,

o

4&.



acids present in HER arg the prime factor responsible

for the pobrer nutritive properties ot—thi; oil fof the
chick, and.that the low saturated fatty acid cb;teng of
rapeseed oils do not impair the{r nutritive value. ’The
presence of erucic acid in'the diet, possibly even at
such low levels as found in LER, cause@lpeduced mito-
chondrial oxidatiye efficiency andemay]fhus explain t$e
decreased energetic efficiency and body fat.gain obsefved
in chicks fed diets conta;ning 20 parts'HER or LER for}

4

3 to 4 weeks.

vi o
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Studies on the nutr;tive’vglue of rapeseea ogl

hJ

. were 1ntensified in 1970 with= the fxnding that rape-

_ sccd nil induced chanqes xn +he myocardxum Since

-

that time many studies have been “onducted to qeternine )

o

the factor (s) in rapeseed 011 responsxble for 1ts ST

B

cardxopathogen;city and its (their) mgabngaactxoh.<5
Recently the question has been radted as to whethet N;;h$
a compe?ent(s) in rapeséed oil int gferes- with energy

utilization. thus cdntr1but1nq to pathologlcql changes

s

in heart and skeletal muscle. S1nce dnly 11m1ted B ‘.‘d§?1:,~

tnformation ‘is available ‘o - the effect of hxgh and lbu

\—

erucic acid rapeseed oil on. gneray ut;lizat;on,wthe W

—~

'follow1nq in vivo and 1n vitro studxes were conducted

using the chick as the exper;mentalran;mal, o n_:;.'gh
¥
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LITERATURE REVIEW

N
v
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\

The nutritive value of rapesced oil containing
a high level of «.erucic acid (HER), and that of newer
varieties of rapesead containing little or no erucic
acid in the oil (LER), have beén studied in a variety
of animals. These studies havé formed the basis of
several comprehensive reviews (Borg,1275; Rocquelin et
al., 1971; Vles, 1975).

In early‘studies on the nutritive value of HER for
the chick, Sell and ﬁodgson (1962) showed that when

included at 4 or 8% of the diet HER promoted growth as

effectively as similar levels of soybean oil, sunflower-

seed 0il, or tallow. Later, however, Salmon (1969)

observed that.ehicks fed diets containing 10, 7.5, 5 or

©2.5% HER combined with 0, 2.5, or 7.5% soybean oil,

respectively, showed degressed growth compared with
chicks fed a diet contaihing 10% soybean oil. > More
recently, Sheppard et al..(1971) hay¢ shown that chicks
fed a aiét containing 16% HER grew significantly slower
than chicks fed a dieﬁ‘containing_IG% corn oil. Simi-
larly, Vdgémann et al, (19735, found that incorpbratioh
of 15% HER in the diet of the chick consistently éro-

duced a lower :ateléf.weight gain than a 15% soybean
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oil control diet. Work by Clement (1974) has extended
these observations by showing that whilst substitution
of 10 parts HER isocalorically for glucose in the chick
diet failed to suppress growth, pubstitution of 20-parts
HER caused a significant decrease in growth rate, when
compared with a control diet containing sunflowerseed
oil. 1In general, the results of these experiments'with
the chick are.in agreement with results of studies with
the'rat, which have lnown that rats fed diets contain-
ing 10% or more HER gfow less than rats fed diets
containing other dietary oils such as sunflowerseed oil
(Abdellatif and Vles, 1970&, 1973), corn oil (Beare
et al., 1959; Hornltra, 1972) ; soybean o0il or corn
- 0il (Kramer et al., 1973) and peanut oil (Rocquelin and
Cluzan, 1968). ‘l

Studies on the nutritio;al‘value of LER for the
chiok have given varying results, Walker et a1.1(1970)
found that chicks fed a diet containing;§0% LER (1.2%
orucic acid), grew at the same rate as chicks fed a diet
containing 20% tallow. In agreement with Walker et al.
(1970): Clement (1974) observed a similar rate of weight
gain between chicks fed diets containing 10 or 20 parts
LER (3.9 - 4.7% erucic acid) and chicks fed diets con-
“taining 10 or.zovpartn'-unflowerseod ‘'0oil. Sheppard et
al. (1971), however, have reported. that chicks fed a

_ \ S L
diet containing 16% LER for 3 weeks grew at a rate which



et al., 1963 xramer et al., 1975, Rocquelln et al.

; s \‘ o - 4-
wag §iqnificantly7slower»than chicks fed a“diet'contain-
ing 16% corn o0il, and similar to chdeks fed a diet |
containing 16% HER. Vogtmann et air (1973) observed a
variable response to the incorporation ot 15% LER (2.8
-2.9% erucic_acid) in chick diets; low erucic acid rape-
seed o0il produced in dlfferent instances both depression
of, and no effect on. growth when compared with a diet
containing 15% soybean oil. In the case of the rat,
Studles have shown LER to promote as good a body weight

galn as sunflowereeed oil ;Abdellatlf.and Vles, 1970a,

"1973), olive oil (Craig and Beare, 1968), soybean and

corn oil (Kramer et al., T9%3) and peanut oil (Rocquelin
and éluzan, 1968: RBcgﬁélin et al., 1970).

° That erucic acid‘is the primary agent in rapeseed
011 responsible for 1ts growth depre531n9 properties
has been demonstrated (Abdellatlf and Vles, 1973
Rocquelin et al., 1970:_Thomasson¥and Boldingk 11955)
However, it has also been suggested that the poor per--
formance of anlmals fed diets contalnlng HER may not be
due Just to the high erucic acxd content but may be
due in part to the low level of saturated fatty a01ds,

mainly pa1m1t1c acid. giving an unfavorahle ratlo of .
1.

}saturated to unsaturated fatty acids in this 011 (Beare

1971) .

| In studies with the chick, Clement (1974) showed.

f

R .,



that chicks‘fed diets containing.ls parts HER plus 5

-parts palmitic ac1d grew significantly faster than | \\

chioks fed diets containing 20 parts HER but at a

e

51m11ar rate to chicks fed diets containing 15 parts
HER plus S parts-oleic acid. In studies with the rat,
the beneficial effects on growth of increasing the
saturated fatty acid content of diets containing HER
have been demonstrated in some experiments (Beare et
al., 1963), but could not be reproduced in .others
(Beare-Rogers et al., 1972).. « Furthermore, LER whigch.
has a low palmitic acid content and an unbalanced

saturated to unsaturated fatty acid ratio similar to’

HﬂR, has been shown to produce as good a growth rate

" -as sunflowerseed oil in the chick (Clement, 1974), and

as sunflowerseed 011 (Abdellatif and Vles, 1970a, 1973)

and peanut oil. (Rocquelin and Cluzan, 1970@‘1n the rat..

e ™

No 1mprovement in weight gain of rats was observed when

| LER was” blended with tripalmitin,.tristearin, palm oil;.

or 1ard (Craig and Beare,_1968)”‘ Slmilarly, Clement

: (1974), did not find that suppiementation of a diet |
;containing LER Wlth palmitlc acid increased weight gain
of chicks fed’ ad libitum for 26 days, or. body fat Cain
- or. energetic efficiency of chicks pair-fed for 26 - days.

;It has heen sugqested (Rocquelin et al., 1970, 1971)

3 . .
. that the observed growth depression in rats fed high o

-erucic acid rapeseed 011 1s due mainly to the presence

B S R S R



of erucic acid in the diet and that the unbalanced
ratio of saturated to unsaturated fatty acids only
influence growth when the dietary linoleic acid supply
is equal to or less than 1o§ of the total fatty acid
content. ‘Clarification,of the possible.beneficiél

" effects on growth and energy utilization of supplement-
ing diets containing HER with palmitic acid is'reouired.f

- In addition to its effects on growth and feed

consumptlon, rapeseed oil feedlng has been assocxated
with a varlety of patholog1ca1 changes, predoanantly
1n_tlssues dep;ndent on fet for energy (Abdellatlf and
Vles, 1?70b,,l973). Marked alteration in the'lipid~
composition of skeletal mdscle, heartf'liver‘and-other
organs fas been noted (Abdellatlf and Vles, 1970a;
Beare Rogers et al., 1971 Beare—Rogers and Nera, 1972

F

Kramer et al., 1973;.Se1% andVHodgson, ;962; Walker,

| 1970)' B |

’ It has been established that feedlng a diet con-.
ta1n1ng 0% or more‘HER tq the rat is characterlzed by
a rapid ryse in cardlqc lipld, reachlng a maximum 1nten-
sity after 3~ 6 days. w1gb contlnued feedlng the lipid .
level decllnes towards normal but is followed in 2-6 -
months by hlstlocyte 1nf11tratlon, mYOCardlal necrosxs

| and fxbros;s (Abdellatlf 1972. Borg, 1975). Although -
1t is establlshed that the 1ncluslon of LER 1n the dlet

o of the rat does not 1ead to an early accumulatlon of
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lipid in the heart, recent evidence hae been presented
to suggest that the long éerm feeding of rapeseed oils
low in erucié-acid coﬁtent will produce cardiac lesions
(Beare-Rogers et al., 1974; Charlton et al., 1975;
Rocquelin et al., 1970,°1971). The cause of the cardiac
lesions observed when rats are fed diets containing

LER for proloaged pefiods ef time is unknown.

The effects of adding saturated fats to diets

1c0ntaining HER or LER on:%ardiac_iipid accumulatioh

and lesions in the rat has not been studied extensively.
Beare-Rogers et al. (1972) have reported that rats fed

" diets containing 20%‘synthesized.oils with a low level :
. of satUrated~fa£ty acids and a high level‘of erueie’ |
acid. showed ﬁistielogical'indieation'(Oil_RedﬁO or
hématqkyliﬁ-phloxine-saffron'staining) of-aggravated
'depesitidn of fat and_pec;esis of thejﬁeart,ehowevef,
addition of saturated-faf'to éhe d;et'had no signifi-
Cahgfmodifyihg.actidd;,"

In contrast to the rat, it has'been;ehown that

| '.chidks-fed“a’diet-cdntaining ﬁp to 20 parts HER do not'

vaccumulate 11p1d in thelr hearts (Clement 1974 Vogt-
e.mann-et al., 1974). However,‘Clement (1974) observed
_that chxcks fed ‘a dietcontaxnlng 20 parts HER for 24
days had slgnlflcantly heav1er hearts w1th slgnlflcantly

'lower fat content, than chicks fed -diets contalnlng 20



B

8

under* both pair-
&

feeding and ad libitum regimens.- In the same experiment

. & 3 v
parts sunflowerseed oil for 24 day

(Clemept 1974), the inclusion of 20 parts LER in the
.chick/s diet did not al%er\hedrt siae or fat content.
~In a subsequent experiment)élement (1974) found that

supplenentation of a diet containing HER with palmitic

ac1d srgn1ficantly decreased heart size after 26 days

of ad llbitum feeding when compared to a diet contain-

ing unsupplemented EFR or HER supplemented.with oleic‘
acid. Other workers, however, have reported that chicks
fed a diet containing 5, 10 or 15% HER, LER or so bean
oil for 28 days ’(VOétmahn etbal., 1974), or 16% HER;

LER or corn oil for 21 days (Sheppard et al., 1971),

had 51m11ar heart sizes. - The reason for the lack of

agreement on the effects of HER on chick heart size
between the results of Clement (1974), -and those of

Vogtmann et al (1974) and Sheppard et al. (1971) may .

be due.to the:hlgher level of 'HER 1n the dlets in

Clemeptj.,3ﬂf-Y. The’ reason why, in contrast to the
: » sion of 20 parts HER in the diet of the
*hick ncreaied heart sizq but no increase in
heast 1ipid ¥ j‘(qggment,:1974)

een coﬂluct

‘f not known

N

: o determlne why

rats fed dlets
‘ .
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containing high erucic acid rapeseed oil. It has been
attributed to slower rate of oxidation of erucic acid
due to redu?ed act1v1ty of enzymes of fatty acid acti- -
vation (Blond et al., 1975; Cheng and Pande, 1975); to
reducq.'actiVLty of enzymes of fatty acid oxidation
(Kramer et al., 1973, Swarttouw, 1974); to inhibition
of mitochondrial oxldation_of fatty acids by a mito-
chondrial metabolite of erucic acid (Christopherson

and Bremer, 1972; Christopherson and Christiansen, 1975;

Heijkenskjold and Ernster, 1975); to difficulties in

_ the oxidation of erucic acid involving its carnitine-

dependent transport to the sites of p-oxidation
(Bulhak—Jachymczyk and Hubner-ﬁoznlak 1974), and to
1mpa1rment of ATP utlllzatlon due to changes in membrane
fatty acid compositlon (Blomstrand and Svensson, 1974,
1975 ' Clandinin, 1976b). 3 .A

Other studies have also 1nd1cated that energy
ut111zatlon may be mealred when rats are fed dlets

contalnlng hlgh,eruc1c ac1d rapeseed 011 - Thus, Horn-

«

 stra (1972) found that rats fed dlets corttaining 31%

' tHER galned less welght per unjt of dlgestlble energy

consumed and had a greater oxygen uptake .and water

‘ vapor loss than rats’ fed comparable dlets contalnlng

'sunflowerseed oal; Hornstra (1972) proposed that 1ncor-

poratlon of HER 1n the rat s d1et caused a éllght un- -
coupllng of oxidatlve phosphorylatlon with energy lost ’

in ’ihe form of heat- rather than conserved as ATP.
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- Studies by Houtsmuller et al. (1970) .have also indicated
impaired energy utilization in rats fed diets contain- |
ing HER. These.workerQ (Houtsmuller et al., 1970) have
demonstrated decreaseaArates of oxygen uptake and ATP
synthesis by mitoch;;dria‘isolated from the hearts of
rats previously fed diets containing HhR, and thus have
proposed that erucic.acid-causes a decrease in the
capacity of isolated heart mitochondria to oxidize sub-
strates. Recently, however, Dow-Walsh e% al. (1975)
concluded that whén isoléted in the presence of heparin,
mitochondria from th%‘hearts df rats fed a diet con-

_taining 20% HER were fﬁnctioAa1ly intact with respect

" to 6xidation and enérgy coupling capacity .

In in vivo studies, Clement (1974) haswshown that
chicks fed diets containing ZO'parts HEk for 26 days
utilized energy less efficiently (determined as ebergy

;cqnsumed/upit'oP;ehergy gained) than chick5'pair-fed
comparable éiets containing LER or sunflowerseed oil..
In a‘sdbseqqént Fxperiment,-Clgmenﬁ &a974) féund that
when p;ir—fed, chiqks fed diets qbntaining leparts HER
p;us 5 parts/palmitic‘acid utilized energy more effi- |
cicntly than chi¢ksff§d>&iotsvcontaininq 20 parts IER,
but with“fhe samé efficien¢y-as_¢ﬁick5'fgd diets con-

taining 15 parts HERiélus 5 parts oleic acid. In the



.- 1
case of LER, Clement (1974) found that chicks fed
diets containing 20 parts LER, 15 parts LER pl&s 5
parts palmitic acid or 15 parts LER plus 5 parts
oieic acid showed similar energetic efficiencies (kcal
consumed/kcal gained).

The.following study was conducted to confirm the
aforementioned results of Clement's on the effect on
the energetic efficiency of the chick of supplementiﬁg
a diet containing 15 parts HER or LER with 5 pafts
palmitic or oleic acid. .Subsequently, experiments were
conducted to study the oxidativeia&tivity of mitoéhén-

~ v )

dria isolated from the heart and skel®tal muscle of

chicks fed diets containing HER, LER or -sunflowerseed

oil. ‘ ' g? :



EXPERIMENT 1

The purpose of this experiment was to confirm
the results of a previous study (Clement, 1974) céﬁ-
ducted in this laboratory on the effects on growth
ana energy utilization of modifying the ratio of satu-
rated to unsaturated fatty acids in high and low erucic
acid rapeseed o0il, when fed‘to chicks.

N

Materials and Methods

Diets contiinigg 20 parts high erucic acid rape-
seed oil (HER), 20 parts low erucic acid fapeseed_oil
(LER) , 20‘parts sunflowerseed oil (st) or mixtures
composed of 15 parts HER or LER and 5 parts’palmitiq-
or oleic acid were formulated from thébhigh carbohydraté
diet (Table. l), by substituting 20-parts oil or oil
mixture isocalorically for glucose. Heﬁabolizable
energy values used in formulating the ch;ck diets were
glucose 3.64 kcallq (Hill et al., 1960), HER 7.37 kcal/g,
LER 8.79 kcal/g, and SFO 8.88 kcal/g(Renner, 1967), ’
pglmit;c acid 4.59 kcal/g and oleic acid 8.31 kcal/g
(Renner and Hi;l; 1961). The composition of the diets
is shown in Table 2. e

' Each diet was fed ad iibitum tb‘duplicaﬁe groupsv

12
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TABLE 1

Composition of high carbohydrate diet

Ingredients - ‘ Per cent
Constants
Soybean meal (50% protein) : 35.00
Glycine 1.00
Methionine 0.50
Brewer's dried yeast 2.50
Dried whey : 2.00
Limesgtone 1.14
Dicalcium phosphate 1.84
Sodium chloride 0.60
Soybean oil 0.50
Choline chloride (50%) 0.60
Chromic oxide "bread"l 1.00
Mineral mixture? 0.41"
Vitamin mixture3 0.28
Antioxidant4 0.025
variable - )

Glucose5 ' . 52.605

lContains 30% Cr203 in wheat flour.

2Minera1 mixture supplied in mg/313 kcal of diet:
Kzupo4, 220; MgSO,., 115; Mnso,-H,0, 33.5; Feso4°7nzo,

28;Zn¢03} 9.7; C9804'5H 0, 0.78; KI, 0.29; NaSe
0.002. | o |

2 3’

Jvitamin mixture supplied in mg/313 kcal of ddet:
thiamine HCl1l, 1.0; riboflavin, 1.0; Ca pan{6thenate,
4.0; biotin, 0.04; pyridoxine, 2.0; niacip, 8.0; fol-
acin, 0.3; menadione, 0.3; aureomycin, 1.0; vitamin
312,‘0.000005: vitamin A, 1000 I.U.; vitamin D, 150

I.U.; vitamin E, 3.3 I1.U.

4Contains::?!i% ethoxyquin. Monsanto Chemical Co.,
St. Louis, Missouri, USA.

.

-SCerelose.
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TABLE 2
~ Composition of diets
Level
0il Palmitie Oleic incggg§:::8 Glucose! Cellu- Total
acid gacid "9 lose?
9 g g g g g g
srod 20 - - 47.40 . 3.82 9.44 80.66
ver? 20 - : 47.40 12.11 9.44 88.95
"HER 15 5 - 47.40 15.92 9.44 92.76
HER 15 = - 5 47.40 10.81 9.44 87.65
LER> 20 © - - 47.40 4.91 9.44 /81.15
LER 15 5 - 47.40 ~10.08 9.44 86.92
LER 15 - 5 47.40 4,97 9.44 81.81
<
1 1 S
Cerelose.
2

Alpha-floc BW-40. Brown Company, Berlin, New Hampshire, USA.
»3Sunflowerseed oil, "safflo." Co-op Vegetable Oils Ltd.,
Altona, Manitoba.

4High erucic acid rapeseed oil. Western.Canadian Seed
_ Processors Ltd., Lethbridge, Alberta.

Low erucic acid rapeseed oil. Western Canadian Seed = -

Processors Ltd., Lethbridge, Alberta.

. : - | ’ » : —.
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of 10 male crossbred (Dominant White X.White Plymouth; f
Rock) .chicks from 4 to 24 days of age. In addition,
each diet was pair-fed td duplicate groups of chicks °
from 4 to 11 and from 4 to 24 days of age. In pair-
feeding, the feed intake of each group was restricted
to that of the chicks fed the diet containing 20 parts.
HER.

During the first four days of life the chicke.were
fed a semi- purlfled high carbohydrate d1et. They were
then a531gned to the experimental groups, equallz1nq ‘
both mean body weight and weight distribution among .
the groups Ele chicks were housed in electrically
‘heated, thermostatlcally controlled battery brooders %
with raised wire-screen floors, in a temperature
controlled'laboratory; tl.

Waéer was eupplied ad lioitum and feed wastage
was determined daily throughout the experiment. Data
on growth and feed consumption were obtained weekly.
During the third week of the experiment excreta. Jere
collected from chicks fed ad libltum so that metaboll-
zable energy of the diets could be determlned Collec~-
tions were made &t>24 hcﬁr intervals on 3 successive
days, and tho excreta were kept frozen until processed.
Chromxc oxide was incorporated 1nto alil dlets as an

Andex substance, thereby elxminatlng the need for

quantitative measurement of feed intake and
- ‘.g

-
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quanfitative collection ofrexcreta. TheAmeﬁhods for proF
cessing excreta, conducting chemical analyses on excreta
and diet samples for moisture, nitrogen,‘combustible
energy, fat and chromium ogide, and for computing metab-
olizable energy haQé been des;ribed previously (Hill and
Andérson, 1958, Hill et al., 1960; ﬁenner and Hill, 1960).

At the end of each feeding regimen.the chicks were '
killed using chloroform, and the liver and hearts re-
moved and storeé at -29° until analyzed. The contents
of the gastro-intestinal tracts were removed and the
remaining carcasses of.each group weré‘frozen; ground,
mixed ahdAé'sa@ple dried by lyophilization. The dried
saﬁples were then gfound in an analytical_mill (Teckmar
Company, Cincinnati, Ohio, USA). At the Beginning of
the experiment, 2 groups of 10 four-day-old chicks were
killed and prepared for analysis using the above proce-
dure, so that tissue gains of fat and protein of the fed
" chicks could bé calculated.

In preéaration.for &hglysis, frozen hearts were
sliced thinly and dried éy iYOphilizafion; Moisture
content was determined pY'differe£ce; ‘The dried samples
were groJ:d'in“an analyéical”mill and.storéd'a -29°
until analyzed. . v

Carcass and heart samﬁiesfof chicks pair-fed for
7 and for 20 daysAwefe~ana}yzed_f?r_protéin,ffat, aqd_

moisture using the methods described by Hill and
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Anderson (1958). The fatty acid combosition'of heart
and ¥arcass lipid were determined from methyl esters,
prepared by the method of Metcalfe et al. (1966) and
-.using a g&s chromatograph (Bendix 2500, Model 2532-2,
Bendix Process Instr. Div., Ronceverte, West Virginia,
USA) ,equipped with a 350 X 4mm glass column packed
with 10% pheny1-50 cyanopropyl‘oh 80/100 mesh Chromosorb
W-and a flame ionization detector. Peaks were quanti-
tated by use of akdigital integrator (model 5300, Spéctfd
Physics, Santa Clara, California) and identified by
compar}son wifh'methyl esters of known_reférente oils
(AOCS oil ;eﬁerence mixfure RM-3, Supe}co Inc., Belle-
- fonte, Peqnsylvania). |
The fatty acid composition of the oils fed was
determined by the methods used_for analysis of heart
and.carcass.libid. Thgifatty aéidféompositidh of each_
of thé diets is'shown‘in.Table 3. |
; For comparative purposes the’resu}ts»of this experi-
ment are prés;nteq togethef with those of é similar
stud& (Clemént, 1974), iﬁ'which chicks were fed diets
coﬁtainihg 20 pafts SFO, HER or LER or‘isgparis_ﬁER
or LER plusfS,parté palmitic or oleic acid for 7 and
' 26 days.. The combined results of,both*étpe:ijehts were
ana;yzéd.statigtiéglly_uging anélysia-g§ y§x}§ﬁg9;_,

Sourtes'bf)va:iance»coﬁsiéted bf_treatments_(§=7),

’
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y o

experlments (n~2) and duplloate groups within each
treatment by eXperlment comblnatlon. Duncan s mul-
tiple range test (Steel and Torrle, 1960) was used

for Comparlsons between means.

' 'Resnlts
. Data showing the average welght ga;ns of chlckg
fed dlets 1n which .20 parts of the q;l or 011 mlxture
‘were substituted lsocalorlcally for glucose are |
Summarized“in Table 4. For comparatlve purposes data
obtalned by Clement (1974) are also 1ncluded (Experl-‘
ment lA) ' Analysis of varianceﬂand appllcatlon of
Duncan s multlple range test (Steel and,Torrle, 1960)'
; to the comblned data from both experxﬁentSvshowed thatﬂn
'chlcks fed dlets contalnlng 20 patt; HER' grew 51gn1f1-‘
| cantly slower ahd consumed 51gn1f1cantly less feed
than. chlcks fed dlets contaznlng 20 parts SFO, the
' effects belng similar 1n both experlments. The data

'also show that chlcks fed dlets contalning HER plus

L palmltlc ac1d grew at the same rate as. ch1¢ks fed ‘

:‘f'dlets contalnlng HER plus olelc ac;d thus 1nd1cat1ng

afthat lncrca51ng the saturated ‘to unsaturatud fatty '15'

dtfacld ratlo d1d not affect growth signlflcantly.‘ Thls:lfsr

".ijlndxng was consxstent in the two experlments.,;.

N

TR ._5_'

B
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TABLE 4

Weighl: gain, energy consumptlon and feed efficiency of chicks
fed experimental diets ad libitum for 20 or 26 days

Dietary levels

_ Palmitic Oleic Exp. 1 Welght ~ .Kcal . Feed
0il acid acid No. Lin consumed ‘efficiency
| g g g g9 kcal/g gain
sFo° 20 - - 1 586 2568 4.38
1A 595 2864 . _  4.81 _
- 590? 2716°% 4.60%
HER® 20 - - 1. 497 . 2238 4.50
o 1a 506 2414 4.76
.. s02° “2326° 4.63%P
“HER 15 5 - 1 4as 2257 5.07
' 1A 582 2656 4.56
- 51430 2456°P 4.82°
HER 15 - s 1 486 2318 4.77.
g | 1A 533 . 2516 ., 4.72
3 510%° 7 24173P T 4.747C
LER® 20. - - 1 <576 - . 2582 4.48
- 1A 538 .. 2458 4.57
= . 3s7ed  0sap "4.53°
LER 15 & < 1 ser. . .2707 - 4.78 A
T COIA 572y 2696 o 4.7l
. B 570“6,3, 2702° 474 74b°'
LER 15 - .5 1 529 a2 ale
- 1A 553 2544 - 4.52

lExperiment: 1 refers to data from th:ls experiment. experment
1A to data obtained by Clenent (1974) in A similar study of
26 days duration.-» o : , L .

' Calculated using detetmined metabollzable energy values for the :
-diets. .. S e el A ‘ C

3see footnotes 3—5, 'l‘able 2.,,__ e e . .

'4Va1ues are avarages Jof’. duplicate groups. Underlined Values are
averages of duplicate expen.ments. Values without a common det~ -
ter m their superscript are signif:.cantly different (P(O 05)
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Stat13t1ca1 analy31s of the combined data also |
showed that chlcks fed diets contalnlng 20 parts LER
consumed 51gn1f1cant1y less feed and gainéd less, but

not 51gn1f1cantly less, than CthkS fed dlets contaln—

-_1ng 20 parts SFO. - Results showed that the growth

promotlng propertles of LER varied between experlments,

belng equal to. SFQ in. thls experlment (Exp. l) but

81gn1f1cantly less than SFO .in Clement [ experlment

(Exp 1A) . The data also show that chicks fed diets

‘contalnlng LER plus palmltlc ac1d grew at a s1m11ar

rate to chlcks fed dlets contalnlng LER plus .0leic ac1d,
comparable results belng obtalned in both experlments

Summarlzed Ln Table 5 are data showlng welght galn,

venergy consumptlon, and feed efficiency of CthkS palr-

fed the experlmental dlets for 20 days 1n this experl-.

.ment Exp. 1) and for 26 days in Aa. s;mllar study (Exp

: lA) conducted by Clement (1974) The results of both

'*studxes show that the additlon of nelther palmltlc acldi.

nor olelc ac1d to a d1et contalnlng HER or LER had any B

benef1c1al effect on growth when feed 1ntakes were

”'urestrlcted to that of chicks fedfdlets eontalnlng un-u

su.plemented HER The reason why chicks fed d1ets

- 3conta1n1ng HLR ad 11b1tum for 20 or 26 days grew faster .

.'than chlcks fed an’ equ1ca10r1c amount of HER plus

”palmxtlc or olezc ac1d, or LER plus palmltlc acid is L

unknown

i3 o
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TABLE 5

Weight gain, energy consumption and feed eff1c1ency of chicks
pair-fed exper1menta1 diets for 20 or 26 days.:

Dietary level . .
0il  Palmitic Oleic Exp. Weight Kcal Feed

acid acid Nol ° gqain consumed efficiency.
39 ' g g ~g4 o ~ o kcal/g Qain'
,SFQ® 20 - - 1 451 2042 4.53
mER> 20 - = 1 497 2238 . a.s0.
| ‘ lA’- 5065026 .24142326C 47764.63a
HER 15 5 - 1 430 2235 5.20
s . ab - .
. 1a .49q 3P  23525504c - 4-805 g0
L | S | : .
,;HER;ﬁls, .- -5 1l 459 .2301 C . 5.01
| LER3 20 - - 1 448 2092 . 4.66
' 1A “4‘82455'13(’ : -2,29,821‘95a; 4.7’74-.-72'&1)
LER 15 'S - 1. ‘416 . . 2171 . - 8,22
- BT L S LW 8. ,?3582254b° 491, e
S A . Lo A o
LER 15 - 5 1 428 *g,'f'2112 “-=-ﬂ”.4;94"7¢‘ B
e flA]*“7‘86457’b 22531597 - 4:644 50D
Experiment 1 refers to data from thls experiment, experiment -

1
1A to data obtained’ by-Clement (1974) 1n a 31m11ar study of
26 days duration. S = . A , .

2Calculated us;ng determlned metaholizable energy galues for f”
..the diets.,. : Gt e -

3See fOOtnotes 3-5, Table 2.;

4Values are’ averages of duplicate groups. Underlined Yaldes S
_are’averages of duplicaté ‘experiments, ‘:Values without a.
", commorn letter in- ‘their. supersctipt are srgn1ficant1y

; dufferent (P(O 05)-m‘ o S e

-

RN WA
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Data on carcass composition summarlzed in Table 6
l-shew‘that chicks fed diets containing HER or LER
deposited significantly less body fat and utilized
energy less efficiently.(P<0;05)uthan<chicks fed a diet
: containing SFO, the effects being more marked ln Experi—
ment 1 than in Experlment lA. Results .8how that chicks .
fed dlets conta1n1ng HER or LER supplemented with
palmltlc acid dep051ted 51m11ar amounts of fat. and
utlllzed energy w1th the same eff1c1ency as chicks fed
diets containing HER or LER supplemented w1th olerg"
:tac1d, respectlvely.vyThese results_lndlcate that the
decreased fat deposition andkenergetis efficiency. |
observed in chicks fed'diets containing‘HER or. LEh'wase
.not due to their low saturated to unsaturated fatty
't acid ratlo." |

Analysis‘of the dombined resufts df‘both experi-

-,'ments summarized in Table 7 show that after 7 days of

"palr-feedlng, chlcks fed dlets contalnlng 20 parts HER'
dep081ted 51gn1f1cantly less fat and utlllzed energy
‘Lw1th 51gn1f1cantly less eff1c1ency than CthkS palr-fed

sxmllar levels of SFO or LER., Modlflcatlon of the fatty .

ac1d comp051t10n of either HER or LFR by the add1t1on offm;‘“

'.ypalm1t1c or ole1c acid had no sxgnlflcant effect on . the '
.'amount of fat dep051ted or the eff1c1ency of energy
'Qutlllzation after 7 days, the results being consxstent ,ﬁ[de_

_ _between experxments.



TABLE 6

lnorqy consumption, carcass qatn of fat and proteln, ‘and cnergy utuluuon
of chicks pn!.r-tod experimontal diets for 20 or 26 days. )

Dhurx levol

LCarcass Gain

Palmitic Oleic Bxﬁ Kcal . !norgy 3
041 .acid  acid No', cons PFat Protein utilization™
3 - .9 . ‘ 9 9
sro' zhe - @ - X 2042 52.7 76.2 2.20
: # S 1A 23392 . 563 o 938 g .26,
7 54.5 4.9 2.2
“uem® 20 - - 1 2238 4.4 74.4 2.61
‘ Y 23 . €6 L N e 2 sg_
“2326¢ 46.5 .abc 36
uER 15 s - A 2238 48.2. 7.8 .60
1A -”-53_2394" 32 o 4P ”‘:1.5"‘, L
RER 15 - 3 1 2321' . 46.2 76.9. 2.64
' 7Y 2448 1.9 92.2 2.42
¢ ‘a8b ed cd
. 2374 9.0 84.6 " 2.83
er 200 - .} x . 2002 4.0 3.7 2.41
o, " n’.‘gus“' 30 49,200 20 5g paves 33 Jop
R 15 8 - 1 27 5.8 _71.: 259
: = 7Y 2358 4.5 9.8 .39
S 2264 . 27.6°° T 81.8%PC  T172.49%¢
e 15 - s 1 ' 2w - 5.3 707 - 2.36
. ' 2253 s1.8 - I .
: . mz‘ 486" 80.7° 2.01%¢

. lxpoﬂnnm: 1 rofou to data lro- thu cxpcri-:nt. cxpounemt IA to dnc-
obtainod by: Clement. (78 ln a similar study of 26 days duntlon, :

3Calcul.ltod uﬂnq dctorlluod -etabouublo energy value for tho diets.

‘ lnocaloun ot -ctabonnblo onorqy coow-ed/kcalozic qalued ‘

4400 !ootnoul 3-5. Table 2. " A

. sV-l.uu arc uougot o! dupucate qtoup- Undcruued valueu aro cveuqu

dupiicate oxporimonts.. Valuns v.u:hout a vommon letter in glu r
] nupenctipt aro slgninmntly durerenr. (r(o 05). )
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Weight gain, energy consumption, carcass gain of fat and protein
and energy utilization of chicks pair-fed experim%dicts ‘for 7days.

Dietary level

Kcal

Carcass i in 46

" Energy

106®

44

)

0il  Palmitic Oleic Exp.” Weight .
" acid acid No.l gqain consumed??‘at Protefh utilization3
srot 30 - 2 3 118 48y a8 . 1506 2.86
/ o %lesr Yise 10‘;.s° Blser s
ner* 20 - - 1 117 - s40 7.2 15.0 3.56
: AA 93229 41222?b 7T2;_a 160, 2.60§;2§P
" HER 15 5 - 1 107 543 . 6.6  14.0 3.86
1A 9;:(!1a 41219‘” s.iﬁabn.gs.oa 2._.402;12.b
" HER 15 - 5 1 113 556 6.6 14.5 3.86
- o9 Phod 8.0 > 3, g 2'523;;_9 |
erf 20 - - 1 115 . 498 7.7 14.4 3.22
o 9 s e i T et
LER 15 5 - 1 122 525 8.2  14.8 .30
A een e 5 i iser T 00000
LER 15 - 5 1 1M 499  B.6  14.7 3.04
| S A 99 7386 - 1105 16.0 . 1.94
227 10.0%  15.4 "2.49

_leperimcnt 1 refers to data obtgined in this cxperiment, experi-

|

ment 1A to data obtaincd by Clement (1974), in a similar study:

2'Calit':ulm:r.-'d using ﬁdqltcrmin'e_d'_ .l_netabolizablc bn‘crgy 'vaiucs for.'.the

diets..

- 3Kilpéqlbrie5 "of 'metabolizablé ‘cnefgy x;onsmhcd/kcal_orie gained'..

48ce ‘footnotes .35, Table 2.

5

b

values #re averages of duplicate groups;: Underlined 'vhlue.gaf'e

" averages ‘of duplicatc experiments. Values without a common

- getter in their superscript are significantly aifferent. .

e

: (P(-O-.OS'),.

o a

v
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‘Data showing'the average weight and fat content of
. the hearts of chicks fed diets containing 20 parts oil
or oil mixture for 7\or'20 days (Exp. 1), are shown in
Table 8. For comparatlve purposes data obtained by
Clement (1974) are’}lso included, (Exp. 1A). Aralysis
of variance and‘appllcatlon of Duncan s rultiple range
test (Steel and Torrie, l960) to the combined results
.of the‘two experiments showed that chicks fed diets con-
taining 20 parts HER had significantly larger hearts at
20 or ZS»HaYS, but not at 7 days, than chicks fed diets
: centaining 20 parts SFO or LER nnder either ad libitum
or pair-feeding cohditions. These results were obserbed
in both experiments. Results also showed that the in-
crease in heart 51ze of chicks palr-fed a diet contalnlng
20 parts HER for 20 or- 26 days was not due to the accumu-~
lation of fat;‘the.fat content of heartsnof-ch1cks fed
diets'containing HER LER, or SFO were.Similaf in both
experiments. Heart size and levels of cardlac 11p1d in
chlcks fed dlets contalnlng 20 parts LER were similar to
.thOSe of chlcks fed.dlets contalnlng 20 parts SFO, irre~'
spectlve of me hod and length of feedlng, and exper1ment

Statlstlc _ana1y31s of the comblned data for the’
‘two experiments also showed that chlcks fed d1ets contaln-’
xlng HER plus palmitic ac1d hag hearts 51m11ar 1n size and

fat content to chlcks fed diets contalnlng HER plus olelc
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N TABLE 8

Weight and fat content of. hearts of chicks fed experimental dicts for 7 and for 20 or
26 days. : .

Dietary level Ad' Yibitum - Pair-fed

Ll
20 or 26 day . 7 day 20 or 26 day
Palmitic Oleic lbq)l firart, Fat , Teart, rat Part Fat
oil acid - acid N, size oontimt”  si1te ocontont size contont
9 9 ] wg/q ' mg/g ] =g/g 1)
sro® 20 - - 1 o1a - 9.34 9.66 7.90 14.44
m 60 - 8.2 . 920 . 636 , 1280
6.61 9.03 9.43 7.13 13.62
uer® 20 - - 1 7.94 - 9.85 9.83 8.80 14.62
I 7.20 - 9.40 7.94 7.93 12.23
YL - 9.629 8.18° 8.36% '13.42%¢
HER 15 S - 1 ea2 - 9.80 . 8.54 2.8 13.59
: 1A 6.65 - . 8.99 8.80 .82 11.59
7.88° - ‘ .40 s.67° - 1.84" 12.59%P
HER 15 - s 1 8.10 - 10.05. 10.20 3-10 13.08
A 7.28 - .85 8. 30. .45 11.5
7.69° 9.45% 9.25° 8.28¢ 12.72%¢
5 § : '
Ler® 20 - 1 1.3 - .34 1046 .55 13.54
A 6.29 - 8.77 . 9.3 6.57 1.6
6.85% . 9.06"  9.92° 7.06% 12.4°%°
LER 15 S - .1 1.3 e 9.26 9.84 8.26 . 12.98
1A 6.16 - . e.28 9.80 - 6.40 10.40
i 6.73* 9.22°% " 9.82° 7.33° 11.69°
LER 18 - - 1 7.56 - 10.36 °  10.33 0.14 14.2:
A 6.4 - .50 10.06 .60 12.1
T1.02° ©Te.e3% 10,200 T U7.32%0 U130

-4

1xxpon-om. 1 refers to thh‘onpetllc.t,. exporimont 1A to-data obtained by Clement (1974)
in a similar study. - . :

2-1 ho.ort/q body vel:qht.

Ipetermined on a wet weight basis.

mg heart/g carcass.

Ssee :éotnot-i 3-5, Table 2. ' _
Syalvos n;e' averages of duplh:ﬁto groups. Underlined vilmn are -vdr’aqet.of duplicate
experimonts. Values without a common leotter in m;t superscript are significantly

different (P<0.05).. . _
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acid. This effect was obserued in all feeding regimens
- and in beth experiments. Thus, these results indicate
that tne\increase in heart size of chicks fed diets con-
taining HER was not due to a low saturated to unsaturated
fatty acid ratio. Results‘'also showed that, itrespective
of .feeding regimen, and in both Experiment 1 and in
‘Experiment 1A, chicks fed diets containing LER plus
palmitic acid had hearts similar in size to chicke fed
diets containing LER plus oleic acid.' This finding gives
support to the concept that a low saturated to unsaturated
fatty acid ratio was not the cause of the enlarged hearts
observed in chicks fed diets containing. HER.

~ Data summarized in Table 9 show the erucic acid
content of heart and carcass lipid of chicks pair-fed

the dlets contalnlng the oils and oil mlxtures. Analysis

B of variance of the factorial arrangement of treatments

showed that chlcks fed dlets contaxnlng HER deposlted
51gn1flcantly more erucic acxd in heart and carcass 11p1d
than chicks fed dletS»containing LER. ' This effect was
obeerveu in both experiments.'_rhe Aata also show that
modification of HER by the-iadition of oleic acid caused
‘51gn1f1cant1y less accumulation of erucic, acxd in both '

: heart and carcass lipid. than d1d the additlom#bf pa1m1t1c
ac;d at 20 and 26 days, when the results of both expet;-
ments were cumblned. However, 1n the- 1nd1v1dua1 experi-~ -

sy

‘ments, the effect wae_sxgnlflcant in Experlment 1A but”



TABLE 9

.Erucic acid content1 of heart and carcass fat o
experimental die"

29
f chicks fed

Dietary level

0il Palmitic Oleic Exp, { day 20 or 26 day
acnigoid No. rcass Heart Carcass Heart
g g 9 ) s s S
merd 20 - - 1 7.94 5.8 11.4 9.1
1A 8.9 8.4 .. 11.8 9.5
8.42 7.1P 1.6 9,3P¢#
HER ‘15 § - 1 5.9 ° 4.5 10.2 9.3,
1A 8:2 6.8 13.0 11.2
7.0° 5.6 11.62 10.2°
‘ . 1A 6.9 4.4 9.6 9.1
6.42¢ - 4.29 9.4C 8.8C
LER? 20 - - 1 1.3 0.3 1.0 0.6
1A 2.9 0.8 2.0 1.3
} 2.1° 0.6fF 1.59 1.09
2.1 0.6 1.5 1.0
LER 15 5 - 1 1.5 . 0.5 0.9 0.5
v . 'IA 1.3 { 007 1-5 100
o lo‘ef ' °Q6£,' ) ltzd : 00'8‘.
LER 15 - 5 1 1.2 0.3 - 0.5 . 0.5
‘1A 1.2 0.7 . . 1.2 0.8 .
1.2%  To.sf 0.8  o.6d

lper cent of total fatty acids.

2Experiment 1 refers to this experihent , exper
obtained by Clement (1974) in a similar study.

3See footnotes 3 5, Table

iment ih to data

.,

4values are averages of-dnplicate groups. Underlined values

are averages of duplicate experiments. Values
/or heart samples obtained for a given feeding
" a common Jetter 1n their supetscript are signi

for carcass ‘and
imen without .
Q%}y difﬁerent

—~.
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only a trend was observed in Experiment 1. Similar

"

results were obtained at 7 days except that in the case

-of carcass lipid the decrease in erucic acid caused by -

the addition of oleic acid to HER was not great enough

to be 51gn1f1cant Mod1f1cat10n of the fatty acid
composition of LER by the addltlon of palmltlc or oleic
acid had no significant effect on erucic acid deposition r

at either 7 or 20 and: 26 days; this observation was the

same in the two experiments.

The effect of modlfylng the fatty acid composition

A of HER and LER by the addition of pa1m1t1c or olei¢ acid

b

on the deposltlon of eicosen01c.acid in heart and car-
cass lipid is shown in Table 10. Analysis of variance’
of the factorial arrangement of treatments showed that

=
modlflcatlon of the fatty acid comp031tlon of HER by

the addition of olelc ac1d resulted in significantly

less accumulatlon of e1coseno;c acid in. both heart and

carcass tlssue than dia the addltlon of palmltlc ac1d

Kwhen the results af both ei%éraments were cOmbined In

-tht%ind1v1dual experlments, the effect was 51gn1f1cant

,x)ef‘}
in"‘Experiment: 1A but only a trend was observed in Exper-

" iment 1. Modlflcatlon of the fatty acid comp051t10n of

LER had no 51gn1f1cant effect on the deposztlon of

elcosen01c ac1d in heart and carcass llDld



| TABLE 10 3
Eicosenoic acid contentl of heart and carcass fat of chicks fed
experimental diets. .

| Dietarx level - .
0il & c Oleic Exp. 7 day 20 or 26 day

acid acid No.2 Carcass Heart Carcass heart
39 9 49 T, 3 3 3
HER® 20 - -~ 1 . 9.5 8.1 11.0 10.4
: , 1A 7.3 10.0- 11.8 11.5
r 8.4% 9.02 11.42 11.0°
HER 15 5 - 1 7.5 5.8 8.0 8.8
1A 6.7 . 8.1 . 9.9 . ' 10.3
7.1P 7.0P 9.0P 9.6P
HER 15 - 5 1 6.0 5.6 7.7 7.7
5.7€ 5.7 7.8°  8.0°
LER® 20 - -1 4.7 1.4 2.0 1.8
o 1A 2.3 2.4 2.9 2.9
3.59 - 1.9f 2.49 2.49
LER 15 § - 1 39 - 1.1 1.5 1.6
| : 1A, 1.7 2.1 2.3 2.4
a.gd¢ 1L ef 1.9%¢ T3 0%
LER 15 - 5 1 3.2 1.2 0.6 . 1.5
: 1A 1.6 2.2 . - 2.0 2.1
: “2.4¢f 1.7 1.3 .gde

|
|
|
|

'lPer cent’' of total fatty aéidsm- A
2Experi"t_rient‘l'-refers to this experiment, experiment 1A to data
obtained by Clement (1974) in a similar study. - - -

3see footnotes'3é5,'Tablé 2.

4Vi;lues are averages of duplicate groups. . Underlined values '

are averages of duplicate experiments. Values for carcdss and
/ox heart samples obtained for a given feeding regimen without
‘acommon letter in their superscript are significantly different -

(P< 0.05) .
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Discussion
| “The finding that chicks fed diets containing 15
 parts. HER plus 5 parts palmitic acid had similar rates |
of growth, feed intakes, and heart Size when fed ad -
'libitum, and energetic efficiency when pair- fed to
' chicks fed diets containing 15 parts HER plus 5 parts
oleic acid showed that the depression in growth, re-~
duced energetic efficiency and increased heart size
_observed in chicks fed diets containing HER was not -
'due to an unbalanced saturated to monounsaturated
‘ fatty acid ratio, ‘at least when palmitic acid was fed in
~the free form. % | " ' |
Walker (1970) observed that the additiOn of 5%
tallow to a diet containing 20% HER significantly in-
creased weight gain of chicks after a1 days, and attri-f

buted this effect.to the presence of the saturated

.fatty acids, palmitic and stearic, in tallow.x However, L

‘-in agreement with the results of the present study,

walker (1970) found that the addition of 2.5 or 5% of
a mixture of palmitic and stearic acids had no 81gn1fi-yi
fcant beneficial effect on’ chick growth. U .

In work with the rat, a beneficial effect on growth.:'
| of increasing the saturated fatty acid content of diets‘
v ycontaining HER has been demonstrated in some experiments o
(Beare et al., 1963), but ‘could. not be reproduced in
i'others (Beare-Rogers et a1., 1972) FJEJLermore,' |



Rocquelin et al., (1970)7 as a result of-feeding mixé

| tures of synthetic triglycerides of similar saturated
lto unsaturated fatty acid ratio to HER, have concluded '
that when the dietary linoleic acid‘supply exceeds 10%
of the totalafatty acid<content (as in‘rapeseed oilsi;
there 'is no growth - depressing effect due to an unbal-
anced ratio of saturated to monounsaturated fatty 4
'acids in. the diet. |

The addition of saturated fatty ac1ds to a diet

containing HER has been observed to produce a variable

response on chick growth.‘ Clement (1974) observed that

decreasing the level of HER in the diet fron 20 to 15

parts and adding S parts palmb ac1d significantlyf

1improved weight gain of chick' fed ad libitum and ‘
' energetic efficiency of chicks _ _-fed for 26 days.,‘
Since 1n Clement's experiment the diet containing 15

l parts HER plus 5 parts palmitic acid had similar nutri—!V

1,7tive prOperties to a diet containing 15 parts HER plusfi"'

l:,S parts oleic acid, the growth promoting effects _f-'
: observed may have been due, at 1east in part, to. the
‘p?reduced level of BER in the diet : The reasOn why in
?icontrast to Experiment lA, reducxng the 1eve1 of HER
from 20 to 15 parts failed to increase weight gain in

ifExperiuent l is not known

1nu¢,erucic acid.and eicosenoic acids contained in 5j}¢~'

f?HER contributed to the decreased growth, reduced
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.energetic efficiency and enlargement of the heart of
chicks fed diets'containing HER is shown by'the’finding

that chicks fed diets containing 20 parts LER grew

| faster, utilized energy more effiCiently and had smaller

-

hearts than chicks fed ccmparable dietsvcontaining'HER.
"Similarly,.Vogtmann et al. (1973)'cbservedkthat.chicks'
fed diets,containing 15% LER for 4 weeks grew‘festersh

Jthan chicks fed diets ccntaining 15% HER;. In contrest,
Sheppard et al. (1971) found that chlcks fed diets con-

taining 16% LER for 3 weeks grew at a rate Similar to o

chicks fed diets containing 16% HER and Significantly'f_*

-slower than chicks fed diets containing 16% corn 011

In studies with the rat it has been well demonstratedt
that erucic acid 13 the primary agent responsible for.

'-_the growth depressing properties of HER (Abdellatif and l
fVles, 1973, Rocquelin et al., 19703 Thomasson and o

. Boldmgh, 1955). U | ‘ o

Results of Experiment 1 and 11 showed that although

LER had a higher nutritive value for the chick than HER

' 1t was 1nferior to SFO in the efficiency w1th which itf’f[;

was utilized by the chick in}bromoting tissue gain.‘=vk
> ‘

5:81nce increaSing the pé mitic ac1d intake of ch1cks~fedjtiﬂﬁ"

hldiets containing LBR did”not epable them to utilize:

:henergy as efficiently
7'sro, it cen be concluded
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the low saturated to unsaturated faqty'acid ratio in
LER was contributing‘to the difference. Recently,

Heijkensjold and Ernster'(1975) have noted that mito-

~ chondria 1solated ftom the hearts of rats fed diets

contalning as little as 1. 4% erucic ac1d for 2 to 4
weeks oxidlze substratee such as palmltylcarnltine at
_reduced rates. Thus they (Heijkensjold and Ernster,
1975) *suggest that erucic acid, even at low’ concen-
'j.tratlon, may 1nterfere with the enzyme system 1nvolved
.ln the mitochondrial oxidation of long-chaln fatty |
dacxds.. Whether low levels of erucic ac1d in LER con-
',trlbuted to the reduced energetlc eff1¢1ency observed

1n chlcks is unknown.

% .)

The reason why supplementatxon of a diet conti}n--.:"

1ng HER wzth olelc ac1d reduced the deposltlon of eru-
c1c and eﬁgpsenoic a01d in the heart and carcass llpid'f
fslgnlficantly more than supplementation of a comparable

'A“dlet WIth palmltic acid is unknown. One factor Wthh

‘himay contrrbute to the difference 1s the fact that olezc'r77

'Vacld is more completely absorbed by the chlck than )
~??pa1m1tlc acld (Renner and Hill, 1961), thus reduclng
féthe cOncentration of erucic and eicosenoic acxd presen-;’
.Tfted to- the heart and skeletal muscle for oxidation._:{:
iﬂ:;Renner and Bill (1961) have reported the absorbability
,t'of oleictand palmztig acid to be 88 and -1% respec-;yf»fr'
‘;:_v‘-'tively. “ R T : L




EXPERIMENTS 2 AND 3

Results of Experiment 1 and those of Clement.
(1974) showed that chicks fed a diet containing 20
i parts high or low erucic acid rapeseed oil required

' more energy per unit of energy gained than chicks fed

Y- diet containing 20 parts sunflowerseed oil ‘The

followxng studies were, therefore, designed to deter-Ti
'mine whether energy utilization 1s altered in rapeseed
i_oil diets by dietary induced transitions in mitochon-
'vdrial metabolism and concomitant alterations in meta-

d-bolic conservation of energy.;;,f_‘

'Materials and Hethods

Diets containing 20 parts high erucic acid rape-jf= i

ﬂt seed oil (HER), 20 parts low eruc;c acid rapeseed oil"

’=(LER), or 20 parts sun£10wersted oil (SPO) were formu-‘y
_ lated from the high carbohydrate dlet ('J.’abls 1), by
'gubstitution of the test oil isocalorically for glucose.
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‘Since determination of metabolizable energy was’ not
intended, chromic oxide mix was omitted from the diets.
The composition of the diets is shown in Table 11. ~ The
fatty acid composition of the oils is shown in Table 12
Two duplicate experiments were conducted. In each
experiment, the diets were fed to duplicate groups of
10 male crossbred (Dominant White X White Plymouth Rock)l
chicks,from 4 to.11 and from 4 to 32 deys of age. -Feed
Cimtakes of chicks fed diets containing LER ‘and SPO were
restricted to that of chicks fed diets containing HER.

‘ The method of allotment,‘feeding and housing of
chicks has been described (Experiment l) Data on
growth and feed consumption were obtained weekly and
feed wastage was determined dailxs‘ A -

At the end af.,;;«cf s "[ :
‘ue “,, immediately °x°i'°d f°r f*

by decapitation.: Tis_

isolation ‘of nitoch,_i”““ es Dow . (] _
1967b), and tissue analysis of fat and fatty aciljcom-';‘
position by nsthods described previously (Experiment 1). :
_ | Initially 5 chiqks per group Were killed for isola-s
tion of mitochondria from the rigbt ventricle of the |
lhﬂﬁr Subsequently, the remaining 5 chicks in each
group wsre killed for isolation of mitochondria frcm
longus and tibialis

muscl!;cf ghe louer leg (peroneusw

,]issue samples of heart dj:"}
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~ TABLE 11
Composition of diets

o

Type of diee

» ConSfant , 1 P
. oil . Amount ' ingredients Glucose- Cellulose”™ Total
'- g . 9 . g g 9
sF0? 200 51.13 . 4.81 § o9.44 85.38
1 ST 51.13 -  .13.11 9,44 93.68
e’ 20 51.13 . s5.31 9.44  85.88
1. :
Cerelose.

'2Alpha—floc BW-40 BIOWn Company, Berlln, New Hampshlre

3Sunflowerseed oil, "Safflo. o Co-op Vegetablezolls Ltd,,_
Altona Manltoba S S S

ngh erucic aczd rapeseed 011. Western Canad1an Seed
Processors Ltd., Lethbridge, Alberta, : -

.5Low erucic: ac1d rapeseed oil.v Wéstern Canadian Seei
Processors Ltd., Lethbrldge, Alberta.




TABLE 12

Fatty acid composition of oils '

——

= ' : " ;
Per cent of total fatty acids

‘Fitty Acids srol : merl Ler!

14.0 ) 0.1 S 0.1 - ‘0.1
16.0 D 6.5 - 2.9 4
16.1 01 9.2 . 0.3
1.0 s .16 2.3
181 157 33.6 45.2
18.2 o 70;4 ,; ',\<'f 19.2 .rlal,s'
183 0.6 < 47 - 8.8
2000 0.6 . 09 - o4
2001 . 0.6 .. 1.4 3.0 .
226 1.0 oe ‘  fjo,4,.
221 2. ST s

lsee footnotes 3-5, Table 11.
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3

and leg muscle were removed and #tored at f29° until
’ [+ ]

fanalyzed for fat and constituent fatty acids.
Tissue.renoved~for isolation of mitoohondria was‘
immediately cut into small'éections and‘washed with
eeveral portions of chilled isolationbmedium oontaining‘
mannitol 0.21M, sucrose 0.07M and EDTA 10 mM, to re-
move external_blood. Subsequent isolation procedures
were conducted at 0 to$5° After tissue homogenization
in- a glass—teflon tlssue homogenizer, the homogenate
was centrlqued (5009 for 5 min ), filtered to remove
~ lipids and recentrifuged (12000gfor 10 min).. The -
"brown mitochondrial pellet was resuspended in isolation
medlum (10 mlé) contalnlng 0. 5% (w/v) heparin and
. centrlfuged (2400g for 5 mln) Mltochondrxa were then

"suspended 1n a solutlon containlng mann1tol 0 21M,.

o sucrose o<o7n, EDTA 1omu. Trls—HCl buffer 0. 01M (pH 7., 4),

albumln 0. 1% (w/v) and heparin 330 unlts/ml““ Protein
was measured by a color1metric method tLowry et al.,
1951). o L "

Mitochondrial rates of oxygen uptake and respira-
| tory control 1ndices were measured polarograph;cally '
B at 37 usxng a YSI oxygen monxtor (Model 53 Yellow
.iSPrings Instrument Company. Ohio.‘USA), equipped with _
5utwo Clark type oxygen sensors ‘in the followingﬁaxxﬂxxmaha



_ 41
pyruvate 10mM with malate 2mM;“KC1 lSme_pOtassium'
phosphate'30mM;'Tris-HC1,.pH 7.4, éSmM;'sucroee.45mM;
mannitol 10mM, MgCl2 SmM; EDTA 7mM,_album1n 0.2% (w/v);
glucose 20mM; cytochrome C 0.015mM; NAD 0.5mM; mito-
chondrial proteln 180-30ng; total reaction.volume 2
mls. A standardlzed amount of ADP (220 nmoles) was
added after the basal respiratory rate was determlned.

The state 3 resplratoryirate in the presence of ADP,

;the state 4 respiratory rate after ekhaustion'of ADP,

.resplratory control 1ndicea and ADP/O ratlos were

determlned on ‘third and subsequent cycles as descrlbed

by Chance and Williams (1956). The uncoupllng_actlon

"of'free\fatty acids liberated“during mitochondria ieoia»

-t1on or 1ncubat10n was prevented by the addltlon of

hn albumin and EDTA.

.

1‘Reeults'.

Data showlng average 7 and 28 day wexght galn,

energy consumption, and. feed efficlency of- chicks pair-

fed dlets in Whlch 20 parts BER, LER or !FO was substx-f:‘

k|

tuted lsocalorlcally for glucose in a h1qh carbohydrateQ’
' dlet are summar1zed in Table 13 An'lysis of varlance’v

"and applicatlon of Duncan 8 multlple -ange test (Steelﬂff

and TOrrle, 1960) to the data showed hat after 7" days"

palr-feedlng no slgniflcant difference in welght gain

or. in feed effic1ency was observed. . After 28 daye



TABLE 13

Weight géin, energy éonsumption and feed'efficiéncy of
chicks pair-fed experimental diets for 7 or 28 days

[ , ) ) . ’ ’ . 1
piet  CUISfion Exp. Mort- Weight' Energy Feed
' féeding " No. alﬂwrlgqin' -consumption efficiency
_ Days 20 g " keal kcal/g gain
SFO 7 2 0 94’ 429 . 4.54
' ‘ 30 1oogza 51247 a ; 5‘134.84°
HER? 7 2 0 91 458 5.03 |
. 3 0 : 9821a 52249°a 5.33 .182
2 ‘ . o : S
LER® 7.0 2 0 718 402 .
. : 30 _92§§§ 451,,.b v
'SFO 28 ° 2 0. 590 3312 -
. . 3.1 5505,0a  3273;,0.a
" HER - 28 . 2 2 614 3306 -
o 33 64354 32685,
LEK 28 2 o 594 3299 . 5.55

31 570552 3263358 5.72, e

»1Calcq1ated from'galcuIA£ed mé£é$6liéabIe energy values.
25¢e fq@;hdted'a-s;'Table’li,f; T A /

‘3Va1uesaare_éverageé of duplicate groups. Underlined values
are averages of duplicate experiments. Values without a
common letter in their superscript are significantly .

. different (P¢0.05). .~ . v ST s

‘v‘ o



s No significant difference in heart si

43
" pair-feeding, hoster,.chicks fed diets contsihing ,
HER gained significantly more weight per unit of energy
consumed than chicks fed diets containing SFO or LER.
This tinding is in contrast to resultsgobtained_pre~
. viously (Experinents'land 1A) and may‘;e due st4least '
in part to loss'of ehicks.fed diets co:taining HER '
during'the last 10 days of the experin ntal periodl

Post mortem examination of chicks fed diets con-

taining HER for 28 days showsd that 2/% hdd yisual -
51gns of hydropericardium and 1/4 had bbnormal livers:
- (Table 14).. Chicks fed diets containrpg SFO or LER
Afor 28 days or SFO, HER or LER for 7 dLys did not
'exhibit visual signs of pathological h;art or liver

s .
changes. .
¥

Hearts: of chicks fed diets conta;?ing HER for 7

and 28 days werg significantly heavie than hearts of
chicks fed diets’ céntaining LBR or SPd ('rable 15) 0
,however, results showed thst the incr _se in heart

j(Table 15)

size was not due to accumulation of 3

v or heart fat

scontent was observed between groups diets contain-

"cle from chicks
"3
feddthe experimental diets uas similar (Table 15)

- ing SFO or LER. Fst content of 1eg

- . . . - . L \"

: . iy v oy

. : . . . . : A N
. . e o I 'u'-f‘,,.

. O S : : LT
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"TABLE 14 ! »

- Incidence of hydropericardium and abnormal li%g: changes
in chicks pair-fed experimental diets for 7 quze days

w .
. . iy

Duration of Exp. ; ‘_T Abnorma1 .
Diet fedding No. Hydropericardium liver changqgl

Days ' incidence/total = incidence/total
3 chicks chicks
sFo® 7 2 0/20 | 0/20
3 10/20 . 0/20
2 : \ _ 8 -
HER 7 2 . 0/20 0/20
3 0/20 : 0/20
. P
LER® 7 2 0/20 ~o/20 !
“ 3 - 0/19 R 2
SFO 28 2 . o0/20 . . < o/20
' 3 0/19 o © 0/19
*é"ﬂﬁk' 28 2 11/18 S 3/18
o ‘ 3. 11s . 5/15
'LER 28 -2 o/20 - 0/20
. 3

0719 S 0719

lE_nlarge&and/dr discoloted.

2Sée'f'o.otr'xotes 3-5,.f5b1éuli.j
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TABLE . 15"

‘Weight of hearts and fat'content of heart and skeletal
muscle of chicks pair-fed experimental diets for 7 or

28 days. - ‘
Duration Exp. Heari - _Fat content
of feeding No. size . Heart . Muscle
Days - mg/qg ‘ 3 wwb?
sFo® 7 2 et ‘ 5.18
3 7-755 942 100 11.26%  4-18, gga-
HER® 7 2 8.54 S 4.44.
, 3 7.965 b 8.7¢P 3.50, .a
LR 7 2 gi34 11.21 4,33
: 3 7.517_42a 4 8.269.74ab ~ 4.224.28a
| . | . -
_SFO . 28 2 6.68 . 16.18 = 317
» 3 7-065 ;3 16.68,. ,.a 3,573 5.a
HER 28 2. 8.98 ©  16.84. ., 2.65
LIS S 3 854 b 17-0716,96%  3-31, gqa
LER 28 ' 2  g.60 - 1871 3.8
3 6:905.752 -+ 15.94;5 goa- 2:993.14%
‘mg heart/g body. - L - Bt '
.ZDeterminea~oﬁIalﬁgt.weigﬁt'bésis; i - ® e
3SQQ fQQt"°F9333~57*Tﬁblg‘lli& S L s
) ornetes - ab :

'V ﬁpc,gre*gyptageﬁ;?f.dgplicateﬂgroups. qﬁnderlined'valnes” :

.qu"(f duplicate experiments. Values without a -
common lettef iy, their Buperscript are significantly .

different 1t T'¢ 0‘35) o CTT T RO

L]
.o
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4.Snmmarized in Tables 16 and 17 are data showing
_the%.s&hnatei fanty dci&s,-unsaturatibn index ‘and
$ n-9 fatty aqids'qf lipids from heart and skeletal
muscig 6f_chicks péir—féd the experimental diets for
7 and 28 days. The level of sntu:ated fatty acids
present in the tissues waé;consistenfly lower in
chicks fed diets'CQntéining HﬁR or LER‘thén inAchicks
fed.dietn containing SFO, thié'difference'was signi-
ficant in cardiac lipid after 7 and 28 days palr-A:
feedlng but not in skeletal muscle llpld. Chlcks
fed diets containing HER or EER had signiflcantly
;lower unsaturation indicea in skeletal muscle after
28 days, and in cardiac 1ipid after 7 and 28 days,
than chlcks fed dlets containlng SFO. The unsatur-
- tion lndlces of lipld extracted from&skeletal muscle-
‘of chlcks fed the experlmental dlets for 7 days w;fe
s;milar. Chicke fed d;ets containlng SFO héd a muqh
"'-'lower (P(\ 01) % n-9 fatty acid level in heart and ,4
.Iskeletal muscle lipid than chicks fed diets contaln-f;'
‘ .ing HER ‘or LER at both 7 and 28 days. Chicks fed "
n‘:diets containing LBR had a significannly lower % n-§
fabtg acid’ content ** car&iac lipld after 7 and 28 f;;,
'days and in skeletal mnsele lipid after 28 days than'.:n:->,‘5if
"“chicku fed diets containing HBR T S
Oxidative activity of mitOchondria isolated
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. TABLE 16

Per cent saturated fatty acxds, unsaturation 1ndex1*and
tn-9 fatty acids of heart lipid from chicks pair-fed
experimental diets for 7 .or 28 days ,

—

Dlet Duratxon Exp. % saturated Unsaturatxon" n-9 -
0f feeding No.- ‘ fatty acids - v1ndex - fatty ac1ds

, .days °
;sroz' 7

15.3 © 1s0.5 18.8 ,‘
2C | 151.2150.8c ; ‘

wN
[
w

[ ]

S

7 2 146 .- 121.5 . 53.9
o ' 14.3,, ,b . 124.4 ,

HER

 LER

‘HER'ii]ZSxi l_'é _*”_1179;4'

;£é§;~ :?q hJ:292':”"

:IUnsaturation 1ndex, sum of'1ndiviauil*uﬂsatut&fé&tfﬁﬁéy écid >
- x number of double honds.:;~f ST e e e e T

2 See footnotea 3—5, Table 11.5f73.

;3Va1ues are averages of dup ,cate groups
. 'are .averages of duplicate experiments.
comnon letter in thg X 8y pt: ar



TABLE 1 7

Per cent saturated fatty acids, .unsaturation J.ndexl and |
% n-9 fatty acids of, skeletal muscle' lipid from chicks
pair-fed experimental diets for 7 or 28 days

.Diet Duration of s C .
feeding Exp, ¥8aturated ~Unsaturation t n9
days Nop'fatty,acids ‘index - fatty acids
SFO“ = 7 2 16.1% 148..5 -~ 19.1
| 3. 20.0,4 o2 135.6145. 02 24-4y, g
HER? 7 2 15.7 116.5  54.8
- 3. 16.8y0 ja '1;979119-2a 50.652_7b
LER® 7 2 135 129.8 - 48.3
| , 3 M6y 08 12944159 62 461349 3P
' SFO 28 . 2 . 15.9. _149 7 17.7
| 3. M0y 00 0 152 8151 2¢ 19414 52
HER - 28 2 e.1 o 11§’6 | L,,eo.s
LER 28 2 10.5. ' 131.7. 152,30
| o 3 ll,fll;oab.,iu13s 2133 4b.*4§'550.4buv

'fIUnsaturatlon 1ndex, sum of indlvxdual unsaturated fatty

' acid X nnmber of double bonds.;:;,u_

B

;;See footnotes 3= 5. Tab1L L1”;‘>“i;t;_f:f>ﬁ

}3Va1ues are averages o >dup11cate groups.“ Underllned

- values: are?averages'ofudnpllcate experlments.,

Values

without " a:,ommon'let,er 1n their superscrzpt are sxgni-‘ E

ficantly diffe:gnt
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frOm cardiac muscie of chicks fedjdiets containing
. 20 parts SFO, HER or LER 1s shown in Table 18 “Analysis
"guof variance and application of Newman-Keuls comparison '3
A ‘between ordered means (Steel and Torrie, 1960) to the |
'] céhbined data of Experiments 2 and 3 indicated no
significant difference among the diet treatments for
statg 3 oxygen uptake rates, respiratory control 1ndex
'or rate of ATP synthesis after 7 &r 28 days pair-
' feeding. However, ADP/O ratios were 31gn1f1cantly
lower fgr chicks fed diets containing HER for 28 days'_
- than foéﬁphicks fed diets containing SFO for 28 days.
diADP/o ratios observed for chicks fedﬁdiets containing
‘rLER for 28 days were intermediate between and not- |
‘81gn1f1cantly different £rom those observed for groups'
ufed diets containing SFO or. HER for 28 days.

: Statistical analysis -of the data for the indivi-v'

S dual experiments follow;ng 28 days pair-feeding showed _ﬂai

"gthat in Experiment 2 there were no signifzcant differ-

‘ences among the dlet treatments in rate of state 3

"'1goxygen uptake. respiratory control 1ndex or rate of L

‘~7?famr synthesis.: I Bxperiment 2~chicks fed diets con-,;r**'

flf?taining 20 parts HER had significantly'lower ADP/O

: ffirstios than chicks fed diets containing 20 parts sro »
H'LChicks;fed%diets containing LER had ADP/O ratios 1nter—

"'V"',medézate »bemn ind not gjen.tficantly different from

izfithose of chicks fed diets dontaining sro and HER
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TABLE 18 N '

Oxldatlve activity of cardlac mltochondrla 1solated 1n the
presence of heparin from chicks fed dlets containlng SFO, .

" HER or LER for 7 or 28 days.

— huratlon ; Rate'of‘ wRespira-av"_ e o :
- of . state 3 . tory. B .. ‘Rate of ATP
~ feedlng Exp © oxXygen control . synthésis
Diet - .. . No. ~ uptake - index - ADP/O - '
, days . ng atom/mg - . m moles/mg’
. . protein/min R protein/min"
“sPoy - 7 30 111822 Y 2,722 2,022 22282
HER™. 7 3 1108 - 2.66 -2302 2176
LER! 73 1020 2.05  2.08% 21472
"sFo - 28 2 ‘12333 . 2.4 1,98 2338
o f '3 1816 ¢ 4.06  _ 2.34 . 4263, .a
- 1524a‘ 7730352 Tlaaeb 0330070
'HER 28 .'éfl11818 © . 2.59 . 1.66 3020
. S ,,1 3 1589 .. :3.35 _ 1.78 ,2322,.,va_

~

1704 72,977 71722 Tzem

CLER 28 2 209 0 2/81  11.76 2126
R .+ 3 ..169r . _ .. '3.01  _ -1.93 3216 L
S 1450% ;‘_,3;91?_:*:1;84ab«:j 26m®

© p—————

*¥k£ footnotes,'Table 11.A

ZValues are averages of duplicate groups for Exper ent 3.

~ Values for' Experiment 2 have .been omitted- as ‘chick® in this -~

S experiment were without 'light; and. feed prior to- terminatxon..,

- of the experiment. ‘Values without a common. letter 1n their.~
superscript are significantly.diffetent(P( 0. T

”.3Va1ues are averageprof duplicate‘érouPs.v Underlxned valuesi'3

- are’ averages of duplicaté ekperiments, ' Values without a Vli”"

‘common: letter in’ ‘their snpers,ript areﬁsignifieahtly
different (P( 0 65). o v -




nnalysis of gariance of the data for Experiment 3 |
ahowed that, as observed in Experiment 2, there ‘were

no significant dlfferences among the diet treatments-
-in rate of state 3 oxygen uptake and resplratory control

1ndex after 28 days pair feeding. However, in Experi-

\

" ment 3 chicks fed diets containing HER ox LER had

81gnif1cant1y lower ADP/O ratios and rates of ATP synthi o

. esis than chicks fed dtets containing SFO ADP/O ratios '

~and rates of ATP synthe51s of chicks fed diets contain—-
T .

~ing HER and LER for: 28 days were similar.

Oxygen uptake studies of mitochondria isolated
o

from skeletel muscle of chlcks fed: diets containing

HER indicated 31gnif1cant1y lower rates of state‘3'

‘ oxygen uptake and ADP/O ratios after 7 days pair-feeding tf

- when compared to chlcks fed diets containing SFO (Table‘

19).h Chicks fed diets containing LER for 7 da§s had

rates of state 3 q*ngn uptake and rates of AIP syn— :
the81s which uere 1ntermediate betweeny and not .'
s:.gnificantly dif,terel‘ from those of chicks fed diets -

containing e1ther SFO or HER.

nitochondria 1solated frcm the skeleta‘ muscle of L

chicka pair-fed diets containing SFO, HBR or LER for 28ﬂ;

daya had similar rates of state 3 oxygen uptake~and ATP;{f*ﬁ

sYﬁtheais; however, ADP/O ratxos of chxcks fed diets

’containing HER were significantly lower than those of
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nxidative actlvity of skeletel muscle mltochondrla isolated -
" in the presence of heparin from chicks fed dlets contalnlng

SFO, HER or LER for 7 or 28 days.

Duration  Rate of Respira- .
of . ~ State 3 ‘tory Rate of ATP
feeding Exp. oxygen - - control. synthesis
Diet . " No ~-uptake index ADP/O
dayS ; " ng atom/mg ‘ m moles/mg
A o *  protein/min- proteln/min
s;od 7 3 577%a . 1.48 1. 2sb 7302
nerY 73 a61® 1.48° 0. 94a 4322
R 7 3 .516%P 1.8a®  1.30°  e70®
sFo 28 2 4755 1.78 1.62 769
3 590 - 1.92. 2,11 1181
532 ~ 1.85 1.86° 975
- mEr’ 28 #2  asa 2.20 1.51 684
: byt 672 2,22, 1.77 1136
| S 563 2,217 7 1.64% 910
LER 28 ,_'2-f‘,3425 o 2.09 1.79 - = 743
- 3 s 1.72 1.82 956
74a T 1,902 1.80° ~ 8502

- See footnotes 3-5, Table 11. 2

o 2Values are. averageé of duplicate groups,for Bxperxment 3.._~

' values' for Bxperzment 2 ‘have been omitted as chicks were
without light and feed prior to termination of the experi- -
ment. " Values: without a common letter. in their superscript T
are significantly different (P (0 05). '1-. : , v .

g lues are averages of duplicate groups. Underlxned values._v
re averages of duplicate experiments. Values without a
.;qy,y'-n letter in their superscript are significantly '




chicks fed diets'containihg LER or SFO. The results show
ADP/O ratios of chicks fed d&ets contalnlng SFO and LER
were similar,. Statlstlcal ana1351s‘showed that there
were no‘differences between the results of Experimeht 2
and'Experiment’3. o

hiscussioh

. Results of these experlments with ch1cks 1nd1cate

“that the ADP/O ratios of mltochondria isolated from.
skeletal muscle after 7 and 28 days, and cardlac muscle
after 28 days of consumlng a diet contalnlng 20 oarts
HER were lower than when diets contammg 20 parts SFO were |
consumed. These results suggest that. the reduced
energetio.efficiency (kcal consumed/kcal gained) obser-
ved for chicks fed diets contalnlng 20 parts HER (Ex-‘
perlments 1 and 1A, Tables 6 and 7), may be the sequel
of 1mpa1red mitochondrial fpnctlon with respect to
metabollc energy eonservation. Thus. although clucksj
may consume the same amount of energy from dlets conﬁ
;talning HER, fat gain d&d energetlc effxclency are
lower than for chlcks‘fed diets conta1n1ng SFO.

o No slgnlflcant dxfferences 1n the averages of
.upooled ADP/O ratios or rates of ‘ATP synthesxs were ‘

’ observed between mltochondrla 1solated from the heart“

r_pand skeletal muscle of chlcks fed dlets contarhlng LER

and chicks fed dlets containing SFO, although values

‘-;t} ..
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for LER were 1oﬁer}after 28 days. Thus the effect on
chick mitochondria of feeding diets containing LER‘
remains to be clarifiedl. In this regard it eho\ild be
noted that in vivo estimation of energetic efficiency

(kcal consumed/kcal gained) showed LER to be’ utilized

ieesﬁéﬁ ;t o han SFO, but more eff1c1ent1y than HER.

o Tﬁ'e':';}phé;.ii_ » .'hs that eruc1c ac1d, even at the
- 40y =

o “to th‘ réduced fat depo-.ution and

14 (&

’energetic efficiency observed in chicks fed diets con-

have’ cb:ﬁ: i,

'ltaining 20 parte LER in.Experiments.lband 1A (Table 6).
In studies w1th the rat,yﬂeijkensjold and Ernster (1975)
have reported that diets containing as little as 1.4%
erucic acid caused a marked_:eduction-in,the\:ate at .
which :isol[:ted heart mitochondria oxidized snch sub;tratesv
as palmitylcarnitine, but had little effect on the
rate of oxidation of Krebs-cycle intermediates or glut-
amate. Thus,-HeijkenSJold.and Ernst?r (1975) have ’
'suggested that the primary effect of erucic acid may be -
..1nterference w1th the—enzyme system involved 1n the
mitochondrial oxidation of long-chain fatty ac1ds, with
subaequent secondary effects .on mitochondr1a1 respira—.'
-“tion and energy supply to the heart. [ “

The finding that mitochondria 1solated from cardiac
and skeletal uuacle of chicks fed diets containing BBR

J" ':‘ s es



.showed reduced ADP/O ratios; but similar rates of oxygen
consumption andvATP synthesis Qﬁen compared Qith chicks
fedAdiets.eontarning SFO is in contrast to some results
reported for the rat Thus, Houtsmuller et al. (1970)
found that ~after 3 days feeding, cardxac mltochondrla
from rats fed diets containlng HER had decreased rates
of oxygen uptake and ATP synthesis, but only sl&ghtly
reduced . ADP/O ratlos, when compared with control rats
‘fed diets contalnlng SFO. On the other hand Dow-Walsh
et al. (1975),have.reported no significant differences
in rates of oxygen uptake or'ATP synthesiS'of cardiac‘.
tochondrla freshly 1solated in the presence of heparln

from rats fed dlets contalning 20%. by’ welght of either’
corn oil or HER. q;andlnln (1976a) has observed redgcg_
.ions.in substrate flux,'as’ﬁell as reducedeDP/O ratios
’and resplratory control for mxtochondrla 1solated from

| rats fed HER In these studles only prolonged feedlng |
'*'of LER .resulted in: statistlcally 51gnificant alterations
-in effic1ency of oxldat1Ve phosphorylation.» B |

» The: effects on CthkS and rats of feedlng diets

.conta1n1ng HER has been shown to vary 1n other respects
d Thus, results of the present experiments and those of
_'others (Clement, 1974 vOgtmann et al.. 1974) have |
| shown that unlike the rat (Abdellatif and Vles, 1970a,
'~'197OB Houtsmuller et al., 1970; Kramer, 1973) the e

L, v
a .



'v1tr@'exper1ments on the

. have suggested that-eruc1c

chick is not subject to either an early rapid rise in

-heart 1lipid, or to accumulation of erucic acid in

heart lipid. Studies have also shown that unlxke the

rat (Abdellatlf and Vles, l970a) the chick does not

“accumulate lipid in skeletal muscles when fed dlets

contalnlng HER.
Explenation for the phfsical,'pathological and

biochemical'effects.of raéeseed oil feeding on rats

has been sought by many researchers. ‘Heijkenskjald

and E’hster (1975), as a ‘result of in vivo and 1n

fects of erucic acid on .

the oxldatmwe metabollsm of rat—heart m1tochondr1a.

Cﬁg causes 1nhib1t10n of

the 1n1tial step of fatty ac1d oxldatlon,‘at the acyl

.CoA dehydrogenase 1evel.v such a specific inhibitory

effect by'erucic‘aoid could éccountvfor the fat acoumué

71atlon observed in the hearts of rats fed a. dlet con—'-

talnlng HER (Abdellatif and Vles. 1970a, 1970b, Houts-‘

muller et al., 1970, Hornstra, 1972, Kramer ‘et al. 1973),

‘as. well as for less spec1f1c znhxbztory effects on :
'nutochurkual resplratlon and thus energy supply. Slmllar
"hobservations have been made by Christopherson and :

HChrlst1ansen (1975) who. in agreement with prevxous

studies {, ristophersgn and Bremer, 1972, Hexjkenskjold

’.-.

'iand Ernster. 1975) noted that the rate of oxxdatxon of

ak"



erucylcarnitine was much slower ‘than that of pa}mitzg-
carnitine, ‘and that the- presence of erhcylcarnitine
caused a 51gnificant inhibition of the mitochondrie}
oxidation of phlmitylcarnitine. Christopherson a!d
Christiansen (1975) have aquested that aequestratmn 0ffree
CoA in the form of slowly metabolized erucyl CoA may
be partially responsible\for the'obaerved inhibitory
‘effects of erucylcarnitine on-the‘oxidation of CoA
'dependent shbstrates Thue; in'support of earlier
work by Christopherson and Bremer (1972), these workers
propose that the accumulation of triacqulycerols in
',the hearts of rats fed diets containing BBR may be
:caused by both an inhibitory effect of erucic a:id on
__the mitochondriai\oxidation of other fatty :Lids and
,'fby the'dow rate of oxidation of erucyl CoA’ in the.
ft-mitOchondria.~."' ' »’ﬂféxv&.' _ _ ‘
s In cbntrast, studies by SwarrtouW’(1974) and Cheng
cic, &id

]

. “""‘and Pande (1925). have demonstxat.ed tha '~““:_',

'.does not mterfere with the p—oxidation ot other fatty

acids by rat heart qitochondria, but rather erucic acid
, is Atself. more slq!ly oxidized. Thus,fincreased depo-.
.Teiéition of triglyceride;has been attribu"i to‘increased'

lyais due to the presence of iree er\ic;o. acid (Chenq and :

et SR LA



o Pande, 1975).

Failure to’'wctivate erucic acid has been proposed
: ;- ) .
as the rate limiting s§ep in the overall metabolism of .

erucic ac1d by rat heart (Kramer, 1973; Blond et al,,

"
. 1975; Cheng and Pande, 1975).. More recentlyixorsrud i
| et al., (1976), havelseasured rates of acyl CoA P
dehydrogenase reactions in the P-oxldution of 1ong *
['chaln fatty acids by rat—heart m1tochondr1a These
» woréers suggest that the activzty of acyl CoA dehydro—
genase decreai‘l with 1ncreasxng fatty acid chamn a ;;.
' o

-length andnpl_ther go on to suggest that reduced activ-..
1ty of acyl CoA dehydrogenace with erucic acid could be"
.responszble for the accumulat?on of llpid in the heart
of rats fed ‘a diets containmg, HB%' Earller ws.:f by~
Bulhak-JachyuB:yk and Hubner-Wozniak 41974), has indzca—"J

ted difficulty in. the carnitine dependent .transport of e
®s K
. CETE

erucic acid to the ‘site of p-oxidation,"" N
' Changes in*the mitochond!*al membrane composzt@bh
'fby dietary fatty acids has aliS»been prOposed as the.ﬂ'_
'cause of impaired ‘energy metabolism in anlmals fed ’

- diets containing HER, (c1nnd1n1n, 1976b) . Bl‘,/bmstrand

'.fji , and-SVenSson (1974. 1975), have demonstr ig‘:that in fv

“rats. erucic agid is- 1nco:po:ated into mitochondrial
" fca:diolipin., Furéhethore, as the er#%fc acid content
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decrease in the linoleic ac1d content of cardiolipin.

*

The molecular structure of component fatty ‘acids in the
1lipid molecules of the mitochondrial inner membrane

1nfluence thb phys:.cal properties of thJ.s membrane o
3

| (O'Brieh’. 1967 'l‘h'hs it is suggested that the specific
» b

1nh1b1tot§bef/§§zqi e'l‘uciC acid ?‘l mitochondrial

56 ism P telated "to dietary duced transitions ‘

ig %ﬁhondrial membrane fatty ac1d compos.ition, '

LS m a.'(&v
éﬂheyew calﬁﬂng site specific alterations in molecular

Ty

" stﬁ*t'ure of membrane lipids known to 1nteract with

: g mi’@chondrial proteins imrorved in oxidative
e -

® pﬁbsphorylation ' g%’;j.,w T RO

) Although exten91vely studied the causes of the R

' short-term, initial lipld accumulatidn in the heart?df ‘
rats fed diets contaim.ng HER and of the long term

lesions' Qn the hearts of rats fed diets containing HER -

' ¥ or LER (Beare—Rogers et al., 1974,,charlton et al

LI S

RV
> e

/ “« .

1975-' Rocquelin et al., 1970 1971, haVe not been clearly

defined Similarly the cause of ’decreaaed egﬁ:.ciency

".'f;;._ in the usage of drgested 0&‘?1'188 bY fﬁs fed diets

- :
(containix@ HEk (Hornstx‘a ”1972), are not known. Whilst 4.

decreased _:, ;

dria isolate, frqm

. ' inq HBR “and’ LER ‘ha ,.been“ d-monstrated by Bome "'0""‘“3

(Houtsmuller, 1970; neigkenskhd and Ernster, 1915. f—- p

- - . A
. R R

' ;_“.i‘. “';

[

¥

of oxidation of substrates by mitochon- o



Clandinin, 1976a), other worhers have failed to show
this (Dow-Walsh et al., 1975). | '

Since incorporation of 'HER -in the diet of the

chick does not result in’ accumnlation of llpld in - ff ,

kS
1

. ma ‘Ak
' cardiac and skeletal mscle, the aforementioned f@
.proposed as contributing to lipid'accumulation ‘in
. -~
cardiac muscle of - rats fed diets containing HFR mav or

may not have contributed to the decreased energetic

., w( [IREE 2N *

;efficiency observed both in V1vo and 1n vitro in the
chick. The reasdn(s) for the decreased efficiency of
'utillzation of substrate by mitochondria when'chicks

‘are fed diets containing HER remains to be elucxdatea'

Ny ' L o L .
. . . .o o S .
.
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SUMMARY - | o o

1. Chicks fed diets containing HER supplemented
with palmitic acid for 3 to 4 weeks grew at the same
rate, deposited similar amounts of fat, utilized energy
"as efficiently and had similar heart size as chicks
fed diets t:ontaining HER supplemanted with oleic acid
These results show that the depression 1n growth, re--
duced fat dep%fition, decreased energetic efffuiéqcykg j:tﬁfv

RN
:' i A
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.

containing HER was not due to a low content of s

and enlarged hearts ohserved in chicks fed di

'rated fatty acids in the diet.e " ' ~‘;{
‘-Zy‘ Chicks fed diets. containing LER for 3 to 4
jweeks grew faster, utilized ‘energy more efficiently,‘
and had - smaller hearts han chicks fed d.pts contain:
ing HER 'l'hese reaults show that the eru“ and
__eicosenoic acids contained in HER contributed to the l
videcreased growth, reduced energetic efficiency, and .
-enlarged hearts 6t’chicks fed. diets containing HER.
_ 3. Chicks pair~fed diets containing 20 parts LBR
for 3 to 4 weeks deposited less fat and utilised energy
. with 1ess efficiency than chicks pair-fed comparable .
.‘diets containing sro fdr 3'to 4 weeks. Since increasing'
.the palmitié acid intake of caickqgfed diets containing

vaER did not enable them to utilize anergy with any

\J o L .' . L"
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.ymuscle after 28 days of consum;ng a d}et contalnxng‘
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1

greater eff1c1ency 1t can be concluded that some

 factor other than the low.SAturated to unsaturated

fatty acid ratio was contributigg to the difference.

o

4, Supplementafloﬂ‘Of a dret contalninz,HER w1th

oleic ac1d reduced the dep081t10n of erucxc acid and Tk
e1cosen01c ac1d in heart and carcass lipid sxgnlfl-
cantly more than supplementailon of a comparable,
. d1et with palmltlc acm%&?' the dJ.ets were fed for ..
either 7 days or 3 to 4 weeks. | . | ‘ ’
5', Mltochondrla xsolated from cardlac and skeletal _w?

muscle of chicks fed diets contalnrng HER for 28 days

showed sxmilar rates of oxygen consumptLOn and ATP syn-"g

'thesls when compared w1th mltochondrla 1solated~from‘-'
‘chicks fed diets contalning SFO. 'However, ADP/O ratlos 'ﬂ

"of %itochondrla 1solated from ch:.ck card:.ac and skeletal

-

_parts HER were lower than when 20 parts SFO were con- _ .

"sumed. Tﬁese results suggest that uncoupling of -OXi=

datlve phosphorylation may have contrlbuted to the

decressed fat deposition and reduced energetic eff1c1— |
/ -

enoy (kctl- onsumed/kcar gained) observed for chzcks‘? :

;&"' fgd diets fiontajning 20 parts HERL
.h‘,’il‘:;ff"fhondria isolq'pd from cardxac and -

e 'af chic fed diets containing LER

”';f& rates of oxygen consumption

,-§4
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and ATP synthesis to mitochondria isolated from
‘.cardiac and.skeletal‘muscle of éhicks fed eomparable W~
diets. containlng SFO. ADP/O ratlos of mltoéhondrla
1solated from cardlac and skeletal muscle of CthkS

- fed dlets contalnlnq LER for 28 days were found to

.be lower, but not 31gn1f1cantly lower, than when dlets :
-contalning SFO were consumed. Thus, whether uncoupl-
ing of ox1dat1ve phosphorylatlon contrlbutes to the .
decreased fat depos1t10n and energetic eff1c1ency
‘(kcal consumed/kcal galneg; of Cthk$ fed dlers ",-

containlng LER remalns to be establlshed.
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Fatty acid composition‘of heart and carcass lipid of - S
chicks pair-fed experimental diets for 7 days (Exp.1)%

Per cent of total fatty acids
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Fatty. acid comp081t10n of heart and carcd@% 11p1d of R A
chicks pair- -fed experlmental dlets for 20 days (Exp.l).
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Fatty acid comp081tlon of heart ana skeletal muscle ‘lipid
of chicks palr-fed experlmental dlets for 7 days (Exp 2)
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. Fatty aciad compd!ition of heart and skeletal muscle lipid

of chicks pair-fed experimental diets for 7 days .(Exp.. 3)..
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4

Fatty acid composition of heart and skeletal muscle lipid
of chicks pair-fed experimental diets- for 28 - days (Exp. “3).
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