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{;y/ﬂof the Chlck on llver 51ﬂe hydroxYprollne content of”

s

PRRSE

B the HER or SFO coﬁtalnlng dlets,,

vac1d comp051tlon of neutral llver llpld and llver phos—%;

: pholiphd For comparatlve purposes the fatty ac1d comp;;

| and were formulatec? by substltutlon of 20 parts oli

=4

<4

“; ) experlmental dlets from 4 to ZBxdays ‘of age.l‘
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ﬂﬁkf- dtpllcfte experlments were conducted to. determlne;

T

PR .
the effecb of rnporporatlaﬁ/oﬂ rapeseed 011 intq the dletls

ﬂl 11ver proteln, llpld content of the llverﬁand the fatty
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051tlon of carcass llpld was also determlned TH% dletsb'

fed contalned hlgh eruc1c ac1d rapeseed 011 (HER),’low

- eruclc ac1d rapeseed 011 (LER), or sunflowerseed 011 (SFO);?V

Vo o

booe

1soenerget1cally for glucose.; All CthkS were fedathe'f*fz”v
,\ ‘,-_" e e :;_;.v L

When fed ad llbltum, 1t was found that chlcks (fv”

.

.ﬁ W

"

fed dlets contg}nlng HER ao*bumed fewer calorles and grew

oat ax Slower ra

e than LER or SFO fed CthkS. Results}

e . "

'also showed that growth and calorlc consumptlon of cthkS

_51gn1f1cantly dlffere“ﬁ.from that of chlcka‘fed elther:

: aQ:*? nl
fed dlets contalnlng LER was.lntermedlate between and o
S S
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Chlcks fed dlets contalnlng HER had 51gn1f1cantly-

- '

heav1er llvers than chlcks fed LER contalnlng dlets,w_ E

I

~ Whlch in turn, were found to have 51gm1f1cantly heav1er

i

llvers than ChICkS fed dletsagontalnlng SFO‘~ Results of‘
Hhm N
11Ver lipld déﬁirmlnatlons showed that CthkS fed dlets

g; contalnlng HER had a srgnlflcantly hlgher percentage of

—_ ) 4%
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"fn}‘llpld 1n thelr llvers than\dld the SFO fed controls.'iﬁf

€
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~ '_,T\'»;
'_The level of 11ﬁ&d 1n llvers of ehlcks fed LER was 'Jy-%w;: h
hlntermediate between but ndt 31gn1ficantly dlfferent ' L

mfd\from that of CthkS fed dlets contalnlng SFO anq7HER}Q _"f'$f

31<'d1ets contalnlng HER LER and SFO were fed ' Both the

L
L .

Level of phosphollpld in. 11ver 11p1d was 51mglar f‘~$.
S : R
,1rrespect;ve of whether dlets contalned HER, LEprr SFO.]«"

. -(;:, . -
“;wNo dlfference was observed 1n the percentage of hydroxy— [

'fprollne 1n-&1ver proteln of CthkS fed HER LER and SFO

¢
l ‘ N a

‘thusrlndlcatlng,thatacollagen,‘the chléf constltuent of .‘12
N connectiVe tlssue, was not 1ncreased. ‘ : e

.uf‘ Marked dlfferences 1n fatty ac1d comp051tlon of@ _
L A
jllver neutral llplds and phOSphOllpldS were obServed when;}‘

0

'zzneutral llplds .and phosmhollplds in llvet of chlcksafed '

'”dlets contalnlng HER and LER were characterlzed by hav1ng

JA

lower leveEs of-stearrc, llnolelc and arachldoﬁlc acrds'

R ‘;;3

?and hlgher levels of olelc ac1d than when dlets contalnlng

'SFO were fed The llver neutral llplds and phospholaprds‘

.of CthkS fed dlets contalnlng HER dlffered from those e

s

of CthkS fed dlets contalnrng LER 1n that they contalned,h"
‘eruc1c a01d and also ‘had hlgher 1evels of elcosen01c and _"‘
.flower levels of lanlelC and arachldonlc ac1ds.f Whether
’j . changes 1n fatty ac1d composftlon of phosphollprds contrl—
,bute to structural ) functlénal changes 1n the#llver and
jto the observed 1ncrease 1n 11ver 51ze when dlets contarn- .

"'J.ng HER and LER rather than SFO Were fed 18 unknown.. _ :

W
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. ﬁ; leer neutral llplds of chlcks were foﬁhd‘fo be
rﬁ :more satﬁrerég thaﬂvearoasglllplg’and wh%p HER was fed
L . s, . . L F: S .
'-g‘erer neutrel l pids were found tQ conta;n ghtlivgut
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.51gn1f1cantly lower levels of eru01c and elcosen01c a01ds.
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‘,than cancass llplef leferences in rates @f ox1datlon\ I
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'ef paImltlc and eru01c a01d by extrahepatlc tlssue may3*

g ¢

ﬂnegate the hyPéthe51S'that in the Chlck the llver helps,

: - _
to protect other tlssueSIfrom exqessﬂ&e exposure to eruc1c'

and elcosen01c‘3c1ds.
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)”efy' s INTRQbUQTibN?ﬂjhh

lncorporatlon of.hlgh eruclc ac1d rabeseedborlfﬁff *ztf
R 7_61n the dlet of both CthkS and rats has been shdwn to
. S . - . /; S :
o "’gdecrease growth to decreaSe feed consumptlon and to _wf?%'ﬂfj;*
lidecrease eff1c1ency of utlllzatlon of energy . Unllke .
' #hsfrat, however;.lncorporatlon of hlgh erUClc acid. rape- 5
~»]féééa'di1 1n the dlet of the chlck results in. 1ncreased :
heart 51ze, but does not cause cardlac llpldOSlS or.:

=df7figcumulatlon of eruc1c acmd in heart llpld

Fat metabollsm 1n CthkS dlffers from that 1n

rats 1n several respects It 1s now establlshed that

1n CthkS trlglycerldes are conveyed from the 1ntestlnal

*¢ract to the llver v1a the portal ve1n whlle 1n alblno;f"

» lw'

‘rats absorptlon of trlglycerldes lS v1a the lymphatlc

e

. »system.“ In addltlon, studles have shown that whlle the

‘ifllver 1s the major 31te of fat synthesls ln chlcks,

m*;n rats fat synthe515\occurs not only 1n the llver but

'E*yalSO 1n the adlpose tlssue.. Thus, the p0551b111ty ex1sts

ﬁ‘that the llver -of. the chlcken may alter the fatty ac1d"3“~3

Ll;Comp031tlon of the 1ngested rapeseed 011 suff1¢1ently to «*4'

E;prevent cardlac llpldOSls and myocardlal damage._?b.ffff'

Although a great deal of 1nformat10n has accqu
,ﬁulated,on the effect of both hlgh and low erucrc ac1d
'QrapeSeed 0115 on the llver of the rat,. very llttle work

'has_been reported uSLngrthe chlcken as»the.experlmentalﬁ-
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,anlmal.‘ Thus the fol{ew1ng studles were: conducted to.‘ﬂy

l

determlne the effect of ﬁeedlng dlets contalnlng hlgh

©

,..M‘ oo . 5 8 . - . . ""\
N . L . : T N . K}

- v o . . e . BRI S

. A f &
e
.
. " >-A_
i . '
o
- )
4
. .
- . a

and low erucic ac1d rapeseed 011 on the 11ver of chlcks. 
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LITERATURE REVIEW

Effect of rapeseed o0il on growth -

It has-beenbwell_established that animals'fed
diets cpntaining"high erucic acid rapeseed oil'grow less
than animals fed diets, contalnlng such other oils as corn
oll, soybean oil or sunflowerseed oil. 1In stud;es to'
determlne the nutritive value of rapeseed oil for‘the
chick, Clement andﬂRenner'(1977)'showed that'high‘erucic
acidhrapeseed oil (HER) in excess of 10% bjﬁweightxin
*the diet resulted in reduced feed 1ntake ‘and reduced
growth.' Sheppard et al (1971) have also shown{t@gt
chicks fed diets contalnlng'l6% rapeseed oll (32%'erucic
acid) grew slower and utlllzed thelr feed less eff1c1ently,‘
than chlcks fed corn 011 diets. _f

Studrethagefaise~been conducted to determlne

the nutrltlve value for the chlck of new varletles of
-rapeseed 0il contalnlng'lower levels of erucic aédd
Vogtmann et al. (l973) studled the - growth and feed eff-
lclency of CthkS fed dlets contalnlng 5 10 and‘15% of
various rapeseed“olls, soybean oil and lard. JThe three
experimental rapeseed oils‘which_he used;contalned'21.4,
2;9 and 2.8% erucic acid. ;In agreement‘withlSell‘and”
Hodgson ll962) and Renner.(1967),‘Vogtmann et al. (1973)
showed that rapeseed oil, irrespective of erucic‘acid“
’ content, promoted growth equal to elther soybean oil.or

lard when fed at the 5 or 10% level. At the 15%'leuel,

chicks fed the regular rapeseed,oil containing 21.4%



 §
erucic acid:gr;wtéignificantly'SlOWer than chicks fed
‘diets con#éihing 15% lard or lS%lfqybeaqfoil, but utilized
Vthéir\ffea just as efficientl&fi The_gféwth of chicks fed
the low erucié_acid répeseed oils at the 1§% 1ével“ﬁés
variable. One saﬁplé rééulted in .growth depressipn ;hile
-the other résulted in growth similér.to that of the soybean
0il fed controls. The authors offered no explanation for
.thié&variability.

| More extensive studies 65 the.nﬁtritive value

of rapeseed-dil havélbeeﬁ cérried out using the rat as the
vexpérimental animél. As wég observed in the chick, these
studies showed that ipéorporatioh of Hiéh-erugic‘acid

the diet reduced

. rapeseed oii in excess of 10% by weight of
> groth and féed consumption (Beare £t al.; 1957; Thomasson
' and Bo‘lc.l‘ingh,‘11955; ‘Be,air’e "'et‘“_ al.,’ l959b;. Hornstra, 1_97'2'
‘and Craig et al., 1963a). Béére et al. (l959a3:showeav
that when body weight gains were édjusted for feed;con:
éumption by'covariance analyéis, differences largely
disappeafed."fhese resuité;indicated that dec;easedi
éppetite coula be a factof contributinglto the decreased
growth observed in animals fed rapeseed oil.

One of the grbwth depressing factors in”rapésééd

. : o T . _ 'y N

oil was shown by Thomasson and Boldingh (1955) to be
erucic acid. Bea:e et al. (1959a) confirmed these resu;ts
when they found that substitution offincreésing levels
‘of ethYl erucaté for corn in the diet of wean;ing réts

caused a progressive decrease in growth. Additional -

confirmation that erucic acid contributes to the growth



depression is-obtained from the finding that growth of.

rats and chicks fed diets contalnlng LER is greater than

when diets coutalnlng HER are fed (Craig and»Beare,
1968; Rocquelin and Cluzan, 1968),. o i_

The unfavorable ratic.of‘saturated fatty acids

to unsaturated fatty acids has also been postulated to

"'be a, factor in rapeseed 011 which may contrlbute to its.

- growth depres51ng'propert1es. Beare et a%s (1963) showed‘
that-inCreasing the palmitic acid content of rapeseed oil
from 3 to 24% by the»addition.of palm .oil significantly
inCreased growthvof rats fed oifs containing‘zo%‘erucic
ac1d and approx1mately 16% lanlelC acid. <HOQever, in

a subsequent experiment, Beare Rogers et al‘ (i9725 shcwed
that increasing the level of palmitic acid from 3.5% to |
- 19.1% in-a mixture containing 32% erucic acid and 18.7%

linoleic acid did not affect food intake or growth.

Effect of rapeseed 0il on energy utilization

Recent‘studies (Clement and Renner, 1977) have

‘shown that the 1socalor1c substltutlon of 20 parts of
elther high or low eruclc ac1d rapeseed 011 for sunflower-
seed oil in the chicks' diet under cOnditicns-of equalized .
nutrlent 1ntake resulted in decreased fat dep051tlon and »
decreased eff1c1ency of energy utlllzatlon when energy
gained as a percent of energy consumed was used as the
Criterion‘of’eff1c1ency. That the decrease in efficiency

©

of energy‘utilization observed in vivo was apparently

~



.related to the eff1c1ency of mltochondrral oxrdatlve
phosphorylatlon was shown in subsequent experlmentsih
._(Renner et al.,.1979) whlch showed a reductlon in ADP/O
ratlos, reduced rates of ATP)synthe51s and changes in the
'fatty ac1d comp051tlon of cardlac mltochondrlal membranes.

>

when elther hlgh or. 1ow eru01c ac1d rapeseed 011 was
substituted ;or sunflowerseed 0il in chlck dlets ‘

In rats, dletary substitution-of HER for SFO ~
has been assoc1ated w1th decreased energetlc eff1c1ency’
measured as - decreased body welght gain per unlt of dlgest—”
ible energy consumed and increased rate of oxygen consump;
tiOn (HOrnstra, 1972) . : These metabollc changes have been
,-a55001ated w1th uncoupllng of ox1dat1ve phOSphorylatlonh
-(Hornstra,_l972).f Impalred energy utlllzatlon has been
' observed for the rat in some (Houtsmuller et al., 1970;
HornStra, 1972) but not all'(Dow—Waish et al., 1975) short
term studies of ox1dat1ve phosphorylatlon by cardiacA: '
‘_mltochondrla 1solated from rats ‘fed diets containing HER.~
Prolongedifeeding of‘HER.and LER has'been shown to alter
the'efficiency of utilization‘of a variety of mitochondrialrf
Substrates in vitro (Hsu and Kummerow, 1977; Clandinin,
1978); ;cherhevidence sUggesting_that dietary rapeseed
- 0ils induced changes in mitochondriaizfunction arose from
. Studies to determine thenmechanism of trigiyceridevaccumf"
ulation in cardiac tissue offrats fed diets'containing
HER. - In this regard; fat accumulation has been attributed

to the foilowingafaCtors: slower rate of oxidation of



fteruelc ac1d due to reduced act1v1ty of enzymes of fatt?
‘;ac1dact1vatloﬁ(Blond et al.;'1975 Cheng and.Pande, lQZS);f,
vreduced'act1v1tywof enzymes_of,fatty:acidloxidatien-1,» é:f}~
'.(Swarttouw, 1974); inhibitien oflmitbchondrial'dkidatieni'
of fatty ailds by a mltochondrlal metabollte of eru01c‘
’”a01d (Chrlstopherson and Bremer,;l972);rdlfflcultlesbln

the ox1datron of eruc1c a01d 1nvolv1ng 1ts carnltlne

e dependent transport to the 51tes of B- ox1datlon (Bulhak—

Jachymczyh and Hubner—Woznlak 1974), 1mpa1red ATP utll;zaé
-tlon v1a ATP translocase creatlne phosphoklnase systemvl
(Blomstrand and.Svensson, 1975- Clandlnln, 1978),<and
dletary fat 1nduced changes in the fatty acid comp051tlon_'.'
of phosphollplds 1ntegral ‘to the functlon of mltochondrlal
’enzymes (Clandlnln,jl978;_Blomstrand.andvSvensson,.19?4;

Dewailly et al., 1977).

, EffeEt*of?rapeseed‘oil on liver size
Chickens

N h.'Little informatien is avaiiable“on the effect‘
en the llver of feedlng high and low eruc1c ac1d rapeseed
.o0il to chlckens Sheppard et al. (l971) fed,dlets eontaln—‘
‘1ng 16% by welght rapeseed crambe'or-bbrn'oil to chicks

;lfor:three weeks,- They found that thexre was no 51gn1f1cant

'h dlfference between the average liver welghts of chlcks

fed the crambe and rapeseed 011 diets, but the average»

liver weight of chicks fed'the corn oil diet~was signifi-
.7.\ . . - . . ) . . . - - . .

cantly lower than those of chicks fed the'other two diets.



Vogtmann-etial (1974) fo nd that both the klnd and amount

- of fat 1nc1uded in the dlet had a- 51gn1fcant effect on

‘ .
- the llver welght of chlcks. When organ to’ body welght

“:gratlos were analyzed statlstlcally, 1t was found that

ghlgh eruc1c ac1d rapeseed 011 but not low eﬁucac ac1d
’,lrapeseed oil" 1ncreased the llver to,body welght‘?atlo :
élgnlflc:ntly | .In a subsequent exﬁ%rlment Vogtmann et al

jl978) reported that 51gn1f1cantly larger llverSVWere foundi_

‘in chlcks fed ratlons contalnlng 15% - rapeseed 011 (2%% | |
.xferuc1c ac1d) from l to 10 days of age than in chlcks fed‘r
‘jratlons contaanlng 15% soybean 0il. Salmon (1969) fed ‘Qﬂ}F
turkey poults a dlet contalnlng degummed rapeseed 011,
:beef’fatf or a serles of blends of the two fats at a level'
of;lO%aofithe/diet. -Measurement of the llver welghts'at
’Slkdweeks_revealed a 51gn1f1cant enlargement when dlets
contained;elther '10% rapeseed or 7 5% rapeseed 011 plus
'.2.5%‘beef fat. The dlfferences were hlghly 51gn1f1cant
. «
when expressed as a percent of body welght. Ratanasethkulv
et al. (1976) fed ratlons contalnlng 25% of elther regular"
_rapeseed 011 (36% eru01c ac1d),10ro rapeseed 011 (1. 9%
eruc1c ac1d), soybean 011 or a mlxture of lard and §brnf
,011 to chlckens, ducks and turkeys They found that the
average relatlve welghtpgébthe llvers of all spec1es fed |
‘the regubar rapeseed 011 ratlon was greater than those® of
the same spec1es fed the other ratlons w1th the dlfference

'belng most marked for ducks...Results w1th chlckens ~showed

-‘that the 1ncrease 1n llver ‘to body welght ‘when dlets
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3conta1n1ng regular rapeseed 011 was fed was 51gn1f1cant'

e

,.yat 28 and 52 days of age.; They obser ed no 51gn1flcantf

‘lefferences 1n relatlve llver welght w‘en chlckens were -

‘mlxture of 1ard and corn 011.-.

,'yf?‘__.A‘.Mueh_more information is.ayailahle;on the.effeot“
on»the liver of feedlng rapeseedfoil to rats._'In 1951,

'v'yCarroll fed Sprague Dawley rats a dlet contalnlng 25%
frapeseed 011 (HER) for four weeks. He found ‘some 1ncrease'
in the welght of’ the_llyer and a;markgdfincrease_in its

"hcontent.of_esterifiedfcholesterol.fhBe re et al. (1957)
= ' o e ¢ Cased

producedvra'eseed oil (40% eruc1c acid) or mlxtures of

ﬂthesé two oilsecontainlng 5,_10, 2 40 and 80% rapeseed 011

4

at: levels of 10 and 20% by welght of the dlet ‘Neither the
level of dletary fat, nor the’ propcrtron of rapeseed 011
‘in the fat mlxture was found to ‘affect elther absolute or

Sy L4
) PRI

'@relatlve llver w§1ght§g,5ubsequently, Beare et al. (1959b)

t“compared the utlllzatlon of rapeseed 011 ‘and corn oil

”fby the rat. wlstar rats were fed ad llbltum, a dlet':4»

cons;stlng of rapeseed 011 (HER) or corn 011 fcr one to flve

' dweeks.v Absolute llver welghts were 51gn1f1cantly greater

””“for“the ‘corn; oxl ﬁed anlmals at tq;ee:f

four,_and flve
: Q,wmmw¢\ i,

vrhyeeks%t%%e, howeyer, adjustment of both groups ‘to the same '
» : S ——

'.i" body welght Lndicated that the rapeseed 011 group had »v 'ff*f

‘:‘.S,'
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581gn1f1cantly.heav1er‘11vers.'.The follow1ng year, Beare -
_et al (1960) repeated this experlment u51ng two strains .
of rats ' Both Wlstar and Sprague Dawley rats were fed
ad’ llbltum elther 20% rapeseed oil or corn 0il in’ a basal
o dlet of ground fox cubes for six weeks.'.Absolute llver N
. welghts were found to be greater 1n Sprague Dawley rats,
‘but in nelther straln was absolute llver welght affected
by the dletary 011 However, when llver welghts were
.adjusted for body welghts by a covarlance analy51s, the
llvers of rats fed. rapeseed ©il were found to be 51gn1f1-
'.cantly heav1er, and the- strain effect was, found to be
negllglble.' In a subsequent experlment (Beare et al’
”'1963), rats were fed dlets contalnlng POllSh rapeseed oil,
’Swedlsh rapeseed 011 supplemented w1th palm 011 or a
_imlxture of lard and oblve oll It was. found that nelther
iabsolute llver welght ‘nor llver to body welght ratlo
:lvarled 51gn1f1cantly between treatments. Abdellatlf et al.
(l973){showed that animals fed dlets contalnlng rapeseed
v v01l in amounts to supply 25% or more of the energy 1n the
d1et for 32 weeks had 51gn1flcantly greater llver to .
body welght ratlos than when diets contalnlng sunflower—b

seed 011 were fed.

] Efféct of rapeseed oil on level of liver lipid .

e — e e

" : EETR e ‘
”Chickens,f_,f R

\'

;}y‘;L The effect of feedlng dlets contalnlng rapeseed

we N S

"011 on the accumulatlon of fat in the llver has also been

~——
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| studied'fn’both chicks'and rats, hoWeyer, reSults have-
‘:been'conflictingm Sheppard et al. (1971) fed day old
CthkS dlets contalnlng elther no added. 011 or 16% by
lwelght corn 011 crambe ©il, 4rapeseed 011 (HER), ad llbltum
for three weeks. They . found tha?"?he chicks dep051ted
-slmllar amounts of fat 1n the liver, regardless of the

011 fed : Vogtmann et al. (1974) fed dlets contalnlng

-5, lO and 15% of ‘rapeseed 01ls of hlgh and low eruc1c

,ac1d content to foff;week old chlckens for 28 days and

»reported that the total lipid content of the liver was

AR

not 1nfluenced by the kind of oil or fat 1nc1uded in the’

ratlon. Subsequently, Vogtmann et al (1978) showed that"

the llvers of chicks fed dlets contalnlng 15% regular
rapeseed pll had 51m11ar levels of llpld as chlcks fed
.dlets contalnlng 15¢% soybean 011 They observed that
irrespective of the fat fed total lipid in liver tlssue
‘,decllned from l to 10 days of age ‘while the percentage of-
-'llpld in the heart tissue gradually increased from 1 to

10 days of age. .

Rats
Rocquelln et al. (1970) reported that livers of
male rats fed a diet contalnlng 15% by weight of elther'é
Vrapeseed 011 (HER), canbra oil or peanut oil for 2‘monthsn
did _not dlffer in. fat content. Inna sUbsequent ekperihent,
'Rocquelln (1973), fed male Wistar rats dlets contalnlng

15% by welght of elther reflned “crude or 1nterester1f1ed

rapeseed .oil (HER). He'reporﬁéd that the level of,liver

A

s
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llpld in rats fed diets contalnlng.the reflned.01l appeared RN
vto be normal and slmllar in amount to 1evel of llver 11p1d

_1n rats fed peanut 011 He observed that the level of h =
llver 11p1d was sllghtly but 51gn1f1cantly hlgher when |

1nterester1f1ed 011 ‘was fed and lower when raw. 011 was fed_

in comparlson to when the dlet contalnlng reflned 011 was

fed; 4Beare—Rogers et al, (1971) also reported‘that the,.
fat content of:thefliver dfd not vafy when-rats were fed:;-
diets containlng'either a dard:corn oil'mikture; liquid o
irapeseed oil,'partially hydroéenated rapeseed oil orp

partlally hydrogenated herrlng orl- howeyer,‘they did find

-that lncrea51ng amounts of fat were accumulated ln the llver

9
o

with increa ed time of feedlng regardless of* oil fed
Bulhak*Jachymczyh et al (1974) also concludedfthat eru01c
acid consumptlon does not cause llver llpldOSlS They fed
male Wistar rats rapeseed oil conta1n1ng_49.3% eruc1c ac;d
fOr‘4 hours prior to decapitatione_ Antaveraée’of 400‘hllli¥,
grams of erucic ac1d was consumed by the rats fed ‘the rape-
seed oil. They found fatty 1nf11tratlon induced by the>‘:

-t
.dletary erucic acid only 1n the heart and skeletal muscles,
‘and.suggested{that‘thls was due-to the*dependence of these
tissues on'carnitine'function,alone for the oxidation
of'long-chain fatty acids:: Theyvalso‘suégeSted-that'the
.liver must be able to utilize an. alternate pathway for
~netabollzlng erucic acid. ‘

In contrast Abdellatif and Vles (1973) fed male

rats diets in which blends of rapeseed oil and sunflowerseed‘

’



011 prv1ded 40% of the energy and in which rapeseed 011 o
(SO% eruc1c ac1d) prov1ded 0, 5, 10 15, 20 25 and " 30%
of the energy._ They found a sllght degree of fatty ’f B
llnflltratlon of the llver of rats fed the dlets contalnlng f:
25 and 30 percent of the energy as rapeseed 011 (50%‘;"- *
eruc1c ac1d) after 32 weeks '-They found no pathologlcal
changes w1th Canbra 011 (LER) when fed in amounts to |
prov1de 30 50 or 60 percent of the calorles Kramer
_Aet al. (1973) fed male and female rats three types of
4<>rapeseed 01ls varylng 1n thelr eruclc ac1d content at
20 percent by welght of the dlet for one and two- weeks., ‘rfvf
They found that the fat content of 11vers of rats of both |
sexes fed Span rapeseed 011 and HER to be statlstlcally

\

hlgher than that found in the llvers/of the control groups

Rats on dlets contalnlng Oro 011 dld not develop thlS \

fat accumulatlon.‘ Klenle et al. (1976) also reported

that level of total llver llpld from rats fed a dlet
contalnlng rapeseed ofﬂ (46 6% eruc1c acld) 1n an amount to,f
supply 25% of the energy was statlstlcally hlgher than thev_
fotal llver 11p1d from rats fed,elther a standard pellet e
dlet or ‘an ollve oilk contalnlng dlet. K — |

'Effect of rapeseed 0il on fatty aCidﬂCQmpOSition
Of llVer llpld _ _ o BN

]
Chlckens *::;;j R . ' “f,fa*
.—_—_'-—ﬁ‘ ‘4 . '.“‘ ‘.:. .,“ Y .

Studles on. the effect of dlfferent.01ls ‘on’ the

e

)éatty ac1d comp051tlon of liver llpld of CthkS have been'_

s
ES



'yreported by several authors. 'Vogtmann et al-.(1974)5'
:1n an experlment 1nvolv1ng four week old chlckens, found
vfthat the fatty ac1d comp051tlon of the feed fats altered

"*rthe fatty acad pattern of the total llver llplds. Feedlng

rapeseed 011 contalnlng 21 4% eru01c ac1d at levels of“‘ f;f”t

5? 10 and 15% by welght in| the dlet 1ed to a decrease 1n,f7a'

'the concentratlons of satu ated fatty ac1ds and an 1ncrease

?

in concentratlon of monounsaturated fatty ac1ds 1n llver S

!

lelplds 1n comparlson to CthkS fed dlets contalnlng compar—'

(

‘able levels of corn. 011 The 1ncnease in concentratlon of

2.

'3; monounsaturated fatty ac1 s was malnly attrlbuted to 1n—

creases in the concentratlon of elcosen01c and eru01c

g Qac1ds. When dlets contalnlng léw eruc1c ac1d rapeseed

-.__0115 were fed .51m11ar but smallercchanges in the compo—“

J;_51tlon of’the tlssue llplds of the chlckens were observed

‘;hIn a. subsequent experlment Vogtmann et al. (1978) fed

. CthkS ratlons contalnlng 15% rapeseed 011 kHER) or soy—ﬂ
';bean 011 (SBO) They found that 1nclus1on of rapeseed 011
(éﬁR) in the CthkS ratlon caused an 1ncrease in the

‘ concentratlon of monounsaturated fatty ac1ds in the llver

when compared to the llvers of CthkS fed SBO It is;

1nterest1ng‘to note, however, than ‘an apprec1able decrease

of~ole1c ac1d was noted 1n the llver tlssue of the chlckens
,:from both ratlon treatments durlng the perlod of l to 10 ;

:days qf age.h The authors concluded that thlS demonstrated
f?uthe 1mportance of olelc ac1d as a source of energy for the

‘chlcken for the first few days after hatch Leclerq'(l972)
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, examlned the fatty ac1d comp051tlon of the llver and 'ﬁfﬁgfy”'

. carcass llplds of hens fed a 5% rapeseed 011 dlet contaln-a'a

flng 27 7% erucrc ac1d. He found that more stearlc ac1d

“11ver as compared to the adlpose tlssue f-lt;fﬁ_ R

: Rats

i'_Beare (1961)

'??remalns relatlvely constant. She fed&a purlfled dlet

L containlng 3'% by welght of‘corn 011 rapeseed 011 (HER),_

l{ ‘
‘and less 11nolelc and eruc1c ac1d were dep051ted 1n the

LA

It 1s generally agreed that dletary fatty ac1ds-

/.

do alter thelgztty ac1d comp051tlon éEﬁllver fat however,fffﬁf'

und - that 1n rats, the\influence “on- carcass
fat was greater/than on 116er llpldS.J She attrlbuted

thls to the fact that a laf@e proportlon of 11ver fat i'

'1s phosphollpld, the fatty a01d comp051tlon of wh1ch

-~

O J
.':hydrogenated herrlng 011, oroa Qmargarlne contalnlng some: -

N r.

-1”mar1ne 011 to male, weanltng Wlstar rats for. six weeks
‘;Lower levels of saturated fatty ac1ds and hlgher 1evels
;fof monounsaturated fatty ac1ds were depos1ted 1n the tlssues'

'uﬁof rats fed the rapeseed 0il dlet as comparep to the corn
f"01l dlet. Eruc1c ac1d ‘was . found in. both the llver and

}parcass llpld although 51gn1f1cantry hlgher levels were

1

tdepos:.ted ln the carcass. In thls and in a subsequent"”
‘,experlment, Beare et al. (1963) observed that when rape—

-seed 011 ‘was Present 1n the. dlet, the level of arachldon1c7: B

R

*-acid in the llver Was less than when the dlet contalned

‘no-eruc1c-ac1d. Beare et al (L963) concluded that 1n5 .

the nroecencrs (\‘F eriri e~ amiA +ha ~Aantrarcinn AF TimAlad -
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5ac1d to arachldonlc acld was decreased Cralg et al
,-(1963b) also showed that rats fed dlets contalnlng 20%

';HER dép051ted more eruc1c and elcosenolc ac1d in abdom1na1

r'-carcass and cutaneous fat than 1n llver llpld Separatlon

s

16 .

of llver 11p1d 1nto trlglycerlde and phOSphOllpld fractlons.v:w

. showed small amounts of eruc1c and elcosen01c a01d in

r'jllver trlglyceride whlle llver phOSphOllpldS contalned
o . »,g - ) ) .
elcosen01c but not erucrc ac1d

Kramer et al (1973) fed fully reflned rapeseed‘
01ls vary1ng 1n thelr eruc1c ac1d content to male and
?female rats at 20% by welght in thelr dlets to assess the
'effects of the low eruC1c ac1d varletles of - rapeseed on'
.)3fatty ac1d comp051tlon of llver llpld They found thatA

'hthe ratlo of saturated to unsaturated fatty ac1ds 1n. |

o

-llver 11p1ds was much lower in the rapeseed 011 groups

<

uas compared to t e control lard and corn 011 fed groups

'lehese lower ratlos were the result of srgnlflcantly lower'

'u*ﬁsaturated fatty ac1d concentratlons and much elevated

“AmonOunsaturated fatty ac1d cdhcentratlons ln the llverS"

Ly R - : -

fof the rats fed the rapeseed 011s. In a subsequent

‘_experlment Kramer (1973) 1nvestlgated the effect of dletary B

rapeseed 01ls on the fatty acxd comp051tlon of several
'jmajor classes of llver llpld. neutral llprds,bphos-;,
phatldylethanolamlne (PE) and phosphatldychollne (PC)

He- fedqmale weanllng rats varlous rapeseed 0113 whlch dlf-

feréd 1n thelr eruc1c ac1d concentratlon, at a level of

- 20% by welght for 51xteen weeks. Eruc1c acid was

©on
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’1ncorporated into the.llvet lipids of rats at levels of
0.1, 0.4 and 1.7% when diets containing Oro, Span and
HER were fed. The ‘concentration of erucic acld in the
liver lipids was proportlonal to its concentratlon in
the dietary rapeseed o;ls, but at much lower levels. :
In contrast to Cralg et al' (1963b), Kramer (1973) found
that neutral llpldS and the phosphollplds contalned
similar amounts of eruc1q acid. Although eicosenoic acid
was found in the liver 1lipids of rats fed lard and corn
oil, mqph higher concentrations were present in rats fed
the high and lOQ erucic acid rapeseed oilgs. The concentra-
tions of eicosenoic acid appeared to be reiated to the : 9
dietary intéke,‘although theAcontribﬁtion.from B-oxidation:
of . eruc1c acid and chaln elongation of oleic ac1d cannot
be ellmlnated

A marked decrease in the coneentration of palm-
itic acid Qes otserVed in all ;ipid ciasses of all groups
fed rapeseed oil wheﬁ compared to groups fed corn oil or
lard. The concentration of liﬁoleic'acid in the neutnal; LT
lipids was found to be related direétly to its eee@eqttej:v
tion in the diet,.while the influence of dietary’linoleic
‘acid on phospholipid composition was found to be less

marked. The relative proportions of stearic acid and

mv:arachidqnic acid{in;tﬁeqtotal lipids of<rat livers was not

statlstlcally dlfferent between exper;ment groups,»howeVer,“m

= e

. -

llke Cralg et av. (1963b), Kramer (1973) observed 51gn1f1—

e e -

cantly hlgher levels of stearlc and- arachldonlc acid 1n the llver

L4
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phospholipids as compared to the llver triglyce ides.

Rogers (1977) investlgated the effects of.
unlabelled and labeled erucic ac1d on the major neutral_
lipid and phOSphOllpld components of a cell line of fetal:’
rat liver epithelial cells. He reported that the amount
of erucic acid taken up from the,medium in. 24 hours was =
comparablé to that of rat myocardial cells, although with:
livervcells therinitial rate of uptake was lowex. ‘He
found that labelled erucic acid was incorporated to a
greater extent into liver neutral lipids as compared to
liver phospholiplds. R

Studies have also been conducted to compare the
compoSition of lipid deposited 'in liver’and heart ‘when diets
contalnlng high erucic ac1d rapeseed 011 were fed. Results
showed that eruc1c and eicosenoic ac1ds were dep051ted

in liver but at lower levels than in the heart. (Klenle

‘et al. 1976; Rocquelin, 1973; Walker, 1972).
" . .
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Pathological effects of rapeseed o0il on the liver =~ - ="~ oo
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© Birds . . _ o

The pathologlcal effects of dletary rapeseed 011

on llvers of several avian specles has been 1nvest1gated

Using Peklng duckllngs as the experlmental anlmal
Abdellatif and Vles (1971) observed that incorporation of
rapeseed oil (HERY in the diet in amounts to provide

'30 60% of the energy resulted in c1rrhot1c changes 1n the_»;-AQ.*

-

l}ver;: Further studles (Abdellatlf et al 1972) showed

e o
Fow .
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that cirrhotic changes in- the liver could be reduced

*when dietary energy was provided by a mixture of rapeseed

0il (HER) andthardened.palm 0il rather than a mixture of

_rapeseed oil (HER) and soybean oil;‘ Since cirrhoticec changes

in the liver‘of duCklings'was not observed when the low

erucic rapeseed oil, Oro, was fed it would appear that

‘both high leyels.of erucic and low levels of Saturated

fatty ac1ds in rapeseed 011 (HER) contrlbuted to patho-
loglcal changes in the: llver (Abdellatlf and Vles, 1973}).

More recently Ratanasethkul et al (1976) studied“
the pathological changes in livers of chlckens, ducks and
turkeys fed dlets in Wthh hrgh and low. eruc1c4ac1d rapeseed
oil prov1ded 50 percent of the energy | Mlcroscoplc‘exam-:h
ination of the liver showed fatty change in the hepatocytes
of all species from all treatments at seven days of age

C -

ThlS change was most severe 1n blrds fed the HER ratlon

N

and was found to"a Iesser degree 1n ducks and chlckens W

L
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fed this ratlon at 28 days. The lack of patholog1cal~ - avfﬂu R

- o P * R v

changes 1n the llver of blrds fed dlets ‘containing LER is
1n“agreement With. prev1ous studles w1th duckllngs

(Abdellatlf and Vles, 1973).

Rats

That rapeseed;oil.(HERchausés.caidicpathcgenich

changes 1n rats is” now well estabilshe&' Howevet, even.. . - . "

PR 2

after two months on a rapeseed orl'dlet, Rocquelln,et al.

h(lé?OY'fcuhdfhd.histcldﬁiéal{iesionsninuthefliyer of rats.
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In a longer term experiment, Abdellatif and Vles (1973)
fed rapeseed oil (HER) for 32 weeks and again found no
diet related changes in the liver. An.indication.ofl

fatty infiltration and degeneration in the central. parts

"of the lobes was notlced after 1 - 2 years (Borg, 1975).

however, these changes were not very pronounced ~ Thus,

the pathological effects of rapeSeed oil (HER) on the liver

of rats is considered to be of minor_importance compared

bzwith the myocardial alteratiOnS'

To date hlstologlcal technlques have been used

to assess pathological changes 1n_%eart and llver when

dlets contalnlng HER and LER were fed Prollferatlon of

~—connectrve t;ssue could also be followed by using-level

'of hydroxyprollne as an 1ndex of the amount of collagen&

.T;presemt That leVel of hydroxyprollne in Tiver may be:

':used as a measure of collagen present and 1s affected by

;,fdlet -was shoWn by Felnman and Lleber (1972) ‘ They found

e e

1that 1ncorporatlon of alcohol in the dlets of rats ‘and”

ey

’_f'baboons lncreased llver levels//; hydroxyprollne and in-

'creased the activity of collagen prollne hydroxylase

From this review of the literature it is apparent

that'studies on‘the effect on the liver of feeding rapeseed
1

oil contalnlng dlets are llmlted in the case of the chicken

2

“‘and controyer51al Ln the case- of the rat. Thus the follow—-

1ng studles were conducted to determlne the effect that

“feedlng dlets contalnlng hlgh .and low erucic ac1d rapeseed

. N .
v e = i <@ oo e T : d § /
Ca - Lat - - :
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011 has” on llver size of chlcks, hydroxyprollne content
.of 11ver proteln, llpld content ‘of thelr liver and fatty
acid comp051tlon of the llver neutral llplds and phospho—-'

llplds For comparatlve purposes the fatty acid comp051—

tion of carcass llpld also was studled

B



MATERIALS AND METHODS © - 7o il

’buplicate experiments3were”COnductedjin'Which'r:x: o
:CthkS were fed dlets contalnlng 20 parts hlgh eruc1c'°
_.ac1d,rapeseea 011 (HER), 20 parts 1low eru01c ac1d rapeseed
fA01l (LER) or 20 parts sunflowerseed 011 (SFO) The dletS'
vwere formulated from the hlgh carbohydrate diet (Table l);
by substltutlng 20 parts 011 1soenerget1cally for glucose.
'Metabollzable energy values used.ln fbrgblatlng the Chlck‘
diets were 3. 64 " 7.29, 8 58 and 8.88 kcal/g for glucose,..
HER,‘LER and SFO respectlyely. The compos1tlon of the
diets fed is‘sthn:ingTabie_éﬂ
| | In'both“experiments,feach dfet was fed'ad.

;llbltum to. quadrupllcate groups of ten male crossbred
(Domlnant Whlte X Whlte Plymouth Rock) CthkS from four
" to twenty elght days of age. Durlng the flrst four days'r

f life the CthkS were fed the semlpurlfled hlgh carbo—,
hydrate dlet shown in Table 1. They were then a551gned to.
experlmental groups, equallzlng both mean body welght and ;.’
,Weight‘distribution among thevgroups,e The chicks were-
_housed‘in electrically.heated,htherﬁostatically—controiled
battery brooders.With raised-Wire~screen5floors, in?a
h temperﬁture controliedAlaboratory ; Water-was;suppl;ad.Lr.;g

ad libitum Data on growth and feed-CQQSPﬂPtién&yQF?.,fj.

sy S

obtalned weekly..

_.QO




“f'f;‘?i;FJ;_;gﬁ.;;”;;' . v1\. f}j Table l ?';“;ﬂﬁ;mffﬁ;,_;.,_-g;;v:§~ﬁ£5£§}L

'.¥;f~;; ”Néh;,ﬁj Comp051tlon of hlgh carbohydrate dlet L

,‘. D' L :
T Ingredients. iUl friffﬂ‘=i(<(;A,f .. ... Percent .. -

'Constants. ;- T : S T q;

3 ) d\-” &\am .-; e e b «:
S Tri35100 |

ﬁfSoybean meal s T e
- l 0Q5 ‘

v Glycime | TV
:rMethlonlne g"' o - B
~~Brewer's yeast - S Y TN
‘Dried- whey - . ] ) A : : aea s e
" . Limestorie - R S 1 U S
L " Dicalcium phosphate S S oL . 1.84 0
e Mineral mixture_ . -~ =~ .. . - o0 T 0.4 %
S © - Vitamin mixture4 . : o o - 0.28 '
‘Choline chloride (50%) C : , .. 060
.Soybean oil ' . o ‘ _ oo ‘ " 0.50
“Salt - - T 2 © . 0.%60
‘Antlox1dant3 L , ‘ _ o . 0.025

- .i o ',-.

" 0.50 ¢

.Varlables

o '-f Glucoae - ' “H B 1 r' s . 53.605

Mlneral mixture supplled in mg/lOOg of dlet thHPO4;
220; MgSOy4, 115; FeS04-7H2) , - :ZnCO03, 9.7; CuSO4+5H20,
0.78; KI, 0.29; NaSe03, 0. 022- MnSO4 H30, 33.5; Cra03,
300. ' 4 , ' -

Vltamln mlxture supplled per 100 ng’ of dlet.' thiamin HCI,
1.0mg; riboflavin, 1. Omg, Ca pantothenate, 4.0mg; biotin,
'0.04mg; pyridoxine, 2.0m niaCin,'B Omg; folacin, 0.3mg;
menadione, 0. 3mg; aureomy in, 1. 0mg,_v1tam1n Blz' :
0. 000005mg, v1tam;n A pal 1tate,_1000 I, Uy o - g .a..“: L
. cholecalc1ferol lSﬁ I, U.,Aalpha‘toc Qherol “3:3 I U | e

oo ”FffvaCentalns 25% ethoxyquln, Monsahto Chem;calfCo' St Louls .
T ﬁ-w.Missonrl, U S*A'l:'f,?ff‘-g~-- : S N -

.
© . .
v - : « .. 5 R
. . : B - o . .
P . N . - « LX) - . o~
.- LT L™ e . . . M 3
o . e - L ] X
S s s ) e o .
T s : " T s , :
. . E -,
- % -~ - . . . :
. 2 sams “
. . s ¢
“a . L N omog h
e o PR
. . ~ haht “ o ra . - e v



o mable 2 e

- -C;cmpbsition of diets

T — .2

. 0il level ' Coristant ingredients Glucose' - Cellulose” - Total

< od«o L T

e @ @ @ @

HER3 200000 36070070, . 452 - 9.00 ©  70.22

S R

©36.70.© 6116 . 91".(_)‘6_" T

FO°. "20.00° T sgl70 - 1326 - lo.0 . 78.96 ...

L Cerelose

Alpha-floc BW—40 Brovm Company, Berlm, New Hampshlre U.S.A.

3 High eruc:Lc acid’ rapeseed oil. Western Canadlan Seed Processors
Ltd., Lethbrldge, Alberta N . . =

Low erucic acid rapeseed 011.. Weste_rn Canadian Seed Pr'oCeSSOr's -
: Ltd. ’ I.ethbrldge, Alberta. ’ . )

- Sunflowerseed 011 "Safflo " Co-op Vegetable OllS Ltd Altona,
Manitoba.




hearts were removed'and'stored at.—29 C until analyzed. ;//ﬂ

After cooling,.the contents of the gastr01ntest1nal tract
-were removed and the re51dual carcasses from each experl—u
f\mental groups were frozen, ground vmlxed and an. allquot |
drled by lyOphlllzatlon. i | |
'i'In preparatrOn for analySLs the frozen llvers"?%i;

were flrst thawed at refrlgerator temperature, ground

!nﬂaé'»and mr«ed 1n~a blender and then freeze drled , M01sture

e S

content was determlned by loss of welght durlng freeze

drylng “The' drled samples of llve? and carcass. were then.

ground ln a blender and transferred to glass jars: and -

stored at -29 C untll analyzed
4

N

The carcasslsamples Were.analyzedkforltotal
lipid content using a Goldfish,apparatus;and:diethyl

ether ‘as the solvent.. The llver samples were analyzedgyf

V. - -
o A

for . total llpld contenttu51ng a. Goldflsh apparatus and a ﬁ'}t'{anf

" mixture of chloroform and methanol (2: l v/v) as the solventu
(Felgenbaum and Flsher; 1963). Thertotal liver llpld
was separated into -two fractlons, trlglycerldes and
.phospholipid, using a‘modification_of the method of
;Hanahan (l957) (see Appendix). The fatty: ac1d comp051tlon
.of the llVer and carcass llpld was determlned from methyl
esters prepared by the method Of Metcalfe et al. (1966)
“and usrng a gas chromatograph (Bendlx 2500 Mode112532—2,

- ‘Bendlx Process Instr..Dlv RonCeverte, West Vlrglnla,

Ejf‘fjﬁfU 'S A ) equipped°W1th a'300=x'3 mm glass column packed

w1th 10% phenyl =50 . cyanppropyl on 80/100 mesh chromosorb ‘



‘) s e e MR A @ . R N
+ . e A e e .
- . [ = "

W and a. flame 10nlzatlon detector.. Peaks were quantltated
by use of dlgltal 1ntegrator (model 5300 Spectra

_Phy51cs, Santa Clara, Callfornla) and 1dent1f1ed by

”comparlson of retentlon data w1th those of knOWn standar{%ud/;

' !’ .
‘(PUFA No. 2 and AOCS Oll Reference»M1xtura~RM-3 Supelcoj

‘l“pntnc Bellefonte, Pennsylvanla) Fractlon by werght~ _:

»

of a component in’ a mlxture was. calculated by the formula-

!

i)prOposed bwaastman (1957). The unsaturated 1ndex was~ﬁjrw

PN
e ot PR

.calculated as. proposed by Rlchardson et al. (1961)
"UZI--Ek = I (number of double ‘bonds uqcx) x (wt. 3
or mole % occurence of o&) for each fatty ac1d ‘X in a’
group of k fatty acids.

“The fatty ac1d comp051tlon of the 0ils fed was.

determined by the ‘methods used for analy51s of llver and

"TfﬁmcarcaSS llp}d The fatty ac1d4composatlon of the 01ls fed

P a

‘fls shown 1n Table 3 o
The hydroxyprollne content of the llver samples
was determlned u51ng a modlflcatlon of the Neuman and Logan
method‘for the determlnatlon of hydroxyprollne_as prOposed
"by g§a¢h (1960)'(see'2ppenai§). | | |
The methods of proce551ng excreta, conductfng

chemlcal analyses for m01sture, nltrogen ‘and’ combustlble

w4

energy and for computlng metabollzable energy from the data‘w,

.have been outllned prev1ously (Hlll and Anderson, 1958
Hill et al. 1960; Renner’ and.Hlll 1960)" Proteln-content;
_of the llver samples was determlned by multlplylng the

- nltrogen content by 6.25.

L



16:0 I . is6.. 2.6 0 34
16l . o So-0 o2 0.2

-W%;'}a;"u,wff'eﬂ Table 3

. Fatty ac1d coupos:.tlon oﬁ..o1}s % £

- - R B

NP e e e e W Ty

Percentage of total fatty acids

o Fattyacid . . - sFor. - HER®-  CLER - iV

. I T

©18:0 | T 3.2 11 1.4

81 - - 132 .. 25.2 65.5
18:2 e T 7790 1503 0 [18.8

18:3 AT 7% A I
201 ... .o a1

B B X

22:0 e =L 704 0.2

92:1% : e N LU o 36.5 ..:: , -_25

‘2

Sunflowerseed 011 _"safflo" Co-op. Vegetable 0ils Ltd., Altona,

High“erucic ac':i‘d‘:rapes'eed‘ oil_ﬁ 'Western CanadlanSeed Processors
Ltd.,‘ Lethbridge‘, Alberta. S - e :

3 Iow erucic’ ac.ld rapeseed 011. Wesﬁern Canadian Seed Processors:
: Ltd., I.ethbrldge, Alberta. " LT S R CDRUPE RPN
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B The reSults were analyzed by analy51s of varlance

.and treatment dlfferences were eValuated ‘by Duncan S

multlple range test (Steele and Torrle, 1960) at the 0 05

1

The number of observatlons 1n

or

= - h-.,._.,; »,.‘-v.“u‘u uv"-
o« "‘J,:P jr.. v a )
each experlment was. four.

R
-t

When reSults from both experl-'

ments were comblned for analysls the number of observatlons

was elght.g
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,_RESULTS

Data shoW1ng welght galn,venergy consnmptlon and -
‘energet;c eff1c1ency of chlcks fed dlets contalnlng 20
‘parts HER LER or SFO ad llbltum are summarlzed 1n Table 4
:Analyses of varlance and appllcatlon of Duncan s new multlple
rangeltest (Steele and Torrle, 1960) to these data showed
that when'fed ad'llbltum, CthkS fed dlets contalnlng HER
.consumed fewer calorles and grew at a slower rate than chlcks

fed comparable dlets contalnlng elther LER or SFO. These o

-

— g

'results also Lllustrate‘that’chlcks fed dlets contalnlng

o A & A

LER ate less and grew at a slower rate than SFO fed chlcks

The effect of the Incorporatlon of HER “LER" and

»

41_{SFO in the dlet of the Cthk an llver welght and the fat,

5ﬁfprote1n and hydroxyprollne content of the llver ‘ig shown

',1n Table 5 Analyses of varlanCe and appllcatlon of

o,

‘”{ Duncan s new multlple range test to these data showed that
di when expressed as grams llver per lOO grams body welght
;fthe CthkS fed 20 parts HER had 51gn1f1cantly heav1€r
'}f‘llvers than the chlckSAfed 20 parts LER, whlch in turn;
had 51gn1f1cantly heav1er llvers than ChlckS fed 20 parts
SFO@; Analyses of the llvers for thelr fat content showed
t chlcks fed dlets contalnlng 20 parts HER had llvers

“”contalnlng a 51gn1f1cantly hlgher percentage of fat than

the SFO fed controls The- level of’ fat in. llvers of CthkS

e

\,v Wy
,
.

» fed 20 parts LER was 1ntermed1ate between that of CthkS

fed dlets contalnlng SFO and HER but was. not 51gn1f1cantly

" 29
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Welght ga.Ln, energy consunptlon and energetlc eff1c1ency :
of- Ch.leS fed the e}@erlment‘al dlets ad llb:Ltum for 24 days

L
: ’

T

Diet Exp. No.  , gain - ~consumption™ eff:.c:.ency

@ wean

w1 7 0 3e0. . L 08

| T2 - 3670 0 .199 .
7407 . 3670 o .202%

mER 1 o8ss. T 4090 S 209
o2 i v 4060 - 204 . o
T - P o Ta075° . AR 206°
. ,5’ , » ) ._ . v. ‘~' v . . i o "—’.\r‘ l ‘ ) . .‘ B .
SO .o 4300 21
880 . 4220 209
| 895¢ . 4280 210

0
S
O
S
<

'Calculated usmg determlmd metabollzable energy values for the
dlets.. L '

_ Gran‘s gaJ.n per kllocalorle of metabollzable energy consumed

ngh erucic ac1d rapeseed 011 Western Canadlan Seed Prooessors
Ltd. , Lethbrldge, Alberta. .

‘I.aw erucic ac:.d rapeseed oil’ Western Canadlan Seed Processors -
Ltd., Iethbrldge,_-A_lberta». . N oL e e

Sunflowerseed 011 "Safflo" Oofop Vegetable dils Ltd. | rAltona,
Values are averages of quad.mpllcate groups Underlmed values
are averagef of duplicate experz.ments. Values without a common
letter in their supe.rscrlpts are 51gn1f1cantly dlfferent '
(p£0. 05) ‘ . v



. Table 5

Weight, fat content, protein content and hydroxyproline
content of livers of chicks fed experimental diets
ad libitum for 24 days

LIVER

Diet Exp. No. Liver size . | | Hydroxy-
- g/100g body Lipid Protein proline
weight (% dxy (¢ dry (% of
- matter) matter) protein)
HER™ 2.76" 22.8 72.6 .08 .
2 2.92 22.5 73.2 .08
2.84° 22.6° . 72.9% o8
IER® . 1 2.40 22.2 73.8 .09,
2 2.60 21.2 . 73.4 . .08
| 2.50° 21.7% 73.6% ~ .08°
sro® 1 2.36 20.4 74.5 .08
2 2.37 o 21.1 74.5 .08
2.36% 20.72 74.5% .08%
1

quh erucic ac1d rapeseed o0ijl.

Ltd., I.ethbrldge A]berta

. Low erucic acid rapeseed oil.
Ltd., Lethbridge, Alberta.

Manitoba.

Sunflowe.rseea oil,

"Safflo" Co-op Vegetable Oils Ltd., Altons,.
‘ ‘ et

Western Canadian Seed Processors

Wéstem Canadian Seed Processors .

31.
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‘*diﬁfqrenthfron either. Statistical analyses of the data

on. the protein and hydroxygroline gontent, of- the livers ‘u>“}u»o~;‘(‘
:3?of chicks fed the experimental diets revealed no signifi-
cant differences between treatments.

The phOSphOllpld content of the livers of chicks
fed the experimental diets is shown in Table 6. For
compardative purposes$ total fat content is also‘given.
Statistical analyses revealed-that, although chicks
fed 20 parts HEh had a Significantly higher percentage
of liver fat than chicks fed 20 parts SFO, the phospho-
lipid content, expressed as a percentage of total fat,

did not differ between treatments. | A ‘ o
« The fatty acid composition of liver neutral
lipid of chicks fed diets containing HER, LER and SFO are
summarized in Table 7, 8 and 9. For comparative purposes
the fatty acid composition of carcass lipid is also given.
A three-way analysis of variance was conducted to test
the significance of the main effects - type of fat, type
of tissne and experiment number - and their interactions
‘on the fatty acid-composition of liver neutral lipid and
carcass lipid. A summary_of'the mean squares obtained for
selected fatty acidsifrom these analgses is found in
Table 10. Duncan's'new multiple'ranqe'test was used to

el

determine how the fatty acid composition of liver neutral

i 7 R AR AT e

lipid and carcass lipid was affected by feeding diets:

containing HER, LER and SFO. '
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Table 6
Fat content and phospholipid content of livers of chicks
fed experimental diets ad libitum for 24 days

-t 3, R e s SR -,

T e P Ye,or L e e P

Diet - Exp. No. Fat o Phospholipid
(3 of dry matter) (% of total fat)
- HERS 1 2.8t o 74,8
' 22.5 - | - 76.9
22.6° o 75.8°
LER” 1 22.2 o 75.8
o212 76.0
: 21.7% " 75.9°
SFO° o 20.4 ) . 74.2"
21.1 793
D | 20.7° 76.82
1

High erucic acid rapeseed -oii. Western Canadian Seed Processors
Ltd., Lethbridge, Alberta. o

Low erucic acid rapeseed oil. Western Canadian Seed Processors
Ltd. , . Lethbridge, Alberta. . :

Sunflowerseed oil, "Safflo" Co—op Vegetable Oils Ltd. , Altona,
" Manitoba. : : ' ’

Values are averages of quadruplicate groups. Underlined values
are averages of duplicate expern.ments Values withodt a ocxrmon
letter in thelr superscrlpts are 51gn1f1cantly different °
(p<O. 05) "



34
. Table7
Saturated fatty acid content of liver heutral lipids and carcass fat
- 'of chicks fed experimental diets ad libitum for 24 days
o Percent of total fatty acids
Diet . Exp. No. SFA 16:0 " 18:0
.. Carcass. lipid' T R . 7 _ _
HER® 1 9.9% 6.8 3
o 2 8.6 » 6.0 2.7
| g_g? 6.4° 2,97
LER® 1 | 8.2 - 5.5 2.7 i
' ' 4.8 - 2.5
| 7.82 - 5.0% 2.6°
s;o> 1 12.4 .
. v 11.5 . : .5 -
f » T 1.e¢ 7.53. 4.4P¢
Liver 'neu‘trél lipid o _ .
HER 1 ©12.0 6.8 5.2 o
| . 11.9° 6.6C 5.0
LER 1 12.5 6.8 5.7
N 14.8 7.6, 7.1
S 13.6° - 7.0 6.49
sFO .1 . 17.8 9.0 . 8.8
| ' 19.9 9.8 . 10.1
18.9°% 9,4 9.5

High erucic acid rapeseed oil.. Western Canadian Seed Processors
Ltd., Lethbridge, Alberta. , ' S

Low erucic acid rapeseed oil. Western Canadian Seed‘ Prooessors
Ltd. ' Iethbrldge Alberta. : :

Sunflowerseed oil, "Safflo" Co—op Vegetable Oils Ltd., Altona,

. Values are averages of quadruplicate groups. Underlin'ed.values
are averages of duplicate experiments. Values without a common
letter in their superscrlpts are significantly dlfferent '
(p<£0.05). L



. are averages of duplicate. experiments.

(p(OOS)‘

vValues are averages of quadruplicate g'roups.

Table- 8
N—9 fatty ac31d content of liver neutral hpld and carcass fat
. of chicks fed exper:unental diets &ad; lJ_b:Ltum for 24 days
S e Yl e e T 8 DI S T
, o P " Percent of total fatty ac:Lds o
Diet’ Exp. No. N-9 18:1 20:1 22:1
Carcass iipid . e e
HER 1 69.1% 47.3 11.1 108 7
| 2 66.1 ~45.1 10.8 10.3
Pt 6768 T T a6.2P T 10.9°.  10.57
, LERz' 1 - 73.2 '71.8 1.2 0.2
| 2 67.2 66.0 . 1.2 P
L : T g0 689 e 127 0.7
s 1 C17.2 17.2. R
6.2 - 16.2 QT -
' 16.7° 16.7
Liver neutral lipid
HER 1 65.0 46.5 9.1 9.4
2 '67.6 - . 50.8 . . 8.9 . 8.0 L
66.3° 48.6° 9.0° 8.7°
LER 1  60.9 . 59.6 1.3 -
2 60.0 L0587 5 1.4 -
< | R I YO SR U5 o
SFO vITS 7 15.0 15.0 - -
g 15.5 : 15.5.
1 High erucic acid rapeseed 011. Western Canadian Seed Processors
Ltd., Iethbrldge, Alberta. ' o '
2 1w erucic acid rapeseed oil. Western Canadlan Seed Processors
Ltd., Iethbrldge, A].berta
3 sunflowerseed oil, "Safflo" Co—op Vegetable OllS Ltd., Altona,
Manitoba. ,
4

Undeflmed values
Values without a common

letter in their superscrlpts are SLgnlflcantly dlfferent

.

Q| e
R RS R



W Upable’gl i L

g

IR :‘ Unséﬁt;.rabed_“fatty_-,ag:id index aridfp"dlyms_aturatedv fattyacid of liver. " R
LT Peutrat, Hpid and Caredss fat of chidks' fed ‘experimentai dietsad » o .

-

7 libitum for'24"days’

..Diet. Exp. No.. .Unsatwrated. .. 18:2,, , 18:3 . . .20:4
. W . s ‘inde.x s e e . - D e . RN - o

~

Carcass fat R e ¥ ww;,j:f'a. oo

o R L L L e

L2 TR T s qgiy e gy L
Tt e qgg®e T g gl g d T

CIERS 1 12 - f'a~7‘i§.s;“’ 22 i o
2 121 . " 20.8° ° _ 3.8 .7
. e 18.2°  3.0°
LS8 e Teglyee A mgge T

. : » 72-0 : o - _ »
15.9d 70.8d et 0027

2_&’9 a o -n.:!:u.» T — ey,

Liver geutral lipid . . . o oo -
-\. ‘?4 LT P (I ‘pf‘:w . ‘.*- B o T ' N . X PR ’ )
HER - . 1.7 113 . . 18,0 2.8 06
2 om2 U e a 23 L 06
| C L1137 17,3 2.6 0.6

e —— ——

LER 1120 - 206 - 36 ¢ 1g |

15 . 20.2 p 2.6 - - 1.4
- 118" 20.4° - 3.1 1.5

SFO 1 s 65.0 o= coe2a
a7 o623 S e e
S 150° : 63.7° - . 1.8

—— . ——

—— " —— —

" High erucic acid rapeseed cil. Western Canadian Seed Processors
Ltd., Lethbridge, Alberta. : S .

Low »er‘ucic Aacicg rapeseed fo,il. Western Canadian Seed Processors
Ltd., Lethbridge, Alberta. : ' N

Sunflowerseed o0il, "safflo" Co-op Vegetable 0Oils. Ltd., Altona,
Values are averages of quadnlplicate groups. Underllned values
are averages of duplicate experiments. Values without a common
", letter in their subscripts are significantly different

(n7 n NRY : ) : : '
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Results.summarrzed 1n Table 7 show that carcassA
fllpld and llver neutral llpld of chlcks fed dlets contaln—
ing HER and LER were 51gn1f1cantly less saturated.than
;carcass and llver neutral 1lplds of chicks fed SFO. This -‘"
-dlfference was due to markedlymlower levels of, palmltlc-g'~'
'and stearlc ac1ds ‘when_ HER and LER were fed. thhn when e .“?”?_
o - R

SFO was fed The data also show that the saturated fatty

acid content of carcass llpld of chicks fed diets contalnlng

el % e

‘:HER was 31gnrflcantly greater than when LER was 1ncorporated
in the dlet, whlle the llver neutral llplds of chicks fed,
HER were less saturated than those of chicks fed diets
'oontalnlng LER Slmllar trends were Oobserved for palmltlc
and stearlc ac1ds, but in most cases the dlfferences ‘were
;not great enough to be 51gn1f1cant. |

( That liver neutral lipids are significantly.
more saturated than carcass -lipid when HER, LER or SFO
1was 1ncorporated in the dlet is shown by the data summar- -

ized in Table 7. Higher levels of stearlc acrd in liver .

e
N

Vneutral 11p1ds was the major factor contrlbutlng to the
‘greater saturatlon of liver neutral llplds as compared
to,carcaSS lipid Comparlson of the level of saturated
fatty a01ds in the oils fed, as shown in Table 4, w1th the
saturated fatty a01d content of carcass 11p1d and liver
neutral llplds shows that carcass llprd and llver neutralh

1

llplds are much more saturated than the oils fed.

[EY



‘The effect of type of fat fed on the monoun—u
-saturated fatty ac1d compOSition of carcass llpld and
liver neutral lipids lS shown by the data summarized in
Table 8 The data show that carcass llpld and liver
'_neutral lipid of chicks’ fed diets containing HER and 'LER
‘had higher levels of N -9 fatty aCids than carcass llpld
. and liver neutral lipids of chicks fed diets containing‘
SFO. This was reflected in higher levels of bleic,
eicosen01c and . eruCic ac1ds in liver neutral lelds and
carcass llpld when HER and LER were fed than when SFO
:was fed. Results also show that chicks fed HER_and LER
.depOSited Sinilar amounts of N-9 fatty ac1ds into. carcass
.llpld ~but in the case of 1iver‘neutral lipids, chicks.
fed HER had Significantly higher levels“der-9 fatty acidsv
~than LER fed chicks. The marked difference in N-9 fatty
“acid content of carcass lipid and liver neutral lipid of
‘chicks fed diets containing LER appears to be due to a
‘decreased level of oleic ac1d in liver neutral lipids
as compared to,carcass‘lipid. Comparing the level of erucic
acid in the HER fed (Table 3) with the erucic acid content
of carcaSS lipid and liver_neutral.lipids shOWS'that
vlipids depcsited in the liver and carcass,are‘markedly
lower in eruc1c acid than the oils fed The data also show
that liver neutral lipids contained Significantly less
erucic acid than carcass lipid.

Carcass lipid and liver neutral lipids Qf'chicks

fed HER and LER had significantly‘lower unsaturated
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1ndexes than thewcarcass llpld and Liver. neutral llplds
of chicks fed S8FO as shown in Table 9. This was reflected
in the lower levels of linoleic when HER and LER were |
fed compared to when SFO was fed. The data also show
*that the unsaturated 1ndex ‘and linoleic acrd content )
of carcass llpld of chlcksvfed HER and LER were 51m11ar,’
whlle the llver neutral lipid of chicks fed HER had a
51gn1f1cantly lower unsaturated 1ndex and contalned less -
linoleiE-aDd arachidonmic”abids thatmthose'of‘chicks fed
: diets_contaihing LER.

| Summarlzed 1n Tables ll 12 and l3 are data
show1ng the fatty acid comp051tlon of llver phosphollplds
of chlcks fed diets contalnlng 20 parts HER, LER and SFO.
“For comparatlve purposes the fatty acid comp051tlon of
llver neutral llpld is also glven : A three way analy51s
of variance was conducted to test the 51gn1f1cance of the -
main effects - type Qf_fat, type of tlSSue and experiment
numher - and their interactions on the.fatty acid composi¥
tion of llver neutral llpldS and llver phOSphOllpld A
‘summary of the mean squares obtalned for selected fatty
acids from these analyses is found in Table 14. Duncan's
new multiple range test was used to determine howhthe
'fatty*acidrcomposition of liver neutral lipids and liver
phoépholipids was affected by feeding diets containing

_HER, LER or SFO.

.
<

) Results summarlzedmln Table 11 show that llver

bneutral llplds and phosphollplds of CthkS fed dlets



‘ ‘ Table 1 | IR O
Saturated fatty acid content of liver neutral llpld and llver
phOSphOllpld of chicks fed experiméntal dlets

ad libitum for 24. days A

Percent of total fatty acids

‘Diet Exp. No. - SFA . 16:0 .. 18:0
Liver neutral lipid _ ) ' | S T e
RS 1 '12.0% 6.8 Y 5.2
2 . 118 6.5 5.3
O St RN b U\ . 5.2
LER” 1 12,5 6.8 - -
' | 14.8 76 71
+ . 13.6° 1.2 e gf
sFo° 1 17.8 9.0 8.8
. ) | 19.9 ' 9.8 . 10.1
o | | 18.9° 9.4° . g.5°
Liver phospholipid . | . . N
. 40.6 12, .
HER . 1 0.6 2.2 28.3
2 41.3 - 12.3 4 29.0
| .. 40.9 S 12,3 28.7
LER 1 , 43.3 o 1.2 32.1
T2 e - 47.8 12.1 . 35,7
- I . g5.5¢ 11.6% 33,99
SFO 1 . 48.8 | 10.5 38.4
| ' 49.8 11.0, 3.8 7
49.35 - 10.7° - 38.6°
1

High erucic acid rapeseed oil. .Western Canadlan Seed Proc'eséb:s

Ltd., Lethbridg‘e Alberta

-Low erucic acid rapeseed o0il. Western Canadian Seed Proceésors

'Ltd. ’ Lethbrldge, Albe;:’ta.

Mamtoba

. Sunflowerseed o0il, Saffld"‘Cp—op Vegetable Oils. Ltd., Altona,

' Values are averages of quadn:pllcate groups.. Underlmed values

- are averages of duplicate experiments. Values without a cammon
letter in thelr superscrlpts are slgm.ficant_].y different

(p<£0.05).

- 41
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Table 12

' N—9 fatty acid content of liver. neutra.l llpld and llver DhOSphOllpld
of CthkS fed exper:unental dlets ad libitum for 24 days

Peroent of total 'fatty»acids '

Diet Exp. No. N9 & 18:1 © 20:1  © 22:1
Ia.verneutral lipid - , Ny )
HR® 1 es5.0® 465 91 . 9.4
w20 67.6. ° 50.8 . 8.9 8.0 - .
T T 8.6 9.0 g
ER 1 0.9 . 5.6 1.3 -
2 60.0 . 58.7 . _ ‘1.4
, D " 60.59 '59.2° 1.3° ’
s 1 1s5.0 15,0 = -
| | 15.9° = 15.9 R
L S s T s P .-
Liver phospholipid _ -
HER. - 1 ~ 28.3° .  20.3 ’
2 272 o 2.2 - 48 .
| ’ - 27.8% o 20.3° 0 5.0 2.5
" LER 17 20,2 . 191 0.9 .-
) ’ 16,1 © . 15.4 . 0.4 =
| T 18.0° 17,30 0.6° |
SFO - 1 o 03.3 - 3.0 = o=
2.4 2.1 - -
o 2.8° 2.67
1

ngh erucic acid rapeseed 1_1 Western Canadlan Seed Processors
Ltd., Lethbrldge, , .. : ’ S

2 Low erucic acid- -rapeseed 011. Western Canadlan Seed'Pro.cessors
Ltd., lethbridge, Alberta. : : S ]

3 sunflowerseed oil, "Safflo" Co-op Ve_g'etable Oils Ltd., Altona, -
Manltoba .

4

. Values are averages of quadrupllcate groups. Underlined values
are averages of duplicate experiments.. Values without a cammon
letter in their superscrlpts are 51gnlf1cantly different y
(ploO. 05). ’

)



Table 13

~

A

;;\7j,‘

e

Unsaturated fatty -acid index and polyunsaturated fatty ac1d content of’

[ -

fe

o llver neutral 1lipids and liver phospholipids of clucl;s

experlmental didts ad libitum for 24 days

r

ngh erucic acid rapeseed oil.

‘Ltd., Iethbrldge, Alberl:a

Low erucic aCld rapeseed 011

Ltd., Lethbrldge, Alberta.

(p<o. 05)

N

Sunflowerseed oil,

Mam.toba @

_ Values are averages of quadn:phcate groups.
N are averages of duplicate experiments.

Western Canadian Seed Processors
"Safflo" Co-op Vegetable 0ils Ltd. , Altona,

Underlined vaiues

N ) ST f’ | Percent of total fatty ac1ds
>' Diet ‘EXp. No. - Unsaturated} ' 18 2 20:4
R - 1ndex TN
Liver neutral lipid . 2 o
CHER O 1 113 18.0 © . 0.6
' 2 112 . 16.7 0.6
| o T 17.3° 2.6 0.6°
,,IERZ 1 120 20.6 : - 1.5
2 f11s 20.2 - Sl
| - 118"  20.4° 3.0° 1..5ab "
7sF0> 1 154 - 5.0 2.
- 147 - 62.3 - - 1.6 g
| S - YL 18P
Liver phbspholipid‘ - L N
HER 1 © 109 20.9. . 9.0
o 2 109 . . 211 ' 9.7
o -7 1097 210%™ 0.4° 9.3°
.LER 1 119 22.4 ' 12.7
2 113 L 22.8 . 12.8
| 6™ 22.6° 0.4  12.7°
sFO 1 131 315 15.9 |
2 “130 30.5 . . 1607
| 130° 31.09 0.4% . 16:3%
l'

Western Canadian Seed Processors

Values without a cammon
~ letter in their superscrlpts are s:Lgm.flcantly dlfferent

43
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containing HER and LER were significantly 1é§§}saturated

ES
SIS
A . . *,

than liver neutral lipids and éhospholipids of chitks fed
diets containing SFO. This wae reflected in ‘significantly
lower levels of.palmitfb;a@d-stearic aeids in liver_
neutral lipids whenweither HER 'or LﬁR was subétituted‘for
SFO~ in the diet.w,Significa;t reductions in stearic acid
contrlbuted to the reductlon in .level of saturated fatty
' a01ds in liver phOSphOllpldS when HER or LER replaced SFO
in the diet. In contrast, level of palmitic ac1d in llver
phospholipids was sign;fic;ﬁtly increased when HER and
LER rather than SFO was bresent in the diet.
Comparison of the fatty acid composition of liQer
lipids of chicks fed diets coﬁtaining HER and LER‘showea
that type of rapeseed.oil.did‘not affect level ef saturated
fattylacids in liver neutral lipid,tﬁowever, in the case
of li;ef phospholipid more stearic acid was'incorporated
when LER was fed than when HER was fed, which was reflected
in greater saturation of liver phoséholipids in LER than
HER fed chicks. ’ | |
Comparison of the saturated fatty acid content
of the oils fed (Table 3) with the saturated fatty acid
~content of liver lipids shows liver lipids to be more
saturated with liver phospholipids containir y significantly
more saturated fatty acids than livet neut al lipids,
irrespective of type of oil fed. -

The effect of type.of fat fed on the monoun-

saturated fatty a-id composjtion of liver neutral lipids

45
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and liver phospholipid iavshown in Tablé 12. The data

show that llver neutral lipid and phosphollplds of chicks

fed diets contalnlng HER and LER had hlgher levels of

N-9 fatty acids than liver neutral lipids. and phOSphOllpldS

of chicks fed SFO. The major factors contributing to

A

this difference were higher levels of oleic, eicosenoic

and erucic acid when HER was fed and higher levels of

oleic and eicosenoic acids when LER was fed. The results

also show that the N-9 fatty acid conéent of liver neutral

lipids
cantly
diet.

higher

erucic

and phospholipids from chicks fed HER was signifi-
greatef than when LER was incorporated into the
This difference was reflected in significantly
levels of eicosenoic acid and the presence of

acid in the liver 'neutral lipids and phospholipidé

when HER was substituted for LER in the diet.

‘higher

That liver neutral lipids contain significantly

levels of N-9 fatty acids than liver phospholipids

irrespective of whether HER, LER or SFO was incorporated

in the

diet is shown by the data summarized in Table 12.

A higher level of oleic acid was the major factor contri-

buting

lipids

to the greater monounsaturation of liver neutral
as compared to liver phospholipids.

Comparison of the level of erucic and eicosenoic

acids in the HER fed (Table 3) and the level of these

acids deposited inliiver neutral lipids and liver phospho-

lipid shows a progressive decrease with oil containing

<
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a higher level of erucic and eicdsendic’acid.than liver
qutral lig}dsﬂwhich in turn éontain a‘higher iévei than
"livér.éhospholip' s.
Data dqummarized in‘Table.lB showed that liver
neutral lipids aﬂd phospholipidé of chicks fed diéts
containing HER and LER had lower unsaturated indexes
and contained‘lower.levélé of both linoleic and-arachi—
donic acids than whén diets containing SFO were .fed.
Comparison of the fatty acid compositién of
liver lipids'of chicks fed diets containing HER and LER
showed that level of arachidonic acid in liver phospho;

lipids was significantly lower when HER was fed than when
LER was fed, however, this“differénce was not great enough
to cause a siénificant depression in unsaturation indéx.
In the éase of l;Ver neutral lipids substitution éf HER
for LER‘in the diet reduced level‘of linéleicﬂacid-signi?A
.fiéanfly but did not affect level of arachidonic or
unsaturated index, significaﬁtly. The data also show that
régardless of the tybe of fat fed éhicks deposited signi-

ficantly higher levels of arachidonic acid into liver

phospholipid as compared to liver neutral lipid.
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DISCUSSION

) The flndlng that the inclusion of 20 parts
HER in the diet of the chick depressed growth at 24 days
is 1n agreement _with results -reported for the chlck by
Clement and Renner (1977}, Vogtmann‘et al. (1973),‘Sell
and Hodgson (1962) and Kramer and Hdlan kl977);‘and for the
rat b; Beare et al. (1957), Rocquelin and Cluzan, -
(1968) and Kramer et al. (1973). Since the'deereased
growth rate was accompanied hy-a decrease in consumption,
it would appear that HER depresses growth by decreas1ng
appetlte. ThlS is- 1n‘agreement with Beare et al. (1959b)
who ebserved that differences in rate of growth‘of rats
largely dlsappeared when body welght gains were adjusted
for food consumptlon by covarlance analy51s. The reason
for therdepression of appetite is unknown; however,lsince
'chicks fed diets containing 20 parts HER utilized energy
less efficiently than chicks fed diets containing SFO, they
must be. losing more energy as heat. Whether increased
heat productlon stlmulates the satlety center and reduces
food intake is unknown. Support for this concept has
been provided by Hornstra (1972). He,observed that
1ntubatlon of rapeseed oil stlmualted greater basal
oxygen consumptlon in rats'than sunflowerseed oil and
suggested that ingestion of_rapeseed o0il may lead to
~hypothermia.' |

" Resultg showed that chicks fed diets containing

48




lower weight gains per unit of didestible energy consumed

49

LER grew 51gn1ficantly faster than chicks fed dlets con-
taining HER, but 51gn1f1cantly slower than chlcks fed
diet's contalnlng SFOT Previously, Clement and Renner
(1977)}foupd'LER‘te be equal te'SFO:in promoting growth‘
of chicks..'Walkerret al. (1970) and Vogtmannvet al. (1973)
also have reported that chicks fed LER at avleQel of 20%
and 15% of the diet; respectively, gfew‘at a similar
rate to chicks fed tallow and soybean eil, respectively,
In rats, Abdellatif(and Vles (l970b), Rocguelin et al.,
(1970), Craig and Beare (1968) and Kramer-et‘al. ki97§)
found that diets containing 15 or 20% by weight ot low.
erucic acid rapeseed eii prometed the same weight gainv'v

as diets containing similar levels of sunflowerseed oil,

ipeanut'oil, oliVevoil, or corn oil, respectively. The

reason why LER promoted a slower rate'of'grOWth,in these
experiments is unknown. |

The inclusion of 20.parts rapeseed oil in‘the
diet of the chick decfeased.energetic efficiency when °
grams gain'pe{ kilocalorie consumed was used as the cri- .

terion of efficiency. Hornstra (1972) also observed

when he fed rats dietsvcontaining 31.5% rapeseed oil.
Hornstra (1972) also sbowed that oxygen consumption and
water vapour loss of rapeseed oil fed rats was con51stently
higher than that of rats fed the sunflowerseed o0il contain-
ing diet. He suggested that the lower efficiency of the
rapeseed oil éiet.was caused by a slightlyjuncoupled

oxidative phosphorylation and a gredter heat increment.
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Other evidence that rapeseed'Oil.may interfere with energy’

metabolism in at least some tlssues of the rat is the flndlng
of Houtsmuller et al. 1 (1970) that thg feldlng of dlets con—
talnlng 50 cal .percent of energy as rapeseed 011 caused the
mitochondria of the heart but not of the llver, to mal— ‘
function. They concluded that dietary eruciC‘acid causes

a considerable decrease in. the capacity of heart mitochondria

to oxidize substrates. Results from in vitro studies with

" isolated rat&heart and iivgﬁyndtochondria have beenvcon—

flicting. .Chtistopherson and Bremer (1972) concluded from.

A

theifdstudies that erucic acid or one of its hetabolites'
has an inh;bftcry'effect onbthe beta-oxidation of other‘
fatty acids. Swarttouw.(l9745,,on the other hand, could
not find inhibition Of<the oxidation of other fatty acids
by erucic acid although she_found, in agreement with Ktamer
et al. (1973), that‘the oxidation of erucicbacid'itselﬁ is
much lcwer compared to that of other fatty ac;ds. Dow~
Walsh et al. (1975) also investigated the’effect of dietary
erucic acid on the ability of "isolated rat heart mito-
chondria to éroduce ATP and concluded that there_was no
decrease in ATP production in the hearts of rapeseed oil‘
fed rats but suggested a p0551ble impairment-of ATP
utilization’ due to changes in membrane fatty acid compo-
sition. Whether the decreased energetic efficiency observed
in chicks fed high erucic acid rapeseed 0il containing

diets was due to malfunctioning of the mitochondria and/or

~uncoupling of oxidative phosphorylation is unknown although



recent studles (Renner etaal 1979) have 1ndlcated that a-
complex dynamic mechanism assoc1at1ng dletary fat w1th
;jenerggtlc eff1c1ency and m1tochondr1a1 structural functional
transitions:exists\&n.the growing chick.
“The flndlng that chicks fed dlets contalnlng

20 pa&ts HER for 24 days had 51gn1f1cantly heavier livers,.
when expressed as a percentage of body weight, than chicks
fed diets containing 20 parts SFO is in agreement with
results reported by Sheppard et al. (1971), Vogtmann et al.
(l974),‘and Bragg et al. (1973). In rats, results are
vconfllcting. ~Beare et al (l959b) and Abdellatif. and Vles
(1973) found that rats fed dlets contalnlng rapeseed 011
had s1gn1f1cantly heav1er llvers than rats fed control
oils whlle Rocquelln et al (1970) reported no 51gn1ficant
1ncrease in llver welght These dlfferences mlght be
attributed to the. fact that. the level of rapeseed 011

R o

added "to the diets was not the same in all caSes

Results of these experlments also showed that

fed diets contalnlng 20 parts HER for 24 days had
'51gn1f1cantly heavier llvers, when expressed as a percentage
of body welght, than CthkS fed dlets contalnlng 20 parts_
LERr "This is in agreement with Vogtmann et al.,(1974)

and Ratanasethkul et al. (1976) . In rats, on the other
hand, Rocquelin et al. (l970l found no significant difference

in liver weights between rats fed diets containing 15%

rapeseed oil and 15% Canbra oil.
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- The results alSo'sthed tnat liéers of chiCks.
) e

fed diets contalnlng HER c0nta1ned 51gn1f1cant1y mbre fat
than did chlcks fed dlets contalnlng 20 parts' SFO. Thls
"1s in agreement{wdth'Bragg:et al. (l973). Sheppard et al
(1971),‘nowever:_fonnd noidifference_in the fat content d
of liver when chreks Qerevfed diets centaining 16% rapeseed
- 0il or 16% corn orl for‘three weeks. Whether.differences
wonld have become significant'had.the fat content been .
expressed as percent dry matter is unknown. Vogtmann et al.

'(1974) also found that the total llpld content of llver was

. not influenced by the kind of oil'or fat included in the

ratlons of CthkS fed for 28'days{: In rats, resul are

also confllctlng  Kramer et ai' (19755 and Kﬁﬁflegzt al.

(1976) found that total llpldS were 51gn1f1cantly hlgher

in ‘the livers of rapeseed 011 fed animals whereas Beare

et al. (1957), Rocquelin et al. (1970), Houtsmuller

et al. (1970) and 1n a subsequent experlment that same P

year, Kramer (I973) reported no 51gn1f1cant dlfference

in liver fat content betWeen rats fed rapeseed 011 diets and

control animals. The’frndinésZOf'this experihent would | o

‘suggest that the.increase in liver weights ofﬂchicksifed

20 parts HER -may be-due, atpleast in part, to an increase

in fat content of. the liver. | o ' o
Altnough 1iver‘lipid increased in chicks fed

diets containing.HER} there was no apparent alteration in

the amount. of pncspnolipid in the liver. This is ing

&

agreement with Beare-Rogers et al. (1971), Kramer et al.
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11473) and K&nT{e\et al. {(1976) using the-rat as the

_experlmental anlmal It is probable that the 1ncrease§

fat content was due to 1ncreased levels of neutral llpld

in the llver,,how§6§&§ thﬁ analytlcal technlque enployed
NG % ,,yvﬁf 3 ¥
in this study did not permgt quantltatlve measu;<i”' e

of the amount of neutral llpld in ¥He liver. Support

for this suggestlon was obtalned by Kienle et al. (1976)

t

who found that the level of liver triglycqride in rats - .
fed a 25% rapeseed o0il diet was 51gn1f1cagﬁiy hlgher than. ‘ h
the level of liver trlglycerldes in rats fed dlets con-
talhlng 25% olive oil. (

The observation that chicks fed.diets containing;
HER had significantly heav1er llvers contalnlng a higher
proportlon of fat than d1d chicks fed dlets containing
SFO suggested that‘connectlve tlssue also might be
increased.‘ Analysis of the 1ivers.for hydroxyproline'
_showed that the percentage of hydroxyprollne 1n the proteln
was . srhllar 1rrespect1ve of whether the diet contained HER, |
LER or SFO,,lei Since hydroxyproline is only found in collagen
and as'collagen is the chief constituent of connective
‘tissue these results 1nd1cate that the increase in welght
of livers of chicks. fed dlets contalnlng HER is not due to
connective tissue. That level ofdhydroxyproline in liver
may be used as a measure of collagen present and is affected
by diet was shown by Feinman and Lleber (1972). They £ound
that incorporation of a%;ii:} in diets of rats and baboons

increased liver levels o roxyproline and increased
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lipids. In general, dietary fatty aCids were observed
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the activ1ty of collagen proline hydroxylase.

4

5w he blllty of the chick to modify dietary fat

prior to incqgfporation into liver and carcass lipid is

evident from compdrisons of the fatty acid'compositfgn

of the oils fed-and the fatty acid composition of the

-liver neutral lipid, carcass lipid»and liver phospho-

'to have more influence on the fatty aCid comp051tion of

the carcass lipid and liver neutral lipid than on the
& v .
liver phospholipids This finding iS'not surprising

since one of the major functions of phospholipids is as

T

constituents of membranes which would have a relatively

constant composition. In the case of chicks fed HER the

'greatest differences between oils fed and liver neutral

lipid andicarcass‘lipid deposited'were observed in the
markeamincreases in propor4tion of palmitic, stearic and
oleic acids and thelharked decrease.-in the level of erucic
acid. In the case of LER, liver nentralilipids and
carcass lipid Of chicks contained gteater'proportibns of
palmitic and stearic acids and a lower proporticn of
erucic acid when compared to the oil fed.’ Overall, the
tissues of chicks fed rapeseea 0ils were more saturated
and contained lower levels of N-9 fatty acids than the
oils fed. |

Essentially similaruresults were reported for

the chick by Sim et al. (1973) who found that the level

of saturated fatty acids increased from 7%’&n the o0il fed
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“to 31. 4% and 23 4% 1n the total liver and carcass lipids,;

respectively, when a - diet containing 8% HER was fed to
laying hens for 28 days.  These authors suggested that
possibly a homeostatic mechansim exists in the/liver;“'
which stimulates the synthesis of saturated fatty ac;dsA
'during a period of unsaturated fatty acid ingestion in
order.to maintain a specific ratio of unsaturated to
saturated fatty acids. ~In experiments using the henwas>
the experimental animal;'Leclerq (1972} found that the
level of palmitic acid increased from 7.74% in the oil fed
to 23.6% in total liver lipids when diets containing 5%
HER were fed for one month.ﬂbHe also found that the level
of stearic acid increased from.2.97%'in the oil fed to
13.4% in the total liver 1lipid. In rats, Craig et al.
(1963b) also found.that levels of saturated fatty acids

in liver glycerides and carcass 11pid were greater than

n ‘he oil fed when a diet containing 20% HER was fed for
21 weeks. 'They also reported that the level of palmitic
acid in thke liver glycerides and carcass lipid was similar
to the oil fed while the level of oleic acid was iricreased

'from 18.8% in the o0il fed to 55.2% andv42.l% in the liver
uﬁ.giyceridee and carcass lipid, respectively.

Results-also showed that a marked decrease in

eruciec acid, in comparison‘to the oil fed, occurred in
the livers and carcasses of chicks fed diets containing

HER. Similar results have been reported in studies using

the laying hen as the experimental animal (Leclerq,j(l972)7
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‘ Sim et al. . 1973)) Studies w1th rats have also shown

that- levels of eruc1c acid in liver lipid (Craig et al. ‘
(l963b) Kramer (1973), Walker (1972), Beare (1961)) and i »
in carcass lipid (Craig et al. (1963b) Beare (l961)) werei
much lower than in the oil fed. 1In all cases}ithe‘decreases
in eru01c'ac1d were accompanied by increased levels:of

oleic acid lending support to the suggestign made by

Craig et al. (1.963) that erucicnacid 2s converted to oleic
acid in the liver by B-oxidation.

Comparison of the erucic ‘and eicosenoic acid

content of cafcass lipid and liver neutral llplds of chicks
vfed diets containing HER" showed that liver neutral llpldsv:
vcontained slightly b&t Significantly lower levels of

‘these fatty aCldS than carcass lipid. Differences in*

levels of erUcic and eicosenoic acids in carcass lipid.
and liver neutral lipids of rats fed diets containing
HER were much greater (Craig et al. l963b)j They found
levels in carcass lipid and liver neutral.lipid to be
6.9 and 1.8%, respectively, for erucic acid and 9.5 and

2.9%, respectiveiy, for eicosenoic acid Although in this

‘experiment erucic and eicosenoic ac1d content of _heart

lipids was not determined, Clement and Renner (1977)

found levels of these fatty a01ds to be slightly but

Fid
sig eficantly lower in heart than 1n carcass lipids:. In

,parison, in rats erucic and eicosenoic acid’ content of
heart lipid has been found to be markedly higher than

levels in liver and carcass in short term experiments

S v ey
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"(Beare—Rogers-et al. 1972; Kramer et al. 1973), w1th the
difference perSlStlng although of smaller magnltude in
',long term experlments (Kramer et al. 1973). |

| The finding that in chicks the levels of erucic
and elcosen01c ‘acid in carcass, heart and'liver neutrai
llplds showed 1ess varlatlon between tlssues than has been
"reported’for the rat may reflect dlfferences in fat
metabolism between rats and chicks.

One major difference in fat metabolism between
chicks and rats is‘in the route of absorptron of long
‘chain fatty acids. vstp@iééhhave shown that in the chick
the major route of.absorption is via the portal system
(Noyan et al. 1964) ‘while in the case of the alblno rat

‘long chaln fatty aalds are -absorbed via the lymphatlc

system. Another dJ%ference between fat metabolism in

. .

chicks'and,rats lleSmln the site of fatty ac1d biosyn=

thesis. Studles have shown (O'Hea and Leveille, 1969;":

, ‘\

Leveille et . 1975) that the liver is probably ‘the most

1mportant srﬁe of llpogene51s in the chick. Their studles'

<§

suggest that\faﬂty acids are synth851zed in the llver and
transported #n”the low density or B-lipoprotein fraction
(O'Hea and Leveille, 1969)" to, the adipbsé tissue for

S

storage. In contrast, studies in rats have shown that’

"over 50% of the fatty acids are synthesized in the adipose

tissue (Leveille, 1976; Leveille et al. 1975). The

central role which the liver plays in fat metabolism in

the chick may increase its exposure to erucic and eicosenoic
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- acids thle reduc1ng the exposure of other. tlsiues ;In_
thls regard studles have shown that morphologlcal changes
.1n the heart and skeletal muscle are. less marked 1n CthkS
’(Léll et al l972),as compared to rats yhlle livers of
__chicks.may-be mcre<ad§ersely affected than livers of rats:
(Ratanasethkul et al., 1976).' Since recent~studies A

(Galton, 1968, Shrago et al., 1969, 1971) indicate{that in

'the,human,‘the liVervis also the:major site of fatty acid.

:biosynthesis, the question ariseS'as td Whether type of
dfatty acid ingested would'affect the liver more than Q&her
ﬁ“tissues in‘humans Since absorptlon of 1onq chain fatty
“acids in the human is v1a the lymphatlc system the liver
mayinot reduce exposuré of -other tlssues to erucic and

3

elcosenolc ac1d to the same eﬁtent as 1n>the chlcken.
'mijIf the:hypothe51s that in the‘chlck'the liver‘
helps to protect cther'tissues from excessivefexﬁosure

to erucic and'eicosenoic acids is true, then the questlon
arises as to why levels of erucic and elcosen01c ac1ds

are’ sllghtly but slgnlflcantly hlgher in carcass than o
1nr11ver neutral lipids when chlcgs were fed dlets,contain—
ing HER. ‘Iﬁ;thcks; like rats, oxidize erucic acid'at"::”
a slower rate than oleic acid (Carroll A1966), this would
-contribute to hlgher levels of eruc1c a01d in carcass

lipid than in liver neutral'lipids. Also, if chicks,

like rats, oxidize palmltlc ac1d to carbon d10x1de more.

rapldly than erucic acid (Carroll 1962) then this may

’;_explaln why carcass llplds-contalned less palmitic acid
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than did liver neutral 1lipids.

Differences also exist in the fatty acid comp-
osition-of liver neutral lipids and liver phospholipid.
Resulés showed that chicks fed HER or LER had higher
levels of palmitic, stearic, linoleic and arachidonic
acids but lower leveis of N-9 fatty aéids in liver phas—
pholipids than in liver néutral lipids. 1In rats, Cfaig
et ali (I963b) also reported'higher levels of palmitic
ana stearic acids in liver phoSpHolipids when diefs con-
ﬁaining HER were fed, bﬁt in contragt to the éthk; they
fouﬁd higher levels of linoleic acid in the glyceride
portion of the liver. They aiso found high levels of
beheﬁic acid in the liver phospholipids of réts fed HER
while, in the chick, this fétty acid did not appear in
-the liver phospholipidé. Similarly, Kramer (I973) repor-
ted higher levels of stearic acid in liver phospholipids
but levels of palmitic apé. linoleic acids were found
to be lower in the bhoséﬁblipid than in the ériglyceride
fraction of liver lipids from rats fed HER.

When compared to the liver phospholipids from
chicks fed SFO, the liver phospholipids from chicks fed
HER or'LER wefe significantly less saturated and contained
significantly lower levels‘of linole;c.and arachidonic
acids. It has been suggested by Cfaig and Beare (1968)
that the predominantly unsaturated fatty acids of rapeseed
might decrease the supply'of saturated fatty acids required
for the alpha position of.phosphoiipids. If the level of

saturated fatty acids in rapeseed oil feéd chicks is

.~'Ab-.4- R
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critically low fér the synthesis of these phospholipid
components of membranes, a weakening of the meerénés:"
resulting in a feduction of functional capaéity could
be expected.

Erucic acid was incorporated into both livér
lipid fractions of chicks fed diets containing HER, with
higher levels depééited in.the liver neutral 1ligids.

Kramer (I973) also reported that efucic acid was deposited

in liver trigiycerides and phospholipids from rats fed

HER but levels were similar in both fractions. 1In contrast,

.Craig et al. (I963Db) found that erucic acid was 1ncor—
porated 1nto ~the glycerldes but not . into the phOSphOllpldS
of livers of rats fed HER contalnlng diets.

In chicks fed diets contaihihg HER orxr LER,
ei%osenoic acid was deposited to a greater extént‘in the
liver neutral lipids than in liver phospholipids. 1In rats,
Craig et al. (I963b) found a greater depositionuaf eicosenoic
acid in liver phospholipids’than in liver‘neuﬁral lipjds
df rats fed HER diets, while Kramer (I973) found similar vg
levels of eicosenoic acid in liver triglyceridé and liver |
phospholipid.

Whether thé change§ in fatty acid composition, of
liver pgospholipids‘in chicks fed rapeseed oils impair
mitochondrial function is unknown: It has recently been
shown (Divakaran and Venkataraman, I1977) tﬁat liver mito-
chondria-from rats fed coconut 0il with a low level of

polyunsatu:ated fatty acids had lower P:0 ratios than those
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from rats fed safflower 0il with a high level of poly-
1unsaturated fetty acids.' Analyses of the liver phospho-
llplds and 1nd1v1dual mitochondrial phOSphOllpldS showed
51gn1f1cantly lower levels ot pelyunsaturated fatty ac1ds
in the rats' fed coconut oil. These authors suggested
that the ehanges in the.  phosphorylation eapacit?~of the‘“
liverzmitoehondria'were due to.the ehanges in the mito-
chondrial lipids which were a reflection of the dietary
fat. . Green and Fleischer (I963) and Pullmann and,Schatz
(I967) have proposed that the uncoupling of the oxidative
phespnorylation may be due to a molecular defect caused,
by the absence of essential fattxjacids %n’the structure . '
that determines the spatial relationéhinwbetween the electron
transport chain and the oxidatiﬁé‘phosphorylation.

" Little work heéﬁbeen done on the effect of
rapeseedfoil feeding on tﬁe-oxidative phosphorylation of
chick liver mitochondria, however,‘in'the hearts of chics
fed HER it has recently been shown (Renner et '‘al., I979)

-that rapeseed o0il does modlfy the fatty acid composition

of cardiac mitochondrial membranes and that the cardiac
mitochondria isolated from ehicks fed HER had eignificantly
reduced "ADP/O ratios¥and rednced rates of ATP synthesis
utilizing pyruvate end malate as the respiratory substrates

when compared with mitochondria -isolated from chicks fed

SFO. 1In particﬁlar, Renner et al. (I979) found .that the

‘fatty acid composition of diphosphatidylglycerol, known to

have functions integral to processes of oxidative phosphor-

ylation and membrane fuﬁctions in electron transport

t



(Awasthi et al., 1970; Awasthi et al., 1971; Santiago

et al. r. . 1973) was markedly affected by dietary rapeseed
oil feeding. The fatty acid composition of this phospho-
lipid was characterizedvby decreased ievels of linoleic
acid and corresponding increased levels of oleic, ‘eico-
senoic and erucic acid for chicks fed diets containing HEﬁ
or LER when compared to chicksyfed'SFb containing éiets.
Results obtained in the present study_oféthe fatpy acia
compositionlof the total liver phospholipids showed a
similar pattern. It is therefore possible that dietary
induced changes in liver phospholipid composition in the
chicks may cause an impairment of mitochondriaflfunction
in the liver.

Other observations which support the concept
that the feeding of HER containing diets affects the
functioning of the mitochondria have been presented by
Clouet et al. (1976). They showed that mitochondria from
hearts‘of rats fed a diet rich in rapeseed oii for two
months were more numerous and of greater size as compared
with control rats. Biochemical data showed that this |
increased growth was not'accompanied by anvincrease in
-enzyme content. They suggested that these mitochondria
would ox1dize usual fatty acids in suitable conditions,

. but that thlS ability would be more reduced in drastic
conditlons Dow-Walsh et al. (1975) also showed that

mitochondria from rapeseed  oil fed rats were more dependent
) \

on the presence of heparin for protection against in vitro
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loss of oxidative function than mitochondria from control

N

animals and suggested that the fatty acid changes in

membrane phospholipids caugsgd by HER feeding could result

vin increased fragility of mitochondrial membranes in vitro.

These observations suggest that a possible
explanation for the increase in liver Size 1s that lf
liver function lS being hampered in some way by rapeseed
oii feeding{ the liver may enlarge to compensate for this
‘decreased functional ability. Limer function was not
tested in these experiments and thus it cannot be stated
for certain that this is a factor, but it is a poss1b111ty

,

and is open<for future study.

\Y
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SUMMARY

Chlcks fed . diets contalnlng 20 parts HER from 4 28
days of age consumeéd less energy and grew at a slower
rate than chicks fed comparable diets containing
eitner LER or SFO Growth and enen;y consumption

* of chicks fed diets contalnlng LER was 1ntermed1ate
between and 51gn1f1cantly different from that of
chicke fed either the HER or SFO containing'diets.
Stndiééﬂshowed that chicks fed 20 parts HER from
4#28.days of age had a significantly.greater liver
to body Weightﬁpatio than chicks fed 20 parts LER,
which in turn, had a significantlyvgreater liver to
body‘weight ratio than.ehicks.fed 20 parts SFO. The
level ef‘fat in livers of chicke fed 20 parts HER-

was significantly higher than the SFO fed controls,

.however, the level of fat .in livers of chicks fed

20 parts LER was inpe;mediate between that of chicks
fed ‘diets containing SFO and HER but was not sig-
nificantly different from either.

Type of o0il fed was found to have no effect on level
of liver protein, hydroxyproline content of liver
protein or phospholipid content of liver lipid when
CthkS were fed ad libitum from 4 to 28 days of age.
The flndlng that hydroxyprollne content of liver

protein was similar, irrespective of type of oil fed,
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indicates that the increase in weight of livers of
chicks fed diets containing HER and LER was not due

to proliferation of connective tissues.

" Irrespective of whether diets containing 20 parts

- 3

of HER, LER or SFO were fed, liver neutral lipids

were found to be @Sre saturated than caréass 1ipid;
Results showed that when diets conﬁaining 20‘pérts

of HER were fed liver neutral liﬁids contained‘
markedly lower levels of erﬁcic énd eicosenoic acids
than the oil‘fed and slightly put significantly

lower ievels.than found in carcass lipid. The'ability
of the livér €g§hodify the fatty acid cohéosiﬁion of
ingested fat prior to entering the general.circﬁlation
may help to p;bteét other tissues in the chick from |
the' adverse effects of erucic and e¥cosenoic acids.f

Studies showed that liver phospholipids of chicks fed

diets containing HER and LER had significantly lower

4

levels of stearic, linoleic and arachidonic acids

and higher levels of N-9 fatty acids than when the
SFO-containing diéts were fed.

The liver phospholipids of chicks fed diets contaiﬁing
20 parts HER were shown to differ from the pho§pholipids
of chicks fed diets containing LER in that they

contained erucic acid and also had significantly

higher levels of eicosenoic and lower ievels of

linoleic and arachideonic acids.
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‘Whether- the aforementioned changes in fatty acid

qompoéitidn of phospholipids contributed td

structural—funcﬁional changes in the liver and to
‘the observed . increase in liver size when diets
ccontaining HER and LER rather than SFO were fed is

~unknown.-
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Determination of HydroxYproline'

Theﬁﬁeuman and Logan (1950) technique for the.
determlnatlon of hydroxyprollne in proteln hydrolyzates
con51sts of i |
1) loxidation of hydroxyproline with.hYdrogenpperoxide

in the presehce ot alkalihe copper‘sulphate.

2) destruction of excess pe&oxide by heat.

3) - reaction of the oxidation prodhct with 'p—’dimethyl— =
'aminobenzaldehyde by heatihg ln the_preSence of dilute -
sulphurlc ac1d to produce a' red color, the intensity
of which is compared w1th a standard

In th; modification by Leach (1960b), stages
(ﬁ; and l2) of the original method are comblped iThe'
ox1datlon is carrled out at 40 c and is completed before
the total destructlon of the.excess perox;de'has occurred.

Neuman and Logan prepared their proteln hydro—
lyzates by autoclav1ng 50 %g of proteln with 1.0 ml of
6 N HC1l in sealedvtubes at 15 pounds pressure (121 C).

" The hydrolyzates were brought to volume and flltered if

;necessary. ‘In this experlment the proteln hydrolyzate was

prepared by autoclév1ng a 200 mg sample w1th 5. 0 ml of

.2 N HCl in sealed tubes at 121 C for nine hours. After_”

N hydroly51s thepsamples were brought'up to-volume-(s.o ml)-

and filtered.




15 ug of hydroxyprollne/ml.

;were left in the bath for 10 mlnutes, but were: i-orf—

The reagents_used were the same as those employed.

by Leach (1960): .

. .
0.05 M copper sulphate in water

2.5 N (approx.) sodium hydroxide
6% (approx.) hydrogen peroxide

3 N (approx.) sulphuric acid

5% p-dimethylaminobenzaldehyde

.

Standard L hydroxyprollne solutlon were orepared o

by dlssolv1ng 0 05 g hydroxyprollne in about 400 ml of

3
water. TJ@hty mllllllters of concentrated HC1l were added

r

to prevent mlcroblologlcal destructlon and “the solution

- was then made up to 400 ml w1th water The 108ug/ml

solution was dlluted to give . concentratlons of 5, 10 and /

~

’

7The-solution under test was to contain between

5 and 15 ug of hydroxyproline/ml; thus one milltfliter of

.:hydrolyiate was;diluted to 100 ml with distilled watér/

- s

An . allquot contalnlng between 5 to 15 ug hydroxyprdllne
was placed 1nto a l 1nch by 6 inch test tube, and :one. ml
of 0.05 M copper sulphate and one ‘ml of 2.5 N s@dlum

hydrOXide were'added This was‘mlxed by gently swrrllng

and placed in a water bath at 40 C. ) When the contents'

'reached 40 C (5 mlnutes), one ml of 6% hydrogen perox1de'>“

T

was added and the contents mlxed by sw1r11ng. The tubes

1}

allybremoved and the contents swirled 4The"tube5"were"

~cooled with tap water, then 4 ml of 3 N sulphurlc acid

and 2 ml of 5% p dlmethylamln benzaldehyde were added

; - , .
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The tubes were then placed in a Qater.bath‘§t>70 c for
lG\minutes; The opticai density was determinedvat. |
560 mu usinq a‘spectrophgtometer. Each-test éolutioﬁ
was measured agéinst a blank solution and thénrcompared
withﬁtﬁé standards to obﬁain the amount of hydrokyproliné

s .

in the sample. This was then expressed as a percentage

;)Of the protein content.
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Determination of liver lipid and phospholipid ST

4
Liver llpld was determlned by extraction of @

portion of the freeze dried llver for 51xteen hours with
a mixture of chloroform and methanol {2:1 v/v in ‘a
Goldflsh apparatus (Felgenbaum and Flsher, 1963) . The
solvent was removed by heating the samples on a steam
.bath while a stream of'nitrogen was directed into the
flasks. The samples were then're—extracted with petroleum
ether, transferred quantitatively into test tubes and
centrlfuged at 5000 rpm for 10 mlnuté\ The supernatant
was decanted into welghed test tubes aﬁd thevprocess was
repeated, washing the prec1p1tate tw1ce~;&th petroleum
ether and decantiné the supernatant into the weighed
test tubes. The solvent was removed under a stream of l
nitrogen. The.test'tubes wete dried at 100 c’for 10
minutes, cooled in a dessicator~and weighed. The weight
of the material Qas considered to be liver lipid.

After the total lipid content was determined

the phospholipids'were separated from neutral lipids using

. a modif‘iCatio’n of the method of Hanahan et al. (1957)

-

One ml of'petroleum ether and 10 ml of cold acetone were
added to each-Sample and then the stoppered test'tubes'
Qere placed in the.freezer atzsés C overnight to allow
‘cOmplete separatlon.of the.phospholipids. The next‘day ,
the samples:wereucentrifuged‘at‘5000 rpm for lOAminutes

and the supernatant was transferred into anotherfSet of

etmaE e A



weighed.tubes. The phospholipid was washed'twiée_with
cold acetone and the washings were added to the"we;ghed
tubes. Traces éf acetone Were fevaed from the phbsphO*
lipid samples under a stream of nit;oge; g;s;‘then the
samples Were dried a£ lOQ C for lOyminutés, cooled in a
dessicator and weighed. T\e weight of the material was
considered‘to‘be‘livei phdspholipid. The sample was then

dissolved in petroleum ether and sto‘§? at -25 C until

analyzed for fatty acid composition.
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