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ABSTRACT

Fxperiments were conducted to study factorc affescting
the nutritive value of rapeseed 0il for the the chick using
rate of growth, energetic effiéiency and tissue compositioﬁ
as criteria. The diets fed contained high erucic acid
fapeseed 0oil (H:ZR), low erucic acid rapese=2d 01l (LER) or
sunflowerseed c¢i1l (SFO), ana w-rTe formulat=2d by substitution
of 10 or 20 parts of the respective oils isocalorically for
glucose. Diets containirng 15’parts HER_or LER and 5  parts
.palmitic or cleic acid were.fotmulated by similar isdcaloric

substitution. A1l cnicks were fed the oxperimertal diets

from 4 days of age.

when fed for 7 cdays, diets containing 10 or 20 parts
HER gaused depresssd growth and feed consumption, and
reduced fat deposition wisn compared with similar levels of
SFO. Chicks fed iets containing 10 or 20 parts LEIR for 7
days grew at the same rate.and deposited the same amount of
fat as «chi s fed diets containing similar levels of SFO.
The type of 0il fed had no effect on the 1level of cardiac

lipid at the end of the 7 days feeding period.
When fed diets containing 10 parts HEK, LER or SFO for

24 days, chicks showed similar rates of growth, fe=2d

[
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consumgtion, heart size apd heart fat conten:. queve:,
cornsumyption of diets containirng 10 parts HER caused less
carcacs fa*t deposition and less efficient energy utilization

than consumption of diets containing similar levels of L%R

cr STO.

Feeuing diz2ts containing 20 parts of oil for 24 or 26

aays show=d tn.- growth promoting prop=rties of the thrse
oil: to ditter, with HER giving the lowest, LER an
int<rmediate and $T0 the most rapid rate of growth. Results

also shewed *hat chicks ted diéts containing H¥R had larger
hear*s than <hose fea diets containihg similar levels of LER
or S§Fr(, bu* thisz could not be attributed to increased heart
tat content. When pair-fed, chicks fed diets containing 20

eposited | less fat and utilized energy less
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]
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"
T
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efficiently than those fed diets containing similar levels
of SFC. Fat deposition after feeding diets supplying 20

s than when SFo-containing diets were

n

parts LIt was also 1le

fed, but these two oils showed the same efiiciency. of ensrygy

Dlet: supplying HER modified with palmitic acid for- .26
iays caused iJCIeasea growth and energy :tilization, and'
decreassa h=zart size when conpared with the unsupplemented
HER. Similar changes were not found ir diets containing HER
supplementzd with oleic acid, or LEF supplemented with

either palmitic or oleic acigd.



After 26 days of feeding, modification of HER by the
addition of oleic acid caused 1less accumulation of erucic
and eicosenoic acids in heart and carcass tissue than when

pélmitic acid was added to HER. No such effect was observ:zd

when LER was supplemented with oleic acid.

ITrrespective of the type otbrapeseed 0il or moditied
cil mixture fted, or gf +he age of the Chick; heart 1lipids
contained less arucic acid than carcass fat, indicating that
chick heart tissue is as capable of disposing of érucic acid
as carcass tissue. It was also found that irrespective of
the diet fed, a greater pefcentage of erucic acid appeared
to be oxidized than of eicosenoic acid. Thié suggyests that
either erucic acid -is oxidized more.rapidly than eicosenoic
acid, or that erucic acid 1is oxidized more rapidly to

cicosenoic acid than is eicosenoic acid to oltic acid.
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INTRODUCTION

N

I

proparties ot  rapeseed

Although the gr9wth depressing
011l for the rat ;erc recognized in 1947, it was npot until
1970 that rapes=2ed o0il was reported to cause pathological
changes 1in he2art ard skeletal muscle. As a resplt of this
finding, production of rapeseed in Canada has shifted from

varieties con*aining - oil high . in erucic .acid, to those

having a low erucic acid content.

Feéently, the que:sr ion has arisen as to +he nutritive
valus of both high and low erﬁcic aéid rapeseed oils for
Spécies other +than the rat. Since information on the
nutritive value of rapeseed oils for the chick is limited,
the folluvirg étudies~ were conducted to 'cbmpare the
nutritz - i ue of high erucic acid rapeseed o0il, low eIUCiq
acid rapesced 0il and sunflowerseed oil for the chick using
rate of growth, energetic efficiency and tissus compbsition

as the criteria for compar.son.



PART 1

GKOWTH, ENERGY CONSUM: "10ON, AND ENEKGY

UTILTIZATTION OF CHICKS FED FAPESEFD OTL:

\

Literature Heview
Thef growth depressing properties of Capesced 03l were
first observed by Boer et al. in 1947 and Deuwc]l ot 01, in
1948 wsing tha rat as the experimental animal. Sipce +hat

time numerous studies using various experimental  arimal

have confirmed and extended their findings.

In studies to determine the nutritive value of rapes=ad
0il for the chick, Sell and Hodgson (1962) showed *hat
rapeseed oil containing 31.5% erucic acid was as effective
as comfarable levels of soybean 01l and sunflowerseed oil in
improving weight gain and eff1c1cncy of utlllzatlon of reedq,
when incorporated in the d( //fOI 2 weeks at a level of €%,
In contras*, Salmon (19609) ﬁound that mixtures containing
25, 5¢, 75 and 100 parts of rapesszed oil and 75, 5C, 25 and
0 parts of soybean 0il, respectively, caused small but
.significant decreases in rate of gJrowth with no significant
effect on feed wutilization when incorporated into chicﬁ
diets at a level of 103, Eerner (1967) studied the effect
on'groith of substituting 5, 10,215 and 2C parts of rapesead

01l for an egui-caloric amount of glucose in a-semi~purifi=d

chick diet. Two rapeseed oils containing 24 and 39% erucic
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that rapeseed o0il, irrespective of eruci€ acid content
promoted growth equal to either saybean 01l or lard when fead
at the 5 or 10% level. At the 15% level, chicks fed regular
rapeseed oil containing 21.4% erucic acid grew signifiéantly
_slower +than chicks fed diets containing 15% lard or 15%
soyb=an o0il, but utili%ed their feed just as officiently.
‘'The growth of «chicks fed the'lqw erucic acid varisties at
the 15% level was variable.. One sample resulted in growth
depression, tne other permitted growth similar to that of
the soybean o0il fed scontrols. No explanation was offered
for the variable growth response of chicks fed low erucic

acid rapeseed oils. .

More =extensive studies on the nutritive value of

‘rf ved o0il have been conducted using the raz as the
€iperl. ntal animal. Studies hav hown that incorpcration
' fa: seed o0il in excess o1 2% by weight of the diet
red growth and feed consumption (Beare et al., 1957;

Thomasson and Boldingh, 1955; Beare =t al., 1959p; Hornstr@,

1972 and Craig et al., 1963a).

That erucic acid is’ one of the growfh depressing
factors in rapeseed o0il was shown by Thomasson and Boldingh
(1955) . Further evidence to support this concept is the
finding of Beare et al. (1959a) that substitution of
increasing levels of ethyl eruéate for corn o0il in the dieg‘

of weanling rats caused a progressive decrease in growth.

Furthermore, 1low erucic acid rapeseed oils have been shown
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to promote as good growth in rats as olive 0il (Craig and

Beare, 1968) or peanut oil (kocquelin and Cluzan, 1968) .

Another factor in rapesoed o0il which may contribute to
its growth depressing properties is the unfavorable ratio of
saturated fatty acids to unsaturated fatty acids. Beare et
al. (1963) showed that increasing the palmitic acid content
of rapeseed oil fronm 3 to 24% by the addition of palﬁ oil
significantly inc¢reased growth df rats fed oil mixtur=s
containing 2G% 2rucic écid and approximately 16% .1inoleic
acid. However in a subsequent experimént, Beare-Rogers et
al. (1972) showed that increasing the level of palmi-tic 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. Rocguelin et al.v(1971) reported decreased growth
ofA rats when the palmitic acid - content of mixtufes
containing predominantly trierucin or triolein was decreased
from 2¢ to 8 or 10%, respectively. They did not 'state
whether these decreased ratés of growth were statistically

significant.

Previously, Murray et al. (1958) obse~vac vzriable
effects on growth when the palmitic aqid conte:.* of -~ixtures
was decreased. They state that the effect of vérying the
fatty acid composition although reproducible is not large.
Since low erucic ‘acid rapeseed oils have been shown to
promote good growth (Craig and Beare, 1968; Rocquelin and

Cluzan, 196¢8), it,is‘appdrent that a low level of palmitic

/
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acid alone does not decrease its nutritive value.

Reduced feed cbnsumption was shown to accompany - growth
depression when rats were fed diets containing more than 10%
rapesced o0il (Beare et al. 1957; Beare et al., 1959a and
1959b) . Beare et al. (1959a) showed that when body‘ weight
gains were adjusted for feed <consumption by covariance
-analysis, differences largely disappeared. These results
suggest that rapesced . 0il decreased growth by decreasing

appetite.

'

The mechanism by which rapegeed 01l depressed food
intake has been shown to be temporarily mediated. Beare and
Beaton (1967) compared the effect on the amount of fat-free
diet consumed, by administering rapeseed oil and corn oil
apart from the diet by intubation. Results showed that rats‘
intubated with either rapeseed oil or corﬁ 0il during the

day consumed similar amounts of fat-free diet during the

night.

Beare and Beaton '(1967) also shﬂwed that when the
ventrolmedial area of the hypothalamus was destroyed, rats
fed 'diets «containing rapeseed oil consumed as much food as
rats fed <corn oil—containing diets. Recently, Hornstra
(1972) sﬁggested that the depression in appetite following
ingestion of rapeseed o0il may be due to thermostatic
regulation. He observed that intubation of rapeseéd.oil

stimulated greater basal oxygen consumption than
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suntlowerseed oil which could lead to an hyperthermic state,
and- thus act to stimulate the satiety center. Whether
chemical stimuli also are involved in decreasing food intake

when rapeseed oil is incorporated in the diet is unknown.

\

The effect that feeding rapeseed o0il has on energv
ﬁtilization in vivo has receiv;d little attention. In sc
studies but not in all, incorporation of rapeszed o0il au
levels of 10% or greater has resulted in decreased feed
efficiency (g feed/g gain). Since body composition wasv not
studied, energetic efficiency (calories consumed/calorie
gainad) could not be determined. That energetic efficiency
'may bg decreased 1is suggested by the finding of Hornstra
(1972) that basal oxygen consumption ﬁas greater when rats
vere fegw diets in which 60% of the energy was supplied by
rapeseed 0il rather than by sunflowerseed oil. Other
evidence that rapeseed o0il nmay iﬁterfere with energy
metabolism in at leas{ some tissues 1is the finding of
Houtsmuller et al. (1970) that inclusion of erucic a®id in
the diet of the rat caused the mitochondria of the heartibut

not of the liver, to malfunction.

Since irnformation on the nutritive value of‘ rapeseed
oilé‘ for chicks is limited, the followiny experiments were
conducted fo determine the nutritive value of high and 1low
erucic acid rapesesd oils for the chick and to study factofs

affecting their utilization.



EXPERIMENTS 1 AND 2

The obiject of these experiments was to compare the
nutritive value cf loy erucic acid rapeseed oil, high erucic
acid'rapeseed 01l and sunflowerseed oil wusing rate of
growth, féed efficiency, and energy utiliza£ion as the

criteria for comparison.

Materials and methods,

Diets .centaining high erucic acid rapese=d oil (HER) ,
low erucic acid rapeseed o0il (LER), or sunflowerseed oil
(S¥O) , were formulated from the high carbohydrate dia=t
(Table 1), py substituting 16 or 20 parts of the respective
oils isoéalorically for glucose using the values of 3.64
kcal/g (Hill et al., 196¢), 7.37, 8.79 and 8.88 kcal/é
(Renrer, 1967), for the metabolizable energy content of
glucose, HEK, LER, and SFO, respectively. Cellulose was
adégd to the diets containing 20 parts of éhe experimental
oil\‘in order to improve the texture and to maintain the
calofic density similar to that of diets containing 10- parts
of oil (Table 2). The fatty acid composition of +the high

and low erucic acid oils wused in Experiments 1 and 2 is

shown in Table 3.

Because the fat ccntaining diets do not total to 190,

thé level of fat in the diet will be referred to as the



Table 1

Composition of high carbohydrate diet.

Ingredients ‘ %

Constants

Soybean meal (5C% protein) 35.8
Glycine . 1.00
Methionine : G.50
Brewers' dried yeast _ 2.50
Dried whey P 2.00
Limestona 1. 14
Dicalcium phosphate 1.84
Sodium chloride 0.60
Soybean o0il : .50
Choline chloride (50%) 0.60
Chremic oxide "bread': - 1.00
Mineral mixturez 0.41
Vitamin mixture3 0.28
Antioxidants+ 0.025

Variable

Glucoses 52.605

1 Ccntains 30% Cr, 0, in ‘wheat flour.

2 Mineral m*i ure supplies in mg/313 kcal of diet:
" K, HPG, ,22C; 1950, ,115; MnSO, .H,0,33.5; ; Fe50, 7h 0,28;
7r<:o3 /9.7;Cus30, .54, 0,0. 78 KI 0.29; Na2 Seo3 (0. 022.

3 Vitamin mixture supplies in ng/313 kcal of diet:
thiamine HC1, 1.0; riboflavin,1.0;Ca pantothenate,t.0;
piotin,C.C4;pyridoxine, 2. Oi;niacin,8.0;folacin 0. 3;

menqdlonc, .3 auresomycir, 1 0; vitamin B12, 0. OOOOCS'

vitamin 2, 10”0 10; v1tam1n b, 150 IU vitamin E,3.3 IU.

¢ Contains 25% ethoxyquir. Monsanto Chemical Co.,
Louils, Missouri.

5 Cerelose.
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Table 2

Composition of diets

Type of diet

Constant Glucose Cellulosel Total

0il Amount 1ngredients
a g - g g 9
High
carbohydrate 47.40 52.60 -~ 100.00
HERZ2 10 47.40 32.36 - 89.76
3

LERS3 10 47.40 28.46 -- 85.86
SFO* 1C 47.40C 28.20 - 85.6C
HER 20 47.40 12.11 7.0C 86 .51
LER 20 47.40 4,31 7.0C 78.71
S¥O 20 47,40 3.82 7.0C 78.22

"a-floc BW-40, Erown Company, Berlin, New Hampshire.
erucic acid rapeseed.oil.
-ucic acid r=apeseed 0il.

zr- 2d oi.



Table 3

M

Fatty acid composition of oils (Exp.1 and 2).

Canadian Seed Processors Ltd., P.0O. Box

Fatty Perceﬁt of totai fatty acids
acid -
HER1 LER= SFO3
Exp. Exp. . éxp.
1 2 1 2 1 2
16:0 3.5 2.8 4,5 3.5 .2 6.7
16:1 - 0.2 - 0.3 - -
18:0 1.7 1.3 1.7 1.5 4,8 4.7
18:1 21.3 34.0 58.0 55.2 15.3 17.5
18:2 20.2 17.1 19.9 20.3 69.2 69.2
18:3 6.6 7.7 8.4 8.& 0.4 0.4
20:¢ 1.0 6.5 0.9 2.9 0.7 0.3
20:1 12:0 11.4 2.7 3.2 0.8 0.3
20:2 0.5 0.4 - - - -
22:0 - - 0.4 - 1.5 0.9
S 22:1 33.2 24,6 3.5 . 4.7 1.1 -
1 High erucic acid rapeseed o0il. Obtained from Co-op
Vegetable 0ils Ltd., Altona, Manitoba, and Western

99, Lethbridge,

Alberta, for use in Exp. 1 and 2, respectively.

2 Low

Gamble Co.

erucic

acid
Ltd.,

Tapeseed oil.
Hamilton, Ontario, and

Obtained from Proctor and
Western Canadian

Seed Processors Ltd., P.O.Box 99, Lethbridge, Alberta, for
use in Exp. .

3 Sunflowerseed
Altona,

oil,
Manitoba.

1 and 2, respectively..

"Satfflo"., Gardenland

Packers 'Ltd.,
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amount added to maintain thé energy equal to its ‘high

carbohydrate counterpart.

The chicks Wwere housed in electrically heated
thermostatically—controlled battery brooders with ;aised
wire-screen floors 1in a £emperature controlled laboratory.
They were reared to 4 days of age on a semi—purifiéd high
carbohydrate diet; and then assigned to the experimentgl
groups on the basis of body weight, equalizing both mean

body weight and weight distri.ution among the groups. ;/)

Each diet was fed ad libitum to duplicate groups of 10
male crossbred (Dominanf White x White Plymouth Rock) chicks
from 4 to 11 and 4 to 28 days of age. In addition,
duphicate groups were pair-fed diets éontaining 10 or 20
parts o% LTk or SFO ﬁrom 4 to 28 days of age, their feed
intakes being restricted +to that of <chicks fed diets
" containing 10 or '2C parts HER, respectively, For
comparative purposes duplicate groups of chicks were fed a
high carbohydrate diet ad libitum. Water was supplied ad

libitum and feed wastage was determined daily. Data on

growth and feed consumption were obtained weekly.

Fxcreta from chicks being pair-fed were collected at 24
hour'intérvals on 3 successive days during thé last week of
the 28 day experimental pe;iod, and kept frozen until
proceséed.' Chromium oxide was incorporated in all diets as

an index substance, thus avoiding the need for quantitative
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measurement of feed intake and quantitative collection of

excreta. The methods of processing excreta, conducting
chemical analyses for moisture, nitrogen, combustible
enerqy, fat and chromium oxide, and for ~computing

metabolizable energy and fat absorbability from the data
have been described previously (Hill and Anderson, 1958;

Eill et al., 1960; and Renner and Hill, 1960).

At the termination of the experiment, the chicks were
A S
killed with <chloroform and the 1livers and hearts were

removed and stored at -299 C until analyzed. After cooling,
the contents of the gastro—intéétinal tracts were Temoved
and the residual carcasses from each experiment. group were -
frozen, - q:bund, mixed and an aliquot fried by
lyophilizaticn. In Order‘ that tissue gains could be
, determined tWwo TIepresentative groups of chicks were killed
at the beginnring of the experiment (4 days of age), and
prepared for analySis using.the same procedures, Carcass

samples of pair;fed chicks were analyzed fqr protein, fat

and isture as described by Hill and Anderson (1958).

Details of heart analysis are given in Experiment 4.

To determine fatty acid composition of dietary fat,
methyl esters were ©prepared by the method of Metcalfe et

al. (1966). An Aerograph series 600 gas chromatograph with
\ >~

a four filament thermal conductivity detector (Modél 66%
was equipped with an aluminum column (10ft.x 1/4in. o.d.),

and packed with Silar S5CP on 80-100 mesh acid washed
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Chromosorb W. Peaks were identified by comparing retention

times of unknown components with those of a known standard,

and peak areas computed by geometric approximation.

Fraction by weight of a component in a mixture was

calculated by the formula proposed by Eastman (1957). T he
' e

fatty acid composition of the oils used is shown in Table 3.

Data showing éverage 7 day weight gains, energy
consumption and feed efficiency of chicks fed diets in which
10 or 20 parts of HER, LER, or SFO were substituted
isocalorically for . glucose are summarized in Table 4.
Analysis of variance and application of. Duncan's multiple
range test (St=2el and Torrie, 1960) to the data showed that
increasing the level of each.oil in.the diet from 10 to 20
parts decreased both wéight gain\and eﬁergy consumption,
significantly. Chicks fed diets containing 10 or 20 parts
HER dgrew signifiéaﬁtly slower and consumed 51gn1f1cantly
less feed than those fed diets containing ‘similar levels of
LER or SFO. in -contrast, LER promoted the same rate df
growth jas SFC when either 10 or 20 parts were incorporated
in the diet, however chicks fed dlets containing 20 parts
LER consumed s’gnlflcantly less feed than those féd diets
containing ZC parts 'SFO which resulted in increased fe=4

efficiéncy.

Comparable data for chicks fed the experimental diets
//’

4
B . s
N N
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Table 4

energy consumption and feed efficiency ‘of

chicks fed experimental diets ad libitum for 7 days.

Treatmert

011 Level Exp. Weight Kcal Feed
no. gain consumed! efficiency
é 7 : g : kcal/g gain
 J
High 1 1043 412 3.95
carbohydrate 2 108 443 b 4,11 4
1062 4281°¢ 4.03
HER2 10 1 L 438 : 3.8C
2 \J,lg’\ 454 3. 81 b
7P | 446 C 3.80°¢
LER2 10 1 125 463 , . 3.71
2 125 . 485 | g 3.8¢ be
125 474 3.8C
<z RS i
SFO2 10 1 125 477 3. 80
2 131 504 4 3.86 .
; 128° 491" 3.83
"HER - 2 1 102 372 3.66
. 102 388 3.80 N
1029 3309 3.72
LER 20 1 115 423 ' 3.69
' 2 111 395 N 3.54
: 113 409 3.62
SFO 20 1 113 432 3.82
2 129 : 458 3.82
116 4us© 3.82
! Calculated wusing determined metabrlizable energy values

for the diets.
See footnotes 2 to 4, Table 2.

Values are averages of duplicate groups. Underlined values
are averages of duplicate experiments. Values without a
cemmon letter in their superscript - are significantly
different (P<(C.05). ’
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for 24 days afe summarized in Table 5. Analysis of variance
and application of.buncan's multible range test (Steel and
Torrie, 1960) to the data showed similar growth, energy
consumption ° «nd feed efficiency in: ch%cks fed diets
containing 1C parts 6f either HER, LER or SFO. = lilowever,
when chicks were fed diets contdlning 20 parts HEEK, growth
and feed consumption were significantly less than in chick§
fed similar levels of LEEk or>SFO, but feed :#as utilized as
efficiently. The effect of incorporating 20 parts LER in
the diet was similar to the 7 day feeding regimen in that

chicks grew as well as those fed 20 parts ©SFO, consumad

significantly less feed and utilized it more efficiently.

i

When energy intake of chicks;fed diets containing 20
parts LER or SFO was li:-ted to that of chicks fed 20 parts
HER, growth rates diu .ot differ significantly.(Table 6).
However, chicks fed diets containihg 20 parts HEE utilized
their feed more efficiently than those pair-fed diets
containing 2C parts SFO when calories consumed per- - gram
gaingd was used as the index of efficiency. The reason why
chicks fed diets containing 10 parts HER gained
signi¥ficantly none welght than those pair-ted diets

PR
containing 1C¢ parts SFO is not apparent.

. Y .
Data showing energy consumption, gain in carcass £fat
B ]

and protein, and energy utilization of chicks pair-fed the
experimental “diets for 2t Jays are summarized in Table 7.

Analysis of variance and application of Duncan's multiple

S

~



Teble

Weight gain, encray  consumption  and  teed cftilcicney o
chicks fed experimentael dicts ad libitum for 4 dayn.
Cireatment .
011l Level  Hxp. Welght Feal P
no. Jain conumedt etticivucy
q i kcal/g ain
High 1 4su3 2176 .un
carbohydrat+e : 468 b 2234 - U, 7 -
§7¢ 2209 bons
HEK?2 1C 1 532 Ju48 b. oo
2 511 de 2274 de b.uu b
] 236 4.5z
LER2 10 1 55¢C Z23R0 .32
2 537 B 2456 de 4,58 'h
543 2418 4.45
SFO= 10 1 531 2443 4.0l
‘ v 2 504 o 2028 Y be
© 527 2430 .55 °
HER o 1 435 1920 4.42
2 429 a 1916 o 4.47 ab
432 1914 4.45
LER 20 1 494 2217 4.u8
2 Ly be 0 b 4.22 a
486 2114 4,25
SFO 20 1 502 2260 4.57
2 509 cd 23.6 od 4.53 be
5C5 2308° 4.57
! Calculated wusing determined wm=tabolizable €en=rgy values
for the diets.

2 5¢e¢ footnotas Z to 4,

rfable 2.

3 Values are averages of duplicate Jroups. Unde
us

are averages of duplicate experiments.
superscript

COmMOLn letter in

different (P<C.05).

their

Val
are

ned values
without a
nificantly

1:

ig
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Table 6

Weight gain, energy consumption and feed <efficiency of
chicks pair-fed experimental diets for 24 days.

Treatment

0il Level Exp. Weight Kcal Feed
no. " gain consumed!? efficiency
g ) g kcal/g gain »
HER2 : 10 1 5323 2448 4,60
~ 511 2274 4.4y
522°€ 2361° 4,522
LER?2 10 1 540 2440 4,52
‘ 2 4Rs . 2273 4,68
b . b
513°°¢ 2356 4,60
SFO2 510 1 498 2428 4.90
. :  uway b 2316 . 4.66 Ty
498 2372 4.78
HER 2C 1 435 1620 4,42
: 2 420 1916 a 4,47 A
432 1918 4.45
LER 2C 1 4usg 2084 T L
' 2 LCe 1790 : 4. u8
. b
yu 2 1937 2P 4.59°
SFO 20 1 Lu46 2118 4,74
2 391 5 1872 b 4,78 b
419 1995 4,76

t Calculated wusing determined metabolizable energy values
for the diets :
=

2 See footnotes 2 to 4, Table 2. . ' /

3 Values are averages of duplicate groups. Underiﬁned values
are averages of duplicate experiments. Values without a
common letter in +their superscript are significantly
different (P<C.05).
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Table 7

Energy consumption, carcass gain of fat and prot. and energy wutilization
of chicks pair-fed experimental diets for 2u days.

Treatment Carcass gain .
Exp. Kcal i : Enerqy
no. consumed? : utilization?

0il Level Fat Protein
g g g
HER3 10 1 2u4 8 u0.5 1€3.0 2.54 .
2 2274 42.6 95.9 b 2.41 b
2361° 41.5° 99.4 2.48
LER3 10 1 2410 47.0 1144 2.24
2 2273 45,6 a 91,0 2.40 A
2356° 46,3 102.7° 2.32
SFO3 10 1 2428 49.0 113.4 2.20
2 2316 44,6 4 93.1 2.44
2372° 46.8 103.2° 2.32°
HEP 20 1 1920 27.4 , 83.0 2.65
2 1916 28.2 76.7 2.74 .
19182 27.82 79.8% 2.69
LER 20 1 2084 _ 32.8 90.2 2.54
2 1790 p - 28.7 A 73.9 a 2.6C b
19372 30.7 82.0 2.57
SFO 2¢ 1 2118 38.3 39,8 . 2.44
T2 1872 b 35.1 b 74,2 a  2.50
) 1995 36.7 82.0 2.47
L Y

1 Calculated using determined metabolizable energy values for the diets.

2 Kilocalcries of metabolizable energy consuned/kilocazlorie gained.

3 See footnotes 2 to 4, Table 2. '

¢ values are averages of doplicate groups. Urderlined values are averages o{

duplicate experiments. Valoes wi+hout a common letter in their superscript
are significantly different (P<0.D05).
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range test (Steel and Torrie, 1960) to the data showed chat
chicks fed diets containing 10 parts HER deposited
significantly less carcass fat and protein, aﬂd utilized
energy less efficiently than those fed diets containing 10
parts LER or SFO, when c.i. -ies consumed per calorie gained
was used as the ;ritérion of energetic efficiency. ¥®¥hen fed
diets containing 20 parts of HER, chicks deposited less fat
than those pai;-fed digts containihg 20 parts SFO; enerqgy
was utilized less efficiently than by chicks pair-fed diets
containing similar amournts ofJ LER or SFO. Results also
showed that the energy in diets containing 1C¢ or 20 parfs

LER was utilized as efficiently as diets containing 10 or 20

‘parts SFO, respectively.

The data summarized in Table 8 show that after only 7
days of ad libitum feeding, chicks fed diets containing 10
or 20 parts HER deposited significantl& less fat and proteinl
in the carcass than chicks fed comparabie levels of SFO.
This feduced fat depositioh contributed to the reduced
efficiency of energy utilization in chicks fed diets
contéining 2¢ parts HEé when compared with SFO fed controls.
In contrast, <chicks fed diets containing either 10 or 20
parts LER deposited similar amounts of fat and utilized
energy just as efficiently>asAchicks fed diets containing 10

or 20 parts 0.
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"Table 8

Energy consumption, carcass gain of fat and protein, and
energy utilization of chicks fed experimental diets ad-
libitum for 7 days (Exp.2).

Treatment Carcass gain
Kcal . Enerqy
consume il utilizationz2
01il Level Fat Protein
g g g
High b
carbohydrate yu3e 11.0P 17.4° 2.18P
HER3 10 4syb 1z.5P¢ 19.1°¢ 2.028b
LER3 170 . gescd  q3_ 7¢d 19.5°¢ © 2.02@b
SFO3 19 5049 15. 04 29.94 7.0u2
HER 20 3eg@ .09 15.6°2 2.37°¢
LER 20 3952 11.1° 16.7P 1.98¢@
SFO 20 u5gbc  q3,73bcd 18.7°¢ 1.982

1 Calculated using determined metabolizabls <=nergy values
for the diets. ’

2 Kilocaloriss of metabolizable energy consumed/kilocalorie
gained.

~

3 See footnotes 2 to 4, Table Z.

* Values are averages of duplicate groups. Values without a
common letter in their supérscript are significantly
different (P<0.05). ’ /

7
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The firding in the foregoing experiments that the
inclusion of 20 but.not 10 parts HER in the diet of the
chick depressed growth at 24 days is in agreement with
results %eported for the chick by Renner (1967), Vogtmann et
al. (1973) and Sell a?d Hodgson (1962); and for the rat by
beare et al. (1957); Rocquelin et al. (1968) and Kramer ot

al. (1973).

Since differences in growth rate diéappeared when
chicks were pair-fed diets céntaining 20 parts of either
EFR, LER or SFO it appears that HER depressed growth by
( Creasing appetite.' Previéusly, Beare et al. (1959a)
observed that differences in rate of groﬁth. of rats fed
diets ‘containing 20 parts rapeseed oil largely disappeared
when body weight gains were adjusted for ‘foéd consumption by

covariance analysis. They suggested that rapeseed oil

decreased growth by decreasing appetite.

The reasoh why appetite was depressed when chicks were
fed diets containing 20 parts HEK is unknown. Since chicks
fed diets containing 20 parts HER deposited less fat and
utilized energy less efficiently than chicks pair-fed diets
containing 20 parts SFO, they must be losing more energy as
heat. Whether increased heat production ~when consuming
diets containing HER stimulates the satiety center and

reduces food intake is unknown. Support for this concept
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has recently beew provided by Hornstra et al. (1972). They
observed that intubation of rapeseed o0il stimulated greater
basal oxygen consumption in rats thaﬁ sunflowerseed ;il, and
3uggested that ingestion of rapeseed o0il may lead to -

hyperthermia.

The finding that LER supported growth egual to that of
SFO when incqrporated in the diet at a 1level of 20%,
supports £he finding of Halkef et al. (1970) that chicks fed
diets containing 20% LER grew at the same rate as chicks fed
diets containing 20% prime tellow. The reason why chicks
fed diets éontaining 20 parts LER deposited less rat than
chicks pair-fed diets con%aining 20  parts SFO is Vnot
apparent. Although >differences in fat d=position were
significant, they were not great enough to cause significant

differences in energetic efficiency.

Fatty acid analysis (Table 3) showed that the HER ang
LER used 1in these experiments contained similar amounts of
ralmitic and stearic acids. Major differences between HER
and 'LER‘were in their content of =rucic acid, gadoleic acid
and oleic acid. Calculations indicate that in Experimenﬁs 1
and 2, diets containing'ZO parts HER contained 6.6 and 5%
erucic acid, Lespectively, while diets containing 20 parts
LER contained (.7 and (0.9% erucicéacid, respectively. The
inverse relationship between erucgc acid contentbof the diet
and growth of chicks cbserved in these experiments supports

the theory that erucic acid is one of the major growth
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depressing factors in rapeseed oil.

No relationship between intake of saturated fatty acids
and growth of chicks 1s apparent in this experiment, since
chicks fed LFR diets containing approximately 7.7% saturated
fatty acids grew faster tgan chicks fed HER diets containing
approximately 5.4% saturated fatty acids and at the same

rate as chicks fed SFO diets containing approximately 12.9%

saturated fatty acids.

EXPERIMENT 3

Results of the preceding experiments showed that chicks
fed diets containing 2C parts high erucic acid rapeseéd oil
consumed less feed, grew more slowly and utilized energy
less efficierntly than chicks fed diets containing either 20
parts of low eruc;cvacid rapeseed oil or sunflowerseed oil.
The fecllowing experiment was conducted to determine the
effects on growth, feed efficiency and energy utilization of

altering the ratio of saturatéd to unsaturated fatty acid in

high and low erucic acid'rapeseed oils.

Materials and methods.

>

Diets cdntaining 20 parts high erucic acid rapeseed oil
(HER) , 20 parts low erucic acid rapeseed oil (LER), 20 parts

sunflowers=2ed oil (SFO) or mixtures composed of 15 parts HER
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or LER and 5 parts palmitic acid or oleic acid were
formulated from thé high carbohydrate diet (Tablé' 1), by
substituting the respective oil or oil pixture
isocalorically for gfﬁpose. Metabolizable energy values
used in formﬁlating the diets were 3.64 kcal/g (Hill et
“al. 1960), 7.37, 8.79, 8.88 kcal/g (Regner,.1967), 4.59 and
8.31 kcal/g (Renner and Hill, 1961), for glucose, HER, LER,
SFO, palmitic acid and oleic acid, respectively. Cellulose
wa:. added to imprové the texture of the experimental diets
in_an amount to maintain caloric density similar to the

diets fed 1in Experiments 1 and 2. The composition of the

diets fed is shown in Table 9,

Each diet was fed ad libitum to duplicate groups of 10
male crossbred (Dominant White x White Plymouth Rock) chicks
from 4 to 3C days of age. 1In addition, duplicate groups of
chicks weré pair-fed the experimental diets from 4 to 11 and
4 to 30 days of age, their feed intake being restricted +to

that of chicks fed the diets containing 20 parts HER.

-

The methods of allotment, feeding and housing wWwere the
same as in Experiments 1 and 2. Data on growth and feed
consumption were obtained weekly and feed wastage was
determined daily. Fecal collections were made at 24 hour
intervals on 3 successive days during the last week of tae
26 day experimental feeding period and kept <frozen until

processed. The methcds of processing excreta, conducting

chemical analyses and for computing metabolizable energy



26\

'*P1T SI0SS8001d PISS URTPRUR) UIsISoM *ITO posasadex

‘eUO3ITY ‘°pP3T STTO Tqe3sbsp do-o0) *TTO psossadea

"BQO3TUBH ‘eUOINL ‘13T ‘SI8yOed pUueTuapIeH *,0TIIES,

.

‘@1Tysduey meN ‘urtisg ‘Auedmo) UMO Ig

*e3ILqIVY ‘sbpraquiaf

PId® DOTOonIs mOT

*BQO3TURY
PTOe OTOonI2 YbBTIH ¢

TIO p@®9SiIsmOTIUNS »

"Oh-Md D20T3F-eydyy ¢

LE "€ 00°L L6°h _Oh°Lh S - Gl 841
g8h°ng 00°L 87°01L Oh*Lh - S GL 9431
LL 8L 00°L LE*h ofr*Lh - - 0Z  +8371
Lz-ss 00°L L8°0L Oh*Lh S - SL ‘4dH
Z€"06 00°L Z6°GlL of*Ln - S Gt 4aH
LS 98 00°L LL*Z1 ohLh - - 0CZ  e¥dH
ZZ 8L 00°L z8*¢ Oh°Lh - - 0Z  =204S
6 : 6 B 3 6 3 b
pTo® DId®E
STST0  OT3TWIRd TTO
s3uaTpalbut

Te307 19SOINTI3D 2sooni9y JULISUOD :

T9A27

*S38Tp 30 uor3tsoduwo)

6 ®Tqel



27

from the data have been described previously (Exé. 1 and 2).

The fatty acid composition of o0ils and fatty acids were
determined as described in Fxperiment 1 and 2. The fatty

acid composition of the oils fed is shown in Table 19.

Data éhowing average 26 day weight gains of chicks fed
diets in which 20 parts of the fat mixtures were substituted
isdcalorically tor glucose are summarized in Table 11.
Arnalysis of variance and application of Duncan's multiple
range test (Steel and Torrie,.1960) to the data showed that
chicks fed diets containing - 20 parts (HE& or LER dgrew
significantly slower and consumed less feed than chicks fed
diets éontaining 20 parts SFO. The reason why <chicks fad
diets supplying 20 parts 3LER grew slower than chicks fed
diets containing S¥O and at the same rate as chicks fed

diets containing HER in this experiment, but not in

Experiments 1 and 2 is unknown.

Analysis of variance of the factorial arrangement of
treatments also showed that while supplementation of the
rapeseed oils wiEh palmitic acid significantly increased
both growth and caloric cénsumption, supplementation with
oleic acid did not affect either growth or caloric
consumgtion, significantly. These résults indicate that the

increase in growth observed on addition of palmitic acid was
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Table 11

Weight gain, energy consumption and feed efficiency of
chicks fed experimental diets ad libitum for 26 days
(Exp.3). .

Dietary level

Weight Kcal Feed
gain consumed?! efficiency
011 Palmitic O0Oleicg
acid acid
g g g g kcal/g gain
SFO2 20 - - 5953° 2864 ° 4.81°
HER2 20 - - 506 % 2414 2 4.76°
5 |
> b
. HER 15 5 - 582 °°¢ 2656 2P°¢ 4,56 >
b
HER 15 - 5 5332P 2516 20 5.72°°
b
LERZ 20 - - 53820 - 2458 P 4,572
LER 15 5 - 572P¢ 2696 °° 4, 71°°
b
LER 15 - 5 593bc 2544 2 4,52°

-

1 Calculated wusing dJdetermined metabolizable energy values
for the diets. '

2 See footnotes 2 to 4, Table 9.
3 Values are averages of duplicate groups. Values without a

commonr letter in their superscript are significantly
different (P<0.05). '
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due to this acid and not to the reduced level of rapeseed

cil in the diet.

»

Summarized in Table 12 are data showing‘ weight gain,
energy consumption uand feed effiéiency of chicks pair-fed
the experimental diets for 7 and 26 days. The data show
that the growth stimulating' effect of palmitic acid when
added to HER disappéared when feed intakes were restricted
to that of «chicks fed diets containing the unsupplementad
HER. The reason why chicks fed the HER containing diet ad
libitum for 2§ days grew faster than chicks pair-fed an
equicaloric amount of SFO, LER, HER+palmitic acid, LER+oleic
acid or LER+palmitic acid is unkno;n. A similar trend was

observed in Experiments 1 and 2.

Data on carcass composition summarized in Table 13 show
that chicks fed dieté containing 20 parts HER for 26 days
deposited less fat than chicks pair-fed diets containing 2C
parts SFO. In contrast, chicks fed diets containing 20
vparts LER for 26 days deposited fat - in an amount
intermediate to that of chicks pair-fed diets containing SFO
-or HER, and not significantly different from either of these
oils. FAS in Experiments 1 and 2, chiéks fed diets
containing 20 pa: s HER wutilized energy 1less efficiently
than lchicks fed diefs containing 20 parts of eithé; LER or
SFO. The data also showed that chicks fed diets cohtgining
20 parts LER utilized energy'just as efficiently as chicks

fed diets containing 20 parts SFO.
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) £
a3
Table 12
Weight gain, envrgy consunmvtion and feed efficiency of chicks pair-fed
experincntal diets for 7 or 16 days (Exp.3). .
Dietary level
_Welgntegain  Kcal consumed!  Feed officiency
011 Palmitic Oleic . _
acid acid 7 day 26 day 7 day 26 day 7 day 26 day
g g g g g kcaly/g gain
SF02 20 - - g23a 4g6a 4102b  2392c¢d 4 4eb 4 g2b
HERZ 20 - - 992 506° 4192 24149 4 p22b 4 gg°b
HER 15 5 - 952 490%  4102P 2352P° 4 323b 3 ggab
HER 15 - 5 g22 1962 423% L4489 4.62P 4. guP
i.
LERZ 20 - - 992 4g2? 3923P  229g2b 3 gg2 4 qg9ad
LER 15 5 - 062 ugo? 4oy 3® ‘2358bc 4.212P 4, 99
LER 15 - 5 g9g? 4862 3862 - 2253% 3,912 4,642

1 Calculated using determined metabolizable energy values for the
diets, :

2 See footnotes 2 to 4 Table 9.

3 Values are averages of duplicate groups. Values without a common
letter in their superscript are significantly different (P<0.{5).
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Table 13

Energy consumption, carcass gain of fat and protein, and
€nergy utilization of chicks pair-fed experimenta} diets for
26 days (Exp.3). :

Dietary level
Carcass

Kcal Energy
o consumed? gain utilization?
0il Palmitic Oleic
acid acid Fat Protein
g g g g g
SFO3 20 - - 239249 54, a3.6 2 2.26°
b
HER3 20 - - 2014°Y 4g.6° 93.1° 2.50
b
HER 15 5 - 2352°¢  52.9° 91.2° 2.32°
ad b b
HER 15 - 5 2648 51.9° 92.2° 2.42°
b .
LER3 20 - - 2298%P 50,42 90.6° 2. 32
, , )
LER 15 5 - 2558°¢ 49,53 g4, 2.39°
LER 15 - 5 22532 51.8%%  90.7° 2.26°
L]
Calculated wusing determined metabolizable energy values

for the diets.

Kilocalories of metabolizable enerqgy consumed/kilocalorie
gained. ‘

See footnotes 2 to 4, Table ©.
Values are averages of duplicate groups. Values without a

common letter in their superscript are significantly
different (F<0.C5). '
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Results also indicated that modification of the fatty

bty t
~

acid composition of IER by the addition of either palmitic
or oleic acid increased fat deposition, but the increases
were not (Jgreat enough to be significant (P>0.05); however,
the addition of palmitic acid to HER increased energetic
efficiency significantly and permitted chicks to utilize
energy as etficiently as chicks pair-fed diets containing

LER or S¥oO.

The data éummarized in Table 14 show that after only 7
days of pair-feeding, chicks fed diets containing 20 parts
HER debosited sighificantly less fat and utilized energy
less efficiently +<han chiéks pair-fed diets céntaining
similar‘ levels of LER or SFO. The data also show that
chicks fed diets containing 20 parts LER deposited similar
amounts of -fat and utilized énergy just as efficiently as
chicks fed a similar diet containing SFO. Modification of
the fatty acid composition of either the high or low erucic
acid rapeseed o0il by the addition of palmitic or oleic ‘acid
had no significant effect on either the amount of fat
deposited or the efficiency of utilization of the energf

after 7 days.
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consumption,
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Table 14

carcass gain of fat and protein, and

energy utilization of chicks pair-fed experimental diets for

7 days (Exp.3).

Dietary level

Kcal Carcass Energy
consumed!l gain utilizationz
011l Palmitic. Oleic
acid acid Fat Protein
g g c g g

SFO3 20 - - 41042 q90.7P¢ 95,52 2.1g8b¢
HER3 20 - - 419P 7.42 16.022 2,609
HER 15 5 - 410 8.52P  q15_.93P 5 yobcd
HER 15 - 5 y23Pb g.78> 15,52 2.52°4
LER3 20 - - 39220 40.0P¢  16.6° 2.082P
LER 15 5 - you @ 10.2P°  q6.33P 2. 152D
LER 15 - 5 3862 11.5°¢ 16.03% 1,942
1 Calculated using determined metabolizable energy values

tor the diets.

2 Kilocalories

gained.

3 Sce footnotes 2 to 4,

of

metabolizable energy consumed/kilocalorie

Table 9.

4 Values are averages of duplicate groups. -Values without a

common

different

letter

in
(P<0.05) .

their superscript are significantly
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Discussion

——— e e e e e S

The failure of diets containing 20 parts LER to promote
chick growth and energy intake equal to that of chicks fed
diets containing 20 parts SFO when fed ad 1libitum 1is in
contrast to results of Experiments 1 and 2. When results of
the three experiments are combined (Table 15) and analyzed
statistically, results. showed that the growth promqting
properties of . the three oils do differ with SFO promoting
the most rapid growth, HER the least rapid growth and LER an
intermediate rate of growth. These results indicate that in
chicks both the level of erucic acid and the level of
saturated fatty acids contribute to the growth depressing
properties of rapeseed oil. The finding in Experiment 3 -
that growth is stimulated by supplementation of the rapeééed

0oils with palmitic acid supports this concept.

Similar sﬁatistical treatment of the combined data on
fat gain from the threé experiments (Table 15) showed that
chicks pair-fed diets containing either 20 parts LER or HER
deposited significantly 1ess fat than chicks fed diets
containing SFO. These results ipdicate that fat deposition
may also ge affected by dietary intake of erucic acid and/or
saturated fatty acids. The effect Jf HER but not LER on fat
depdsitioﬂ was evident after chicks had been pair-fed the
diets for wonly 7 days. Similar results were obtairned ;n

Experiments 1 and 2 when chicks were fed ad 1libitum for 7

days.
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Table 15

Weight gain, fat gain and energy utilization of chicks fed
diets «containing 20 parts of experimental oils for 24 or 26
days.

Treatment Ad libitum Pair-fed

Exp. Weight Fat Ener@y
0il Level no. gain gain utilizationt
g g g
HERZ? : 2¢ 1 4353 27.4 2.65
2 429 28.2 2.74
3 506 R 46.6 a2 2.50 b
487 34.0 2.63
LER=2 2C 1 494 32.8 2.54
2 477 28.7 2.60
3 538 b 50. 4 a 2. 32 a
503 37.3 2.40
SFQO< 20 1 502 38.3 2.44
2 509 S35.1 Mw 2.50
3 595 c 56.3 b 2.26 a

535 43,2 ' 2.40

1 Kilocalories of metabolizable energy consumed/kilocalorie
gained.

2 See footnotes 2 to 4, Table 9.

3 Values are averages of duplicate groups. Underlined values
are averages of triplicate experiments. Values without a
common letter in their superscript are significantly
different (P<C.05).
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PART 2
HEAKT AND CARCASS LIPiDS
OF CHICKS FED RAPESEED OILS
’ !

Literature keview

It is now well established that rapeseed oil
incorporat=d 1into di=ts of various animals  causes
pathological «changes in heart and skeletal muscle both of

which are predominantly dependernt on fat for energy.

/
Studies have shown that the total  1ipid content of

cardiac tissue of rats fed diets containing high erucic acid
ra@eseed oil starts to rise within 24 hoars and reaches
levels 3 to 4 times higher than those of a normal organ
within one week. Abdellatif and Vlies (197%a) showed that
fatty acid infiltration of the heart muscle in rats occurred
after only one day on a diet'in«which 50% of the energy was
supplied by rapesesd o0il. Houtsmuller et al. (1970) fed
rats a diet in which 50% of +the energy was supplied by
rapeseed o0il for periods varying from 1 day to 6 weeks.
Within the first 2 days, a sharp increase in the 1lipid
content of the heart Hés observed which was mairly due to an
increase in triglycerides. The arount of‘free fatty acids
aiso increased to more than twice its initial level. With
time +there was regression of this lipid accumulation though
not to the control level. Beare-Rogers et al. (1971) also

found a peak accumulation of cardiac fatty acids at 7 days

/
f
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after feeding weanling rats a diet supplying 20% by weight
of rapeseed cil. 1In studyiﬁg the histopathological effects,
they found the zero-effect level to be 5% by weight of

rapeseed oil.

Roine et al. (1960) conducted histological studies on
various organs 1in the rat after feeding diets containing
rapeseed oil. When rapeseed oil supplied more than 50% of
the energy in the diet, myocardial changes appeared within 6
weeks but when diets in which rapeseed oil supplied less
than 30% of the energy were fed, no such effect was
Observed. 0f +the organs examiped, only the heart revealad
definite pathological changes. FEocquelin and Cluzan (1968),
found that rats fed diets containing 15%A rapéseed 0il
developed hmyocardial lesions within 7 months. Abdellatif
and Vles (197Cb) fed rats diets ‘in which 3C-60% of the
energy was supplied by rapeseed 0il and observed myééardial

changes after 4 to 8 weeks. The lesions increased in

severity up to 64 weeKs.

Studies have also been conducted‘.to compare the
rathological effects of rapeseed oil and Canbra oil when
incorporated in the diet of the rat.  Beare-Rogers et
al. (1971) and Rocquelin et al. (1971) obéerved that unlike
rats fed rapeseed oil-containing diets, rats fed diets
containing 1C to 20% Canbra oil did not accumulate excess
quantities <c¢f fat in their hearts. ‘However, Rocquelin and

Cluzan (1968) and Rocquelin et al. (1973) did observe the
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development"pf myocardial lesions in the absence of cardiac
lipid accumulation when rats were fed diets containing 15%
Canbra oil. Abdellatif and Vles (1970b) repeated the
experiment of Rocquelin and Cluzan k1968) in which Canbra
0il was found to cause myocardial lesions? but they were
unable to induce these lesion after 24 weeks of feeding
diéts containing 15% Canbra oil. 1In addifion, they observed
no pathological changes after feeding diets containing 25 or
30% Canbra o0il for 3 or 14 days, respectively, but did
observe the characteristic lésions in rats.consuming similar

]
diets containing Tapeseed oil.

~

Studies of the fatt?éacid composition of cardiac 1lipids
have been reported by Beare-Rogers (1970) and Kramer =t
al. (1973). In weanling rats they observed a high
concentration of erucic and éicoéenoic acids 1in cardiac
lipid \within one week of feeding diets containing rapeseed
oil. )

That the pathological effects of rapeseed oil are due
to its e£ucic acid content was shown by Abdellatif and V.es
(1970a). They fourd that rats féd diets containinw
. equicaloric amounts of erucic acid as glyceryl érucate or as
rapeseed 0il developed myocardial lesions.. Recently, Beare-
Rogers et al. (1972) using synthésized olls, have shown that
erucic - acid is the most important factor in rapeseed o0il in
producing the accumulation of cardiac lipids. Other factors

in rapeseed o0il which they <found contributed to the
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accumulation of cardiac lipid were eicosenoic acid and the

low level of saturated fatty acids.

Studies have also shown +that the physiological and
patﬁological effects of rapeseed oil are affected by both
the age and Qexvof the rat. Beare- Rogers and Nera (1972)
found that rats at 12 weeks of age ohowed greater resistance
to myocardial alteration and greater ability to metabolize
iong-chain fatty acids when fed rapeseed oil-containing

diets than did weanling rats. After one week of feedlng,

they found that the older rats deposited snma quantities
of fatty acids in the heart than did weanlii s similarly
treated. TLe concentration of erucic acid in these lipids
decreased appreciably with increasing age. Deposition of

€lcosenoic - acid also tended to decrease with age. More
Tecently, Kramer et al. (1973) found a rapid builag up of
€rucic acid (23%) in cardiac 1ipid of rats fed diets
containing rapeseed o0il for 3 week. The gradual decrease in
erucic acid to 4% after 16 weeks' on the diet Wwhich was

Observed, was attributed +o adaptation.

Beare-Rogers et al. (1971) reported that absolute heart
weights did not vary when rats were fed diets containing 20%
rapeseed 011 or a similar level of a lard/corn oil mixture
for 3, 7, 1&>or 28 days. Rapeseed oil in these diets would
Supply approximately 40% of the erergy. sAodellatif and Vles
(1973) shc=d that heart size was significantly greater when

rats were fed diets in which 30% of the energy‘uas sﬁpplied
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by rapeseed o0il and 10% by sunflowerseed oil, than when
diets were fed in which energy'was supplied by 25% or less
rapeseed o0il and correspondingly greater amounts of
sunflowerseed oil. They also found that when the level of
rapeseed 0il in the diet was iﬁcreased to supply 50% of
dietary energy, heart size was significantly greater than
when diets supplying a similar level of low erucic acid

rapeseed oil or sunflowerseed oil were fed.

Skeletal muscle has also been shown to accumulate fat
when rats were fed diets containing ra peseed oil.
Abdellatif and Vles (1970a,1970b) showed that fatty
infiltration of skeletal muscle occurred within 24 hours of
rapeseed 01l feeding, reaching a maximum after 3 t§ 6 days,
but with time this regressed and normal' morphology was
regained.  This is in¢ contr%sﬁ to «cardiac muscle where

normal morph&logy was not regained.

The effect of ﬁeeding diets containing rapeseed o0il on
the fatty acid coﬁposition of carcass fat of rats has also
been studied.‘ Craig et al. (1963b) fed rats diets
cohtaining 20% rapeseed o0il. They found that the level of
eicosenoic acid in the carcass fat resembled that of the

rapeseed o1l fed, while the amount of erucic acid was nmuch

-

lower (7%), than in the =~ ¢ ry oi. (37%). Hopkins et

al. (1957) ccmpared the dezo: . ion of eicoSencic, erucic and
oleic acids ~when fed as methyl esters to rats. Rasults

cshowed that erucic acid was deposited in body fat in

/

P
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considerably smaller amounts (approximately 12% of the fatty
acids) than was eicosenoic adid (approiimately 28% of fatty

acids.)

In determining the cause of fat accumulation,
Houtsmuller et al. (1570) demonstrated a reduced ability of
isolated rat heart mitochondria to oxidize several
substrates when rapeseed o0il was the sourcse of.energy.
kecently, Christophersen and Brenmer (1972) examined the
extra-cellular metabolism of erucic acid by studying oxygen
uptake of rat heart * mitochondria when erucyl- and
palmitylcarnitine served as substrates. They concluded that
erucic acid may iﬁhibit the oxidation of other fatty acids
causing them to be channeled into other pathways th%t are
relatively .1ess inhibited such as triglyceride synthesis.
Support‘ for this concept is their finding that the
triglycerides which accumula;ed ip tﬁe hearts of rats
contained not only erucic acid but other fatty acids, and in

relative proportions to that of the fat fed.

There are few reporfs on the physiological. and
pathological effects on chicks of feeding diets containing
rapeseed oil. in régard to heart size, Sheppard et
al. (1971) cbserved that the substitution of 16% rapeseed
0oil for a similar amount of dietary corn 0il had no effect
on heart size. 1In regard to the effect of rapeseed oii on
fatty acid composition of body fat, Sell and Hodgson (1962)

observed that <chicks fed diets containing 4 or 8% rapeseed
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oil depdsited subsfantial amounts of eicosenoic and erucic
acid in adipoée tissu  Salmon (1969) reported that the
level of erucic acid in carkass fat of chicks fed diets
containing rapeseed o0il was about 50% of that in the fat
fed. He observed +that 1little change win the levels qf
€icosenoic or erucic acid in Egakass fat occurred between 6
and 4C days. This suggested an apparent ability of the .
Chick partially to degrade erucic acid at or very soon after
hatching. This is in contras£ to the rat which appears to
develop the capacitv to oxidize erucic acid with increasing

age. : -

Little attentiop has been paid to the lipid content and
composition of cardiac tissue in- chicks. Thus, the
tollowing studies were conducted to determine the effect
tha+ incorporating two types of rapeseed o0il in the diet of
the chick has bn heart size, fat content of the heart, and

fatty acid composition of cardiac and carcass 1lipid.
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EXPERIMENT 4

The consumption of rapeseed o0il has been shown to cause
accumulation of fat in the heart and changes in its fatty
acid composi-ion in several animal species, including rats,
monkeys and gerbils (Beare-Rogers and Nera 1972), and in
ducklings (Abdéllatif and~Vles, 1970c) . Since information
on the effé;t of rapeseed o0il on heart tissue of chicks is
limited, the following studies were conducted to defermine
t he effecfs on size, fat content and fatty acid composition
of hearts, when chicks were fed diets «containing high and
low erucic acid rapeseed o0ils with and without altered

ratios . of saturated to unsaturated fatty acids. In

addition, the fatty acid compositioﬁ‘ of carcass fat was

Materials and Methods

Y

In the cdurse of preceding experiments, hearts were
‘renoved from the carcasses and stc-ed at. -2S0 C until
analyzed. The hearts from each group were +then cut into
1/8" <slices, deied by lyophilization for approximately 24
hours, and moisture content aetermined by difference. The
dried samples were maintained in a cool environment during

grirding in a Wiley mill and subsequently stored at -290 C.

Samples were analyzeud for fat content as described by
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Hill and Anderson . (1958). To determine fatty acid
composition of heart and carcass tat, methy;~ esters wWere
prepared by the method ot Metcalfe et al. (1960b). An
Aerograph series 600 chromatograph with a four filament
thermal conduqtivjty détector (Model bbld) was egyuipped with
an aluminum coiumn (10ftx1/uin. 0.d.), packed witl silar ScCP
on 80-1060 mesh acid washed Chromosorb W. Feaks were
identified by comparing reterntion times of unknown
components with those of 2 known standard, and peak areas
computed by geometric approximation. Fraction by weight of
a component in a mixture was calculated by the formula

proposed by Eastman (1957).

Results

Data showing the weight and fat content of hearts fron
chicks fed diets in which 10 or 29 parts HER, LEF, or SFO
were substituted 1isocalorically for glucose are shown in
Table 16. Analysis of variance and‘application of Duncan's
multiple range ées? {Steel and TorTie, 1960) fo the data
.obtained after 7 days shéwed thaty;he incorporation of 10 or
<0 parts HER or LER  in the diet. >f the chick had no
consistent effact on hsart weilght when compared to the SFO
fed controls,’ana no effect on fat co;tent of the heart.
VWhen chicks were pair-fed or fed ad libitum for 24 days,  the
inéorporation of 20 parts HER in the ﬁiet significantly

increased heart weight when compared to those of chicks . fed



their suparscript are sigrnif

icantly dirfferent. (¥<0.65).

Table 10
. VRN - o
Wecight and fat content of heartst of chicks fcd diets conrtaining various
oils (Exp.?) - Lo
Treatment Ad libitum Pair-fed
p)
7 day 24 .day 24 day
0il Level Heart " Fat Heart Fat Heart Fat
size? content cize3 content size? content
g xg/g % wy/9 * ng/q g
High ) .

carbohyadrate 9.69sb¢ 7.478 5.912 10.25% - -
HER® 10 8.992P 7.362 6.412 9.14% 6.97% 9.14°
LERS 10 10.09° 8.362 6.242 10.112P 6.59° 10.23°
SPO* 10 10.16€ 8.67%  '6.20° 9.122 6.642 9.62°
HER 20 9.122b 8.30° 7.57° 9.07% g8.32° 9.07°
LER 20 8.562 7.602 6.422 9,122 6.46° 9.89°
SFO 20 9.71%%  g9.07% 6.05  11.96° 6.23° 12.27°
1 Determined on a wet w=ight basis.
2 mg heart/g carcaés
3 ng heart/qg body veight -
« See footnotes 2 to 4, Table 2.
s vValues are avarages of duplicate groups. Vvalues vithout ‘a comc. letter irc

46
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diets «containing 10 parts HER, LER or SFO, or 20 parts of

or SFO. Analysis of hearts for their fat content showed
that NER did not increase heart weight by 4increasing fat
deposition.. When chicks were pai~-fed or fed ad libitum for
24 days, - results showed that diets containing 2C parts SFO

caused . greater heart fat deposition than diets containing 10

parts SFO, HER or LER, or 20 parts HER or LER.

~

Results of Experiment 3 (Table 17) confirmed results

i
obtained 1in Experiment 2, in showing that chicks féd diets
containing 2C parts HER for 26 days had Significantly larger
hearts than did chickg fed diets containing 20 parts LER or
SFO. In contrast tﬁ. results of Experiment 2, chicks fed
diets containing 20 parts SFd did not deposit any more fat

in their hearts than did chicks fed diets containing 20

parts HER or LER.

. Modification of the fatty acid «composition of HER by
the addition of palmitic acid decreased heart size in both

pair-fed and. ad 1libitum fed <chicks after feeding the

v

_ experimental diets for 26 days. No such effect was observed

on addition of oleic acid to HER, or of palmitic or oleic

-

cid to LER. In chicks fed the diets ad libitum for 26
u , 1lncreasing the palmitic a;id content of HER reducsad -

~ontent of the heart significantly. but no such . effect
Wa - obéerde” when the diets were pair-fed. Modification of
the fatty acid content of HER or LER by the additiog ' of

! <

oleic acid did not affect +the fat_conteh{\of the heart,

Y
A
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significantly.

The effect of the incorporation of HER and LER 1in the
diet of the chick on the erucic acid content of heart lipid
is shown in Table 18 (Experiment 2). Fof comparative
purposes, da*a on erucic acid content of carcass lipid are
also shown. The data show hat increasing the lével of HER
in the diet from 10 to 20 parts increased the erucic acid
content of both heart and carcass fat, significantly, in
chicks fed the diets for either 7 or 24 days. Increasing
the level of LER in the diet from 10 to 20 parts had 1little

or no effect on the erucic acid content of heart or carcass

A

lipid. /

.Analysis of variance showed that the verucic acid
content of heart 1ipid was significantly lower than carcass
lipid after both 7 and 24 days on the experimental diet.

This suggests that the heart is as capable of disposing of

erucic acid as carcass tissuc.

Since the erucic acid cc~t -~* Of both carca;s'and_heart
lipid is much lower than the oils fed, it can be concluded
thg} the chick has a.marked ability to utilize erucic acid.
Fesults summarized in Table 19 showed that in Experiment 2,
increasing the level of HER or LER in the diet frem 10 to 20
parts, increased the percent of ingested erucic-acid which
was oxidized. Analysis of wvariance of the factorial

arrangement of treatments showed time to be a significant
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tactor with a greater percentage of ingested erucic acid

being oxidized at 24 days than at 7 days.

The effect of modifying the fatty acid composition of
EER and LER by the addition of palmitic or oleic acid on the
deposition of erucic acid in the lipid of heart and carcass
is shown in Table 20. Analysis of variance showed that
modification of the fatty acid content of HFR by the
addition of aleic écid caused significarntly less
accumulation of erucic acid in both heart and carcass 1lipid
than did the addition of palmitic acid at 26 days. Similar
results were obtained at 7 days except that in the case of
carcass 1lipid the decrease 1in erucic acid caused by the
addition of oleic acid was no ireat enough to 4be
significant. Modification of the fatty acid composition of
LER by the addition of palmitic or oleic acid had no
significant effect on erucic acid deposition at either 7 or

26 days.

Calculations of the percent of the ingested erucic acid
which was oxidized shéwed that as in Experiments 1 and 2, -
chicks have a markad ability to oxidize this fatty acid
(Table 21).- Modification of HER or LER by the addition of
palmitic or oleic aqids did not affect the percentage of

ingested erucic acid oxidized, significantly.

The effect of the incorporation of HER and LER in ~the-

diet of the chick on the eicosenoic acid contert of heart
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and carcass lipid is shown in Table 22. Analysis of
~

variance showed that after 7 days on the experimental diets,
heart tissue contained significantly more eicosenoic acid
- than did carcass tissue. After 24 days, heart 1lipid was
siightly but significantly 1lower in eicosenoic acid.
Increasing the level of HER in the diet from 10 to 20‘ parts
increased the deposition of eicosenoic acid in both the
heart and carcass, significantly, at both 7 3nd 24 days.
Small increases were also observed in the eicosenoic acid
content of both heart and carcass tissue at both 7 and 24
days when the level of LER in the diet was increased from 10
to 20 parts. Since carcass lipid contained less eicosenoic
acid than the lipid fed, eicosenoic acid must be oxidized.
Fesults (Table 23) show that as with erucic acid, oxidation

of eilcosenoic acid increased with intake and with time.

The effect on deposition of eicosenoic acid . of

: Ry

modifying the fatty acid composition of HER and LER is shown

in Table 24, Analysis of wvariance of the factorial

arrangement of treatments showed that modification w©f the

fatty acid «content of HEER by the addition of oleic acid

resulted in significantly less accumulation of eicosenoic
P

acid in both heart and carcass ti-sue than did the addiﬁion
fo i

of palmitic acid. Modification = of the \fa&ty ’ a%id

composition of LER by the addition ot githe: oleic or

palmitic acid did not significantly affect dep@sition of

elcosenoic acid in the heart and carcass of chicks pair-fed
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the diets for 7 and 56;adys. Calculations indicate that 1in
this experiment chicks fed the diet supplying HER modified
with palmigic acid for 26 days were less capable of
oxidizing eicosenoic acid than similar diets moditied with

7

ol2ic acid (Table 25).

Discussion

The fdinding that chick®y after consuming diets

.containing 20 parts HER for 24 days had average heart

.

?eights greater than chicks fed diets «containing 20 parts .-

v

'SFO is in contrast to results reported by Sheppard et
al. (1971) and by Beare-Rogers et al. (1971). Sheppard et
al. (1971) found no difference Dbetween heart w=2ights of

. chicks fed diets containing 16% rapeseed oil for 3 weeks and

¥ those fed diets containing 16% corn oil, when heart weight

was expressed as a - percentage of carcass weight. Beare-
Rogers et al. (1971) obscrved no difference in heart weights
of rats fed diets containing 2C% rapeseed oil and those fad
20% of a lard-corn o©1l mixture for 3, 7, 14 and 28 days.
The possibility =xists that ‘signiiiéant differences might
have become apr.ient in Bsare-kogers' study 1if he © welght
had been expressed &s & percentage of body weight since the

lard-corn 0il fed rats wer= heavier.

Analysis showed that immediateﬁy prior to being placed
on the test diets at 4 days of age,-ﬁhe fat content of chick:

heart was 4.16% on a wet weight basis. The increase to
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approximately twice this’ level after 7 déys ad lib;{hﬁ
feediﬁg appears to be é normal physiological change sincé
similar'igcreases Welre observac ;eSpective QF whether non-
protein energy was supplied by carbohydrate or fatf A
Hurthgr increase was obﬁffved.after the chicks h been fed
thé-éﬁperimentél diets-gbp 24 days.

’ Th; ‘firding in Experiments 2 and 3 that chicks fed
V;diéts contéining 20 parts HEER had not accumul;ted any more
~fat . in their hearts>after 7, 24 or 25 days than had chicks
fed diets cohféﬁning 2C parts SFO or an e&uicaloric bamount
of glucose; is in marked contrast to results reportea for
weanling rats.. Houtsmuller et al.‘(19zg)} .Rocqueliﬁ et
al. (1971), Beare-Rogers et al. (1971) and Beafe-Roéers and
Neo 11972) réborfed that within a wéék, in rats fed dicts
in wuiéh .rapeseed 0il provided 30-50% of *he enérgy, the
total liﬁid;contént of cardiac muscle rose rapidly to levels
3 or 4 times higher than in a normal organ. At the peak of
this accumulat}qﬁ fhéy observéé'\that érucic acid and
eicosenoic, acid maée up 26-4C% and 7-10% of the total fatty
acids, respectively. Similar valwes for the chiqk atter
cb§§uming diets containing HER for 7 days are 3-6% and $-10%
for erucic and eicosenoic aéid,'respecciVely (Tabiés 18 and
22) . The data also ;how that leveis of eicosenoic acid
con§istently exceed levels of erucic acid in cardiac lipid;
‘of%the chick, while in rats éhe reverse occurs QBeare-Rogers

et al., 1977; Beare-Rogers and Nera, 1972 -and Kramer et al.,

2

S

&
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1973).

The ‘ults indicate that heart tigxﬁﬁ,in the chick

A\

has a mucu dgreater ability to met&#ﬁmﬁzé long-chain
monounsaturated ftatty acids than does the heart tissue of

the rat, and that conversior of erucic acid to elcoscrwic

4oy

acid occurs at a faster rate in chicks than the‘cohvS}%igﬂﬁ,'
L I -

[N

of eicosenoic acid to oleic acid. The reason why thgﬁg‘

addition of oleic acid caused a greater reduction in both

erucic acid and eicosenoic acid (Tables 20 and 24) in

e .
Grdiac and carcass 1ipid than did the addition of palmitic
..

acid is nbt apparent. A0



»
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GENERAL DISCUSSION

Nutritive_ value of high erucic acid rapeseed o0il for the

Ead)

Studi=s have shown that in the chick as .in the rat,
high erucic acid rapeseed o0il in excess of 10% by weight in
the diet results in reduced feed intake and reduced growth.
In contrast £o the rat however, chicks fed rapeseed oil-

containing diets did not accumulate cardiac lipid. Results

showed that irrespective of whether non-protein encrgy was

3

supplied by gluéése, rapeseed oil or sunflowerseed oil, the
level of fat in the heartswéf'ghicks increased from 4.2% at
4 days of age to approximate2§§¥8% at 11 days and *o
approximafely 10% at 28 days of age. ’In the case of rats
fed diets containing fapsseed 011, studies have shown that
there s accumulation of cardiac lipid within a few hours
after the dietary regimen is started, which reaches a peak
LA

after 3 to 6 days, and thereafter decreases with time

. N & "w: !
suggesting some form of adaptation by the animal (Abdellgti

2

and Vles, 197Ca; Rocquelin et al., 1973 and Kramer et

Aralysis of the composition of «cardiac 1lipids in
weanling rats after inclusion of rapeseed oil in the  diet,
showed an increase 1in the proportions of erucic and

eicosenoic acids. These .levels then . 1inish with ¥fime

suggestiﬁg that the capacity to . lize erucic and
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eilcosenoic acid increased with auye (Beare-Rogers and Nera,

1972 and Kramer et al., 1973).

-
In the «chick, there is also an increase in the

proportion of erucic and eicosenoic acids in cardiac 1lipid

after initiation of the'rapeseed oil-containing diet, but

Y T -
‘,:»_4;:? THEARE

not to the éaﬁé extent as observed in the rat.. Comparison
" of the level of erucic acid in heart and carcass lipids of
chicks showed that heart 1lipid contained \é significantly
smaller proportion of erucic acid than did carcass lipid.
In the case of eicosenoic acid, heart and carcaéﬁ lipids
contained similar levelé. Thus, it can be concluded that in
the «chick, heart tissue is just as capable of disposing of

both erucic and eicosenoic acid as carcass tissue.

¥

in comparison, studies have shown thét in rats,ftissues

vary in theirbability‘to utilize erucic acid. Jaillard et
al. (1973) compared levels of erucic acid in the lipid of
heart, kidney and adipose tissue when rats were fed diets
‘coﬁtaining. 10% trierucin. Results showed *hat the level of
erucic acid in heart lipid was much higher‘gthan in either

.adipose or kidney lipid after 1 week of feeding. Levels of

i
4

érétié acid In the lipid of these tissues decreased with
tim;;' éhe deciease being more marked in heart lipia. These
reéulp%~§ho§\that heart tissue is _initially less able to
- Oxidize erucic acid than is .kidney or adipc~e tissue.

Previously, Walker (1972) reported that the level of erucic

acid 1in lipid "of rats varied from tissue to tissue. He
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found the greatest accumulation of erucic acid in éhe lipid
of the adrenal gland, the least accumulation in brain 1lipid
and intermediate amounts in, the 1lipid of plasma, heart,
spleen, kidney, liver, erythrocyte and testis. Walker's
Sstudies were conducted after rats had been fed the
experimental diets for 18 weeks and thus would not reflect

levels of erucic acid prior to adaptation.
. ‘V
Walker (1972) also studied the accumulation of
eicosenoic acid in tissues of rats fed diets containing
rapeseed o0il for 18 weeks. He found ,thé greatest
accumulation in adrenal and spleen tissue, with lesser
amounts in lipids of p%asma, heart, kidney, 1liver, testis
:
and brain. These re  zis sugygest that rat tissues may also
vary 1in their ability;é% utilize eicosenoic acid. |
St¥udies have shown that docosenoic acids fed to rats

are c¢xidized via p-oxidation and result in increased levels

of oleic acid in carcass lipids (Craigwt al. 1963b; Craig

3

/1S

and Beare, 1967). The activity of the pa{hway in rats
evident since results have shown that rats fed rapesee@? il
incorporated only a small proportion of dietary erucic acid

into tissue lipids (Walker, 1972).

In the case of chicks, studies have shown that they
also have a marked ability to oxidize erucic and eicosenoic
acids. Comparisons of intake and retention of erucic acid

have shown that after 7, 24 or 26 days of consuming diets
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containing 20 parts of rapeseed o0il, chicks oxidized an

average of 87 and 91%, respectively, of the ingested erucic
acid. Lesser amounts of eicosenoic acid (70 and 74%,
respectively,) were oxidized suggesting either that the
oxidation of erucic écid resulted"in some accumulation of

eicosenoic acid or that ingested eicosenoilic acid was not

oxidized as readily as ingested erucic acid.

The substitution.uf 20 parts rapeseed o0il {(HER) for
sunflowerseed 0il in the diet of the chick has been shown,
under conditions of equalizea nuggient intakes, to decrease
fat 'deposiﬁaén aﬁdyfé dgcrease éffic;ency of utilization of
energy when calories conéhmed per calorie gained was used as
the criterion of efficiency. This criterion has not ©been
used as a measure of erergetic efficiency 1in rats fed
rapesceed oil, however, Hornstra (1972) showed that oxygen
consumption and water vapour loss of rapeseed oil-fed rats,
was consistently higher +than that of rats fed the
sunfloweréeed oil—éontaining di;t. Hornstra (1972) also
observed that rats fed diets containing 31.5% rapeseed o1l
gainaed less per unit of digesfible energy consumed and
suggested that the lower eﬁficieﬁcy of the rTapesced oil diet
was caused by a slightly uncoupled oxidative phosphorylation
‘and a greater heat increment. Other evidence that rapeseed

)
0il may interfere wWith energy metabolism in at least some

tissues of the rat 1is the finding of Houtsmuller =t

al. (1970) that inclusion of €. cic acid in the diet of the
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rat caused the mitochondria of the heart but not 4of the
liver to malfunction. Whether the decreased energetic
efficiency observed in chicks fed high erucic acid rapeseed
0il «coeontaining diets was due to malfunctioning of the
mitochwndria and/or uncoupling of oxidative phosphorylation
is unknown. The me;hanism whereby rapeseed 0il interfered
with energy utilization in the chick deserves further study.

I
Studies have shown that the nutritive value of HER for

the c@ick was increased by the addition of palmitic acid.
Resqltg showed that chicks fed diets containing 15 parts HER
and 5 parts palmitic acid grew faster when fad ad 1libitun,
utilized energy more efficiently when pair-fed and had
smaller hearts than did chicks fed diets.conta ng 20 parts
HER. The addition of a comparable level of oleic acid to
HER did not result in ihcreasedbé%bwth, increased enerqgy
utilization, or ©redur~d heart size indiéating that the
changes c¢bserved on addition of palmitic acid were due to
tﬁé,palmitic acid itself and not to decreased levels of
éfﬁcic acid. Beare et al.‘(1963) obtained similar cesults
with ;ats; They showed that rate of growth of rats was
positively corrélated with the level of palmitic acid in the

01l fed when erucic acid content of the oils was maintained

constant.

\‘vjfm—;zg\finding that the addition of oleic acid (5 parts)

to a chick diet containing HER (15 parts), caused a greater

A e
reduction in the level of both erucic acid and eicosendﬁy
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acid 1in cardiac and carcass lipid than did the addition F
T

palmitic acid- (5 parts), should be contirmed and an

explanation cought.

Nutritive value of low_erucic_acid rapeseed oil for the

chick.

Studics have shcewn that LER was équal in nutritive
value to SFO when 10 parts of the respective 0oils were
incorporated in the diet ot the chick. When ths level in
tﬁe dict was increased to 20 parts, comb ~d results of 3
experiments chowed that chicks fa diets containing LER grew
significantly faster than chicks fed diets containing HER,
but significantly slower than chicks fed diets containing

SFO.

-In contrast, Walksr et al. (1970) found "that LER
supported grcwth equal to that of tallow wheﬁ%?incorporated
in the diet of <chicks at a level of 20%. In the case of
rats, Abdellatif and Vles, 197Cb; Kocquelin et ai., 1870;
Craig and Beare, 19€8 and Kramer et al., 1973, found that
diets containing 15 or 20% by weight of 1low erucic acid
rapeseed 0il promoted the same weight gain as dieté

N A
contairing similar levels of sunflowerseed oil, peanut oil,

olive o0il or corn oil, respectively.

That the decreased  growth of chicks fed diets

containing 2C parts LER was due to decreased appetite is
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evidenf from the finding that when the nutrient intakes of
Chicks were equalized by pair-feeding, chicks fed diets
containing LER grgw at the same rate as chicks fed diets

containing SEQ.

Modification of the fatty acid composition of LER by
the additior of palmitic acid failed to increase chick
growth significantiy. Calculations showed that the addition.
of palmitic acid-to LFE . ifhcieased the saturated fatty acid
content from 5.1 to 28.8% of tofal fatty acids. These
results indicate that the chick, like the rat, tolsratcs a
wide range of inték@s of éatﬁrated fatty acids. Previodslyl
Craig and PBeare (1968) “found that modification ef th=

saturated fatty acid content of Canbra oil from 7.1 *o 41.8%

did not affect rat growth.

Combinﬁd results cf three expsriments showed that when
chicks we}e‘ pair-fed, ‘they deposited significantly less
carcass fat 1 fed diets containing 20 parts LEK than when
fed diets containing 20 pafts SFO, however the decrease 1in
fat deposition was not dgreat enough to cause a-significant

reduction in energetic €¢frficiency. 1In contrast, Craig and
by

g

Beare (1968) showed that rats fed diets containing 20 parts
Canbra oil deposiped fat in amounts similar to —rats fed
diets containing 20 parts olive‘oil or 20 parts of a mixture
f mposed of 3 parts Canbra oil and 7 barts lard. In chicks,
/modification of the fatty q?id composition of LER by the

Y
N

S e ' . . . .
addition of either oleic acid or palmitic acid did not
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.

increase fat deposition, significantly. The reason why
chiicks fed LER-containing diets deposit Jless carcass fat

than chicks fed diets containing SFO is unknown. X
>
~-

Fesults also showed thoi chicks fed diets containing 20
parté LER for 7, 24 or 2v days had heart sizes and cardiac
lipid content equal to or less than those of <chicks fed a
diet containing 20 parts of SFO. >Previously, Foce +-1lin and
Cluzar (1968), Rocquelin et. al. (1973), Beare-Rogers et
al., (1971 and Beare-Rc: s (1970) showed that rats fed
diets containing 15 or 2¢ .anbra oil {ég:}hot accumnulate
ﬁbnormal‘ amounts of fat in the heart; hé%ever Rocquelin and
Cluzan (1968), Rocquelin et al. (1973) did observe
myocardial lesions  in  Canbrarfed rats,  although s he

incidencs and severity was less than in rats fed HER.

i
1]
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SUMMARY

Chicks £fed diets‘containing 10 or 20 parts HER fron
4-11 days of age showed depressed groVﬁh, decreased-
feed con;umption and reduced fat deposition when
cdmpared to «chicks fed diets containing " similar
levels of SFO. Type of oil at +he levels fed had no
consistent effect on 'cart s_ze and no effect on
ievel of cardiac lipi..

Studies showéd that chicke 60l diets containing “1¢
parts HEE, LEK or sFu from 4-28 days of age grew at
the same rate, consumed similar amounts of feed and
had hearts similar in size and fat coﬁfent.' However,
chicks fed diets containing 10 parts HER deposited
significantly less fat and wutilizsd anergy less
efficiently +than chicks fed diets containing similar
levels of LER and SFoO. .

When ted diets containing 20 parts HER from 4 to 28

or 4 to 30 dayé of age, chicks gained less weight

‘than those, fed similar levels of LER or SFO. It was

also shown that chicks fed diets containing 20 part
HER deposited 1less fat and utilized energy 1
efficiently than chicks pair-fed diets contain:
similar levels of SFO.

Results indicﬁied that chicks consuming diets
contalnlng 20 carts HER from 4 to 28 Oor 4 to 30 days

of age had significantly larger hear+<s than thoae fed
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diets supplying the sanme levels of LER or SFO.
However, this 1increase in herart weighf could not be
attributed to increas d =:.* content as this was
either -=qual to or les than that found in hearts of
chicks fed diets containing LER and SFO,
respectively;

Résults obtained after 26 days on the diet,”éhowed
that. “in the chick, supplementation of HER with
palmitic acid significantly increaséd rate of growth
and efficiency of = energy utilization, and
signiticantly decreased heart size when comgared_with

the unsupplement2d HER. These results are attributed

to an 1increased level of palmific acid, as similar

changeé were not found ihl diets containing HER
supplemented with a similar level of oleic acid.

When ted diets .for 26 days in whick HER was
supplemented with -voleic acid, chicks showad
significantly less accunulation of erucic and

eicosenoicr+acids in heart and carcass lipid than when

.palmitic acid was added to HER.

il

Chicks fed diets containing 10 or 26 pérés LER from
4-11 days of age grew at the same rate, utilized
energy as erfficiently, and deposited similar amounts
of fat 1in their hearts and carcasses as chicks .fed
diets containing 10 or 20 parts SFO, reépectively.

Chicks fed diets containing 10 parts LER from 4-28

days of aée showed weilght gain, “‘carcass fat
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deposition, energy wutilization, an "art size
similar to that in chicks fed the same 1.vel of SFO.
When fed diets supplying 20 parts LER from 4 ta 28 or

4 to 30 days f age, weight gain and carcass fat

‘deposition were significantly less than in chicks fod

v
\l

20 parts SFO; however, efticiency of enerygy

utilization and heart size were similar.

When chicks were fed diets for 26 days in which LER

Was supplemented with either palmitic or oleic acid,

there was no significant effect on growth, carcass

fat d€po§ition, energy utilization, heart size or
\

heart’fat content.

supplementation of LER with palmitic or oleic acid

did nout alter the 2rucic or eicosenoic acid content

of heart or carcass lipia.
Comparison of the fattry d composition of heart and
carcass lipids showed Fhat irrespective of éhe type
of rapeszed o0il or mbdifiéd.oii'mixture red, or of
the age of the ch}cki h?;Lt‘lipidS contained. less
erucic acid .than éargass fat. Thié indicatedd:that
chick heart tissue was as capable of disposing of

erucic acid as carcass tissue,

Comparison of the amounts of ingested erucie and

. &
eicosenoic acid which were retained by chicks fronﬁ:

to 28 days orf age indicated that irrespective of the
type of rapesced 0il or modified oil mixtupé fed,

%,

Sy
that either erucic acid is oxidizeg more rapidl%athan



eicoscnoic acid, or that erucic

rapidly to #icosemnoic acid than

oleic

acid.

74
acid is oxidizedfmdre

is eicosenoic agid to

sl . oy ™
2 T
0y »

~
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Fatty acid composition of heart and carcass 1lipid of «chicks
ted experimental diets for 7 days (Exp.2).
Percent of total fatty acids
Fatty RN
acid T
High 10% - 20%
CHO1? HER? LERS3 SFO+ HER LER SFO
14:0 Carcass 0.9 0.7 .6 0.9 0.4 0. 0.8
Heart 0.9 G.5 0.5 .4 0.2 0.3 0.2
16:0 Carcass 30.7 2242 19,49 23.4 12.9 12.9 18.2
Heart 27.6 6.1 14,6 14,7 7.2 6.9 3.4
16:1 Carcass 11.6 - - - - - -
Heart 11.8 4.6 4.2 3.5 2.1 1.7 1.9
18:0 Carcass 7.3 b6 £.1 8.4 5.1 4.8 8.1
“eiﬁtﬂ 7.4 6.3 5.5 7.3 . 4.3 3.9 . 6.5
PR o ‘
18:1 ¢ Sug U4, 3 49.9 56.3° 34,4 48, 1 61.7 31.0
Hedlbdey, 43.5 42.3 5042 25.6 42.6 56.6 20,6
18:2 Carcass 3.9 7 8.2 9.8 2605 . 15.4 12.4 29.3
v Heart 6.6 15.9 17.2 45.3  20.5 21.7 58.3
18:3 carcass. - 0.0 1.0 - 2.3 1.7 -
Heart .8 4,3 4.4 1.5 5.5 4,6 1.6
20:0  Carcass - - - 0.2 - - 0.2
flecart - - - - - - -
e ‘ N 4 .
20:1 Carcass o 1.5 0.5 4 7.8 ®2.u 0.2
Heart 0.6 1.6 0. 1. ¢ 2.4 N.3
S . N : N
CEP R 'ri\";_, i -~ /
20:2 Carcass *© C.8 #0908 c.7 0.8 - 1.0 M5
) H=art - - - C.1. 0.4 - -
e N : B .
20:4, Carcass - - - - B - - -
/ Heart A PR U ) “1.2 1.2 1.4 1.2
) - Yo
22:0 Carcass - - TR e 1.7 - - 3.8
%?art - - - - - - -
22:1 Carcass - 5.3 2.1 5.3 7.9 2.7 8.0
Heart - 3.2 v 0.7 - 6.1 ¢.8 -
! High carbohydrate.
2 High =rucic acid rapeseed oil.
3 Low-erucic acid rapeseed oil.,: N\
N .

- T
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Fatty acid composition of heart lipid of <chicks fed
experimental diets ad libitum for 24 days (Exp.2).

" Percent of totalifatty acids
Fa?ty
ned !Ma}h@ , 10% 20%
CHOY HERZ LERS3 SFO¢ HEK LER
1w oe .3 2.3 6.1 oo
1610 25.0 Cs6 15.3 ’5@ £.5 8.0
161 10.7 2.3 1.80 0.7 G.p -
veic 6.4 5.5 5.3 7.3 4.3 3.9 5.4
18:1 49,1  u46.8  S4.3 23,4 646.5 59,3 1.3
S
18: 2 Y 6.7 18.¢ 100 51,8 2201 21.5  63.9
19:3 5.¢ 3.2 4.2 0.3 4.9 u.7 5.2
20z 0 - - - - - - -
20:1 0.5 e.o e - 9.5 2.2 -
20:2 - - - - 0.1 - -
su C.u 1.6 1.6 1.9, 1.1 1.5 1.1
22:0 - - - - - - -
22:0, - 3.2 .8 - 5.0 C.5 -

1 High carbohydtate.

] .
2 High® erucic acld rapeseed oil. woo
§ 0 o L ’ . .

3 Low-erucic & id rapsseed oil.

¢ sunflowerseead “oil..

&

Y
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Fatty - o
acid
0% 20%
o HERL LER2 SFO3 HER LER SFO

T4:¢ Carcass 0.6 0.6 1.2 0.6 0.5 c.n

Heart 0.3 .t 0.3 0.1 C.1 G.
: | S

16:0 Carcass 15.2 15. - 21.9 9.2 7.9 15.3
Heart 12.0 11.5 13.7 5.6 5.4 7.7

16:1 Carcass - - - - - -
Heart 1.4 1.1 0.9 0.7 0.4 .3

18:0 Carcass 5.8 5.6 G.4 4.3 4.3 8.8

: Heart 5.5 5.6 8.1 4.3 3.8 6.6

18:1 Carcasny T 3 6C.u 29,8 54,1 6645 29.6
Heart 4% , 8 53 23.9 46.5 59.5 23.3

:L'J}‘wa‘
. ~¥1‘~.7:‘\2“ Kl N > 5

18:2  Carcaswsr 7 1077 10.9 4.0 2. 11.5 2641
Heart —g,.d 18.9 16,2 51.6 - 22.1 21.4 63.2

18:3 Carcass 1.4 1.4 0.5 1.5 1.2 C. 8
Heart 3.7 4.3 - 4.9 4.4 2.3

2G:C Carcass Je3 G.3 0.5 C.3 C.u Q.6
fieart ) - - - - -

20:1 carcass f 7.4 2.2 0.7 0.7 203 1.
Heart : ‘ 6.9 22 - 9.5 2.7 0.2

' Sy Ly - (.
R ]

. . S -

27:2 Carcass - - - -, - -
‘Heart ~ - - A - -
~F )

204 Cércass - ~ - - - . -

© Meart 1.6 1.4 1.5 1.1 1.2 < 1.2
- N " " ) N

22:0 Carcass 0.6 C.8 .3 (.6 2.7 5.2

= = Heart - - - - - - -

. e : . =

22:1" Carcass 5.7 7 2.6 7.8 L4 3.6 114
‘Heart 342 1.0 - 5.0 1.¢C -

. LS

! High erucic acid rareseed oil.

2 Low erucic¢ acid rapeseed oil{::> i,

3 Sunflowerseed oil.
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n“ "“
Fatty acid composition&gf’heart and carcass lipid of chicks

pair-ted experimental

diets for 24 days (Exp.2).

P-rcent of total fatty acids

}
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Fatty acid conposition of heart and cavcass lipid of chicks pair-fed
experinental diets for 7 days {Exp.3).

Percent of total falty ucids

Fatty . S
acid ’ __Bpp + LFR +
SFO1 HER? LER® Palmitic 0Oleic Ta2lnitic Oleic
acid acid acid acid
14:0 Carcass 0.6 0.5 0.5 0.6 ¢.e 0.5 0.8
Heart 0.2 0.3 0.2 0.4 0.7 0.3 0.6
16:0 carcass 16.5 +12.5 13,0  22.1  13.9 7.5 10.7
Heart 9.7 8.5 1.3 17.9 9.7 14.8 6.8
16:1 Carcass 2.1 3.0 . 2.4 3.9 3.7 3.2 3.6
Heart 1.4 2.3 <7 1.8 2.7 2.8 1.9 2.5
18:0 Carcass 8.7 5.5 ﬂ'egzuu 5.1 4.9 4.5 4.7
- Heart 6.1 4.4 " 0,0 5.0 5.3 4.1 3.7
L - . . "‘:, . . .
18:1" carcaggg-29.2 38.1 ¥ 1.4 35.4" ¢, 48,2 54,7, 58.8
. Heart ™ 20.5  ~3435 ~;&g§a,;. 3340 . 46.2 51.7  -60.2
‘ e ' S :
o ik - L S L \ .
18:2 Carl¢ass 32.3 19.7 124%° " _15.6 1.5 0 51403 2157
’ Heart 60.2 25.5 7/  20.5 21.5 20.8 19.4 18.6
18:3 carcass - 3.3 14,6 2.4 2.7
Heart .6 5.1 3.8 4.5 3.8
'20:0 Carcass 0.2 - - - -
Heart - - - - - -
. o/ . ' -
20:1 Carcass - 7.3 ¢4 2.3 6.7 S.4 1.7 = 1.6
Heart 0.1 1.0 2.4 8.1 *5.8 2.1 2.2
20:2° f)rcass - 0.1 - .- - - -
Heart 0.1 o2 | - - -2 - -
: M
20:4 Carcass _ - © 0.1 - \\:\ - - < - . 0.1
. Heart' T 1.1 0.9 = 0.8 0.9 . 0.5 0.6 0.8
J - ‘ ’ - : .
22:0 Carcass ° 4.0 L - V4 - - 0y -
. Heart - - - .= L= - -~
Wy
221 Carcals 6.4 8.9 2.9, 8.2 6.9. 1.3 1.2
Heart - 8.4 0.8 - 6.8 4.4 7 0.7 0.7°
1 sunflowerseed oil. i :
v

2 High erucic acid rapeseed oil.

\

3 Low crucic acid rapeseed oil. .
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Fatty &cid compositicn of heart and carcass lipid of chicks pair-ied
experimental diets for 26 days (Exp.3).
Percent of total fatty acids
Fatty ——— e,
acid . HER + Tl + .
SFO1 HERz2 LER3 Palmitic Oleic Paln Uleic ¢
acid acid ack ¥ acid
14:0 carcass 0.5 0.5 0.5 0.4 0.8 0.5 0.9
Heart 0.1 0.2 0.2 0.3 0.6 . 0.3 0.6
16:0 Ccarcass 11.7 9.4 7.2 17.3 8.2 16.2 7.7
Heart 7. “6.6 4.8 16.0 6.5 3.1, 5.4
16:1 carcass - 1.8 1.2 2.4 2.8 2.0 2.5 .
Heart 0.6 1.4 0.9 1.8 2.3, 1.4 2.?
18:0 Carcass 6.6 4.5 " 3.0 3.8 3.2 3.4 2.8
Heart 5.4 3.9~ 3.5 4.0 <5 3.6 3.2
18:1 carcass 23.7 40,7 66.2 33.7 48.0 58.2 - 66.1
' Heart 19.0 3640 59.7 30.7  4us9 54,2 63.
18:2 ' Carcass 51.3 17.0 14.5 16.9 17.2 13.5 14.9
Heart'  66.2 25.0 2101 21.2 20.5 19.0 8.0 . .
L o : L N
‘18:3 carcass ! - 2.3 1.7 2.5 2.4 2.3 1.3
Heart 0.2 5.0 4.7 3.8 3.5 4.1 3.5
20:0 carcass 0.3 0.3 - 0.1 5 - -
a Heart o o- - - - - - -
. N o
20:1_ -Carcass - 11.8 2.9 9.9‘ 7.9, 2.3 2.0
- Heart 0.2 11.5 2.9 " 10.3 8.4t 2.4 2.1
20:2 cCarcass @ - - 0.8 - - - - .
Heart - 0.2 - - - - -
20¥4 - Carcass - - - - - .- ,;’*;;S
o Heart . 0.9 0.8 0.8 0.8 0.7 0.5 0. %
22:0 carcass 2.2 - - - - - - .
Heart - - - - - ) - -
22:1 carcass 3.7  11.8 2.0 13.0 9.6 . 1.5 1.2
» Heart - 9.5 1.3 ‘}1.2 5.1 1.0 0.8
—* —5
1 suh‘fd;overseéd, oil.
2 High erucic acid rapeseed oil. ' Y
. ' j.‘a'\
3 Lowv erucic acid rapeseed oil. o
: ¢
L]
+
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Fatty acid Cdmposition of heartvlipid of chicks fed experi- «
mental diets ad libitum for 26-days (Exp.3). v
, Percéntfdf total fatty acids
ratt Y R U —_—
acid \ _ HER + Lo LER + w,
SFoO1 HEERZ LER3 Palmitic Oleic Palmitic 0Oleicd
' acid acid acid - acid
14:0 0.1 0.2 Lol 0.3 (.6 0.2 - 0.5
Gy st " R
16:0 &ﬂ'F 6.t 5.2 15.0 ° 6.5 13.0 el
L1611 1.0% 7 1.4 1.3 1.8 2.6 1.6 2.3
18:0 - 4.¢ 3.9 3.8 ,ﬂ.3 2.9 3. 3.4
. ! l N . )
1811, ':19hu. 35.9 59.¢ 3.0 47 .1 54,2 04.;g;
. 8 s W2 Y }
18:2 65. ¢ 25.70 202 22.8 « 20.8 19.4 18. 3
&
-18:3. 0, & 5,2 4.9 &.4 h.2 4,2 3.8
. T
‘. 2010 - _ i - - - _:J..;J -
‘ A 5 )
2031 0.:- 11.5 2.2 9 8.1 2.1 1.6
26:2 - gt 0.2 -4 - - - -
T 20:4 o 1.0 T 1.0 7.1 1 2.
22:0 ' - - ¥ - - - -
+ \\\QV‘?. ”
2z:1 - Q.5 0.5 6.U 9.2 G.4 €.u
Voo ——
" . “‘.' ‘-;1\ ) ',;? ¢
L sunflowerseed oil. ‘ }
. , ¢ S
2. High erucic acid rapsse=d -oil. M . ,

4 Low erucic acid rapesegd oil.
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