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INTRODLCTION

Early work of Boer ol al. (1947) dndicated that rats grew morce
slowly on rapesced oil Chan on butter fal. Ducl ol at. (1948)
found Lhat growth ol rats was roduacoed uppl‘ucinl)lyTy_Tnclusj,ml
of 10% rapesced oil (RS0) in the diect. Since RSO contains a
high leveldl of crucic acid (Cis-13-docoscnoic) as comparcd to
other vegetable oils, some workers have reported that most
adverse offects of eeding rapesced oil are associated with the
crucic acid (Beare et al. 19395 Roine and Uksila 1959; Thomasson
1953).  In contrast to these reports, several workers have found
that erucic acid is not the sole cause for the poor performance
of rats on rapesced oil, but that an imbalance of saturated and
nonounsaturated tatly acids (Hopkins ct al. 1955; Murray ot al.
1938) or the reiatively low content of palmitic acid (Beare
ct o al. 19673; Craig el al. 1963a, 1963L) in rapesced oil could
:TWTI—]_\: afrffect the El—‘m»th. Recently, Rocquelin and Potlceau
(1968) have revicwed the relevant literature concerning the
nutritive value of rapesced oil.

Quantitative data on the utilirzation of RSO by poultry is quitce
Limited.  Kondra ot al. (1968) added 15% rapesced oil to a
standard jaying ralion and obscrved a decrcase in rate of cgy
production, cgeg weight and yolk weight. Josghi and Scell (1L964)
showed that inclusion of 5 o1 10 percent RSO din the diet of
turkey poulis caused a depression in weight gain and fecd
consumptltion, with the magnitude of depression being in dircct
proportion (o the RSO content of the diet.  The metabolivable
cnergy (MJE.) valuces indicaled that the cenergy supplicd by RSO
wis as available to poults as cnergy from soybean oil (SBO),
sunfJower oil or animal tailow. Salmon (1969a) reported that
0% RSO depressed the growth, feed conversion and dictary MiE.
of growing (urkcys as compared to 9% SB0; mixtures of RSO with
1/3rd beef tallow gave cqual performance to 9% SBO. However,
Blaokely ¢t al. (1903) found that 6 or 10% RSO was notl growth
d(\;u'v:-::\*im Tor 20 - 24 week old finishing turkeys.
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In contrast to the growth depressing effects of RSO reported for
rats and poults, Sexl and Hodgson (1962) and Tsang et al. (1962)
found no such detrimental effects with the chick. Sell and
Hodgson (1962) observed that 4 or 8% RSO was as effective as
comparable level of SBO in improving weight gain and efficiency
of feed utilization of chicks. However, Saimon (1969b) reported
that substitution of different levels of RSO for SBO in diets
containing 10% total added oil depressed the growth of chicks
but the M.E. content of the diets were approximately the same.

The following studies were undertaken to determine the M.E.
content of RSO and rapeseed oil foots on chicks, turkey poults,
rats and hens. Because of the deleterious effects reported for
erucic acid, the utilization of canbra (zero erucic acid RSO)
was also studied. In view of the findings of Sibbald et al.
(1961, 1962) and Artman (196%4) that mixing SBO and tallow
resulted in a greater M.E. than predicted from the arithmetic
mean of the two fats fed singly, the present studies were also
designed to test the synergistic relationship between tallow and
rapeseed oil. Studies were also made to compare the nutritional
value of crude and refined RSO and to determine the response in
egg size, hatchability and egg production.

Numerous nutritional studies have been carried out with diets
high in erucic acid. For the most part, however, comparative
studies on the deposition of this acid in different tissues and
its effects on the fatty acid profile of such tissues have not
been undertaken, although data are available for individual
tissues (Carroll, 1962). The object of the present study was
to rectify this situation.

METABOLIZABLE ENERGY AND PERFORMANCE OF REGULAR RAPESEED OILS
VS. CANBRA OIL AND EFFECT OF REFINING RAPESEED OILS ON
NUTRITIONAL VALUE

EXPERIMENT 1

The first experiment was designed to determine the M.E. content
of degummed RSO, undegummed RSO, zero erucic RSO, RSO foots
(acidulated soap-stocks from RSO), prime tallow and the 50/50
mixture of tallow and RSO or RSO foots. Because a sufficient
amount of zero erucic RSO was not available at the time the
experiment was conducted, the M.E. value for the mixture of
tallow and zero erucic RSO was not determined.

Male, one day old White Rock chicks were housed in electrically




heated, wire-tloored, battery brooders and fed a commercial
starting ration until they rcached the age of 2 weeks. There-
after the birds were weighed, divided into groups having o
weight spread of 5 g and distributed into pens until cach pen
contained 10 chicks. The experiment was of a randomized complete
block design with cach of the 12 experimental diets being
allotted to 4 replicate pens.  The birds were fed a practical
corn-soybean meal dict or this diet containing 20% of prime
tallow, degumned RSO, undegummed RSO, zero erucic RSO, RSO foots
or 20% of a 50/50 mixturc of the tallow with degummed RSO,
undegummed RSO or RSO fools. The fals replaced the diet as a
whole. The chicks received the experimental diets ad libitum
from 2-1 wecks of age. During the last six days of the experi-
ment, excreta samples werc collected from cach pen, pooled,
{frozen, lyophilizced, ground and together with feed samples,
analyzed to permit the determination of M.E. values according to
the procedure outlined by Sibbald and Slinger (1963).

TABLE I1

FAT UTTIL1ZATION BY THE CHICKEN(!)

Metabolizable energy
Derived Calculated
Average Average from
Supplement |wt. gain |[feed cons. |Feed/Gain components
(g) (g) (Kcal/g) (Kcal/g)
Basal 3u3¢ 6934 2.15 N -
Deg. RSO 3g7bed 658P¢ 1.70 7.894 -
Undeg. RSO 374d 638¢ 1.71 7.994 -
zrso ) wp P G730b L.Gh 8.71¢ -
Prime tallow| 390bcd 6o1be 1.67 7.10¢€ -
+ Deg. RSO hoyab 671ab 1.6G4 9.01b 7.50
+ Undeg. RSO| ha7a Gs7hC L.54h 9.18ab 7.56
SX 8.2 7.8 0.07

()
different (PL0.073%)

teatments followed by the same letter are not significantly

) n .
(~)Crud(} zoro crucic rapesced oind
i
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The metabolizable energy values derived for the fats and fat
mixtures on chicks, together with the weight gain, feed con-
sumption and feed: gain data, are presented as means in Table II.
When added to the ration at a 20% level, the M.E. value of un-
degummed RSO was significantly (P<0.05) higher than that of
degummed RSQ. However, weight gain and feed consumption were
lower for undegummed RSO than degummed RSO or tallow. It would
appear that undegummed RSO may contain some factor(s) which
reduces feed consumption but that the gums enhance energy
utilization.

The M.E. content of zero erucic RSO was significantly higher

than that of any other fat fed singly. Also, weight gain and
fced efficiency for chicks fed zero erucic RSO were superior to
the other oils. Although RSO foots gave inferior performance,
the M,E. value was not significantly different from the remaining
fats. The M.E. value data indicate that mixtures of fat containeg
more available energy than the mean of the components. Both fat
mixtures showed approximately a 20% increase in the M.E. over the
values calculated from the components. The weight gain and feed
consumption data also provided evidence that synergism occurred
within the fat mixtures.

EXPERIMENT 2

The second experiment was designed to determine the M.E. content
of the same samples of RSO and RSO by-product used in the previous
trial but using turkey poults.

The experimental design and the methods were essentially the same
as for experiment 1, except that an additional treatment of a
50/50 mixture of tallow and zero erucic R50 was included in this
trial. One day o0ld female Large White turkey poults cobtained
from a commercial hatchery were allotted on a weight basis into
equal lots of 8 birds each. Four lots of poults were fed each
experimental diet for 3 weeks. The basal diet was composed of
practical type ingredients. During the last week of the experi-
ment excreta samples were collected and subjected to the various
analyses indicated previously for M.E. determination.

The M.E. value (Table I1II) determined on turkey poults suggest
that this species made better use of all the fats than did chicks.
Some of the oils were almot 100% utilized; the undegummed RSO
showed an M.E. value of 9.57 vs. a gross energy of 9.45 thus
suggesting that the product enhanced the energy utilization of
the fat in the basal diet. However, the poults receiving the
diets containing RSO consumed significantly less food and gained
less weight than the poults fed the basal ration. This would




TABLLE 111

FAT UT1ILIZATION BY THE rurkey (1)

Mctabolivzable cncergy
Derived Calculated
Average | Average Lrom
Supplement Jwil. gain [feed cons. Feed/Gain components
(g) (g) (kecal/g) (Kcal/g)
Basal 3778 5504 L4106 - -
Deg. RSO 006¢ 305¢€ 1.35 &.h"b -
Undeg. RSO 212¢ 293¢ L.38 9,574 -
zrso(2) pshbe 118V 1.26 9. 320 -
Prime tallow 264P 370b 1.0 8.04¢ -
+ Deg. RSO ahhbe 306b 1.3 9. 198 8,00
+ Undeg. RSO anhc 300b 1. 9,530 8.80
+ ZRSO 2000 293¢ 1.32 9,254 8.68
55 12.8 18,4 0.12

(I)Trvutmcnts followed by the same letter are not significantly
different (P<0.05)

(2)erude zero erucic rapesced oil

indicate that some factor(s) in rapesced oil reduces feed intake
and weight gain in turkey poults. The lower feced intake and
growth with RSO may be rclated to ihe higher M.E. content of

these fats as compared with tallow. The fact thal tallow resulted
in lowered feced intake and growth in relation to the basal diet
sugegests that the diets to which fat was added contained a sur-
plus of cnergy in relation to protein and the higher M.E. of RSO
may have exaggerated this imbalancec.

Although the mixturc of fats contained more M.E. than ilhe mean
of 1he components, the degree of improvement was not as great
as with the chicks except for degummed RSO. As witlh the chicks,
the zero erucic RSO gave superior performance comparcd to the
the remaining rapesced products when fed singly. The lower level
of synergism as comparcd with chicks is possgibly due to the fact
that the M.E. valucs for these fats were already very high and
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thus the mixing of the fat products with tallow would not be
expected to enhance the utilization of the RSO products to any
large extent. The fatty acid mixture needed for optimum
absorption in turkey poults is obviously different from that
required in the chick.

EXPERIMENT 3
The purpose of this experiment was to determine the digestible

energy (D.E.) content of the same samples of RSO and RSO foots
described in experiment 2 but using rats.

TABLE IV
FAT UTILIZATION BY THE RAT(1)
Digestible energy
Derived Calculated
from
Supplement wt. gain feed cons. components
(g) (g) (Kcal/g) (Kcal/g)
Basal 117b 4732 - -
Deg. RSO 1428 374be 8.70° -
Undeg. RSO 123b 342° 9.03P -
Zrso(2) 1382 381P¢c 9.442 -
Prime tallow 1652 419b 8.70¢ -
+ Deg. RSO 1572 397P 9.06P 8.70
+ Undeg. RSO 1340 372bc 9.13b 8.92
+ ZRSO 147a 3g7be 8.75° 9.07
Sx 12.4 14.8 0.08

(l)Treatments followed by the same letter are not significantly
different (P<0.05)

(2)Crude zero erucic rapeseed oil

Male Wistar strain weanling rats were randomly allotted into
equal lots of 6 rats each and housed in individual, screen-

bottomed cages. The rats were fed a practical corn-soybean

meal basal diet containing 20% of the fats mentioned in
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Experiment 2 for t weeks. Food and water were supplied Qgg
libitum. During the last week of the experiment excreta samples
were collected and subjected to various analysces as indicated
previously for M.E. determination.

The digestible cnergy values derived for the fats and fat mixtures
are presented in the form of mcans in Table IV. Although the D.E.
value of tallow and degummed RSO werce equal (8.7 kcal/g), the
values for the mixed lats were markedly higher than the mecan of
the component fats., Similarly, a synergistic responsc in D.E.

was observed for the undegummed RSO and tallow mixture. The D.E.
ralue of zero cerucic was significantly higher than that of any
other fat fed singly; however, no synergistic response was noted
by mixing it with tallow.

The resulls indicale that the rat utilizes the energy in tallow
to better advantage than the chick or turkey poult as compared
to their utilization of rapesecd oils.

EXPERIMENT

This experiment was designed to determine the rcason for the
synergism between RSO and tallow in the chick. Because of the
indication that RSO is deficient in palmitic acid, the effect

of mixing RSO with mixtures of saturated fatty acid was deter-
mined. Mixture A contained 13.7% palmitic acid, 18.9% stearic
acid, 3.3% myristic acid and 1% others, while Mixture B contained
12% palmitic acid, 80% stcaric acid, 2.7% arachidic acid, 2.4%
behenic acid, 1.4% lignoceric acid and 1.5% others.

Male White Rock x Vantress chicks that had becn reared on
commercial starting diets for one wecek were used. The composition
of the basal diet, the housing, randomization and parameters
mcasurced were similar to those outlined in Experiment 1. Two
levels (2.5 and 5%) of fatty acid mixtures were added to the

diets containing RSO and fed to the chicks from 1 to 4 weeks of
age.

The metlabolizable encergy values of the degummed RSO as affected
by mixing with cither tallow or saturated fats are presented in
Table V. The M.E. values of mixtures A and B werce determined in
a scparate experiment using the experimental design used here and
the values obtained were 0.63 and 0.03 kcal/g respectively. A
synergistic response was noted when RSO was mixed with tallow.
Supplementation of degummed RSO with the saturated fatty acid
mixtures resulted in an increase in the M.E. content of the fats.
The proportions of palmitic and stearic acids did not markedly
alter the responsce. The increase in M.E. was much greater with
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the higher levels as compared with the lower levels of both
mixtures A and B. These results indicate that a part of the
synergistic effect found by mixing tallow and RSO is attrjbutable
Lo the prescnce in the tallow of the saturated falty acids,
palmitic and stearic.

EXPERIMENT 5

This cexperiment was designed to compare the utilization of crude
and refined RSO. Two different specics of RSO were used in this
experiment, Brassica napus (B. nap.) which contained 32% crucic
acid and Brassica campestris (B. camp.) which contained 23%
crucic acid (Table 1).

TABLE 1

FATTY ACID COMPOSITION OF SOME SUPPLEMENTARY FATS

Fatty| RSO Prime |Degummed |[Zero erucic Brassica Brassica
acid | foots jtallow RSO RSO campesiris napus
% Y% % % % %
16:0 5.5 27.0 3.2 .0 .2 el
16l 0.7 h.o 0.2 0.3 0.4 0.5
18:0 1.8 20.9 1.5 2.2 1.2 1.9
18:1 16.0 Lt 27,4 6G1.3 31.6 23.7
18:2 | 15.0 1.8 18.3 20.0 19.3 16.0
18:73 8.7 1.5 8.1 9.7 10.1 6.9
20:1 8.2 - 11.9 1.1 15.2 1.9
221 Jhel9 - 29.3 L.2 23.0 2.2

The Cindings in previous experimentls indicated thatl rapesced gums
may influcnce the M.E. content of RSO, therefore different

levels of rapesced gums were added to determine its influence on
the utilization of RSO as a source of cnergy.

The experimental procedures were similar to those cmployed in
the prevous experiment. Day old, male, White Leghorn chicks
were used in this trial. Five different levels, 0.1, 0.2, 0.4,
0.8, 1.6%, of rapesced gums were added, at the expense of the
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basal, to diets containing 20% refined B. camp. RS0O. The birds
received the experimental diets from 2-4 weeks of age.

The data presented in Table VI indicate that refining signifi-
cantly decreased the M.E. content of both B. camp. and B. nap.
RSO, with the magnitude of depression being greater for B. camp.
RSO. The results indicate that the M.E. content of zero erucic
RSO was lower than that of crude B. nap. or crude B. camp. RSO.
However, it should be emphasized that crude zero erucic RSO was
used in the previous trial while refined zero erucic RSO was used
in the present experiment. The depression in M.E. was not
attributable to the oxidation of the oil samples during refining
since the determined peroxide values for the crude and refined
oils were essentially the same. It appears that some other
factor(s) in the refining process affected the nutritional value
of rapeseed oil.

TABLE VI

FAT UTILIZATION BY THE CHICKEN(1)

Metabolizable energy
Average Derived Calculated
Average | feed from
Supplement wt.gain| cons. |Feed/Gain components
(g) (g) (Kcal/g) (Kcal/g)
Basal 170a 4ola 2.37 - -
Crude B. camp RSO 1622 308b 1.88 9.1028 -
Refined B. camp RSO| 139b 318b 2.28 6.74¢ -
Crude B. nap. RSO 1702 321b 1.87 8.962 -
Refined B. nap. RSO| 1602 335P 2.10 6.97° -
Refined Zero erucic
RSO 1652 3470 2.11 7.094 -
Tallow 1642 331b 2.02 6.30¢€ -
+ Refined B. camp.
RSO 1582 308b 1.94 8.10bc 6.52
+ Refined B. nap.
RSO 1652 319b 1.93 8.33b 6.64
+ Refined zero
erucic RSO 1732 3250 1.87 7.90¢ 6.70
Sx 5.4 12.8 0.16

()Treatment followed by the same letters are not significantly
different (P<0.05)
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The results show that refined B. camp., B. nap. and zero crucic
RS0, when mixed with taliow, exerted a beneficial effect on M.E.
Though a significant increase in M(E. was noted for the mixturce
of tallow and refined B. nap. RSO, and tallow and refined B.
camp. RSO, the M.E. values of the respective crude olls were
still higher than the mixtures. 7The results also indicate that
refining reduced weight gain and feed efficiency with both B.
camp. and B. nap. RSO,

The incorporation of rapeseed gums into diets containing RSO
significantly increased the M.E. content of refined B. camp. RS0
(Table VII). On the other hand, weight gain and feed consumplion
woere not significantly affected by the levels of gums eomployed.
The maximum incrceasce in M.E. was noted with the highest level of
rapesced gums (L.0%); however, there was no significant difference
in M.E. between Lhe other levels of rapesced gums. In calculating
the increase in MJE. due to the addition of gums, the gums were
considered to have an M.E. equivalent to the gross encrgy of this
product. Thus, the responsc to the gums is at least as great as
the responsce shown here. in spite of the increase in M.E. value
of refined B. camp. RSO by the supplementation with gums, the
M.E. value of crude B. camp. RSO was much greater than refincd
0il containing the highest level of gums. Therefore, the removal
of gums from the rapesced oil was not the major factor in the
poor utilization of refinced RSO.

TABLE VII

INFLUENCE OF GUM ON UTILIZATION OF RAPESEED orL(1)

Average
Average| feed M.E. of [Increcase
Supplement wt.gain| cons. | Feed/Gain RSO in M.E.
(g) (g) (Kcal/g) (%)
Basal 1704 ola 2.3h - -
Crude Bb. Camp. RSO 162a 308b 1.88 9. 10@ -
Refined B. Camp. RSO| 139b 318b 2,28 6.7hC -
+ UL1% rapeseed gum th6bh juob 2.21 7.20bc 6.9
+ 0.2% 1 gum 142b 318b 2.24 7.17be 6. N
+ 0% re 50 gum b 309b 2,20 7.12bc De7
+ 0.8% rapesced gum 1450 316b 2,17 7.12be 5.0
+ 1.0% rapecsced gum 131b 3073b 2.31 7.h2b 10.0
SX 5.0 12.8 0. 16

(D Preatment ol lowed by the same letter are not significantly
different (P<0.05)
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EXPERIMENT 6

This experiment was carried out in order to compare the reproduc-
tive performance of laying hens when fed B. camp. and B. nap. RSO
(crude and refined), zero erucic RSO, RSO foots, corn oil and
tallow. The M.E. content of the oils was also determined with
the laying hens fed 20% of the fats.

White Leghorn hens of approximately 26 weeks of age were used in
the study. The birds were fed a commercial ration for four weeks
before being placed on the experimental diets. Fifteen groups

of 8 hens each were equalized in egg production and randomly
assigned to the various dietary treatments, The birds were fed a
practical corn-soybean meal diet or this diet containing 10 or
20% of B. camp. or B. nap. (crude and refined), RSO foots, tallow
and corn oil., Because a sufficient amount of zero erucic RSO

was not available, this o0il was tested only at the 10% level.

The hens were maintained on the diets for 12 weeks during which
individual bird egg production and egg weight records were kept.
During the last four weeks of the experiments pullets were
artificially inseminated with the semen from cockrels fed a
commercial diet and the eggs incubated.

TABLE VIII

INFLUENCE OF DIETARY FAT ON _EGG WEIGHT AND EGG PRODUCTION

Av. egg wt. Av.egg production(HDB)
Supplement 10% oil 20% oil 10% oil 20% oil
% % % %
None 54.720.40 |54, 7t0.4 | 86.8%3.2 | 86.8%3.2
Crude B. Camp. RSO 51.8%1.0 46.1%1.4 79.2%5.5 72.2%3.0
Refined B. Camp. RSO 50.7%0.6 43.6%1.5 73.4%3.5 57.3%6,7
Crude B. Nap. RSO 47.2%0.4 45.5%0.2 76.3%3.4 63.3%3.0
Refined B. Nap. RSO 49,1+0.7 44,1104 76.2%3.7 50.4%5.5
RSO foots 52.5%0.9 48.3%1.0 78.9%t4 .3 69.2%2.9
Refined zero crucic
RS0 54.5%0.6 - 83.1%4.3 -
Corn o0il 55.5%0.4 55.2%0.6 85.6%6.0 76.7%4 .4
Tallow 54.5%1.1 53.3%1.0 79.5%3.8 87.6%2.2

(l)Mean ¥ standard error of the mean
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The rosults (Table V1I1) indicate that the inclusion of 10 or
20% B. camp. or B. nap. RSO decrcased the ratce of egg production.
At the 20% level both of the refined oils showed a decreasc in
cgg production as comparcd with crude RSO; however, at the 10%
level the decrcase in cge production was observed only with the
B. camp. RSO. The dicts containing RS0 foots also showed lower
cgg production as compared with the no-fat control. Birds fed
soro orucic RSO showed significantly higher egg production than
thosce Ced B. camp. or B. nap. It would appcar that the decrcase
in cgg production with RSO was duc to crucic acid.

Lge weights showed essentially the same irend as did cgg produc-
tion. After 12 weeks on the experimental diets, the hens
receiving corn oil maintained slightly higher egg weights than
those rcceiving the no-fat basal ration. Lggs from the hens fed
cither 10 or 20% B. camp. or B. map. RSO or RSO foots were
significantly lower in weight than cggs from hens fed the remain-
ing diets. Average cgg weight was grcater for diets containing
10% sero crucic RSO than for the corresponding diets with regular
rapesced ol ls. 1t would appear thal erucic acid is responsible
for the major part of the cgg weight reduction obtained with

B. camp. RSO, B. nap. RSO and RSO foots. It is of intercest that
cge weight declined within a few days of the hens being placed on
regular rapesced oils or RS0 foots.

TABLE 1X

INFLUENCE OF DIETARY FAT ON HATCHABILITY OF TOTAL EGGS AND
FERTILE EGGS

Hatchability Hatchability
of total cggs of fertile cggs
Supplement 10% oil 20% oil 10% oil 20% oil
(%) (%) (%) (%)
None 71.6%3.30[ 71.6%3.3 | 95.5%1.8 |95.5%1.8
Crude B. Camp. RSO 65.7%h.0 66.9%3.06 83.6%2.3 86.8x4h.2
Refined B. Camp. RSO 59.6%t2.7 26,412, 0 78. 42,2 70.ht4 .6
Crude B. nap. RSO 63.5%h.9 3L.28h .0 86.0%4 .5 76,314 .8
Refined B. nap. RSO 76.9%1.9 56.1%4.1 93.4%2.8 79.0%1.0
RSO foots 72.5%1.9 b 6E5.7 86.7%1.6 68.3th.3
Refined Zero ¢rucic
RSO 80.3%1.8 - 92.6%2.0 -
Corn oil 76.3%3.2 86.3x2.5 93.7t1.2 96.3%1.3
Tallow 70.ht5.0 82.9%3.3 86.8t3.2 98.5%1.3

(])Moan * gtandard crror of the mean




Hatchability of fertile eggs as well as of total eggs is presented
in Table IX. A significant decrease in the hatchability of both
fertile and total eggs was noted with hens fed crude and refined
B. camp RSO, crude B. nap RSO and RSO foots. However, the
hatchability of eggs from hens fed refined B. nap. RSO was not
affected. A significant difference in hatchability between the
levels of RSO was observed. All the rapeseed oils and RSO foots
showed a lower hatchability at the 20% than at the 10% level.
The highest hatchability of total eggs was observed for zero
erucic RSO. In general, the results indicate that hatchability
was higher for control diets as compared with diets supplemented
with erucic acid containing RSO and RSO foots.

The M.E. values (Table X) indicate that rapeseed o0ils and RSO
foots were reasonably well utilized by laying hens. However,
as in the case of chicks, the refining process reduced the M.E.
values particularly that of the B. Camp. RSO.

TABLE X

FAT UTILIZATION BY THE LAYING HEN(1)

Metabolizable
Supplement energy(2)
Crude B. camp. RSO 8.53a
Refined B. camp. RSO 7.73b
Crude B. nap. RSO 8.88a
Refined B. nap. RSO 8.432a
RSO foots 7.70b
Corn oil 9.004
Tallow 7.89b

(DTreatment followed by the same letter are not significantly
different (P<0.05)

(2)The standard error of each of these values, which are means of
4 determinations, is 0.24 kcal/g




SUMMARY AND CONCLUSIONS

When fed to chicks, turkey poults and rats, zero erucic acid RSO
gave supcerior growth and feed efficiency and was a superior source
of cnergy as comparcd with regular rapesecd oil., When

ineluded in the diets of laying hens, B. napus and B. campeslris
rapesced oils exerted a depressing offeet on cgg production, ogg
weight and hatchability. This suppression of reproduclive poer-
formance was completely overcome when zero crucic acid rapesced
oil replaced the regular B.napus and B. campestiris oils, suggest-
ing that crucic acid is the detrimental faclor involved in
reproduction,

While rapesced oils and rapesced 0il foots were reasonably well
utilized as source of energy by chicks, poults and rats, there
was a synergistic coffect in energy utilization when rapesced oils
were mixed with tallow. Thus the energy content of the mixiure
ot rapcesced oil and tallow was greater than that anticipatced from
the fats fed singly. Chicks fed mixtures of palmitic and straric
acids along with rapesced oil, demonstrated similar synergism in
tat ulilization to those fed tallow with rapesced oil. These
resulis confirm and extend previous findings indicating that rape-
sced 0il is imbalanced in fatty acid make-up for maximum
utilization, being too low in the long chain saturated fatty
acids, palmitic and stecaric. While synergism in encrgy utiliza-
tion was also demonstrated when zero erucic acid oil was mixed
with tallow, the effect was less than with regular B. napus and
B. campestris oils. This is probably explainced by the fact chat
zoro erucic acid rapesced oil was higher in cnergy valuce when fed
singly than erucic acid-containing oils,

When fed to chicks, refined regular B. napus and B. campestris
0ils were markedly lower in M.E. content and gave poorer growth
and feed efficiency than the corrcesponding crude oils. Similarly
wilh laying hens, refining of the oils produced detrimental
¢ffeets on cnergy utilization and reproductive performance.  The
cvidence indicates that the removal of the gums present in the
crude oils is partially responsible for the reduction in the M.E.
value of the oits. However, this is not the major factor and
experiments arce now in progress in our laboratory to delermine
the offect of cach step in the refining process on the nuilritional
value of rapescced and other oils.

DEPOSTTION OF ERUCIC ACID IN THE TISSUES OF YOUNG ANIMALS

In the initial oxperiment of this study, male weanling rats woere
maintained for 12 weeks on scemisynthetic dietls containing cither

2% corn oil or 2% corn oil plus 10% cthyl erucatce, the erucate
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being substituted for carbohydrate (dextrose) on a weight basis.
No attempt was made to render the diets isocaloric. The object
of this experiment was to determine the extent to which erucic
acid was deposited in the tissues and corn o0il was added to the
diet as a source of essential fatty acids.

At the termination of the experiment, the rats were anesthetized
with ether and exsanguinated. The tissues examined were the
adrenals, brain, heart, kidney, liver, plasma, prostate, red cells
and testes. Tissue lipids were extracted with chloroform-methanol
and transesterified with boron fluoride-methanol. The esters

were purified by thin-layer chromatography and subjected to gas-
liquid chromatography on a 200 x 0.2 cm column of 15% ethylene-
glycol adipate operated isothermally at 210°C. In this experi-
ment, tissues from three animals from each dietary group were
analysed and the results were expressed as percent total fatty aci

TABLE X1

FATTY ACID COMPOSITIOND OF THE EXPERIMENTAL DIETS

Corn oil- Rapeseed Zero-erucic
Corn ethyl Olive oil rapeseed

Acid 0il erucaté 0il (B.campestris) 0il (Canbra)
16:09 | 10.2 2.3 11.1 2.8 4.3
18:0 2.0 0.4 2.7 1.1 1.9
18:1 25.7 5.6 76.6 33.4 61.2
18:2 59.4 10.4 7.9 18.8 19.8
18:3 1.7 0.3 0.5 8.6 11.0
20:1 - - Trace 10.6 0.7
22:1 - 81.0 - 24.6 1.1

(1)y% Total fatty acids. Minor constituents omitted from the table

{(2)Erucic acid kindly donated by Canada Packers Ltd., Toronto,
Ontario.

(3)Abbreviation for fatty acids: X:Y Z, where X and Y represent
the number of carbon atoms and double bonds respectively, and
Z represents the number of carbon atoms between the terminal
double bond and the methyl end of the molecule.

The fatty acid compositions of the two dietary fats are presented
in Table XI. The diets contained 1.2% by weight (approximately
2.4% of total calories) of linoleic acid, more than enough to
meet the essential fatty acid requirements of the young rat (1%
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of total calorics). The corn oil-erucate dict contained about
19% of the total calories as cthyl crucate.

The tissues examined can be divided into three groups according
to the degree of deposition of erucic acid in them. Those
containing ovoer 5% cerucic acid were the adrenals, plasma and
heart. Erythrocyles, kidney and liver contained between 1 and 5%
crucic acid. Less than 1% of this acid was detected in the brain,

The
in

acid compositions

XIV.

overall fatty
Tables XIT -

prostate
ol these

testes lipids.
arce prescented

and
tigssuces

TABLE X11

FATTY ACID C()'MPOSITIONS( b OF ADRENAL, PLASMA AND HEART LI1PIDS
(EXPERIMENT 1)

Adrenals Plasma Heart
Corn oil Corn- Corn oil Corn- Corn oil Corn-
crucic erucic crucic

16:0 15.5 15.1 17.1 16.9 1.5 12,0
1621 5.0 2.8 5.0 2.3 2.9 1.1
18:0 15.5 9.5 9.6 9.5 16.3 17.2
181 23.9 23.3 21.0 2207 19.9 19.1
18:2 3.2 3.7 12.0 11.6 7.0 16.5
20: 1 Trace D45 Trace .3 Trace 1.9
20 :1Wb 2204 10.5 25.7 22.9 18.4 21.0
2201 Trace 20.2 Trace 9.7 Trace 8.1
ar 6.9 hoh 0.3 Trace 1.1 -
2215040 3.0 0.9 6.0 1.1 ) 1.0
22: 033 0.7 Trace 0.5 0.2 1.4 0.2
2 Trace 1.7 - - - -
( 1)5(« foolnotes Table XI1.
High levels of crucic acid were found in the adrenals of rats
receiving dictary erucate (Table X11). This acid accounted for
over 20% of ihe total fatty acids in adrenal lipids. Morcover,
these lipids also contained over 5% of eicoscnoic acid, presumably

derived by g-oxidation of erucic acid. This data is consistent
with that of Carroll (1962) who found thal dietary crucic acid
accumulated in the adrenal cholesterol esters. As might be
expected, significant levels of crucic acid (9.7%) were found in
Again this is consistent with previous work (Carroll
where this acid was found to be relatively abundant in
triglycerides, a reflecction, no doubtl, of the transport
absorbed erucic acid from the intestine to the liver and other

plasma.
1962)

plasma
of




- 394 -

tissues. The heart was the only other tissue in which erucic
acid constituted more than 5% of the total fatty acids.

TABLE XIIJ

FATTY ACID COMPOSITIONSD OF ERYTHROCYTES, KIDNEY AND LIVER LIPIDS
(EXPERIMENT 1)

Erythrocytes Kidney Liver
Corn oil Corn- Corn oil Corn- Corn oil Corn=-
erucic erucic erucic
16:0 22:1 23.0 20.0 21.9 21.0 21.0
16:1 2.3 0.6 3.7 3.0 5.4 2.8
18:0 14.4 14.7 15.2 14.6 13.8 15.0
i8:1 14.0 13.1 23.0 21.6 23.1 26.6
18:2 5.7 5.7 6.5 8.9 8.4 6.6
20:1 Trace 1.2 Trace 1.5 Trace 1.2
20: 406 23.8 22.3 24,1 22.8 18.6 17.7
22:1 Trace 4,7 Trace 3.7 Trace 3.3
22:4wb 2.5 2.8 0.4 Trace 0.5 Trace
22:5w6 8.0 5.7 2.7 Trace 5.0 2.5
22:6W3 0.3 Trace 0.5 - 1.6 1.1
24:1 0.4 1.5 - - - -

(1)See footnotes Table XI.

Erythrocytes (4.7%), kidney (3.7%) and liver (3.3%) exhibited a
moderate tendency to incorporate dietary erucic acid (Table X1II).
This was somewhat surprising in the case of the erythrocytes since
they generally will not incorporate significant amounts of non-
physiological fatty acids.

The final group of tissues, brain, prostate and testes, failed to
incorporate more than 1% of dietary erucic acid (Table XIV). This
is not unexpected in the case of the brain lipids, since they are
established in the pre-natal and immediate post-natal period and
show very little susceptibility to dietary modification. However,
the lack of erucic acid in the testes was somewhat unexpected.
There have been reports in the literature {(Noble and Carroll 1961)
of dietary erucic acid causing testicular damage and sterility in
rats and it was for this reason that these tissues were examined.
It is possible that the length of the present experiment was too
short for deleterious effects to be manifest. Moreover, micro-
scopic examination of the epididymal fat pads revealed the
presence of live spermatazoa, indicating that the animals were
probably fertile.
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TANBLE X1V

FATTY ACTD coMposTPTONS (1) OF PROSTATE, TESTES AND BRALN LIPLDS

(EXPERIMENT 1)

_ Prostale Testos DBrain

Corn oil Corn- Corn oil Corn-— Corn oil 1 Corn-

orucic crucic erucic
16:0 210N 25.0 25.06 31.9 13.6 18.2
16:1 (] 2.7 9.0 1.7 0.8 0.3
18:0 8.3 9.0 .6 6.3 19.1 21,1
18:1 28.8 33.L 26.0 13.8 21.0 23.6
18:2 6. 1.9 9.3 3.2 1.0 0.2
20:1 Trace 1.6 Trace 0.3 Trace 2.8
20: 196 12.6 12,6 8.2 1th.2 10.8 10.5
221 Trace 0.7 Trace 0.6 Trace 0.2
2 0.9 1.3 1.1 0.9 3.3 2.9
2.8 1.7 11.5 210.5 6.9 2.2
0.1 Trace 0.4 0.9 11.4 10.9
- - - - 0.4 0.8

(Dsee footnotes, Table XI.

In gencral, crucic acid was deposited in the tissucs at the
cxpense of the polyunsaturated acids derived from linoleic acid.
Both arachidonic and 22:%.06, the major polyunsaturatced acids, were
decrcecasced in the adrenals by fecding erucic acid. There was also
o decrease in the 22:5¢,6 and 22:0603 acids. However, this pattern
was not followed exactly by the other tissuces examinced. In
general, deposition of crucic acid in a lissue had very little

ol fect on the arachidonic acid content of the tissuc lipids. The
major effect was the replacement of the higher polyunsaturated
fatty acids by crucic acid. ‘Thus, decreases were usually noted
in the 22:41006 and 22:5.6 acids. A rather unusual eoffect was
ttoted in the testicular lipids, where both arachidonic and 22:5wbh
acids were dincrcasced when cerucic acid was fed. The reason for
this is nol readily apparent, although it is possible that the
decrease in thesce acids in these other tissuces as a result of
crucic acid deposition might result in their rcecady availability
for incorporation in the testicular lipids where very little
crucic acid was deposited.  These resultls may also be duc to the
age of the animals employed. At three monlhs, they would have
Just reached sexual maturity. 1t is known that the polyunsat-
urated fatty acid content of the testes does change as the animal
achieves sexual maturity (Davis 1_1_ ﬂ. 1966) .
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In a second experiment, male weanling rats were maintained on
semi-synthetic diets containing 12% fat. Four different fats
were employed, olive o0il, corn oil-ethyl erucate (1:5), rapeseed
0il (Brassica campestris) and zero-erucic acid rapeseed (Canbra).
The duration of the experiment was 18 weeks and the animals were
sacrificed and the tissues extracted as in the first experiment.
In this experiment the prostate was omitted and the spleen was
included in the study. Tissues from 5 animals from each dietary
group were examined.

The object of the second experiment was to determine to what
extent erucic acid was deposited in rat tissues when present as
a constituent of rapeseed o0il. In addition, the general effects
of rapeseed oils {(campestris and Canbra) on tissue lipids were
investigated. Finally, by including olive 0il and the corn oil-
ethyl erucate diets, the comparative effects of oleic and erucic
acids could be studied.

The fatty acid compositions of the four dietary fats are included
in Table XI. Olive oil contained more saturated acids than the
corn oil-erucic mixture, was slightly lower in linoleic acid and
the oleic acid content was slightly lower than the erucic content
of the other fat. However, it was considered to be a suitable
control for the corn oil-erucic acid mixture and provided a means
of comparing the dietary effects of oleic and erucic acid. The
major differences between the two rapeseed o0ils were the lower
levels of erucic and eicosenoic acids in the Canbra oil, and the
higher level of oleic acid. Both fats were characterized by
relatively low linoleic-linolenic acid ratios.

In general, when the corn oil-erucic acid diet was fed, the levels
of erucic acid were slightly lower in rat tissues in the second
experiment than in the initial experiment. The major exception
was noted in the testes lipids. After 18 weeks on this diet,
almost 5% of this acid had accumulated as compared with the 0.6%
found in this tissue after 12 weeks. A slightly higher concen-
tration of erucic acid was found in brain lipids in the second
experiment but the level in this tissue was still less than 1%.

The deposition of erucic acid in the tissues followed the same
pattern in the second experiment as it did in the first. The
highest level of erucic acid was noted in the adrenals of rats
fed the corn oil-ethyl erucate mixture and over 6% of this acid
was found in the plasma and heart (Table XV). Spleen, testes
and kidney contained 3 - 5% of this acid (Table XVI), red cells
3%, liver 2% and brain less than 1% (Table XVII). Low levels of
erucic acid were noted in both the adrenals and brain of rats
receiving the olive oil diet but this only amounted to about
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0.5 - 1% of the total fatty acids. Less erucic acid accumulated
when campestris o0il was fed to the rats. Except for the adrenals
which contained 12% of this acid, the tissue lipids accumulated
less than 5% erucic acid. Less than 1% erucic acid was found in
the tissues of rats maintained on the Canbra oil, and in most
instances less than half of this amount was found. The deposition
of erucic was thus found to parallel the dietary level of this
acid.

The inclusion of erucic acid in the diet was not only manifest by
the deposition of this acid in the tissues but also resulted in
the appearance of its metabolic products in the tissue lipids.
The initial product of ﬂ-oxidation of erucate is gadoleic acid
(20:1) and this appeared in many tissues of animals receiving
dietary erucate (Tables XV - XVII). Somewhat surprisingly, the
20:1 contents of rat tissues did not parallel the erucic acid
concentrations when the corn oil-erucic acid diet was fed. The
concentration of gadoleic acid in the tissues might reflect the
activity of the g-oxidation system in addition to the level of
the precursor in each tissue. Care must be taken in interpreting
this data since 20:1 may also result by elongation of oleic acid.
That this was the case in certain tissues was evident from the
relatively high levels of 20:1 in the brain (3.7%) and adrenals
(2%) of rats fed olive oil. There was also a tendency for
adrenals to elongate 22:1 to 24:1 (Table XV). As might be
expected, the diet containing 20:1 (campestris oil) resulted in
the greatest accumulation of this acid by most tissues. The
spleen and adrenals were most active in accumulating gadoleic
acid when this oil was fed, while the brain, heart, kidney,
plasma and testes exhibit somewhat similar properties in this
respect.

The diets which were high in oleic acid (olive o0il, Canbra oil)
resulted in the highest levels of tissue oleic acid. Similarly,
the two diets containing the rapeseed oils usually resulted in
higher tissue linoleic acid concentrations than the other two
diets. The effects of the four diets on the tissue polyunsatu-
rated acids depended on the tissue under consideration. 1In the
adrenals, the two diets containing erucic acid resulted in lowered
levels of arachidonic acid relative to olive o0il and the Canbra
oil. However, the effect in the case of the campestris oil was
not simply due to the replacement of arachidonic by erucic acid,
but appeared to involve a complex interaction which included the
inhibitory effects of linolenic acid on the elongation-desatura-
tion reactions of linoleic acid and its metabolites. This latter
effect was evident when the higher polysunsaturated acids were
considered. Although the adrenals from the rats fed olive oil
and zero-erucic rapeseed oil contained the same levels of 20:46,
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the vero-crucic group contained much lower levels of 22: .6 and

22:5wh than the olive ol group.

[0 mosi of the remaining tissuces studiced, arachidonic acid was
in Lhe same range as that observed in animals fed olive oild, and
for the most part differcoces belween the two groups woere smalt,
Arachidonic acid was slightly lower in the tissues {rom animals
fod the zero-erucic rapesced oil.  The differcuce between the

olive oil and Canbra oi! groups was mosl notable din the case of
the Kidney and heart. A possible explanntion for the difference
between the campestris and Canbra groups is Lthat both linolenic
and oleic acids compete with linokeic acid for the clongation-
desaluration envyymes and (he Canbra oil contains more oleic than
the campestris. The crucic acid in the campesiris interfores
wilh the incorporation of higher polyunsaturated acids {cf.
Expoeriment 1).

The two rapesced oili dicts resulted in stightly lower levels of
S0 et and particularly of 22:5wh in Lhe tissuces.  These aclds

woere usually present in low concentralions in most instances and
presumably the wi-metabolites (22:503 and 22:003) werce able to

compete on more cqual terms with these WO acids. In the testes,
however, relatively high tevels of 22:500 are present in normal
animals=s and (he tinolenic acid-containing rapesced oils did not
Fesalt o in any significant depression of this acid (Table XVII).

Pretiminary of fecls on the physiological significance of the
changes in Lissuce fatty acids have been conducted.  In spite of
the deposition ol Jarge quantities of crucic acid in the adrenal
lipids, and incorporation which occurred primarily in the
cholestierol ester fraction al the expense of polyunsaturated
acids  (Carroll 1962), no significanl differences were noted in
the ability of rats Lo produce corticosteronce under stiress
(Cimmersion in ice—cold water for 30 minutes). Similarly, no
differences were noted in ihe reproductive capacity of the male
vats on the fonr diets, However, the ability Lo sire young was
somewhat lower than expected in all four dictary groups and this
aspectl is still under investigalion. One characteristic of the
testes lipids in all four groups was the wide range of values
obscerved for 22:5wh, an acid previously associated with reproduc-
tive capacity in the rat. The ranges are summarized in Table
XVIlI together with values obtained fTor an imals Ced 10% corn oil
or 10% hydrogenated coconut oil in other experiments.  As may be
scen, the posszibitity of essential fattly acid deficiency in
individual animals cannot be ruled out. 7The arachidonic acid

also exhibited this tendeney to vary widely in concentration in
tostes lipids of rats in all four dictary groups, usually
paralleling the values noted for 22: SWw6.
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TABLE XVIIT

RANGE OF 22:506 CONCENTRATIONS(1) IN RAT_TESTES LIPIDS

Range Mean
Olive 0il 7.0 - 13.7 9.9
Corn 0il-Ethyl Erucate 5.8 - 12.9 8.2
Rapeseed Oil 4,2 - 17.8 9.5
Zero-Erucic Rapeseed 0il 6.0 - 14.4 10.1
Corn 0il (10%) - 18
Hydrogenated Coconut 0il (10%) - 7

(l)See footnotes Table XI.

It is apparent that rat tissues exhibit a wide variation in their
ability to incorporate erucic acid. The degree of incorporation
reflects the dietary level of this acid and is practically
insignificant when Canbra o0il is fed. Erucic acid appeared to
compete with higher polyunsaturated acids for incorporation in
tissue lipids. There was also evidence for competition between
linolenic and linoleic acid metabolites when the rapeseed oils
were administered.
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