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Abstract 
Recent findings on the nutritive value of rape- 

seed oil (RSO) with high erucic acid content 
have been compared to those of eanbra oil (CO), 
an oil extracted from newly bred Canadian rape- 
seed with no erueie acid. Erucic acid in diets 
retards animal growth even if food consumption 
is not altered. Growth performances of CO are 
as good as olive or peanut oil. The unbalanced 
ratio of palmitic acid to monoethylenic acids of 
CO does not affect rat  growth rate. Because of 
its glyeeride structure and high content of erucic 
acid, RSO has a lower digestibility (81%) than 
CO (96%) in the rat. Unabsorbed erucic acid 
is not preferentially excreted as calcium soaps. 
Interesterification of RSO which converts 31.7% 
of the erucic chains to the 2 position improves 
digestibility of erucic acid. 2-Monoerucin is more 
efficiently absorbed than the free acid. In vivo 
metabolic conversion of erucic to oleie acid has 
been proved in the rat. fl-oxidation of injected 
14-14C labeled erucic acid proceeded at the same 
rate as oleic acid but the over-all yield of the 
reaction was lower. Fa t ty  acid composition of 
tissues in animals fed RSO or CO is influenced 
on one hand by erueic and gadoleic (C2o:i) acids 
of RSO, and on the other hand by the unbalanced 
ratio of palmitic-monoethylenic acids and the 
linolenic acid content of both oils. Nonnegligible 
amounts of erueic acid are deposited in the body 
fats of rats, chickens, turkeys, lambs and found 
in the milk of female rats fed RSO. Almost no 
erueic acid is incorporated in liver and testicles 
in the rat and it is not recovered in chicken egg 
yolk. The effect of RSO on rat reproduction has 
been re-examined. Dietary lipid and vitamin 
levels are of great importance in the results 

i O n e  of 9 p a p e r s  p re sen ted  at  the  Sympos ium,  " C r u c i f e r o u s  Oil- 
seeds ,"  I S F - A O C S  W o r l d  Congress ,  Chicago.  Sep tember  1970. 

obtained. RSO induces myoearditis in several 
animal species. Similar lesions, although less 
frequent and severe, have been observed also with 
CO in the rat. Some authors have reported that 
erucic acid of RSO was responsible for the effect 
on heart muscle. Common fat ty acid patterns 
to both RSO and CO have to be further in- 
vestigated to explain the persisting effect of CO. 

Introduction 
Refined rapeseed oil high in erueic acid content 

(cis-• is produced and consumed in 
large quantities in many countries. The nutritive 
value of the oil has been extensively studied with 
different animal species in several laboratories dur- 
ing the last 30 years. Recent bibliographical reviews 
of the subject can be usefully consulted (1,2). 

In 1961 the first successful isolation and produc- 
tion of rape plants (Brassica napus and campestris) 
with no erucic and gadoleie (cis-An-eicosenoic) acids 
in the seed oil were obtained in Canada (3,4). Today 
other countries (Sweden, France, Poland) are also 
able to produce experimentally rapeseed oils con- 
taining less or no erucic acid. 

This new edible oil, also called canbra oil (con- 
tracted name of Canadian Brassica suggested by 
Canada Packers Limited), extracted from selected 
seeds might be expected to have interesting different 
nutritional properties if compared to presently used 
normal rapeseed oil. Other rapeseed oil fat ty acid 
modifications, such as increasing palmitic and de- 
creasing linolenic acid contents, seem to be possible 
and are presently being investigated (5,6). These 
will certainly further affect nutritional effects of the 
oil. 

This paper will review recent research completed 
concerning the nutritive value of refined rapeseed 
oils, including our present knowledge concerning 
eanbra oil. 

T A B L E  I 

M a i n  F a t t y  Acid Composition (%) of Rapeseed, Canbra and Peanut oils, of Fatty Acids in 2- 
Monoglyceride Frac t ions ,  and  P r o p o r t i o n  of Each Fatty Acid in  2 Position 

Oil 
Rapeseed  oil a C a n b r a  oiD Peanut oil b 

1 c 2 d 3 �9 1 2 3 1 2 3 

Iden t i f i ed  
fatty acids 

Cls:o 3.1 2.7 29 3.8 1.3 11 12 1 8 
C16:1 < 1 %  0.8 0.8 0.5 55 
C~s:o 1.1 1.7 21 1.8 0.7 13 "'1 . . . . . . . .  
Cls:l  13.8 39.3 94 60.0 53.7 30 52 52 88 
Cls.~ 14.5 33.5 77 21.2 29.3 46 27 47 58 
C~s:s 6.4 11.1 59 8.7 12.7 49 
C,o,o  1 . 0  . . . . . . . . . . . .  ":I" . . . . . . . .  
C~0.~ ~ 10.0 1.6 "'5 2.8 . . . . . . . . . . . . . . . . . .  
C . . . .  < 1 %  . . . . . .  < I ~  i i i i i i  . . . . . .  8 . . . . . . . .  
C~,lg 44.7 5.5 "4  1.7 0.6 12 . . . . . . . .  c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1i ZI iiii 
~ S a t u r a t e d  5.2 6.0 
~Monoethylen ic  68.5 63.7 

Va lues  f r o m  c u r  own  g a s  l iquid c h r o m a t o g r a p h y  data .  A l though  many factors can influence the fatty acid composition of the oils such 
as n u t r i t i o n a l  condi t ions  of the  p l an t  (77,  these  f igures  can  be cons ide red  as  n o r m a l  ones for  mos t  of rapeseed oils. 

b D a t a  f r o m  Mat t son  and  Volpenhe in  ( 1 9 ) .  
F a t t y  ac id  composi t ion  ( % 7  of the oll t r ig lycer ides .  

a F a t t y  ac id  composi t ion  ( % )  of 2-monoglycer ide  fraction. 
% fa t t y  acid of 2-monoglyeeride fraction 

Proportion of each fatty acid in  2 posi t ion.  Calcula ted  f r o m  ~attson and Volpenhe in  ( 1 0 )  = X 100.  
% fatty acid in trlglyceride X B 

C~o:1 --= c/s-A~--eicosenoic (gado le ic ) .  
C~s:l ---- c /s -Ala-doeosenoic  (erucie). 
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FIG. 1. Growth rate of r a t s  f e d  25% by weight d i f f e r e n t  
mixtures of simple triglycerides: (1) mixture of t r ipalmit in  + 
triolein to provide 20% of C1~:o and 60% of C~s:l (% of the  
total dietary f a t ty  acids) ;  (2) Mixture of tr lpalmltin + 
trlerucin (20% of C16:o and 60% of C.~:1); (3) Mixture of 
tr ipalmitin + trio]ein (10% of C~6:o and 70% of C~:~); (4) 
Mixture of tripMmitin + triolein + trierucin (8% of C~..o, 
25% of Clsa and 57% of C2~:~). The dietary linoleie acid 
supply was 8% of the total f a t ty  acids for  all groups. 

Fatty Acid Composition of Rapeseed and 
Canbra 0ils 

Rapeseed oil like many cruciferous oilseeds con- 
tains large amounts of long chain monoethylenic 
acids (C2o:1, C22:1), whereas canbra oil is deficient in 
these but is an oleic rich vegetable oil. The fat ty acid 
composition of these oils is given in Table I. Both 
oils have similar low levels of saturated acids, mainly 
palmitic, as compared to other commonly used dietary 
vegetable oils. They also contain nonnegligible 
amounts of linolenic acid. Other minor fat ty acids 
which do not figure in the present table have been 
identified lately (8,9) in rapeseed oil. Thus C2o and 
C22 polyunsaturated and also nervonic acid (C24:1) 
have been characterized. From our own data (un- 
published) we assume that these acids might be also 
present in canbra oil. One may note (9) that in 
some cases gadoleic acid of rapeseed oil might be a 
mixture of cis-• 11- and cis-A13-eicosenoic isomers. 

Glyceride Structures of Rapeseed and Canbra Oils 
Fat ty  acid distribution between the 1, 3 and 2 

positions and triglyceride composition of rapeseed oil 

high in erucic acid content have already been fully 
investigated (10-15). Long chain monounsaturated 
acids (Ceo:l, C_~2:1) of rapeseed oil are almost ex- 
clusively esterified in the outer positions whereas 
Cls unsaturated acids are mainly found in the 2 
positions. There is practically no trierucin. Thus 
more than 85% of the total rapeseed oil triglycerides 
contain erucic acid in the 1 or 3 positions, or both. 
Oleic acid of canbra oil which replaces erucic and 
gadoleic acids does not follow such a distribution. 
Canbra glyceride structure is more closely related to 
peanut oil for instance (Table I). 

Effects of Rapeseed and Canbra 0ils 
on Animal Growth 

It has often been shown that 20% or more by 
weight of rapeseed oil in rat experimental diets in- 
duces poorer food intakes and consequently reduced 
body weight gains of the animals. Moreover in- 
creasing amounts of erucic acid in the diet correla- 
tively aggravate growth performances. Several 
authors (16-20) have recently proved that rapeseed 
oil does depress body growth in several animal species 
even if food consumption is not altered in ad libitum 
fed animals. Such diets containing up to 20% by 
weight of rapeseed oil as dietary lipid source had 
lower food efficiency (weight gain/food intake, • 
100). Some authors maintain (21) that too low a 
level of saturated acids, mainly palmitic, in rapeseed 
oil along with large amounts of erucic acid might 
have an unfavorable effect on animal growth. Canbra 
oil with no erucie acid but a low concentration of 
palmitic acid similar to rapeseed oil (Table I) pro- 
motes as good body weight gains in the rat as olive 
(22) or peanut oil (17). The effect of an unbalanced 
ratio of saturated to monounsaturated fat ty acids in 
the diet seems to influence animal growth only when 
the dietary linoleic acid supply decreases to 10% or 
less of the total fatty acids (23,24) (Fig. 1). Under 
these conditions unbalanced ratios of palmitic to 
oleic or erucic acids (groups 3 and 4 in Fig. 1) will 
decrease growth rate of rats. However when erucic 
acid is fed to rats in balanced ratio with palmitic 
acid (group 2), growth rate is still lower than that 
obtained with balanced dietary lipids containing oleic 
acid (group 1). Therefore erucic acid in rapeseed 
oil seems to have a predominant action on growth, 
even when food consumption is not altered. 

Digestion, Absorption of Rapeseed and Canbra Oils 
and Their Constituent Fatty Acids 

Because of its large amount of long chain mono- 
ethylenic fat ty acids, rapeseed oil has a lower di- 
gestibility than other dietary vegetable oils (25,26). 
Apparent digestibilities of rapeseed oil and erucie 
acid are approximately 80% and 75% in the rat 

TABLE II 
Apparent Digestibilities a of Peanut, Rapeseed and Canbra 0i ls  in the Rat 

Inter- Inter- 
Dietary Peanut Rapeseed esterified Canbra esterifled Trl- 

fat rapeseed canbra erucinb 

Per cent b 7 weight 
in the diet 15 15 15 15 15 9 

Apparent digestibility 
of the fat 99..0 81.0 90.8 94,7 94.4 87.6 

Apparent digestibility 
of eruelc acid ...... 72.8 84.8 . . . . . . . . . . . .  88.5 

fat ingested- - fat  excreted 
a Apparent digestibility = X 100. 

fat  ingested 
bTrierucin was  given to rats mixed with tripalmltin, 3%,  and linoleic acid, 3%, to make the whole lipid level of the diet equal to 15% 

as in other groups. 
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(25) and in the pig (27). Canbra oil (60% of 
shorter chain oleic acid) has a good digestibility 
(96%) (25). The reason for rapeseed oil's poorer 
digestibility has not as yet been fully explained. 
According to previous reports (28) rapeseed oil has 
a slower rate of intestinal absorption. Indeed more 
than 75% of the recovered fecal fat ty acids are of 
erucic acid which does not seem to be preferentially 
excreted as calcium soaps but rather as free acid 
or partial glyeerides (25). As already mentioned 
long chain monoethylenic acids of rapeseed oil are 
esterified at the 1-3 positions in the oil-mixed triglyc- 
erides. Intestinal hydrolysis of rapeseed triglycerides 
by pancreatic lipase will liberate large quantities of 
free erucic acid prior to absorption. Savary et al. 
(29) stated that although erucic acid was liquid at 
37 C (MP -- 33-34 C) and rather well incorporated 
into conjugated bile salt micellar solutions, it was 
not as well absorbed as oleic acid. In vitro hydrolysis 
of rapeseed triglycerides by pancreatic lipase has 
been compared to peanut and canbra oils in our 
laboratory. Lipase action on rapeseed triglycerides 
seems to be inhibited at least at the starting hy- 
drolysis, whereas it is stimulated with canbra oil as 
compared to peanut oil. The relative initial rate of 
hydrolysis (~moles of free fatty acids liberated per 
minute) of rapeseed oil is 82, of canbra oil 110, 
assuming that the initial rate of peanut hydrolysis 
is 100. Further investigations concerning this ques- 
tion are under study in our laboratory. Inter- 
esterification of rapeseed triglycerides converts 31.7% 
of erucic chains to the 2 positions and the trierucin 
content of the oil is increased from 0.1% to 9.1% 
(15). Studies of the digestibilities show a significant 
increase in digestibility of interesterified rapeseed oil 
whereas canbra oil digestibility is not affected by 
interesterification (Table II).  Moreover we found 
that erucic acid fed to rats as trierucin mixed with 
tripalmitin had a higher digestibility (88%) than 
the naturally esterified mixed triglycerides of rape- 
seed oil (73%). This suggests that the 2-monoerucin 
must be well absorbed by rat intestine. 

Storage and Metabolism of Main Characteristic 
Fatty Acids of Rapeseed and Canbra 0ils 

Erucic acid is not naturally found in animal tissue 
lipids, and rats fed rapeseed oil show less erucic and 
more oleic acids in their tissue lipids than in the 
diet. In rive metabolic conversion of dietary long 
chain monoethylenic acids of rapeseed oil to oleic 
acid has been suggested for a long time (30-33) and 
more recently experimentally proved by Carreau et al. 
(34-35). These authors injected pure 14-14C labeled 

TABLE III 

Specific Act iv i t i es  a of R a t  L i v e r  F a t t y  Acids, 2 h r  A f t e r  i4-~4C 
E r u c i c  Acid I n t r a v e n O u s  In j ec t i ons  in Rapeseed 

Oil E m u l s i o n s  b 

F a t  Fat 
free free 

F a t  + 4- 
D ie t s  free 1,6 % 20 % 

sunf lower  rapeseed 
oil " oil 

Methyl  esters c 
S a t u r a t e d  0.13 0.06 0.06 
Erucic 7.70 8.96 8.70 
Mono-ethylenic d 2.80 3.30 3.70 

(e ruc ic  not  inc luded)  
Di-ethy]enic 0.26  0.23 0.04 
Tr i -e thy len ic  0.98 0.08 0.80 
Poly-e thylenic  0.26 0.18 0.08 

a Specific ac t iv i ty  = 10 -2 X /~ C i / m g .  
b D a t a  f r o m  C a r r e a u  et al. ( 3 5 ) .  
e Methyl  es te rs  of l ive r  fatty acids w e r e  s e p a r a t e d  on T L C  ( s i lve r  

nitrate impregnated silica gel ) .  
a Oleic acid was the main constituent of this fraction. 

eo 

60 

40 

O 2 4 6 8 

HOURS 

F r o .  2. R e c o v e r e d  14C ( %  o f  t h e  i n j e c t e d  d o s e )  w i t h  t i m e  
( M e a n s  o f  three  d e t e r m i n a t i o n s )  a d m i n i s t e r e d  f a t t y  acids" 
- - -  1-----~4G l a b e l e d  o l e i c ;  . . . .  10--140 l a b e l e d  o l e i e ;  ~ - -  
14-J~C labeled erucic. Data from A. Bach et al. (38). 

erucic acid to rats fed three different diets and 
checked for specific activities of liver fat ty acids at 
spaced times after injection of the labeled erucic 
acid (Table I I I ) .  Specific activities of liver fatty 
acids were influenced by the dietary lipid content 
fed to animals prior to injection of labeled materials. 
~oreover after studying the incorporation of labeled 
erucic acid in different rat tissues (liver, spleen, 
kidneys, brain, testicles, seminal vesicles) these 
authors stated (36) that erueic acid rapidly dis- 
appeared from all of these tissues, except from 
spleen. Slightly different results were previously 
obtained by Carroll (37) who showed that dietary 
erucic acid was deposited in the liver as free fat ty 
acid and was metabolized more slowly than oleie acid. 
Recently Bach et al. (38) demonstrated that erucic 
acid oxidation proceeded at the same rate as oleic 
acid but the over-all yield was lower (Fig. 2). Fat ty  
acid oxidation in various tissues involves an activation 
process of the molecule as the first step in the reaction 
(39). Although many animal tissues exhibit fatty 
acid activating enzymes, it would certainly be in- 
teresting, as suggested by Bach et al. (38), to examine 
erucic acid activation in several tissues as compared 
to other fat ty acids. 

Indeed erucic acid does not completely disappear 
from all tissues of rats fed rapeseed oil (40) (Table 
IV). Other recently published works (22) showed 
that 10% of gadoleic and 11.4% of erucic acids were 
recovered in total body fats of rats fed rapeseed oil 
as 20% by weight of diet in a 24 day experiment. 
In meat producing animals (chicken, turkey, lamb) 
large amounts of erucic and gadoleic acids were 
found in body fats (19,20,41). These acids were also 
present in milk of female rats fed rapeseed oil (42), 
whereas erucic acid was not incorporated in chicken 
egg lipids (43,44). 

Both rapeseed and canbra oils have common fat ty 

TABLE IV 

Deposition of Oadolcic, C~oa, Erucic, Cssa, and Linolenic, C~:a, Acids 
in Various Tissue Lipids of 3-Month-01d Rats Fed 

30 cal % Rapeseed  Oil  for Nine Weeks 

Tissue, Epi- Ab- Muscle 
(fatty acid, didy- mal  dom-inal Liver Heart Brain trocne- (gas-  
% ) fat fat mius ) 

Gadolelc 6.6 7.2 1.7 3.1 3.5 5.6 
Erucic 6.9 7.4 1.4 7.6 1.1 5.7 
Linolenic 5.4 5.2 1.1 1.8 1.0 2.3 
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TABLE V 

Linoleic, Cls:2, and Arachidonic, C~o:4, Acid Contents :* 
in Liver and Hear t  of Rats Fed 30 eal % 

Different Vegetable Oils 
for Nine Weeks 

Fat ty  acid Linoleie Arachidonic 

Tissue (Oil) Liver Hear t  Liver Heart  

Peanut  9.8 16,6 17.8 21.8 
Rapeseed 11,9 18.3 13.0 16.9 
Canbra 10.2 19,6 12.5 12.9 

a Per  cent of total fatty acids. 

acid patterns such as low level of palmitic acid, high 
level of monounsaturated acids and similar ]inolenic 
acid contents. These dietary f a t ty  acids can also 
influence the nature  and the level of tissue fa t ty  acids 
in animals fed such dietary oils (22,45). According 
to Mohrhauer et al. (46-48) they might affect the 
in vivo linoleic acid metabolism and therefore the 
polyunsaturated acid profiles of tissues. This last 
aspect should be fur ther  investigated. So far  like 
other authors we have observed but  have not explained 
the tendency for arachidonic acid content of the liver 
and the hear t  to be lowered in rats fed either rape- 
seed oil (21,32) or canbra oil (Table V).  

Physiological Effects of Rapeseed and Canbra 0ils 
The effects of dietary rapeseed oil on rat  reproduc- 

tion were studied some years ago (49,50) and recently 
reexamined in the rat  (51) and in the pig (18). The 
most recent conclusions seemed to emphasize the 
effects of diet conditions met by the animals ra ther  
than a pr imary  action of one or the other fa t ty  acid 
of the oil. Hyperl ipidic  diets and inadequate supplies 
of vitamins such as vitamins E and A, can be de- 
terming factors in the results obtained. To our 
knowledge no such studies have been conducted with 
canbra oil. 

Of great concern today is the physiological effects 
of rapeseed oils part icular ly on heart  muscle. As 
early as 1960 Roine et al. (52) first observed but  did 
not explain myocarditis in rats fed large amounts 
(50-70 cal %) of rapeseed oil high in erucic acid. 
A l i terature survey of the subject shows that  my0- 
carditis induced by dietary lipids other than rape- 
seed oil can be achieved in different animal species 
(53-59). In  order to explain the observed patholog- 
ical changes, Allain (54) pointed out that  oxidation 
of f a t ty  acids in the rat  hear t  was incomplete if 
ethyl laurate in large amounts was fed to animals 
and that  fa t ty  infiltration, mainly free fa t ty  acids, 
occurred prior  to heart  damages. 

Since 1967 we have been gathering enough anatom- 
ical data to confirm Roine's results and to show 
myocarditic lesions in 2-12-month-old rats fed rape- 
seed oil as 15% by weight of diet (17,45,60). A 
control group fed peanut  oil was anatomically normal. 
The lesions were nonreversible and no fa t ty  hearts 
were found in 3-month-old rats. Similar results were 
obtained very recently by Beare-Rogers (61) and by 
Abdellatif  and Vles (62) in tile ra t  and in the 
duckling (63,64). I t  was shown that  lipid accumula- 

tion in cardiac and skeletal muscles seemed to occur 
in the very  early stage of feeding rapeseed oil and 
to decrease thereafter.  Analyses of the nature  of the 
accumulated lipids in heart  tissue (65) showed a 
large increase (x  10) in the triglyceride content and 
a smaller increase of free fa t ty  acids (X 2.4). Par-  
t ially hydrogenated rapeseed and herr ing oils also 
induced heart  lipid accumulation but  to a somewhat 
smaller degree than liquid rapeseed oil (61). Since 
then confirmation has been found in aur laboratory. 
Large increase of heart  lipid content was obtained 
within a few days in weanling rats fed rapeseed oll 
as 15% by weight of diet (Table VI) .  Up to 40% 
of the total f a t ty  acids of heart  lipids in weanling 
rats fed rapeseed oil for three days has been found 
to be erucic acid. The effect of additional saturated 
fats to rapeseed oil in order to reduce the cardiac 
lipid accumulation and lesions has not as yet  been 
clearly explained (64). Inabili ty of isolated heart  
mitochondria to oxidize substrates (glutamate for 
instance) normally when erueic acid was fed to rats 
has been recently demonstrated by Houtsmuller  et al. 
(65). Consequently the rate of A T P  synthesis was 
depressed. Possible similar effects of other dietary 
long chain fa t ty  acids, such as those in herring oil, 
were suggested by Beare-Rogers (61). Physiological 
effects of canbra oil on cardiac muscle have also been 
investigated. According to Abdellatif  and Vles (66) 
heart  damages were induced only by diets containing 
erucic acid and no lesions were observed in rats fed 
canbra oil. Under  our own experimental conditions, 
the same as those used with rapeseed oil, we came to 
different conclusions: persistent, although less 
frequent  and severe, cardiac lesions were obtained in 
rats fed canbra oil as 15% by weight of diet. How- 
ever, it was impossible to show any heart  lipid 
accumulation with canbra oil correlating with that  
observed with rapeseed oil in the weanling rat. The 
effect of an unbalanced ratio of palmitic-mono- 
ethylenic acids of the oils on hear t  muscle was then 
studied (45). So far  we have not been able to induce 
myoearditis in rats fed diets containing palmitie and 
oleic acids in similar amounts to those provided by 
canbra oil. 

Exper imenta l ly  obtained myocarditis in different 
animal species fed rapeseed oils high or low in erucic 
acid must be fur ther  investigated, lV[yoeardium lipid 
metabolism as influenced by dietary fa t ty  acids has 
to be studied thoroughly. As a mat ter  of fact  the 
causal effect of cardiac lipid deposition induced by 
these par t icular  dietary fa t ty  acids to product  myo- 
cardium lesions has to be ascertained. Final ly  canbra 
oil, predicted to be produced in large quantities, 
needs to have its nutri t ional  properties better defined. 
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