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The effects of zero-erucic acid rapeseed oil and rapeseed oil-containing margarine on plasma fatty acid 
composition and serum cholesterol were studied in butter users (n 43). Compliance to the substitution was 
followed by fatty acid analysis of total plasma and plasma phospholipids. The amount of substitute fats 
represented, on average, 21 YO of total fat and 8 % of total energy intake. Changes in the relative fatty 
acid composition of plasma phospholipids indicated further fatty acid metabolism, and were closely 
related to the serum cholesterol level. The reduction in saturated fatty acids led to a significant increase 
in the proportion of n-3 and n-6 polyunsaturated fatty acids (PUFA) with the rapeseed oil diet, whereas 
the margarine caused a significant rise in n-6 PUFA only. The increase in the proportions of the two 
PUFA families occurred in accordance with their competitive order, most completely with the rapeseed 
oil diet. When butter was replaced by rapeseed oil, low-density-lipoprotein-cholesterol decreased by an 
average of 9.1 YO without a reduction in high-density-lipoprotein-cholesterol. During margarine 
substitution the reduction was 5.2%, on average. Of the plasma phospholipids, a-linolenic acid and the 
linoleic: stearic acid ratio, but not oleic acid, were the components most significantly correlated with 
serum cholesterol levels or the decrease in these levels. The results show that rapeseed oil can act 
primarily as a source of essential fatty acids, rather than that of monoenes, in the diet of butter users. 

Zero-erucic acid rapeseed oil : Plasma fatty acids : or-Linolenic acid : Serum cholesterol 

Low-density-lipoprotein-cholesterol (LDL-C) constitutes a major risk factor for coronary 
heart disease (Keys, 1970). Saturated fat has been clearly demonstrated to raise both total 
cholesterol (TC) and LDL-C levels (Hegestedt et al. 1965), in contrast to hypo- 
cholesterolaemic polyunsaturated fatty acids (PUFA; Nestel, 1987). Linoleic acid (LA) 
plays an important role, since a low proportion in plasma and adipose tissue lipids is 
considered to be associated with a high incidence of coronary heart disease (Logan et ul. 
1978; Riemersma et al. 1986). Dietary modification is the first step in lowering cholesterol 
levels. It is recommended that the intake of saturated fat be restricted, and the use of 
vegetable oils containing mainly monounsaturated fatty acids (MUFA) and PUFA be 
favoured. 

Zero-erucic acid turnip rape (Brassica campestris) varieties, cultivated on an extensive 
scale during the last decade, have become an important source of vegetable oil also in 
Finland (Laakso, 1986). Rapeseed oil (canola-type oil), owing to its versatile fatty acid 
composition consisting of essential linoleic (about 22 YO) and a-linolenic acids (a-LLA; 
about 11 YO) and high content of MUFA (about 60 YO), can be used to balance a high- 
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saturated-fat diet. Rapeseed oil also has the lowest saturated fatty acid (SaFA) content of 
major vegetable oils (about 6 % ;  Ackman, 1983). 

A reduction in cholesterol levels during rapeseed oil substitution has been demonstrated 
in several studies (Savoie et al. 1983; Renaud et al. 1986; McDonald et al. 1989). The 
cholesterol-lowering effect of rapeseed oil has been attributed to its high content of oleic 
acid (OA), whereas PUFA are responsible for the anti-thrombotic effects (McDonald et al. 
1989). a-LLA acts as a precursor of eicosapentaenoic acid (EPA) in man (Sanders & 
Younger, 1981), and an increase in plasma EPA levels has been reported during rapeseed 
oil supplementation (Lassere & Jacotot, 1983; Renaud et al. 1986; Weaver et al. 1990). 

In studies dealing with cholesterol the dietary control is usually based on dietary diaries 
and evaluation of nutrient intake. The decrease in cholesterol levels is often attributed to 
the most prominent change made in the composition of dietary fat, without measuring the 
response at the plasma fatty acid level. Thus, the possible relationships between minor 
compounds and cholesterol have been largely ignored. Furthermore, when experiments are 
started with a high intake of SaFA the determination of which fatty acids are primarily 
needed in the diet may be obscured. The fatty acid composition of total plasma reflects the 
dietary fat within a couple of days, whereas that of phospholipids is more stable and 
representative of the type of dietary fat consumed during a longer period of time 
(Dougherty et al. 1987 ; Moilanen, 1987). Determination of the plasma phospholipid-fatty 
acid pattern is also important, since a low PUFA and high SaFA concentration are 
considered to be a predictor of coronary heart diseases (Miettinen et al. 1982). 

The aim of the present study was to examine the effects of partial rapeseed oil and 
margarine substitution on plasma fatty acid composition and serum cholesterol in butter 
users. The only change made to the diet was the replacement of butter on bread by rapeseed 
oil or rapeseed-oil-containing margarine. Relationships between plasma fatty acids and 
serum cholesterol were also studied. 

S U B J E C T S  AND METHODS 
Sub& rs 

The screening study was carried out in the Turku area (SW Finland) in January 1988 (Fig. 
1). A total of 400 persons of working age were screened, and those with serum TC levels 
between 5.0 and 8.5 mmol/l and triacylglycerols (TG) less than 3.5 mmol/l were accepted 
for further investigation. The majority of the subjects were excluded owing to minor use of 
bread and butter (< 3 slices of bread/d) or drug therapy, and the use of fat-containing 
nutritional supplements such as cod-liver oil or evening primrose (Oenorhera biennis) 
seed oil. 

The final grouping was done according to the baseline samples taken at the end of 
February. Subjects who used butter on bread were divided into rapeseed oil ( n  20) and 
margarine (n  23) groups alphabetically. A control group (n  1 l), which consisted of persons 
who used both butter and common LA-rich margarines on bread (mixed fat users, Fig. l), 
was used to monitor changes in lipid levels during the trial period from February to May. 
The substitution groups were similar as regards gender and age, whereas the mean age and 
body mass index (BMI; kg/m2) were slightly lower (not significant; NS) in the final control 
group (Table 1). 

Substitute ,fats 
Rapeseed oil was used on bread as a water-oil emulsion (fat content 650 g/kg). The 
margarine contained rapeseed (240 g/kg), sunflower, coconut and partially hydrogenated 
soyabean oils (fat content 800 g/kg). 
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Fig I Screening and grouping of the subjects. (n), Experimentdl groups for whom the mean totdl cholesterol 
values are shown 

Table 1.  Characteristics of the dietary groups 
- __ .- ~ ~~ 

~.. ~ .~ __ 
Subjects 

Group* n Men Women (years) BMI 

Rapeseed oil 20 10 10 45.7 25.7 
Margarine 23 11 12 44.8 254 
Control 11 5 h 41.0 24.7 

BMI. body mass index (kg/m'). 
* For details of screening, see Fig. I 

Age .~ 

~ 

. .  ~ .. ~- 

The substitution period during which the butter on bread was replaced by these fats 
lasted for 6 weeks. No other changes were made in the diet. During the post-experimental 
period (6 weeks) the subjects returned to using butter on their bread. The control group was 
asked not to make any dietary changes during the 12-week trial. 

The fatty acid composition of the substitute fats, butter and rapeseed oil, as determined 
by gas-liquid chromatography (GLC; Seppiinen-Laakso et al. 1990), are presented in 
Table 2. 

Dietary controf 
All the subjects (n  54) kept 3 d dietary diaries at the baseline and at 6 weeks, and the data 
obtained were analysed for nutrients using a computerized food table-based Nutrica 
programme (Table 3;  Seppanen, 1987). The consumption of substitute fats given in 
portions was controlled twice (at 3 and 6 weeks). Body-weight and BMI were recorded at 
each blood sample withdrawal. 

Blood samples and lipid analyses 
Fasting blood samples were taken at the baseline, at 3 and 6 weeks of substitution, and at 
the end of the post-experimental period. Compliance to the substitution was followed by 
total plasma and plasma phospholipid fatty acid analyses using optimized capillary GLC 
techniques. The reproducibility of the method expressed as the mean relative standard 
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Table 2. Fatty acid composition (g / IOO g total fat ty  acids) of substitute fats,  butter and 

~ 

~ 

rapeseed oil 

Rapeseed oil 
Fatty acids emulsion* Margarine? Butterti 

Saturated 
10:&14:0 
Palmitic acid 
Stearic acid 

Total 
Monounsaturated 

Palmitoleic acid 
Oleic acid 

20 0-24 0 

Eicosenoic acid 
Erucic acid 
Total 

Polyunsaturated 
Linoleic acid 
a-Linolenic acid 
Eicosadienoic acid 
Total 

(16:O) 
(18:O) 

(16: In-7) 
(18: 1 cis) 
(1 8 : 1 trans) 

(22: In-9) 
(20: In-9) 

(1 8 : 2n-6) 
(18: 3n-3) 
(20:2n-6) 

0. I 
3.3 
1.5 
0.8 
5.7 

0.1 
57.2 

1.6 
0.9 

59.8 

24.3 
10.1 
01 

34.5 

~ 

4.5 
8.0 
7-2 
0.9 

20.6 

0.1 
31-1 
16.4 
0.6 
0-3 
48.5 

28.1 
2.7 
0 1  

30.9 

19.7 
360 
13.8 
0.2 

69.7 

1.6 
243 

1.9 
0.3 

28.1 

1.7 
0.5 

2.2 

- 

- 

* Fat content 650 g/kg. 
t Fat content 800 g/kg. 
$ Commercial sample. 

Zero-erucic acid 
rapeseed oil$ 

0.1 
3.3 
1 .5 
0.7 
5.6 

0 2  
57.0 

1.5 
0.9 

59.6 

- 

23.5 
11.2 
0.1 

34.8 

deviation (RSD) was 2.4 and 3.9 YO for fourteen total plasma and twelve plasma phospholipid 
fatty acids respectively (Seppanen-Laakso et al. 1990). The percentage of the method- 
ological variation (‘error’) relative to the total variation ranged from 0.5 to 6.4 for 
fourteen total plasma fatty acids of 100 subjects. The corresponding percentages for a- 
LLA, LA, OA and EPA in plasma phospholipids were 3.2, 0.9, 1.0 and 1.7 respectively, 
whereas in the case of palmitic and stearic acid the methodological variation represented 
18 and 9 %  of the total variation respectively (Seppanen-Laakso et al. 1990). 

Serum TC and TG values were determined enzymically, as well as high-density- 
lipoprotein-cholesterol (HDL-C), after precipitation with polyethyleneglycol (PEG-6000; 
final concentration 100 g/l; Viikari, 1976). LDL-C levels were calculated according to the 
Friedewald et al. (1972) formula. 

Statistical differences in lipid levels were analysed by the paired t test. Pearson’s 
correlation coefficients and regression were used to study the relationships between fatty 
acid composition and cholesterol concentration. All the significance levels are given two- 
sided. 

R E S U L T S  

Dietary characteristics 
The consumption of substitute fats given in portions varied from 8 to 46 g/d (as 100 YO fat), 
the mean dose being 18 g/d in the rapeseed-oil group and 23 g/d in the margarine group. 
According to the dietary diaries (Table 3) substitute fat accounted for 20 and 22 YO of the 
total fat intake in the rapeseed-oil and margarine groups, corresponding to 7 and 8 % of 
the total energy intake respectively. No significant changes in fat intake were registered 
during the study and body-weights remained unchanged. 
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Table 3. Mean dairy nutrient intakes of groups of subjectst substituting butter on bread by 
rapeseed oil or rapeseed oil-containing margarine$ 

Rapeseed-oil group Margarine group Control group 

Before During Before During 
Nutrient5 substitution substitution substitution substitution Meanii 

Energy intake: (kJ) 9226 8597 8533 845 1 8352 
(kcal) 2200 2050 2030 2010 1990 

Protein 15.6 12.9*1 15.5 15.9 15.1 

SaFA 17.4 14,0** 1 16.8 15.5 15.5 

PUFA 5.6 8.1**f 5.3 6.5*f 5.5 

Fats : 
Total 38.8 40.4 37.6 37.9 36.4 

MUFA 122 151*f 12.0 12-8 13.2 

P:S 0.34 0.67**f 0.33 0.46* * t 0.40 
Fat on bread: 6.2 6.8 7.3 7.9 9.1 

Carbohydrates 39.4 400 40.9 41.0 39.6 
Alcohol 1.1 1.6 1.3 0.4 3.3 
Cholesterol (mg/d) 377 293 436 319*1 345 
Fibre, gel-forming (g/d) 22.9 24.7 19.0 19.3 19.4 

! g / k  fat) 167 202 194 219 264 

SaFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; P :  S, 

Mean values were significantly different from corresponding baseline values (paired t test). * P < 0.05, 

t For details of screening procedures and groups of subjects, see Table 1 and Fig. 1, 
$ For details of fatty acid composition, see Table 2. 
5 % of total energy unless otherwise indicated. 

i Mean of 6 d. 

PUFA:SaFA; t, increase; 1, decrease. 

**P<O.OI. 

The PUFA:SaFA ratio (P:S) of dietary fat doubled during rapeseed oil substitution, 
since the proportion of SaFA decreased and that of PUFA increased significantly (Table 
3). The proportion of MUFA also increased. During margarine substitution the rise in P :  S 
ratio was primarily due to an increase in PUFA. No significant changes were found in daily 
nutrient intake in the control group and, therefore, the data in Table 3 are expressed as the 
mean values of two 3 d dietary diaries. 

The average intake of a-LLA derived from rapeseed oil supplementation was 1.8 g/d, 
covering approximately 20 g/kg total fat (0.8 YO of total energy). The mean amount of 
trans fatty acids derived from margarine was 3.7 g/d, covering about 43 g/kg total fat 
(1.7 YO of total energy). 

Total plasma fatty acids 
The most characteristic constituents in the substitute fats were OA, (18: ln-9) and LA 
(1 8 : 2n-6) and additionally a-LLA (18 : 3n-3) in rapeseed oil (Table 2). The changes in their 
proportions in total plasma, as well as those of total SaFA and EPA (20:5n-3),  are 
presented in Table 4. 

The proportion of a-LLA increased during the rapeseed-oil diet ( P  < O.OOl), and 
decreased to the baseline level at the end of the study (Table 4). The rise correlated with 
the amount of rapeseed oil used ( r  + 0.5 1, P < 0.05, n 20). The most significant increase in 
the relative amount of LA occurred at 6 weeks in both substitution groups ( P  < 0.001 ; 
Table 4). During the 6 week post-experimental period the values did not completely revert 
to the baseline level. Changes in the plasma OA levels were slight and resembled those of 
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the control group. The proportion of SaFA was lowest after the 6 week substitution period 
and did not reach the baseline level at 12 weeks, although the subjects had returned to using 
butter during the post-experimental period. The changes in the control group as regards the 
main dietary fatty acids were clearly minor and not significant (Table 4). 

Plasma phospholipid fat ty  acids 
The changes in the fatty acid composition of the plasma phospholipids are presented in 
Table 5. The proportion of a-LLA increased considerably in the rapeseed-oil group at 3 
weeks ( P  < 0.001), but returned to the baseline level at 6 weeks. In both substitution groups 
the increase in the relative amount of LA was clearly less than that in total plasma. In the 
case of OA a significant decrease was found at 6 weeks in the rapeseed-oil group. The 
proportion of SaFA fell during the first 3 weeks, but at 6 weeks a partial restoration 
occurred in contrast to total plasma. At 6 weeks the relative amount of stearic acid returned 
to the baseline level in both substitution groups (Table 5). 

The proportion of n-3 PUFA including EPA increased in the rapeseed-oil group after 3 
weeks substitution (1.7 %, P < 0.001), and remained unchanged for the next 3 weeks (Table 
5). The increase in n-3 PUFA was greater than that in the margarine group at both 3 
( P  < 0.05) and 6 weeks ( P  < 0.01, unpaired t test). A significant rise in the level of n-6 PUFA 
did not occur until the end of substitution, when there was a simultaneous decrease in 
MUFA (-2.3 YO, P < 0.001). The proportion of SaFA fell after 3 weeks substitution 
(-2.9Y0, P < 0.001), remaining below the baseline value at the end of the experiment 
(P < 0.01). This reduction at 3 weeks was more pronounced ( P  < 0.05) than that during 
margarine substitution. 

In the margarine group the decrease in the relative amount of SaFA led to an increase 
in the proportion of n-6 PUFA already during the first 3 weeks ( P  < 0.01; Table 5). Most 
of the significant changes in the control group occurred between SaFA and MUFA during 
the post-experimental period. 

Serum lipids 
In the rapeseed-oil group the serum TC and LDL-C decreased by 0.49 mmol/l(7.8 YO) and 
039 mmol/l (13.4%) respectively during the first 3 weeks of substitution (Table 6). The 
corresponding changes in the margarine group were -0.39 mmol/l (6.3 YO) and 
-0.33 mmol/l(7.8 YO). Cholesterol levels recovered in both groups between weeks 3 and 6, 
but remained below the baseline values until the end of the post-experimental period. The 
HDL-C : TC ratio (YO) increased especially during rapeseed oil substitution. In the control 
group the changes in cholesterol levels were minor and not significant. 

Rapeseed oil substitution at 3 weeks resulted in a decrease of 9.4 % (-0.64 mmol/l) in 
TC and 16.3 YO (-0.79 mmol/l) in the LDL-C of subjects with baseline TC levels higher 
than 6.0 mmol/l. In the margarine group the corresponding reductions were 6-8 '/a 
( - 0.45 mmol/l) and 7.4 '/a ( - 0.34 mmol/l). An increase in serum TG levels was observed 
during the experimental period in the rapeseed-oil and control groups ( P  < 0.05; Table 6). 

Relationships between plasma fat ty  acid composition and serum cholesterol 
The relationships between plasma fatty acids and serum cholesterol were determined by 
regression analysis. Due to the large number of tests performed the significance level was 
set at P < 0-01. 

Of the plasma phospholipids, a-LLA was the only fatty acid which correlated 
significantly with the LDL-C level before substitution in the combined rapeseed-oil and 
margarine group (r -0.40, P < 0.01, n 43). 

The increase in the linoleic: stearic acid ratio in plasma phospholipids correlated with the 
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Fig. 2. Relationships between changes in plasma phospholipid fatty acids (A; YO) and fatty acid ratios and serum 
cholesterol during substitution of butter on bread by rapeseed oil or rapeseed oil-containing margarine. (a, b) 
Weeks 1-3, (c, d) weeks 4 6 .  TC, total cholesterol; SaFA, saturated fatty acids; LDL-C, low-density-lipoprotein- 
cholesterol. (n) r -0.71, P = 0.01, n 11; (b) r -0.59, P < 001, n 23; (c) r+OS8,  P < 0.01, n 20; (d) r + 0 5 1 ,  
P = 0.01, n 23. For details of butter substitutes and procedures, see pp. 64s-642, Tables 1 and 2 and Fig. 1. 

decrease in TC ( r  - 0.7 1, P = 0.01) in the rapeseed-oil group during the first 3 weeks among 
subjects with TC baseline values higher than 6.0 mmol/l ( n  11) (Fig. 2(a)). The increase in 
this ratio was 9.2 YO and the decrease in TC 9.4 YO. Slight correlation existed between the rise 
in the proportion of a-LLA and the fall in TC ( r  -0.62, P < 0.05). 

The increase in the linoleic: stearic acid ratio in plasma phospholipids (Fig. 2(b))  was 
significantly correlated with the reduction in TC in the margarine group ( r  -0.59, P < 
0.01). The change in the 1inoleic:stearic acid ratio corresponded to an increase of 8.1 YO, 
whereas the decrease in TC was 6.0%. In this aspect, the substitution groups did not differ 
significantly from each other. The change in the proportion of stearic acid at the total 
plasma level correlated positively with that of LDL-C in the margarine group ( r  +0.53, 

The cholesterol values increased in both substitution groups between weeks 3 and 6. In 
the rapeseed-oil group the change in SaFA in plasma phospholipids (Fig. 2(c)) correlated 
significantly with that of TC ( r  +0.58, P < 0.01, n 20). During the same period the increase 
in LDL-C (Fig. 2 (4) correlated with that of stearic acid in the margarine group ( r  +0.51, 
P = 0.01). 

P < 001). 
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D I S C U S S I O N  

Dietary studies are often initiated with a typical western diet characterized by a high 
proportion of saturated fat (Mensink & Katan, 1987; McDonald et al. 1989). In the present 
study the effects of a partial, easily implemented rapeseed oil and margarine substitution 
on serum lipids were monitored. Rapeseed oil was used on bread as a water-oil emulsion. 
The fatty acid composition of the emulsion was similar to that of zero-erucic acid rapeseed 
oil (Table 2). Since no other changes were made in the subjects’ habitual diet, the fat intake 
varied greatly. Based on the consumption of substitute fats given in portions, rapeseed oil 
or margarine replaced an average of 23% ( 8 4 7 % )  of the total dietary fat, while fat 
accounted for roughly 40 YO of the total energy intake. This is about the Finnish average. 
The control group was asked not to make any dietary changes during the study. 

Compliance to the substitution 
Due to the marked differences in dietary habits, it was necessary to control the substitution 
by means of total plasma fatty acid analyses. The fatty acid composition of plasma mainly 
resembles that of the TG reflecting the type of dietary fat consumed before blood sampling 
(Dougherty et al. 1987; Moilanen, 1987). 

The relative amount of SaFA in total plasma reached its lowest value at 6 weeks (Table 
4), reflecting a reduced intake of butter during substitution. The use of rapeseed oil was 
clearly verified by the significant rise in the a-LLA content, and this correlated significantly 
with the dose. The proportion of LA was increased in both substitution groups, and the 
maximum levels were reached at 6 weeks (Table 4). In contrast to the data obtained by 
dietary diaries, rapeseed oil did not cause any considerable increase in plasma OA level, 
although OA was the main compound in the substitute fat. The rise in serum TG 
concentration during rapeseed oil substitution was statistically significant, but it was minor 
and might be due to the seasonal variation, because a similar change occurred in the control 
group. 

The analyses also showed that there was a lower proportion of SaFA and higher 
proportion of LA in total plasma in all the groups at the end of May (12 weeks) than in 
the beginning of February (baseline). These differences, as well as those in serum 
cholesterol levels (Table 6), are most probably due to seasonal fluctuation. It is known that 
TC levels are lower and HDL-C levels higher during summer (Thompson, 1989). 

Changes in the fat ty  acid composition of plasma phospholipids 
The fatty acid composition of plasma phospholipids is less variable than that of total 
plasma, and reflects the type of dietary fat consumed over a period of weeks or even months 
(Dougherty et a/. 1987; Moilanen, 1987). If the changes are expected to be small then a 
highly reproducible analytical technique is required. The GLC data indicated that the 
variation of major SaFA such as palmitic and stearic acids in plasma phospholipids was 
very low. Despite their high resolution and reproducibility in GLC analysis (RSD 2.1 YO), the 
methodological variation represented 18 and 9 YO of their total variation respectively, in the 
phospholipids of 100 subjects. The corresponding ‘error’ variation for LA and OA, the two 
other major compounds, was 1 Yo only (Seppanen-Laakso et al. 1990). 

The control group consisted of persons who used both butter and margarine, which 
would explain the lower SaFA and higher LA levels a t  the baseline (Tables 4 and 5). 
However, changes in the fatty acid composition of total plasma and plasma phospholipids 
were clearly more pronounced in the substitution groups. 

During rapeseed oil substitution the major decrease in the proportion of phospholipid 
SaFA occurred during the first 3 weeks (Table 5) ,  with a simultaneous increase of n-3 
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PUFA. The fall in SaFA (2.9 YO) was reflected as a drop of only 1.2 YO in total plasma (Table 
4). Clear differences were also found in the level of n-3 PUFA, and the proportion of 
docosahexaenoic acid (DHA) in total plasma even tended to decrease in all the groups. The 
increase in phospholipid-DHA during rapeseed oil substitution was probably not high 
enough to be observed at the total plasma level. Also the decrease in DHA in other lipid 
fractions, for example in cholesteryl esters, may also be reflected in the fatty acid 
composition of total plasma. 

In contrast to total plasma, the rise in the a-LLA content was only temporary, and the 
decrease at 6 weeks probably indicates its further utilization as the precursor for longer- 
chain n-3 PUFA. The proportions of the other n-3 PUFA, including EPA, remained at a 
higher level throughout the substitution period. These results are consistent with earlier 
studies which have shown that a-LLA in rapeseed oil is responsible for the increase in n- 
3 PUFA (Lassere & Jacotot, 1983; Renaud et al. 1986), especially EPA, which in turn is 
a precursor for anti-thrombotic eicosanoids (Crawford, 1983; Renaud et al. 1986; 
McDonald et al. 1989). It is also evident that the reduction of SaFA further promotes the 
metabolism of a-LLA, since SaFA are known to suppress the activity of the elongating and 
desaturating enzymes (Crawford, 1983; Holman, 1986). It should be noted that the average 
intake of a-LLA derived from rapeseed oil supplementation represented only 0.8 % of total 
energy, which corresponds to the minimum dietary requirement for this compound 
(0.5-1 YO) (Holman, 1986; Jacotot et al. 1986). The most marked rise in n-6 PUFA in the 
rapeseed-oil group did not occur until after 6 weeks, and was associated with a 
simultaneous decrease in MUFA (Table 5). 

The three families of unsaturated fatty acids are competitive and an increase in the 
proportion of dietary a-LLA (n-3), LA (n-6) or OA (n-9) suppresses the metabolic products 
derived from the other two. The relative competitive effect is a-LLA > LA > OA (Holman, 
1986). Considerable amounts of these fatty acids are present in rapeseed oil. The changes 
in the proportions of the corresponding fatty acid families in plasma phospholipids 
occurred in accordance with this competitive ranking in the rapeseed oil group ; an increase 
in 12-3 PUFA at 3 weeks, then an increase in n-6 PUFA at 6 weeks at the expense of MUFA 
(12-9) (Table 5). These effects cannot be seen as clearly among total plasma fatty acids (Table 
4). The competitive action of essential fatty acids during the 6 week substitution period 
would also explain why the proportion of MUFA was not prominent. 

In the margarine group, the changes in total plasma fatty acids resembled those in the 
rapeseed-oil group, but in phospholipids they were usually minor (Table 5).  The most 
prominent change in plasma phospholipids occurred from SaFA to n-6 PUFA already 
during the first 3 weeks of substitution. This could be expected, since no competition existed 
with n-3 PUFA owing to the minor proportion of a-LLA in margarine. At 6 weeks the 
proportion of n-6 PUFA remained at a higher level and suppressed the MUFA, as was the 
case in the rapeseed-oil group. 

The present results show that the two dietary essential fatty acids, a-LLA and LA, are 
immediately utilized for further metabolism when even small amounts of butter are 
replaced by rapeseed oil. Thus, rapeseed oil, although having moderate amounts of these 
compounds only, can be a primary source of essential fatty acids rather than that of 
monoenes in the diet of butter users. 

Serum cholesterol v. fat ty  acid compositions 
When the correlations between serum cholesterol and plasma fatty acid compositions were 
studied, LA, a-LLA and stearic acids were the acids that most often gave significant 
associations. This was not only the case before dietary supplementation, but also when the 
changes in TC and LDL-C were analysed (Fig. 2). 
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In addition to the increasing effect on n-3 PUFA, a-LLA when incorporated into plasma 
phospholipids, may also have an important function with cholesterol, which is supported 
by the negative correlation with the rapeseed-oil diet. Further evidence is the inverse 
relationship with LDL-C levels in the combined group before substitution (P < 0.01, n 43). 

The close relationship found between stearic acid and cholesterol may be confusing, since 
it has been suggested that dietary stearic acid does not raise the plasma cholesterol 
concentration (Bonanome & Grundy, 1988). However, in adipose tissue, which reflects the 
long-term dietary fat intake, considerable differences in the level of SaFA and PUFA have 
been reported. It is of special interest that the proportion of stearic acid is twice as high 
(about 7 % )  in Finnish and Scottish populations compared with that in Italy (3 .6%) 
(Riemersma et al. 1986). The corresponding percentages of linoleic acid were 8 and 13.5, 
thus indicating an approximate 1inoleic:stearic acid ratio of 1.1 and 3.8 for Finnish and 
Italian populations respectively. This supports the prominent role of PUFA and stearic 
acid observed in the present study. Despite the fact that there was a clear decrease in the 
proportion of total SaFA and palmitic acid in plasma phospholipids during the first 3 
weeks of substitution (Table 5) ,  they did not correlate with that of TC or LDL-C. The 
closer relationships with stearic acid than with palmitic acid may simply arise from the high 
intake of stearic acid in the subjects’ habitual diet. 

The relationships between stearic acid and serum cholesterol may be obscured not only 
by the highly variable proportions of stearic acid in the diet but also by endogenous 
synthesis of stearic acid from palmitic acid (Sprecher, 1983). A continuous decrease in total 
plasma SaFA including stearic acid, and probably also in dietary cholesterol (Table 3) ,  
appeared at 6 weeks, reflecting the further reduction of butter in the diet. Despite this, the 
relative amount of stearic acid in plasma phospholipids simultaneously increased to the 
baseline level (Table 5). An increase in the conversion of palmitic acid to stearic acid is one 
possible explanation for this restoration phenomenon. The partial increase in cholesterol 
values at 6 weeks (Table 6 )  may also be of endogenous origin. In this case, the increase in 
stearic acid and also in total SaFA were correlated with the change in serum cholesterol 
(Fig. 2(c, 4). 

The reduction of 9.1 % in LDL-C levels without lowering the HDL-C values during 6 
weeks of rapeseed oil substitution is significant when we consider the low degree of 
substitution. Although the increase in dietary MUFA was not reflected at the plasma fatty 
acid levels, the effect of MUFA may be associated with HDL-C, which is known to remain 
unchanged during high-MUFA diet (Mensink & Katan, 1987; Grundy, 1987). 

The results show that even minor rapeseed oil substitution brings about favourable 
effects on the serum lipid profile in butter users. The present study also demonstrates close 
relationships between serum cholesterol and plasma phospholipid-LA, a-LLA and stearic 
acids. The decrease in SaFA and increase in both n-3 and n-6 PUFA in plasma 
phospholipids are the most desirable changes at the fatty acid level. Furthermore, the 
decrease in TC and LDL-C values without a reduction of HDL-C are factors that can be 
expected to lower the risk of coronary heart disease at the population level. 
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