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Cholesterol lowering benefits of soy and linseed 
enriched foods
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Foods such as breads and breakfast cereals enriched with a combination of soy protein (soy grits and/or soy
flour) and whole linseed are gaining popularity. Regular consumption of either whole grains or soy protein can
lower risk factors for coronary heart disease. Furthermore, linseed is a rich source of the omega-3 fatty acid,
α-linolenic acid (LNA), with purported cardiovascular benefits. The aim of this study was to determine the
effect of daily consumption of soy and linseed containing foods and Canola (as an added source of LNA) on
plasma lipid concentrations in 20 mildly hypercholesterolaemic postmenopausal women. Fasted blood samples
were taken initially and after 3 and 8 weeks to assay plasma lipids and both plasma and erythrocyte membrane
fatty acids. Urinary isoflavones were also measured. Data from 18 subjects were used for analysis. Plasma total,
low-density lipoprotein (LDL) and non-high-density lipoprotein (HDL) cholesterol concentrations fell
significantly (10, 12.5 and 12%, respectively) within 3 weeks. Although attenuated, there were still significant
reductions in total and non-HDL cholesterol (5 and 6.5%, respectively) after 8 weeks of intervention. These
reductions were associated with increases in urinary isoflavone excretion. This pilot study indicates that regular
inclusion of foods containing soy and linseed in the diet may improve plasma lipids in subjects with
hypercholesterolaemia.
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Introduction
Foods containing a combination of soy and linseed ingredi-
ents are becoming increasingly popular in Australia. We have
experienced a relatively recent proliferation of breads, cereals,
snack foods and other novel soy and linseed containing foods
offering numerous health benefits. There is considerable evi-
dence, now embodied in independent health claims for soy
protein and whole grains in the USA, that consumption of
these ingredients can reduce the risk of coronary heart dis-
ease.1,2 However, there has been no evaluation of the poten-
tial cardiovascular health benefits of foods containing a
combination of these ingredients.

Epidemiological research shows that in many countries
where the incidence of cardiovascular disease is low, con-
sumption of soy-based foods is high.3 Furthermore, there is
substantial evidence that daily consumption of foods contain-
ing soy protein can reduce total and low-density lipoprotein
(LDL) cholesterol and may increase high-density lipoprotein
(HDL) cholesterol in hypercholesterolaemic individuals. This
evidence has been summarised in a meta-analysis of 38 clin-
ical trials.4 It has also been included in numerous subsequent
studies which have formed the basis of a health claim for soy
protein recently approved by the U.S. Food and Drug Admin-
istration which states that a daily intake of 25 g of soy protein,
in combination with a diet low in saturated fat and cholesterol
may reduce the risk of heart disease.1

Soy protein is a rich source of the isoflavones, genistein
and daidzein, which have recently been implicated as con-
tributors to its hypocholesterolaemic effect.5,6 It was recently
demonstrated in an isoflavone dose–response study that a
daily intake of 25 g of soy protein containing 37–62 mg of
isoflavones could significantly lower total and LDL choles-
terol.6 However, the dose of isoflavones required to lower
cholesterol was inversely related to the initial blood choles-
terol level, such that individuals with high cholesterol expe-
rienced a reduction with only 37 mg of isoflavones/day, while
those with normal or moderately elevated cholesterol required
62 mg of isoflavones/day, even though both groups of people
were consuming 25 g of soy protein/day.

The health claim for whole grains states that regular con-
sumption of foods containing whole grains can also reduce
the risk of coronary heart disease.2 In the case of linseed, this
benefit could be attributed to a number of nutrients, includ-
ing lignans, fibre and α-linolenic acid (LNA). The nutrient
LNA comprises more than one-half of the fatty acid content
of linseed. It is the plant precursor of the very long-chain
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omega-3 fatty acids eicosapentaenoic acid (EPA) and doco-
sahexaenoic acid (DHA) which are obtained from marine
sources and are known to have beneficial cardiovascular
effects.7,8 Dietary intake of LNA can increase EPA and DHA
in the circulation by enzymatic desaturation and elongation
shortly after consumption. Although the increase is not as
great as that achieved by direct consumption of EPA and
DHA from fish or fish oil,9 the limited conversion of LNA
can nevertheless influence the formation of cytokines and
eicosanoids (thromboxane, prostaglandins, and leukotrienes)
favouring those with less vasoconstrictor, platelet-aggregatory
or inflammatory properties.10,11

Another possible benefit of whole linseed supplementa-
tion in the diet is the reduction of LDL cholesterol in both
healthy and hypercholesterolaemic individuals, which may
be attributable to the soluble fibre components of lin-
seed.12,13 This effect of linseed, together with the potential of
LNA to lower plasma triglyceride concentrations (a property
of EPA and DHA which has yet to be demonstrated with
LNA supplementation) might further enhance the hypo-
lipidaemic benefits of soy protein when consumed in a dietary
combination.

The aim of this study was to conduct a preliminary eval-
uation, in mildly hyperlipidaemic postmenopausal women,
of the potential lipid-lowering benefits of regular daily con-
sumption of soy and linseed containing foods together with
additional dietary sources of LNA.

Subjects and methods
Subjects
Newspaper advertisements were used to recruit 22 post-
menopausal women with unmedicated mild hyperlipidaemia
(plasma cholesterol > 5.5 mmol/L; triglycerides > 1.5 mmol/L)
to participate in a dietary intervention trial. Eligibility was
assessed from responses to a health and lifestyle question-
naire. Postmenopausal status was determined by the cessa-
tion of menses for more than 6 months. Exclusion criteria
included insulin dependent diabetes, frequent consumption
(i.e. several times per week) of soy or soy and linseed con-
taining foods, or the use of hormone replacement therapy
or lipid lowering medication in the past 3 months. The study
was approved by the Human Ethics Committee of the Uni-
versity of Wollongong and informed consent was obtained.

Two women chose to withdraw; thus a total of 20 com-
pleted the trial, six of whom had been clinically diagnosed
more than 2 years earlier with diabetes mellitus type 2. These
women were taking hypoglycaemic medication which did
not change during the course of the study. Subject character-
istics at baseline are shown in Table 1. One subject was
excluded from data analysis because she was initially on a
very low-fat diet and consumption of the intervention foods
resulted in an unusually large increase of fat intake. Another
subject was excluded after commencing lipid lowering med-
ication during the intervention. Thus, data from 18 subjects
was included in the final analysis. This number of subjects
could be expected to give at least 80% power to detect a sig-
nificant (P < 0.05) change in total plasma cholesterol (based
on an anticipated change of 10% with a 10% standard devi-
ation, as estimated from previous studies).14

Dietary supplements and study design
After completing a 3-week run-in period during which con-
sumption of soy and/or linseed containing foods, aspirin and
other non-steroidal anti-inflammatory drugs (NSAIDS) was
discontinued, subjects visited the clinic on 2 consecutive
days having fasted overnight. Weight, blood pressure and
fasted blood samples were taken on each day, after which
subjects began consumption of the specified test foods. The
clinic assessments were repeated after both 3 and 8 weeks.
An overnight urine collection was made at the start of the
study, while subsequent 24 h urine samples were collected
after 3 and 8 weeks. Subjects were advised to maintain their
usual physical activities during the course of the study.

At the end of the run-in period, subjects were provided
with nutritional/dietetic advice on how to adapt their diet to
incorporate the following soy and linseed foods daily: two
slices of soy and linseed bread, one soy and linseed English
muffin and a soy and linseed muesli bar and oatcake. All test
foods were manufactured and supplied by Goodman Fielder
(Sydney, Australia). The bread and muffins were commercial
products: 720 g loaves of Uncle Tobys 97% fat free Soy &
Linseed bread and Buttercup Bakeries English muffins. The
muesli bar and oatcake were custom made products contain-
ing soy protein/isoflavones and added linseed oil for the pur-
pose of enhancing dietary LNA intake. To maximise the
intake of LNA, subjects were further instructed to consume

Table 1. Baseline characteristics of subjects

Enrolled Included in evaluation
(n = 20) (n = 18)

Age (year) 57 (46–69) 57 (46–69)
Weight (kg) 77 (58–89) 78 (58–89)
BMI (kg/m2) 30 (24–40) 30 (24–40)
Blood pressure 

Systolic (mmHg) 136 (102–168) 133 (102–167)
Diastolic (mmHg) 84 (60–97) 83 (60–97)

Plasma lipids (mmol/L)
Total cholesterol 6.4 (4.9–7.7) 6.4 (4.9–7.7)
LDL cholesterol* 4.3 (2.5–5.6) 4.3 (3.5–5.6)
HDL cholesterol† 1.3 (0.9–2.1) 1.2 (0.9–1.9)
Triglyceride 2.0 (0.8–3.6) 2.1 (1.0–3.6)

BMI, body mass index; LDL, low-density-lipoprotein; HDL, high-density lipoprotein. All values given in mean (range).
*Determined by the Friedewald calculation. †HDL was separated from plasma by dextran sulphate magnesium chloride precipitation.
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20 g of Canola oil and/or margarine daily. All soy and linseed
foods were interchangeable; for example, a muesli bar could
be replaced with an oatcake or English muffin. Collectively,
these foods supplied approximately 45 mg of isoflavones,
6 g of LNA and an estimated 32 mg of lignans daily (Table 2).

Subjects visited the clinic fortnightly for collection of test
foods. Dietary compliance was assessed by three sets of three
unscheduled 24 h dietary recalls made by telephone during
the 3 weeks prior to study commencement and repeated in
the first 3 and last 5 weeks of the intervention. Subjects were
also given a diary to record their daily consumption of soy
and linseed foods. Urinary isoflavone and plasma fatty acid
determinations provided additional measures of compli-
ance. Diets were analysed by using the FoodWorks Nutrient
Analysis program, Version 1.04.001, 1997 (Xyris Software,
Highgate Hill, Brisbane, Australia). A questionnaire was also
administered to the subjects after 3 and 8 weeks of interven-
tion to assess both tolerance and acceptability of the soy and
linseed test foods.

Blood collection
At each clinic visit, fasted venous blood was collected into
tubes containing ethylenediamine tetraacetic acid (EDTA).
Samples underwent centrifugation at 1000 g for 10 min at
4°C and the plasma removed and frozen at – 80°C for 
subsequent analysis. Erythrocytes were washed with a Tris
saline buffer solution (1 M Tris (Bis Tris), pH 7.4; 0.84 M

NaCl, 8.5 × 10–4 M EDTA, 0.02 M NaN3) and subjected to
centrifugation again at 1000 g. This process was repeated
and the supernatant removed both times. The washed ery-
throcytes were stored at – 80°C for future fatty acid analysis.
On the second day of each of the three visits, an additional
9 mL of venous blood was collected into plain blood tubes,
for the subsequent determination of maximally stimulated
platelet thromboxane production.

Blood lipid analysis
The HDL was separated from fresh plasma by dextran sul-
phate magnesium chloride precipitation.15 Plasma samples
were stored at – 80°C for subsequent analysis. Plasma total
cholesterol, HDL-cholesterol and triglycerides were quanti-
fied using an automated analyser (Cobas Mira Plus auto-
mated analyser; Roche Diagnostics, Sydney, Australia)
using commercially available kits (Cholesterol CHOD-PAP,
Cat 1489232 Roche Diagnostics; Unimate 5 Trig, art 0736791
Roche Diagnostics, Australia). Non-HDL concentrations
were calculated by subtracting HDL cholesterol from total

cholesterol. The LDL cholesterol levels were estimated from
total and HDL cholesterol and triglyceride concentrations
according to the Friedewald equation.16

Isoflavone analysis
Urine samples were collected in 2 L plastic bottles contain-
ing 1.2 mg sodium azide and 1 g ascorbic acid as preserv-
atives. Isoflavone content was determined by an enzymatic
hydrolysis method adapted from King and Bursill.17 Briefly,
a 1 mL aliquot of 0.17 M ammonium acetate with 1.67 ×
106 units/L of β-glucosidase/sulphatase (Sigma, Sydney, Aus-
tralia) was added to each 500 µL urine sample and incubated
overnight at 37°C. Three ethyl acetate extractions (2 × 2.5 mL
and 1 × 2 mL) were performed. The ethyl acetate fractions
were combined and dried under nitrogen gas at 37°C and
reconstituted in 250 µL of HPLC mobile phase (60: 50: 1
(v/v/v) high performance liquid chromatography (HPLC)
grade methanol: 0.1 M NH4OAC, pH 4.6: 25 mM EDTA).
Samples were separated by HPLC (Shimadzu, Sydney, Aus-
tralia) using a C18 column (5µM, 4.6 mm by 250 mm, SGE,
Melbourne, Australia) with mobile phase flowing at a rate of
1 mL/min. Samples were analysed by electrochemical detec-
tion (ESA, Coulochem) at a potential of 520 mV, with the
conditioning set at – 50 mV and the analytical cell at 470 mV.
An injection volume of 20 mL of extracted urine was applied
to the column and measured at a sensitivity of 10 µA. Peak
areas of daidzein (Sigma, Australia) and genistein (Sigma,
Australia) were used to determine concentrations from stan-
dard curves formulae.

The isoflavone contents of the supplementary foods were
determined by grinding a 5 g sample of each food in a mor-
tar and pestle with 40 mL of absolute ethanol, 10 mL of
32% HCL and 1 mL of flavone standard (Sigma, Australia)
(0.1 mM final concentration) and refluxing at 100°C for 2 h.
The supernatant removed following centrifugation was stored
at – 20°C until subsequent HPLC analysis. A 20 µL aliquot
was applied to the column and measured at a sensitivity of
10 µA.

Fatty acid analysis
Washed erythrocytes were resuspended in a Tris buffer (10 mM

Bis Tris, 2 mM EDTA Na2, pH 7.2) in 1.7 mL tubes and
transferred to centrifuge tubes (16 × 76mm). Additional Tris
buffer was added to make a final volume of 10 mL. They
were then capped, gently inverted several times and allowed
to sit for 40 min to lyse the erythrocytes. The lysed cells were
centrifuged in a Beckman L-8 ultracentrifuge (Beckman,

Table 2. Phytoestrogen and LNA content of the soy and linseed containing food supplements

Total isoflavones (mg)* Lignan (SECO) (mg)† LNA (g)‡

Soy and linseed English muffin 10 22.5 1.2
Soy and linseed bread (2 slices) 9 9.0 0.5
Soy and linseed muesli bar 10 – 1.5
Soy and linseed oatcake 16 – 1.5
Canola margarine (15g) – – 0.8
Canola oil (5g) – – 0.5
Total 45 31.5 6.0

*Total isoflavones equals the sum of genistein and daidzein in the foods. †Estimated lignan content of the foods derived from values observed from assays
performed with whole linseeds in our laboratories, SECO, secoisolariciresinol. ‡LNA, alpha-linolenic acid.
– Indicates the dietary component is not present in the food.
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CA, USA) at 50 000 g for 30 min at 4°C. The pelleted eryth-
rocyte membrane was recovered and resuspended in 200 µL
of distilled water. Aliquots of 150 µL were removed for
direct transesterification.18 Briefly, 2 mL of methanol:toluene:
(4: 1) was added and each sample vortexed on high while
200 µL of acetyl chloride was added slowly using a positive
displacement pipette. Samples were then capped and placed
in a heat block for 60 min at 100°C. Following heating, 
the tubes were placed in an ice bath for 5 min for rapid cool-
ing. Then 3 mL of potassium carbonate was added and
samples were centrifuged at 1000 g for 8 min at 4°C. The
upper toluene phase, containing fatty acid methyl esters, was
removed, ready for gas chromatography.

Fatty acid methyl esters were analysed by flame-ionization
gas chromatography (model GC-17 A, Shimadzu) using a
30 m × 0.25 mm internal diameter capillary column. Individ-
ual fatty acids were identified by comparison with known
fatty acid standards. The temperature program consisted of
an initial temperature of 185°C, ramp function of 5°C/minute
for 15 min, maintaining 260°C for 5 min, resulting in a total
run time of 20 min. Injector and detector temperature were
260°C. The carrier gas was ultra-high purity hydrogen and
the column flow rate was 1.54 mL/min. Peak quantification
was calculated by area for corrected normalisation.

Thromboxane analysis
Fasting blood samples collected in plain blood collection
tubes were placed immediately into an agitating water bath
at 37°C for 60 min for maximal stimulation of platelets.
Samples underwent centrifugation at 1000 g for 10 min at
4°C and subsequently, serum was removed from the pelleted
blood clot. Maximally stimulated plated thromboxane levels
were then assayed from the serum samples using an EIA
Thromboxane B2 Enzyme immunoassay kit (Cat. 519031;
Cayman Chemical, Ann Arbor, USA).

Statistical analysis
Within subjects, changes were determined between (i) base-
line and 3 weeks, (ii) baseline and 8 weeks and (iii) 3 and 
8 weeks. Paired t-tests were used to determine statistical
significance (P < 0.05) when comparing differences between
two time points. Where assessments were made on three
occasions, a Bonferroni correction was used (P < 0.017).
Significance of an overall effect was determined using a

repeated measures called MANOVA. Correlations between
initial values and changes with intervention in various para-
meters were assessed by linear regression.

Results
Anthropometric and dietary data
Subject compliance with the soy and linseed diet inter-
vention appeared to be good. Self-reporting indicated that,
with a few exceptions as a result of illness or special occa-
sions, all test foods were consumed daily. No subject omit-
ted soy and linseed foods from their diet for more than 
2 days.

Dietary intakes were estimated by analysing 24 h food
recalls obtained from unannounced telephone calls (Table 3).
The percent of total energy (%E) obtained from carbo-
hydrate, protein and total fat after 3 and 8 weeks did not
change when compared with baseline values. The ratio of
dietary polyunsaturated to saturated fat (P:S) however, did
change with polyunsaturated fat intake increasing 85% 
(P < 0.001) and saturated fat consumption decreasing by
23% of the baseline value (P < 0.001) after 3 weeks. The
favourable change in P:S ratio was maintained for the study
duration. Fibre consumption was doubled after 3 weeks of
soy and linseed supplementation. Again these higher intakes
were maintained through until the end of 8 weeks. There was
no significant change in weight or body mass index (BMI) at
either 3 or 8 weeks of the intervention.

Plasma lipids
Plasma concentrations of total, LDL and non-HDL choles-
terol (total – HDL cholesterol) were significantly reduced
with daily consumption of soy and linseed containing foods
(P < 0.001, repeated measures MANOVA). Reductions of 10,
12.5 and 12%, respectively, were seen within 3 weeks of
commencing the dietary supplementation (Fig. 1). However,
these reductions were attenuated after 8 weeks, with only
total and non-HDL cholesterol concentrations remaining
significantly lower than baseline values (P < 0.017). A non-
significant trend towards increased HDL cholesterol and
reduced triglycerides was observed after 3 weeks, with con-
centrations returning to baseline by the end of the interven-
tion (Table 4). There was a significant correlation between
baseline concentrations of triglycerides and the reductions
observed after 3 weeks (r = – 0.458, P < 0.05).

Table 3. Estimates of subjects’ daily nutrient intakes at baseline, weeks 3 and 8 of the intervention†

Duration of diet
Baseline Week 3 Week 8

Total energy (KJ) 7756.1 ± 738.1 8287.2 ± 391.5 7942 ±405.7
Dietary intake (% Energy)
Carbohydrate 44 ± 2.1 40.9 ± 1.2 42.2 ± 1.7
Protein 18.8 ± 0.9 19.1 ± 0.6 18.2 ± 0.8
Alcohol 1.3 ± 0.8 0.8 ± 0.6 0.2 ± 0.1
Fat 34.7 ± 2.4 37.2 ± 1.3 37.5 ± 1.5
PUFA 6.3 ± 0.5 11.3 ± 0.4* 11.7 ± 0.4*
SFA 13.4 ± 0.8 10.3 ± 0.5* 10.0 ± 0.7*
MUFA 14.3 ± 1.5 15.5 ± 0.7 15.7 ± 0.9
Fibre (g) 24.5 ± 1.7 51.2 ± 2.5* 47.0 ± 2.3*

†Mean ± SEM. PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids; MUFA, monounsaturated fatty acids. Asterisk denotes values that are
significantly different from baseline (P < 0.017).
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Urinary isoflavones
Consistent with a normal western diet, the mean urinary
isoflavone excretion rate at baseline was negligible (Fig. 2).
No individual excretion rate exceeded 0.94 mg/day. Thus, it
is not surprising that 3 weeks of soy and linseed supplemen-
tation resulted in a 30-fold increase in the total isoflavone
excretion rate. Urinary excretion of genistein and daidzein
increased from 0.12 to 1.3 mg/day and from 0.11 to 5.3 mg/
day, respectively, after 3 weeks. At the end of 8 weeks, the
excretion rate of total isoflavones (2.04 mg/day) was still
significantly higher than the baseline, but lower than the
rate of excretion observed at 3 weeks (6.6 mg/day), with
the observed rate of excretion representing only an approxi-
mate eightfold increase from baseline values.

Plasma fatty acids
The proportion of LNA relative to total plasma fatty acids
more than doubled during the intervention (Table 5), with 
a resultant increase in plasma EPA (57% after 3 weeks and
69% after 8 weeks). There were also modest increases in
DHA and linoleic acid in plasma after 8 weeks but there was
no change in arachidonic acid.

Erythrocyte fatty acids and platelet thromboxane
Despite the significant increases observed in plasma levels 
of LNA, EPA and DHA, there was no evidence of increased
incorporation of these fatty acids into erythrocyte mem-
branes after 8 weeks of dietary LNA supplementation
(Table 6). Similarly levels of arachidonic acid, the predomi-
nant omega-6 fatty acid precursor of eicosanoids, remained
unaltered. Accordingly, maximally stimulated platelet throm-
boxane production, known to decrease as a consequence 
of increased intracellular levels of EPA and DHA, did not
change significantly. Several subjects had still been taking
NSAIDS at baseline. In the 15 subjects not taking NSAIDS,
concentrations of thromboxane B2 in serum from incubated
blood taken initially and after 8 weeks of intervention, were
187 ± 28 and 153 ± 30 pg/mL, respectively, representing a
within-individual reduction of 34 ± 23 pg/mL (not significant).

Discussion
The primary finding of this study was that daily consumption
of soy and linseed containing foods and Canola by mildly
hypercholesterolaemic women resulted in clinically signifi-
cant improvements of plasma cholesterol after 3 weeks. The
reductions of total, LDL and non-HDL cholesterol were not
transient but were still evident, albeit reduced in magnitude,
after 8 weeks of continuous dietary supplementation. Changes
in the intakes of several nutrients which occurred as a con-
sequence of the soy, linseed and Canola supplementation
may have accounted for the observed changes in plasma lipid.
Apart from the increased intake of soy protein and isoflavones,
saturated fat intake decreased and there were increases in the
intake of polyunsaturated fat (primarily LNA), fibre and lig-
nans. All of these changes had the potential to contribute to
the reduction of plasma cholesterol concentrations.

The influence of soy protein consumption on plasma
cholesterol concentrations has been the subject of extensive
investigation, culminating in the above-mentioned health
claim for soy protein.1 The meta-analysis by Anderson et al.
found that in individuals with mildly elevated plasma cho-
lesterol (5.2–6.6 mmol/L), soy protein consumption accounted
for a 4.4% reduction in total plasma cholesterol independent
of changes in saturated fat, total fat or dietary cholesterol
intakes.4 However, not all studies have confirmed this effect.
Potter et al. found that daily consumption of 40 g of soy pro-
tein failed to reduce either total or LDL cholesterol in mildly
hypercholesterolaemic postmenopausal women.19

Most of the studies included in the meta-analysis did not
report the amount of dietary isoflavones contained within
the soy protein supplements. Subsequent research, however,

Figure 1. Percent changes in fasting blood lipids at 3 and 8 weeks com-
pared with baseline values. Asterisks denote plasma lipid concentrations
which are significantly different from baseline (P < 0.017) using a
paired t-test with Bonferroni correction. ψ denotes significant difference
between 3 and 8 weeks (P < 0.017). Repeated measures analysis con-
firmed significant reductions in total, LDL and non-HDL cholesterol
(P < 0.01). TC, total cholesterol; LDL, low-density lipoprotein; HDL,
high-density lipoprotein; TG, triglyceride; (�), week 3; (�), week 8.

Table 4. Plasma lipid concentrations (mmol/L) at baseline and during the intervention†

Duration of diet
Baseline 3 weeks 8 weeks

Total 6.44 ± 0.19 5.80 ± 0.20* 6.11 ± 0.24*
LDL 4.30 ± 0.16 3.79 ± 0.18* 4.00 ± 0.19‡

Non-HDL 5.24 ± 0.17 4.65 ± 0.21* 4.92 ± 0.23*
HDL 1.20 ± 0.08 1.20 ± 0.07 1.19 ± 0.07
Triglycerides 2.06 ± 0.20 1.92 ± 0.18 1.99 ± 0.19

†Mean ± SEM. * denotes plasma lipid concentrations that are significantly different from baseline (P < 0.017). ‡ denotes plasma lipid concentrations that are
significantly different from concentrations observed at week 3 (P < 0.017). Total, total cholesterol; LDL, low-density lipoprotein cholesterol; non-HDL,
subtraction of HDL cholesterol from total cholesterol; HDL, high-density lipoprotein cholesterol.
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suggests that the isoflavones are a necessary contributor to
the hypocholesterolaemic effect.6 However, it has not been
established whether they can act independent of other com-
ponents in soy protein to affect plasma cholesterol. Prelimi-
nary studies using extracts of red clover or soy in tablet
form to provide a daily dose of 40–80 mg of isoflavones have
failed to produce any change in plasma lipids.20–22 How-
ever, these studies were conducted in subjects with normal
cholesterol concentrations and should be replicated in hyper-
cholesterolaemic individuals.

Urinary isoflavone concentrations have been shown to be
useful biomarkers of dietary soy consumption.23 The signifi-
cant increase in urinary isoflavones after 3 weeks demon-
strates good dietary compliance by the subjects. Assuming
full compliance with a dietary supplementation rate of 
45 mg/day, urinary excretion rates observed after three weeks
represent recoveries of 10 and 17% for genistein and daid-
zein, respectively, and a 14.7% recovery of total ingested
isoflavones. These values correspond with recoveries reported
by others.24–26 By 8 weeks, the recovery of isoflavones in
urine was substantially reduced. This could reflect a decrease
in dietary compliance by the subjects; however, self-reporting
of intakes in unannounced 24 h dietary recalls suggested that
the consumption of isoflavones was unchanged. This is 
further supported by the sustained increase in plasma LNA
concentration after 8 weeks. The richest sources of LNA,
namely muesli bars and oatcakes, were also the richest
source of isoflavones, particularly daidzein. If the decreased
urinary excretion of isoflavones was as a result of reduced con-
sumption of these foods, then plasma LNA concentrations may
also have been expected to decline during the course of the
study. An alternative explanation for the decrease in urinary
isoflavone excretion after 8 weeks is that there is increased con-
version of daidzein and genistein to their respective metabolites
and thus a reduction in their bioavailability. There is evidence
that the recovery of isoflavones in urine decreases progres-
sively during chronic soy consumption.27

The pattern of change in urinary isoflavone excretion
corresponds with the reduction of plasma cholesterol, sug-
gesting a causal relationship. In an attempt to estimate the
potential contribution of soy protein/isoflavone consumption
to the observed change in cholesterol, we took an average of
the cholesterol reduction attributed to soy protein consump-
tion in the above-mentioned meta-analysis4 (i.e., 4.4%) and
the extent of cholesterol reduction which might be predicted

Figure 2. Amount of isoflavones recovered from urine samples col-
lected at baseline and after 3 and 8 weeks of soy and linseed supple-
mentation. Asterisks denote plasma lipid concentrations which are
significantly different from baseline (P < 0.017). ψ denotes urinary con-
centrations which are significantly different from week 3 concentrations
(P < 0.002). Data from 15 subjects was used to compare urinary excre-
tion at weeks 3 and 8 with baseline levels. (�), baseline; (�), week 3;
( ), week 8.

Table 5. Omega-6 and omega-3 fatty acids (expressed as percentage of total fatty acids) in plasma at baseline and after 3 and
8 weeks of the intervention†

Baseline Week 3 % change Week 8 % change

LA 25.39 ± 0.99 26.03 ± 1.00 3.53 ± 3.28 27.92 ± 0.76* ‡ 12.39 ± 4.28
AA 6.0 ± 0.45 5.67 ± 0.37 – 2.32 ± 3.85 5.97 ± 0.38 2.95 ± 3.48
LNA 0.47 ± 0.04 1.10 ± 0.10* 136.51 ± 15.19 1.17 ± 0.12* 164 ± 25.22
EPA 0.78 ± 0.08 1.20 ± 0.13* 57.33 ± 16.57 1.29 ± 0.13* ‡ 68.97 ± 12.90
DHA 2.77 ± 0.17 2.89 ± 0.21 9.69 ± 9.87 3.18 ± 0.15* ‡ 20.10 ± 8.32

†Mean ± SEM. LA, Linoleic acid; AA, Arachidonic acid; LNA, α-Linolenic acid; EPA, eicosapentaenoic acid, DHA, docosahexaenoic acid. * denotes a
statistically significant change from baseline (P < 0.017). ‡Denotes percent of total fatty acids in plasma is significantly different from that observed at 
week 3 (P < 0.017).

Table 6. Omega-3 and omega-6 fatty acids (expressed as percentage of total fatty acids) in erythrocyte membranes at baseline
and after 8 weeks of soy and linseed supplementation*

Baseline Week 8 % change

LA 7.81 ± 0.23 8.17 ± 0.23 4.78 ± 1.22
AA 15.01 ± 0.27 14.74 ± 0.26 – 1.67 ± 0.74
EPA 1.68 ± 0.06 1.63 ± 0.06 – 2. 70 ± 0. 95
DHA 10. 78 ± 0. 28 10.91 ± 0.26 1.48 ± 0. 97

*Mean ± SEM. LA, linoleic acid; AA, arachidonic acid; EPA eicosapentaenoic acid; DHA, docosahexaenoic acid.
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from the above-mentioned dose–response study6 following
consumption of 37 mg of isoflavones/day (i.e., 6%). We thus
predicted that the soy protein/isoflavone component of the
diet may have reduced total cholesterol by 5.2% (i.e., 0.33
M). This would account for all of the cholesterol reduction
observed after 8 weeks. However, it would account for only
half of the 10% decrease seen after 3 weeks, suggesting
that other dietary factors may also have contributed to the
decrease.

The increases in plasma LNA and EPA at 3 and 8 weeks
do not correspond with the pattern of change observed for
plasma lipids and are therefore unlikely to have contributed
to the hypocholesterolaemic benefit. Any cardiovascular bene-
fits of LNA supplementation are generally attributed to 
its conversion to the very long-chain omega-3 fatty acids.28

However, despite a significant increase in plasma EPA and
DHA, there was no evidence of increased incorporation of
either into membrane storage sites. Antithrombotic and
hypotriglyceridaemic effects are the hallmarks of omega-3 
supplementation. Neither plasma triglycerides nor platelet
thromboxane production were significantly changed in the
present study. The increases in plasma LNA and EPA were
similar to those reported by others using higher rates of
dietary LNA supplementation (Table 7). However, they also
found no changes in eicosanoids, plasma cholesterol or tri-
glyceride concentrations.29,31

While these and other studies do not support a cholesterol
lowering effect of LNA per se, the resultant change in dietary
P:S ratio as a consequence of increased LNA consumption
may have influenced plasma lipids. Reductions in plasma
cholesterol have been observed in both hyperlipidaemic and
healthy subjects fed whole or milled flaxseed supplements
providing doses of 24 g and 14 g of LNA/day, respec-
tively.12,33 The authors hypothesised that the flaxseed gums
and components contained within the whole flaxseed may
contribute to cholesterol reduction by increasing bile acid
excretion with increased laxation, or through lignan modula-
tion of cholesterol metabolising enzymes. These mecha-
nisms may have contributed to the reduction of cholesterol in
the present study. However, it is more likely that the change
in dietary P:S ratio from the increased LNA intake was a
contributing factor.

It has been well established that saturated fat increases
total and LDL plasma cholesterol and that polyunsaturated
fats decrease it.34,35 The observed reductions in total, LDL
and non-HDL cholesterol after 3 weeks are consistent with
the change in the dietary P:S ratio. However, the P:S ratio
tended to increase slightly between 3 and 8 weeks, while the
reductions in cholesterol were markedly attenuated. If this
dietary factor were having a great influence on plasma lipids,
it would be expected that plasma cholesterol concentrations
would not change between 3 and 8 weeks.

Dietary fibre increased significantly with the soy and lin-
seed foods, mostly in the form of soluble fibre from oats,
predominate in the muesli bar and oatcake. A recent meta-
analysis of 67 controlled trials concluded that 1 g of soluble
fibre/day produced a change in total cholesterol of –0.045
mmol/L, irrespective of initial lipid concentrations.36 Thus
the increased soluble fibre intake resulting from the con-
sumption of oats in the muesli bars and oatcakes could
account for a 0.08 mmol/L decrease in total cholesterol. This
represents about one-eighth of the observed decrease in total
cholesterol after 3 weeks. Hence, the increase in dietary fibre
is likely to be a minor contributor to the reduction in plasma
cholesterol.

This study has demonstrated the feasibility of supple-
menting the diet with soy and linseed containing foods to
achieve clinically useful reductions of total, LDL and non-
HDL cholesterol. However, the specific dietary factors and
mechanisms responsible for the favourable lipid change are
unclear. The cholesterol reductions were most likely because
of the increased consumption of soy protein/isoflavones
and a concurrent increase in the P:S ratio of the diet. This
favourable outcome warrants the conduct of longer duration,
placebo-controlled, clinical trials to examine the health ben-
efits of the soy and linseed dietary combination and to eluci-
date the underlying mechanisms. It highlights the potential to
design foods with appropriate combinations of active nutri-
ents to optimise dietary prevention and treatment of cardio-
vascular risk factors in populations with an elevated risk of
developing cardiovascular disease.
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Table 7. Comparison of study population, duration and changes in plasma concentrations of LNA and EPA in clinical trials
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Study Subjects Duration LNA dose % change in % change in 
(g/day) plasma LNA plasma EPA
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Kestin et al.29 Mildly 6 weeks 9.2 265 100
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Mantzioris et al.32 Healthy (n = 15) 4 weeks 13.7 1000 135
Li et al.30 Healthy, 6 weeks 3.7 60 20

vegetarian (n = 10)
This study Mildly 8 weeks 6 164 69

hypercholesterolemic 
(n = 18)

EPA, eicosapentaenoic acid; LNA, α-Linolenic acid.



Benefits of soy and linseed 211

Assoc. Prof. L Tapsell for collecting and analysing the dietary data in
this study. Our special thanks go to the study volunteers for their time
and commitment.

References
1. Stein K. FDA approves health claim labelling of foods containing

soy protein. J Am Diet Assoc 2000; 100: 292.
2. U. S. Food and Drug Administration. Health claim notification

for whole grain foods. http://www.fda.gov/ohrms/dockets/daily/
070899/070899. htm 1999.

3. Aldecreutz H. Epidemiology of phytoestrogens. Baillieres Clin
Endocrol Metab 1998; 12: 605–623.

4. Anderson JW, Johnstone BM, Cook-Newell ME. Meta-analysis of
effects of soy protein intake on serum lipids in humans. N Engl J
Med 1995; 333: 276–282.

5. Anthony MS, Clarkson TB, Hughes CL, Morgan TM, Burke GL.
Soybean isoflavones improve cardiovascular risk factors without
affecting the reproductive system of peripubertal rhesus monkeys. 
J Nutr 1996; 126: 43–50.

6. Crouse JR, Morgan T, Terry J, Ellis J, Vitolins M, Burke GL. A 
randomized trial comparing the effect of casein with that of soy
protein containing varying amounts of isoflavones on plasma con-
centrations of lipids and lipoproteins. Arch Intern Med 1999; 159:
2070–2076.

7. Simopoulos AP. Essential fatty acids in health and chronic disease.
Am J Clin Nutr 1999; 70: 560S–569S.

8. Nettleton JA. Omega-3 fatty acids and health. New York: Chapman
& Hall, 1995.

9. Emken EA, Adolf RO, Gulley MR. Dietary linoleic acid influences
desaturation and acylation of deuterium-labeled linoleic and lino-
lenic acids in young adult males. Biochim Biophys Acta 1994;
1213: 277–288.

10. Caughey GE, Mantzioris E, Gibson RA, Cleland LG, James MJ.
The effect of human tumor necrosis factor alpha and interleukin 1
beta production of diets enriched in n-3 fatty acids from vegetable
oil or fish oil. Am J Clin Nutr 1996; 63: 116–122.

11. Adam O, Wolfram G, Zollner N. Effect of α-linolenic acid in the
human diet on linoleic acid metabolism and prostaglandin biosyn-
thesis. J Lipid Res 1986; 27: 421–426.

12. Jenkins DJA, Kendall CWC, Agarwal S, Rao AV, Rosenberg RS,
Diamandis EP, Novokmet R, Mehling CC, Perera T, Griffin LC,
Cunnane SC. Health aspects of partially defatted flaxseed, includ-
ing effects on serum lipids, oxidative measures, and ex vivo andro-
gen and progestin activity: a controlled crossover trial. Am J Clin
Nutr 1999; 69: 395–402.

13. Bierenbaum ML, Reichstein R, Watkins TR. Reducing atherogenic
risk in hyperlipidemic humans with flaxseed supplementation: a
preliminary report. J Am Coll Nutr 1993; 12: 501–504.

14. Altman DG. Statistics and ethics in medical research. BMJ 1980;
281: 1336–1338.

15. Warnick GR, Benderson J, Albers JJ. Dextran sulfate-mg2+ pre-
cipitation procedure for quantitation of high-density-lipoprotein
cholesterol. Clin Chem 1982; 28: 1379–1388.

16. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the con-
centration of LDL cholesterol in plasma without the use of the
preparative ultracentrifuge. Clin Chem 1972; 18: 499–502.

17. King RA, Bursill DB. Plasma and urinary kinetics of the iso-
flavones daidzein and genistein after a single soy meal in humans.
Am J Clin Nutr 1998; 67: 867–872.

18. Lepage G, Roy GC. Direct esterification of all classes of lipid in a
one step reaction. J Lipid Res 1986; 27: 114–120.

19. Potter SM, Baum JA, Teng H, Stillman RJ, Shay NF, Erdman JW.
Soy protein and isoflavones: their effect on blood lipids and bone

density in postmenopausal women. Am J Clin Nutr 1998; 68:
1375S–1379S.

20. Nestel PJ, Yamashita T, Sasahara T, Pomeroy S, Dart A, 
Komesaroff P, Owen A, Abbey M. Soy isoflavones improve sys-
temic arterial compliance but not plasma lipids in menopausal and
perimenopausal women. Arterioscler Thromb Vasc Biol 1997; 17:
3392–3398.

21. Nestel PJ, Pomeroy SK, Komesaroff P, Behrsing J, Cameron JD,
West L. Isoflavones from red clover improve systemic arterial com-
pliance but not plasma lipids in menopausal women. J Clin
Endocrinol Metab 1999; 84: 895–898.

22. Hodgson JM, Puddey IB, Beilin LJ, Mori TA, Croft KD. Supple-
mentation with isoflavonoid phytoestrogens does not alter serum
lipid concentrations: a randomized controlled trial in humans. 
J Nutr 1998; 128: 728–732.

23. Chen Z, Zheng W, Custer LJ, Dai Q, Shu XO, Jin F, Franke AA.
Usual dietary consumption of soy foods and its correlation with
the excretion rate of isoflavonoids in overnight urine samples
among chinese women in Shanghai. Nutr Cancer 1999; 33:
82–87.

24. Karr SC, Lampe JW, Hutchins AM, Slavin JL. Urinary isoflavonoid
excretion in humans is dose dependent at low to moderate levels of
soy-protein consumption. Am J Clin Nutr 1997; 66: 46–51.

25. Xu X, Wang H, Murphy PA, Cook L, Hendrich S. Diadzein is a
more bioavailable soymilk isoflavone than is genistein in adult
women. J Nutr 1994; 124: 825–832.

26. Xu X, Harris KS, Wang HJ, Murphy PA, Hendrich S. Bioavail-
ability of soybean isoflavones depends upon gut microflora in
women. J Nutr 1995; 125: 2307–2315.

27. Lu LJW, Lin SN, Grady JJ, Nagamani M, Anderson KE. Altered
kinetics and extent of urinary daidzein and genistein excretion in
women during chronic soya exposure. Nutr Cancer 1996; 26:
289–302.

28. Nettleton JA. ω-3 fatty acids: comparison of plant and seafood
sources in human nutrition. J Am Diet Assoc 1991; 91: 331–337.

29. Kestin M, Clifton P, Belling GB, Nestel PJ. N-3 fatty acids of
marine origin lower systolic blood pressure and triglycerides but
raise LDL cholesterol compared with n-3 and n-6 fatty acids from
plants. Am J Clin Nutr 1990; 51: 1028–1034.

30. Li D, Sinclaire A, Wilson A, Nakkote S, Kelly F, Abedin L, 
Mann N, Turner A. Effect of dietary α-linolenic acid on throm-
botic risk factors in vegetarian men. Am J Clin Nutr 1999; 69:
872–882.

31. Sanders TAB, Roshanai F. The influence of different types of ω3
polyunsaturated fatty acids on blood lipids and platelet function in
healthy volunteers. Clin Sci 1983; 64: 91–99.

32. Mantzioris E, James MJ, Gibson RA, Cleland LG. Dietary sub-
stitution with an α-linolenic acid-rich vegetable oil increase eicos-
apentaneoic acid concentrations in tissues. Am J Clin Nutr 1994;
59: 1304–1309.

33. Cunnane SC, Ganguli S, Menard C, Liede AC, Hamadeh MJ, Chen Z,
Wolever TMS, Jenkins DJA. High α-linolenic acid flaxseed (linum
usitatissimum): some nutritional properties in humans. Br J Nutr
1993; 69: 443–453.

34. Keys A, Anderson JT, Grande F. Prediction of serum-cholesterol
responses of man to changes in fats in the diet. Lancet 1957; 2:
959–966.

35. Hegsted DM, McGrandy RB, Meyers ML, Stare FJ. Quantitative
effects of dietary fat on serum cholesterol in man. Am J Clin Nutr
1965; 17: 281–295.

36. Brown L, Rosner B, Willett WW, Sacks FM. Cholesterol-lowering
effects of dietary fiber: a meta-analysis. Am J Clin Nutr 1999; 69:
30–42.


