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Abstract

Objective: The habitual intake of the conjugated linoleic acid (CLA) isomer C18:2
c9t11 (rumenic acid, RA) was assessed and compared with plasma biomarkers.
Design: The newly developed food-frequency questionnaire (FFQ) comprised 46
food items and was validated by means of a 7-day estimated record (7-d ER).
Additionally, the dietary intake results of the FFQ, 7-d ER, the last day (1-d ER) and
the last two days (2-d ER) before blood sampling of the 7-d ER were compared to the
content of C18:2 ¢9tl11 in plasma phospholipids (PL) and triglycerides (TG) as
possible biomarkers.

Setting: Metabolic unit of a university institute.

Subjects: Fifty-seven students completed both dietary instruments. From all
participants fasting blood samples were taken.

Results: Mean daily intake of rumenic acid was 246 mg day ' and 323 mg day ' as
measured by the FFQ and the 7-d-ER, respectively. The degree of correspondence
between both assessment methods was acceptable; this is indicated by a total kappa
value of k = 0.31 (P < 0.01) and a Pearson correlation coefficient of » = 0.46 (P <
0.01). Rumenic acid content in plasma triglycerides was twice as high as found in
phospholipids. The correlation between the intake results gained with the 7-d ER
and the plasma PL contents of C18:2 c9t11 was statistically significant; this was also
true for the C18:2 c9t11 values in plasma TG compared with the intake results of one
or two days before blood sampling.

Conclusions: Regarding RA intake, the FFQ data revealed an acceptable degree of
correspondence with the 7-d ER data but failed to show significant correlations to the
potential biomarkers. However, with respect to the results of the 7-d ER, the RA
content in plasma PL and TG are possible biomarkers of short-term and medium-
term intake, respectively.
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The group of the conjugated linoleic acid isomers (CLA)
consists of different geometrical double-bond configura-
tions and positional isomers of linoleic acid. The major
CLA isomers identified are C18:2 t8¢10, C18:2 c9t11, C18:2
t10c12 and C18:2 c11t13". Predominantly, the anaerobic
bacterium Butyrivibrio fibrisolvens, localised in the
ruminant stomach, is capable of metabolising linoleic
acid (C18:2 ¢9¢12) to CLA, mainly the C18:2 ¢9t11 isomer,
also called rumenic acid. Therefore, in the human diet,
rumenic acid is provided primarily by the intake of dairy
products and meat from ruminants and represents the
quantitatively most important CLA isomer”.

Due to the potential health effects demonstrated in
animal and cell culture experiments, CLA has attracted
much scientific attention. CLA was reported to reveal
anticarcinogenic®™ and anti-atherogenic effects®” while

*Corresponding author: Email: dorothee.fremann@weihenstephan.de

the underlying mechanisms are still unclear. Of the
different isomers of CLA, rumenic acid has been indicated
as the most bioactive®. However, the CLA isomer C18:2
t10c12 may also exert profound biological effects”. In
humans, much less is known about the physiological
effects of CLA isomers'™"?.

Few estimations of dietary CLA intake are available!*1>

)

and information on the bioavailability of CLA from
foods or supplements is scarce'®!”. Moreover, data on the
extent of incorporation of dietary CLA into plasma lipids
are limited in humans'®. The suitability of plasma CLA
contents as biomarkers of their intake has not been
assessed so far.

In experimental studies dealing with the biological
effects of CLA isomers, the habitual dietary exposure has
to be considered. The average long-term diet is best
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measured by means of a food-frequency questionnaire
(FFQ) although its limitations are obvious'®. Therefore, in
the present study, a short FFQ for assessment of the
habitual CLA intake has been developed. To validate the
new dietary assessment method, comparisons were made
to the ‘gold standard’ of a dietary record over 7 days as
well as to possible biomarkers: the CLA content in plasma
lipids (as already established for other fatty acids).

Subjects and methods

Subjects

Fifty-seven female university students were enrolled in
the study, all of whom met the inclusion criteria (no
pregnancy, no breast-feeding, no metabolic disorders, no
dieting). An experienced nutritionist instructed the study
participants in the completion of the FFQ and the 7-day
estimated record (7-d ER). During the 7 days of dietary
recording, each student was contacted at least once by
telephone. The completed 7-d ER was handed in
personally, enabling a brief check of the records. The
coding of the FFQ and the 7-d ER was done within the
following two months, and in the case of problems (e.g.
missing recipes) the participants could be re-contacted.
Fasting blood samples were drawn from each participant
at the end of the protocol period.

Development of the food-frequency questionnaire
The FFQ was developed to assess the usual intake of
rumenic acid and total fat. Butter, milk, milk products,
cheese, meat, meat products are reported to be the food
items mainly contributing to the total rumenic acid
intake'’. A short questionnaire designed to assess fat
intake®® (fat screener), including 20 validated food items,
was taken as a basis and adapted. With inclusion of the
most important CLA-providing foods, the developed FFQ
included 46 food items corresponding to seven food
groups: ‘meat, meat products & fish’, ‘fat’, ‘milk & milk
products’, ‘eggs’, ‘bread’, ‘cake & sweets’ and ‘others’. The
portion sizes were indicated in household measures (such
as a glass of milk or one piece of cake). Sometimes, the
portions were defined as small, average or large (e.g.
average piece of bread). Nine consumption frequency
categories are offered in the range from ‘never’ to ‘more
than 2 times per day’. Regarding the food group ‘milk &
milk products’, two further questions on the fat content
chosen usually were inserted. The final FFQ version was
handed out with a short written instruction to provide a
tool that could be self-administered; however, due to the
personal contact, the content of the handout was repeated
orally.

The fat content of most food items in the FFQ was
estimated as a weighted average. The weighting was
created on the basis of calculations at the German
National Food Consumption Study?!. If weighting was
not necessary (e.g. butter, milk), the fat content as listed in
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the German Federal Food Code (BLS) nutrient database
(version I1.2) was used. Analytical values of rumenic acid
were taken mainly from German food analyses'*. Food
coding and calculation were done using SPSS for
Windows, version 9 (SPSS, Inc., Chicago, IL).

Seven-day estimated record

The 7-d ER was selected as reference method (‘gold
standard’). The students were asked to record all foods
and beverages in a booklet. Whenever possible, the foods
should be weighed; if necessary digital scales and a
measuring beaker were handed out to the students. The
participants were also instructed in the use of household
measures. For this purpose, they were asked to measure
the content of their usual cup of coffee, glasses and bowls
once at the beginning of the study. Students were
encouraged to provide details of home-made recipes,
including the weight of each ingredient and of the
individual serving after cooking. For meals consumed in
a restaurant, standard recipes were used®%.

The coding of the 7-d ER was performed by a
nutritionist and controlled by another using the nutrition
software Prodi 3+ (Wissenschaftliche Verlagsgesellschaft,
Stuttgart, Germany) with the nutrient database Souci/
Fachmann/Kraut (1986). This program version easily
allows the addition of further nutrients such as rumenic
acid. The inserted analytical data of the rumenic acid
content of food consisted mainly of results of German
food analyses'®.

To control underreporting, the basal metabolic rate
(BMR) was calculated® and compared with the reported
mean daily energy intake (7-d ER). A ratio of energy
intake to BMR lower than 1.1 was judged as under-
reporting®* and the corresponding person was excluded
from the study.

Blood sampling and fatty acid analysis

Blood samples were drawn after at least 12 h of fasting
into tubes containing ethylenediamine tetraacetic acid
(EDTA). The plasma samples obtained were stored until
analysis at —80°C.

Briefly, lipids were extracted from 1 ml aliquots of
plasma using a Folch-Sperry extract. Triglycerides (TG)
and phospholipids (PL) were separated by means of
thin-layer chromatography as described in detail else-
where?>%. After transesterification with trimethylsulfon-
ium hydroxide (TMSH)?, the fatty acid methyl esters
were analysed using a Hewlett-Packard 5890 Series II gas
chromatograph (GC), equipped with a flame ionisation
detector and a 50 m fused silica capillary column (CP-Sil
88, Varian-Chrompack GmbH, Darmstadt, Germany). The
fatty acids were identified by means of the retention time
of standard substances (Sigma, Deisenhofen, Germanys;
Matreya, Biotrend, Koln, Germany). For identification of
rumenic acid, two commercially available standards were
used to distinguish between the CLA isomers C18:2 c9t11
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Table 1 Characteristics of the 52 subjects included in the validation study

Mean+SD Median Range
Age (years) 24.19+2.62 24 22-36
Weight (kg) 61.37+£10.22 58.05 44.80-95.90
Height (m) 1.69+0.06 1.68 1.54-1.83
Body mass index, BMI (kg m~2) 21.52+2.83 20.90 17.18-29.93
BMR (kcal day ")t 1423.57+103.6 1398.05 1204.90-1761.10

1 Harris—Benedict formula.

and C18:2 t10c12/c10t12. Additionally, fatty acid analysis
of food samples of ruminant origin showed a peak with
the retention time of the C18:2 ¢9t11 standard. Although
minor CLA isomers might be included in the C18:2 ¢9t11
peak area, it seems obvious that the major compound by
far is represented by C18:2 c9t11. Since this study did not
aim at getting information on the physiological effects of
different CLA isomers, it was determined unnecessary to
apply a more exact but much more laborious analytical
method to get a more complete resolution of the different
CLA isomers in the GC spectra.

Statistical analysis

Descriptive statistics are given in terms of mean, standard
deviation (SD), median, range and percentiles. All
calculations were performed using SPSS for Windows,
version 9 (SPSS, Inc., Chicago, IL). To test for statistically
significant differences between the results gained by FFQ
and 7-d-ER, the Wilcoxon test was applied.

To analyse the degree of correspondence of the results
between both dietary methods, a cross-classification using
tertiles was performed followed by calculation of the
kappa statistic*®. The kappa value is an indicator of the

degree of the corresponding ranking of subjects by the
two different methods. Additionally, the Pearson correla-
tion coefficient was calculated to examine the degree of
correspondence between both dietary assessment meth-
ods as well as between intake data and plasma fatty acid
concentrations.

Results

From the 57 students enrolled, five were excluded. Three
showed distinct underreporting, the 7-d ER of one student
could not be analysed (high amount of Asiatic food), and
the FFQ of one student was lacking most answers. The
characteristics of the remaining 52 female participants are
given in Table 1.

The mean daily intake of rumenic acid was 246 mg
day ! and 323 mg day ' as measured by the FFQ and the
7-d-ER, respectively; the mean total fat intake was 63 g
day™' and 82g day”!, respectively (Table 2). The
differences between both assessment methods were
statistically significant. Consequently, the FFQ revealed
mean intake values 24% (rumenic acid) and 23% (total fat)
lower than found with the 7-d ER. The between-person

Table 2 Dietary intake of CLA isomer C18:2 c9t11 (mg day ', % FAt, % ent) and total fat (g day ') (mean+SD, median, range,
percentiles) as assessed by the developed food-frequency questionnaire (FFQ) and the 7-day estimated record (7-d ER) (n = 52). The
results of the last day (1-d ER) and the last two days (2-d ER) before blood sampling of the 7-d ER are given separately

Percentile
Mean+SD Median Range 10th 25th 75th 90th
FFQ
C18:2 cot11 (mg day ™) 246+97 239 81-481 124 179 313 370
Total fat (g day™ ") 6322 61 25-111 34 48 80 98
7-d ER
C18:2 cot11 (mg day ™) 323+79 322 135-496 202 274 388 415
(% FA) 0.44%0.07 0.43 0.31-0.64 0.35 0.38 0.50 0.54
(% en)t 1.36+0.29 1.41 0.65—-2.05 0.93 1.17 1.56 1.74
Total fat (g day™™) 82+19 80 42-128 59 66 97 109
1-d ER
C18:2 cot11 (mg day ™) 315+129 314 91-658 132 219 404 484
(% FA) 0.44%+0.13 0.44 0.08-0.67 0.26 0.37 0.56 0.60
(% en)t 1.36+0.49 1.34 0.26-2.41 0.70 1.01 1.63 2.03
Total fat (g day™ ") 81+29 71 36-148 49 60 102 128
2-d ER
C18:2 cot11 (mg day ™) 343+118 327 158—670 192 252 429 520
(% FA) 0.45+0.11 0.44 0.20-0.72 0.32 0.38 0.53 0.60
(% en)t 1.45x0.42 1.46 0.54-2.39 0.88 1.16 1.71 2.07
Total fat (g day™ ") 85+27 87 29-181 55 66 99 117

T % FA — percentage of total fatty acid intake; % en — percentage of total energy intake.

+ x1072,
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Table 3 Agreement of the results of rumenic acid (C18:2 c9t11)
and total fat obtained by means of both dietary instruments, the
newly developed food-frequency questionnaire (FFQ) and the
7-day estimated record (7-d ER): classification into tertiles with
values of the kappa statistic and Pearson correlation coefficient

C18:2 coti1 Total fat
(mg day ™) (g day™")
Classification in tertiles
Same tertile (%) 54 42
Adjacent tertile (%) 35 48
Opposite tertiles (%) 11 10
Kappa statistic
1. tertile 0.22 0.25
2. tertile 0.24 0.05
3. tertile 0.47 0.13
Total 0.31* 0.13
Pearson’s correlation coefficient 0.46* 0.43*

* P <0.01.

variability as measured by standard deviation was higher
in the FFQ than the corresponding values given by the 7-d
ER. The distribution of foods that provided rumenic acid
was determined using data collected by 7-d ER. Using 7-d
ER data, milk & milk products and butter were the
primary sources of rumenic acid, contributing 59% and
28% of total RA intake, followed by meat & meat products
and others.

The results of the measures used to characterise the
agreement of both dietary assessment methods to obtain
rumenic acid and total fat intake data are summarised in
Table 3. The majority of the students were in the same
tertile of rumenic acid intake. On the other hand, more

D Fremann et al.

subjects were in adjacent tertiles of total fat intake than in
the same tertile. Resulting total kappa values were 0.31
and 0.13 for rumenic acid and total fat intake, respec-
tively. A kappa value of 0.31 can be interpreted as an
indicator of ‘middle agreement’ and a kappa value of 0.13
means ‘bad agreement’ of both assessment methods®.
The calculated correlation coefficients between both
methods of data collection were statistically significant
for rumenic acid as well as for total fat intake. The
regression line as depicted in Fig. 1 confirms the
significant linear association between both assessment
methods for dietary rumenic acid intake.

The results of the fatty acid analysis in plasma PL and
TG demonstrates that the mean proportion of rumenic
acid was about twice as high in TG than in PL (Table 4).
However, the range of rumenic acid contents in plasma
TG was much higher than found in plasma PL.

Table 5 shows the association between rumenic acid
intake and its proportion in plasma PL and TG fatty acids.
The correlation between intake, calculated from the FFQ,
and the proportions found in plasma PL and TG was poor.
In contrast, the average intake values of rumenic acid
(percentage of fatty acids, % FA) calculated by means of
the 7-d ER correlated significantly with its content in
plasma PL (percentage of fatty acid methyl esters, %
FAME). The corresponding correlation coefficients were
in the range of 0.28-0.36. The strongest relationship
existed between the intake of rumenic acid (% FA)
calculated from the last day (1-d ER) or the last two days
(2-d ER) before blood sampling of the 7-d ER and the
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Fig. 1 Scatter plot and regression line (y = 62.5+ 0.57x; r> =0.215; P < 0.01) for dietary rumenic acid intake as assessed by the
developed food-frequency questionnaire (FFQ) and the 7-day estimated record (7-d ER)
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Table 4 Fatty acid composition (% FAMET) of plasma phospholipids and triglycerides in 52 female university students
Percentile

Fatty acid Mean=+SD Median Range 10th 25th 75th 90th

Phospholipids
C18:2 coti1 0.27+0.01 0.26 0.11-0.49 0.17 0.21 0.32 0.38
C16:0 29.89+2.04 29.89 25.57-34.67 27.27 28.53 31.70 32.45
C16:1 0.95+0.21 0.94 0.52-1.42 0.65 0.82 1.09 1.24
C18:0 13.70+1.51 14.00 10.89-16.72 11.67 12.34 14.84 15.54
C18:1 10.85+1.10 10.85 8.62—-13.45 9.24 10.08 11.58 12.18
C18:2 22.48+2.34 22.57 18.87-29.09 19.51 20.26 23.75 25.28
C18:3 n3 0.30+0.14 0.28 0.06-0.86 0.14 0.20 0.37 0.49
C20:3 n6 0.01£0.01 0.01 0.00-0.25 0.00 0.00 0.01 0.14
C20:4 n6 10.68+1.78 10.55 7.43-17.85 8.48 9.58 11.48 12.83
C20:5 n3 0.75+0.38 0.67 0.28-2.59 0.44 0.53 0.87 1.19
C22:6 n3 4.66+1.13 4.39 2.86-7.78 3.51 3.85 5.44 6.20

Triglycerides
C18:2 coti1 0.54+0.12 0.55 0.33-0.97 0.40 0.46 0.60 0.71
C16:0 30.00+3.54 29.88 21.20-39.94 26.18 27.53 32.26 34.73
C16:1 4.76*x1.14 4.88 2.18-8.06 3.37 3.90 5.35 5.89
C18:0 5.61+£1.62 5.23 3.03-10.06 3.77 4.27 6.50 8.11
C18:1 36.15+3.17 36.55 26.75-42.68 32.59 33.70 38.54 40.16
C18:2 15.57+3.71 15.03 10.57-32.34 11.50 13.13 17.36 19.73
C18:3n3 0.87£0.23 0.81 0.44-1.43 0.61 0.70 1.02 1.24
C20:3 n6 0.38+0.18 0.37 0.05-0.89 0.18 0.25 0.49 0.66
C20:4 n6 1.31+0.42 1.27 0.63-2.48 0.77 0.96 1.59 1.86
C20:5 n3 0.25+0.18 0.19 0.00-0.74 0.01 0.13 0.28 0.59
C22:6 n3 0.66+0.31 0.66 0.13-1.88 0.31 0.48 0.86 1.02

1 FAME - fatty acid methyl esters.

rumenic acid content in plasma TG (% FA). No significant
correlations were found for the intake of rumenic acid
expressed as a percentage of total energy intake
(calculated from 7-d ER, 1-d ER and 2-d ER; Table 2)
and the proportion of rumenic acid found in plasma PL
and TG (% FAME). All correlation coefficients were below
0.2 (except for 1-d ER versus plasma TG, with » = 0.268).

Discussion

The present study was conducted to test the validity of a
newly developed FFQ and to assess the relationship
between rumenic acid intake and its plasma content. Due
to the study design, sex and age as possible confounding
variables were excluded and the study was conducted in
a very homogeneous group of young women. A
recognised methodology to create an FFQ food list is to
modify an existing FFQ that is based on a similar target
and applied in the same cultural surrounding'®. The FFQ
developed here was created on the basis of an already

existing qualitative questionnaire comprising 20 food
items to estimate the intake of total fat, polyunsaturated
fatty acids, monounsaturated fatty acids, saturated fatty
acids and cholesterol in Germany?. Therefore, this
questionnaire represented a suitable basis for adaptation
to the new task.

When comparing the mean intake of rumenic acid
and total fat with both assessment methods, it becomes
obvious that the FFQ provides lower values than found
with the 7-d ER. In similar validation studies comparing
the results of an FFQ with those of a dietary record,
underestimation as well as overestimation of fat and
polyunsaturated fatty acid intake by means of an FFQ
were reported®® 2%, However, most validation studies
showed a relatively good agreement of total fat and fatty
acid intake results calculated by both dietary assessment
methods® 7.

Results from a recent study in 46 males and 47 females
showed that the intake of rumenic acid estimated by
FFQ was 151 and 72 mg day~ ' for men and women,

Table 5 Pearson’s correlation coefficients for the C18:2 c9t11 content in plasma phospholipids (PL) and
triglycerides (TG) (% FAMET) and its calculated intake as assessed by the newly developed food-frequency
questionnaire (FFQ, % FAT) or by the full 7-day estimated record (7-d ER, % FAt), the last day of the 7-d ER (1-d
ER%, % FAT) and the last two days of the 7-d ER (2-d ER%, % FAt) (n =52)

FFQ (% FA)

7-d ER (% FA)

1-d ER (% FA) 2-d ER (% FA)

PL (% FAME)
TG (% FAME)

0.090
0.124

0.285~
0.272

0.280"
0.409**

0.364~
0.361**

* P <0.05 * P<0.01.

1 FAME - fatty acid methyl esters; % FA — percentage of total daily fatty acid intake.
1 1-d ER = last day before blood sampling; 2-d ER = last two days before blood sampling.
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respectively'>. Using a 3-day estimated record (3-d ER)
mean intake of rumenic acid was 133 and 79 mg day *
for men and women, respectively. Simultaneously, 3-day
food duplicates were analysed revealing mean RA
contents of 193 and 140 mg day ' for men and women,
respectively. The authors concluded that both dietary
assessment methods might underestimate CLA intake. In
comparison with the results of Ritzenthaler and co-
workers'®, the calculated CLA intake values in the present
study were much higher (Table 2), even higher than the
data gained by food analysis. This might be due to
differing nutritional habits (food choice) in both samples
as well as to differences in the underlying CLA database.
Furthermore, in the study of Ritzenthaler et al.'> under-
reporting seems to be more prominent in women than in
men, while in the present study distinct underreporters
were excluded from the evaluation.

Regarding total fat intake in this study, different nutrient
databases were used for the evaluation of the FFQ and the
7-d ER. The database for evaluation of the 7-d ER was
Souci/Fachmann/Kraut (1986), which is known to over-
estimate total fat intake®®; for the FFQ evaluation fat data
from the German Federal Food Code nutrient database
(version I1.2) were applied. However, the similar differ-
ences given for rumenic acid and total fat intake between
both methods, e.g. 24% and 23%, do not hint to a major
effect of the different databases used for total fat
estimation. It has to be emphasised that the FFQ has
been developed for CLA assessment and that rumenic
acid evaluation was based on identical analytical data for
both assessment tools.

The Pearson correlation coefficient is an indicator for
the agreement of two assessment methods. The correla-
tion coefficient is not influenced by systematic under- or
overestimation of a method regarding the other one, but
mainly by agreement of the two methods®'. In the present
study, significant correlation coefficients for both methods
and both parameters — intake of rumenic acid and total fat
— were found. Our results fit well with the correlation
coefficients reported so far for the assessment of
polyunsaturated fatty acid intake, which range between
r=0.22 and 0.59°%3%33%3% (umenic acid: r = 0.46,
Table 3), as well as for the assessment of total fat intake
with 7 = 0.47%% (» = 0.43, Table 3). Adjustment for energy
intake'® would have given more precise correlation
coefficients. However, with the newly developed FFQ
only rumenic acid and total fat can be determined, which
makes energy adjustment of the FFQ results impossible.

A further possibility to compare the intake results
obtained with use of both methods is to classify the intake
values into categories. In the present study a classification
into tertiles was chosen. The results demonstrate the
extent to which both methods rank the same individual
equally, e.g. how many subjects are classified as being in
the same intake tertile, in the adjacent tertile or in the
opposite tertile. Two validation studies reported similar
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results when subjects were classified into tertiles of intake
of fat and polyunsaturated fatty acids®>**. Two further
studies found a higher percentage of the study group in
the same quintile and a smaller percentage in the extreme
quintile for total fat, linoleic acid and polyunsaturated
fatty acids®*%3.

In the literature, the kappa statistic is used less
frequently to statistically confirm the results of cross-
classification. The problem with this procedure is the
classification into categories (tertile, quartiles, quintiles).
Due to a small sample size it was assumed that the
classification into tertiles was appropriate, although a
classification into quintiles would have been likewise
possible. In a validity study 53 persons were divided into
quintiles in order to examine their cross-classification®.

Total kappa values in similar validation studies ranged
between 0.07%° and 0.60°7 for fat intake, and between
0.05%” and 0.33" for polyunsaturated fatty acid intake. In
the present study, the total kappa value for total fat intake
was 0.13; however, for rumenic acid intake the total
kappa value of 0.31 was high enough to reach statistical
significance and consequently indicated an acceptable
degree of identical ranking of subjects by both assessment
methods.

Regarding the results of the fatty acid analysis in plasma
TG and PL, the mean proportion of rumenic acid in TG
was about twice as high as in the PL fraction. This finding
is confirmed in a study on breast-fed infants®’. These
infants revealed rumenic acid proportions of 0.4% in
plasma TG and 0.2% in plasma PL fatty acids. The
proportions of the main fatty acids in plasma TG and PL
were in the range reported in other studies*~**,

Rumenic acid (% FA) intake as calculated by means of
the 7-d ER showed a relatively high correlation coefficient
with its proportions in plasma PL and TG. This indicates
that the habitual dietary intake seems to be an important
source of rumenic acid in human plasma. This has also
been confirmed by the work of Britton et al.'®, who
reported that the content of rumenic acid rose signifi-
cantly from 12.3 to 18.8 wmol 1! in PL after a diet rich in
rumenic acid. On the other hand, a diet low in rumenic
acid provoked a drop of its content in PL from 14.3 to
8.9 wmol 17", In another study the effect of linoleic acid
intake on the plasma content of rumenic acid was
tested*®. It was demonstrated that intake of linoleic acid
did not modify the rumenic acid plasma content. Besides
dietary intake, endogenous conversion of 11-trans-
octadecenoic acid to rumenic acid by means of delta-9-
desaturase activity has been discussed®™7 and seems to
contribute to human CLA supply™®. Therefore, the
relationship between dietary intake and plasma contents
of rumenic acid is confounded by endogenous synth-
esis. However, no valid estimate for the extent of
confounding can be given so far. Regarding the analysis
of CLA, it is likely that minor CLA isomers other than
rumenic acid contributed to the rumenic acid peak of the
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chromatogram. As shown by Yurawecz et al.*®, variable
amounts of the t7c9-isomer of C18:2 could not be
separated from the rumenic acid peak by means of the
chosen methodology.

Dietary intake as assessed by means of an FFQ is
expected to reflect the long-term dietary habits or the
habitual diet, whereas the results gained with the 7-d ER
technique represent the diet of a medium-term period
better. Therefore, it seems likely that the intake of
rumenic acid calculated by the FFQ shows a higher
correlation with the proportion of rumenic acid in PL than
in TG. However, both coefficients were very low. On the
other hand, with the more precise but medium-term
dietary assessment method of 7-d ER, relatively high
correlation coefficients between rumenic acid intake and
its contents in plasma PL and TG were demonstrated
(Table 5). The best correlation was obtained between the
short-term dietary intake of the last day (1-d ER) or the last
two days (2-d ER) before blood sampling (7-d ER) and the
rumenic acid proportion in plasma TG. This fits very well
with the knowledge of lipidologists that the plasma TG
fatty acid pattern reflects the recent (short-term) intake
whereas the phospholipid fatty acids can be seen as a
biomarker for the medium-term intake of fatty acids. It
has to be acknowledged that this result also confirms the
higher precision of the 7-d ER compared with the FFQ
with its 46 food items even more, since no significant
correlation with plasma fatty acids could be obtained.

Conclusion

With respect to the results of the 7-d ER, the content of
rumenic acid in plasma TG and PL represent candidate
biomarkers of the short-term and medium-term intake of
rumenic acid, respectively. The newly developed short
FFQ failed to show significant correlations with these
plasma biomarkers although both dietary assessment
methods showed an acceptable degree of correspon-
dence in dietary CLA intake measurement.
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