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fatty acid profi les of various biological specimens are in-
creasingly being used as biomarkers of dietary fat quality 
as well as chronic disease risk ( 1–4 ). This measurement 
overcomes some of the inherent limitations of subjective 
self-reported data by providing a more objective assess-
ment ( 5–7 ). It has been previously established that the 
fatty acid profi le of adipose tissue triglyceride (TG) is a 
good indicator of long-term dietary fat quality in weight-
stable individuals due to its slow turnover time ( 2, 8–10 ). A 
limitation of these data is that the measure is useful only 
for essential fatty acids and not for those that can be syn-
thesized de novo. Additionally, the invasive nature of sam-
ple collection precludes routine use in most studies. 

 Analysis of the fatty acid profi le of serum/plasma frac-
tions, including cholesteryl ester (CE), TG, and phospho-
lipid (PL), is considered minimally invasive, necessitating 
only a single blood draw and has been shown to be respon-
sive to dietary fat modifi cations ( 2, 11–13 ). Specifi cally, 
the fatty acid profi le of the PL fraction is considered to be 
an indicator of medium-term intake (weeks), whereas the 
CE and TG fatty acid profi les refl ect shorter-term intake 
(days) ( 4 ). Although it is recommended that analysis be 
performed on fresh or recently collected samples, most 
studies collect and store samples for subsequent analysis. 
Storage time can vary from days to months and even years. 
Additionally, once the analytical work has commenced, it 
may take several years to complete for very large cohorts. 
Although signifi cant changes have been documented in 
the fatty acid profi le of samples stored at 4°C and  � 20°C 
( 14–16 ), data are limited and inconsistent regarding the 
stability of fatty acids stored at very low temperatures 
( � 80°C) over prolonged periods of time ( 17–19 ). This is 
important, because the reliability of the analysis affects the 
validity of the results and subsequently the association with 
outcome measures. Our aim was to document the reliability 
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over a 2 month period. Although 36 subjects participated in the 
diet intervention, an unthawed aliquot was available for only 22 
subjects at the time of the repeat analyses. The mean age of these 
subjects was 64 years and BMI was 28 kg/m 2  (  Table 1  ).  Per the 
recruitment inclusion criteria, all subjects were moderately hy-
percholesterolemic, free from chronic illness, not taking medi-
cations known to affect lipid metabolism, and did not report 
consuming  � 2 alcoholic drinks per day or smoking. All women 
were postmenopausal. 

 Fatty acid analysis 
 For the initial and repeat analyses, the same protocols were 

used for serum lipid extraction ( 22, 23 ), separation of lipid frac-
tions (CE, TG, and PL) ( 24 ) as well as fatty acid methylation ( 25 ). 
The resulting fatty acid methyl esters in each fraction were quan-
tifi ed using GC. Details regarding the initial GC analysis have 
been described previously ( 21 ). Modifi cations to the GC analysis 
at the time of the repeat analysis included the use of a newer 
machine (Autosystem XL gas chromatograph, Perkin Elmer, 
Boston, MA) and GC capillary column (30m × 0.25 mm inner 
diameter × 0.25 µm fi lm thickness; HP INNOWAX, Agilent Tech-
nologies, DE), as well as refi nements to the GC methodological 
parameters to improve fatty acid resolution as described below. 
Briefl y, the injector and fl ame ionization detector temperatures 
were 250° and 260°C, respectively. Helium was used as the carrier 
gas (2 ml/min) and the split ratio was 2:1. The oven temperature 
was programmed at 80°C, held for 2 min, and then increased to 
160°C at a rate of 10°C/min. After 5 min, the temperature was 
increased to 222°C at a rate of 2°C/min and held for 5 min. The 
fi nal temperature was 252°C held for 5 min. 

 Peaks of interest were identifi ed by comparison with authen-
tic fatty acid standards (National Institutes of Health Fatty Acid 
Standards A, B, C, and GLC 461, Nu-Check-Prep, Elysian, MN) 
 (   Fig. 1   ) .  Response factors were calculated, and the fatty acid com-
position expressed as molar percentage (mol %) proportions of 
total fatty acids relative to the internal standard. One external 
quality control sample (pooled serum) was extracted and ana-
lyzed for every six experimental samples. Instrument precision 
was determined by analyzing 10 serial injections from each of 
three extracted control samples. The mean (± SD) percent re-

of CE, TG, and PL fatty acid profi le determinations in pre-
viously unthawed serum aliquots stored at  � 80°C, without 
an added antioxidant, over an 8- to 10-year period. 

  METHODS  

 Subjects 
 Archived serum samples were from subjects who participated 

in a previously reported randomized, controlled trial of dietary 
fat type ( 20, 21 ). These papers describe the intervention variables 
and study design in detail. The protocol for the trial was approved 
by the Human Investigation Review Committee of Tufts Univer-
sity/Tufts Medical Center. All subjects gave written informed 
consent. The data reported here are for archived serum samples 
from the soybean oil (control) phase of the trial. 

 Blood collection 
 At the end of each 5 week diet phase, fasting blood samples 

were collected and centrifuged at 1,800  g  for 20 min. The serum 
was removed, separated into multiple aliquots, and stored at 
 � 80°C. All samples were processed and frozen at  � 80°C within 
1 h after collection. The initial fatty acid analysis was performed on 
one aliquot of serum approximately 8–12 months after the sam-
ples were stored. The repeat analysis was performed on another 
aliquot of the same serum sample approximately 8–10 years later 

 TABLE 1. Baseline characteristics and serum lipid profi le of 
subjects with an archived serum sample 

for fatty acid analysis 

Variables
N = 22

(11 F/ 11 M)

Age (years) 64 ± 5
Weight (kg) 79.6 ± 14.1
Body mass index (kg/m 2 ) 27.6 ± 2.7
Total cholesterol (mg/dl) 231.7 ± 35.7
LDL-cholesterol (mg/dl) 159.2 ± 30.6
HDL-cholesterol (mg/dl) 43.0 ± 8.1
TG (mg/dl) 149.5 ± 75.2

  Fig.   1.  Chromatogram of the external standard mixture of fatty acid methyl esters.   
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ing the SD of the differences by two. The SD of the differences 
was calculated as the square root of the sum of the squared differ-
ences divided by n. The coeffi cient of repeatability is a precision 
measure that represents the value below which the absolute dif-
ference between two repeated test results may be expected to lie 
with a probability of 95% ( 27 ). Bland-Altman plots were gener-
ated for selected fatty acids by plotting the difference between 
the initial and repeat analysis against the mean of all initial and 
repeat analysis for each subject. Upper and lower limits of agree-
ment were calculated as previously described ( 26 ). 

  RESULTS  

 In the initial analysis, a total of 15 fatty acids were identi-
fi ed in the CE fraction, 16 in the TG fraction, and 23 in the 
PL fraction. Chain lengths ranged from 14:0 to 24:1n-9. 
All fatty acids detected were used to determine the sum of 
the fatty acids in each lipid faction. Fatty acids were also 
grouped as SFA, MUFA, PUFA, n-6, n-3, and total  trans . 
Due to refi nement of the gas chromatographic method 
parameters, a greater number of fatty acids (chain lengths 
ranging from 8:0 to 26:1n-9) were resolved and identifi ed 
in the repeat analysis. Consequently, fatty acids not measured 

covery of the internal standard was 91% for cholesteryl hepta-
decanoate, 92% for triheptadecanoin glyceride, and 95% for 
1,2 diheptadecanoyl-glycero-3-phosphocholine. For the repeat 
analysis, a subset of 10 samples was analyzed in triplicate, and 
the coeffi cient of variations ranged from 0.5 to 4.3% for fatty 
acids present at levels > 5%, 1.8–7.1% for fatty acids present at 
levels between 1 and 5 mol%, and 2.8–11.1% for fatty acids pres-
ent at levels <1 mol%. 

 Statistical analyses 
 All values are expressed as mean ± SD. Differences for each 

fatty acid, within the three lipid fractions, related to storage time, 
were analyzed using the nonparametric signed-rank test (SAS 
version 9.1, SAS Institute Inc., Cary, NC). The signifi cance crite-
rion was set  P  < 0.05. The reliability coeffi cient or intraclass cor-
relation for the repeated measures was calculated using restricted 
maximum-likelihood techniques in SAS PROC VARCOMP (SAS 
version 9.1). Of note, within-subject variability was reduced by 
using serum aliquots derived from a single blood sample drawn 
after subjects were provided with a controlled diet for a 5 week 
period for both analyses. Thus, the sources contributing to the 
variability of the repeated measure can be considered to be pri-
marily due to the method component and storage time. Method 
repeatability was assessed using the Bland and Altman method 
( 26 ), and the coeffi cient of repeatability was derived by multiply-

  Fig.   2.  Representative gas chromatogram of the serum CE (A), TG (B), and PL (C) fatty acid profi le of one subject at the time of the 
repeat analysis. The x axis denotes the run time in minutes and the y axis the response time in millivolts (mV). The scale has been magni-
fi ed to highlight the fatty acid peaks of interest.   
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23 fatty acids measured. Among the fi ve fatty acids for which 
signifi cant differences were detected, three had lower values 
(16:0, 22:0, and 22:1n-9) and two had higher values (18:1n-7 
and 22:4n-6) in the repeat relative to the initial analysis. 

 Given that modifi cations to improve fatty acid resolu-
tion were made to the GC method at the time of repeat 
analysis, we also assessed method repeatability by calculat-
ing the repeatability coeffi cient. The results for all fatty 
acids measured in each fraction are summarized in   Tables 
3–5   and depicted graphically for selected fatty acids in 
supplementary  Figs. I–III . All measurements were within 
the coeffi cient of repeatability, indicating that 95% of dif-
ferences were <2 SD of the mean measurement of the 
combined initial and repeat analyses. 

  DISCUSSION  

 The fatty acid profi les of serum lipid fractions are bio-
markers of dietary fat quality and have been used to esti-
mate diet-chronic disease risk ( 1–4 ). However, in many 
studies, the analysis is performed several years after sample 
collection. The published data on the stability of these fatty 
acids during prolonged storage is limited. To address this 
issue, we examined the reliability of the fatty acid profi le of 
serum CE, TG, and PL in samples stored at  � 80°C over an 
8–10 year period without an added antioxidant. Of particu-
lar interest was the potential differential degradation rate 
among SFA, MUFA, and PUFA. Results indicate that the 
majority of the fatty acids in all three serum fractions did 
not change signifi cantly and there was no trend toward 
greater loss of PUFA in any of the fractions. For those fatty 
acids for which differences were identifi ed, the variability 
was modest and primarily restricted to fatty acids present at 
<1.5 mol%. This is likely a refl ection of low endogenous 
abundance and/or improved GC sensitivity at the time of 
the repeat analysis rather than sample deterioration. 

 To our knowledge, this is the fi rst study to report the 
effect of storage longer than 8 years at a very low tempera-
ture ( � 80°C) on the fatty acid profi le of all three lipid 
fractions. Two prior studies have examined fatty acid sta-
bility in various lipid fractions, but storage time was lim-
ited to 1–3 years and conditions were different. In the fi rst 
study, the fatty acid composition of plasma CE, TG, and PL 
was analyzed before and after 3 years of storage at  � 20°C 
( 16 ). Considerable loss (14–46%) was reported in all three 
fractions, particularly for PUFA with three or more double 
bonds. Additionally, the proportions of SFA and MUFA 
showed an increasing trend. The changes tended to be 
greatest in the TG fraction and smallest in the PL fraction. 
In the second study, the fatty acid profi le of the three 
plasma lipid fractions was documented after 1 year of stor-
age at  � 60°C ( 15 ). Numerous small differences were re-
ported between the fi rst and second determinations in all 
three fractions. These were attributed to minor method-
ological modifi cations rather than auto-oxidation. Thus, 
the available data suggest that storage at a very low tem-
perature is crucial to ensure accurate assessment of fatty 
acid profi les after long-term storage. 

as part of the initial analysis were excluded from the mol % 
calculation in the repeat analysis. Also, fatty acids that were 
not resolved individually (e.g., 16:1n-7 and 16:1n-9) in the 
initial analysis were aggregated in the repeat analysis to 
facilitate comparison.   Figure 2   shows the chromatogram 
of the serum CE, TG, and PL fatty acid profi le of one sub-
ject at the time of the repeat analysis.  

 The reliability coeffi cients for the individual fatty acids 
in the CE, TG, and PL fractions are depicted in   Table 2  .  
Overall, high reliability coeffi cients were obtained for the 
majority of the fatty acids in all three fractions. In the CE 
fraction, with the exception of 18:1n-7, which had an inter-
mediate reliability coeffi cient of 0.55, all the other fatty 
acids had high values ( � 0.70). In the TG fraction, three 
fatty acids had an intermediate value, between 0.50 and 
0.70, while the remaining 13 fatty acids had high values 
( � 0.70). In the PL fraction, 5 had low ( � 0.50), 7 had in-
termediate (0.50–0.70), and 10 had high values ( � 0.70). 
Among the fatty acid classes, the reliability coeffi cients 
were  � 0.70 for SFAs,  � 0.90 for MUFAs, and  � 0.80 for 
PUFAs. The reliability coeffi cient for total  trans  was high 
in the TG (0.89) and PL (0.84) fractions and intermediate 
in the CE (0.64) fraction. 

 No signifi cant differences ( P  > 0.05) were observed in the 
magnitude of the absolute change for the majority of the 
fatty acids in the CE (  Table 3  )  and TG (  Table 4  )  fractions. 
The exceptions were two fatty acids present in relatively low 
abundance: 22:6n-3 in the CE fraction (mean difference 
0.09 mol%,  P  = 0.03) and 22:5n-3 in the TG fraction (mean 
difference 0.12 mol%,  P  = 0.01). Among the PL fatty acids 
(  Table 5  ),  no signifi cant differences were detected for 18 of 

 TABLE 2. Reliability coeffi cient of serum CE, TG, and PL fatty acid 
profi les measured at two time points 

Fatty Acid CE TG PL

SFA 0.91 0.99 0.72
 14:0 0.88 0.96 0.69
 16:0 0.90 0.98 0.58
 18:0 0.71 0.92 0.92
 20:0 — — 0.40
 22:0 — — 0.18
 24:0 — — 0.57
MUFA 0.94 0.98 0.91
 16:1n-9+7 0.72 0.88 0.56
 18:1n-9 0.90 0.98 0.91
 18:1n-7 0.55 0.58 0.49
 20:1n-9 — — 0.50
 22:1n-9 — — 0.50
 24:1n-9 — — 0.60
PUFA 0.96 0.99 0.66
 n-6 0.96 0.99 0.80
  18:2n-6 0.98 0.99 0.95
  18:3n-6 0.96 0.94 0.40
  20:3n-6 0.82 0.88 0.74
  20:4n-6 0.96 0.80 0.97
  22:4n-6 — — 0.33
 n-3 0.93 0.80 0.94
  18:3n-3 0.91 0.80 0.89
  20:5n-3 0.98 0.89 0.98
  22:5n-3 — 0.50 0.59
  22:6n-3 0.77 0.89 0.93
 Trans 0.64 0.89 0.84
 18:1 t 0.75 0.92 0.82
 18:2 t 0.35 0.62 0.89
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 We identifi ed two studies ( 18, 19 ) that reported reliability 
coeffi cients for either the CE and/or PL fractions of sam-
ples stored at  � 80°C. The New York University Women’s 
Health Study determined the reliability of nonfasting serum 
PL fatty acids, collected at three yearly visits and stored at 
 � 80°C for 7–12 years ( 19 ). For the 20 individual PL fatty 
acids measured, the reliability coeffi cients were <0.50 for 4 
(15:0, 17:0, 18:0, and 18:3n-6), between 0.50 and 0.70 for 9 
(16:0, 18:1t, 18:2n-6, 20:2n-6, 20:3n-6, 22:4n-6, 20:5n-3, 
22:5n-3, and 22:6n-3), and >0.70 for 7 (20:0, 22:0, 24:0, 
16:1n-7, 18:1n-9, 18:3n-3, and 20:4n-6). Overall, 80% of the 
fatty acids had reliability coeffi cients > 0.50. However, the 
reliability coeffi cients for total SFA (0.31), MUFA (0.66), 
and PUFA (0.43) tended to be lower than for the individual 

 TABLE 3. Mean (SD) serum CE fatty acid profi le measured at two time points with corresponding 
 P -values and repeatability coeffi cient 

Fatty Acid Initial Analyses Repeat Analyses
Mean

Difference  P 
Repeatability 
Coeffi cient

SFA 13.5 ± 1.3 13.8 ± 1.3 0.26 0.25 1.03
 14:0 0.75 ± 0.21 0.73 ± 0.17  � 0.02 0.46 0.18
 16:0 11.9 ± 1.0 12.2 ± 1.2 0.26 0.26 1.00
 18:0 0.81 ± 0.24 0.84 ± 0.33 0.03 0.49 0.42
MUFA 16.1 ± 2.5 16.3 ± 2.3 0.14 0.44 1.64
 16:1n-9+n-7 2.0 ± 0.7 2.1 ± 0.6 0.07 0.38 0.96
 18:1n-9 11.9 ± 2.8 12.1 ± 2.3 0.22 0.49 2.24
 18:1n-7 1.1 ± 0.2 1.1 ± 0.2 0.06 0.33 0.42
PUFA 70.4 ± 3.4 69.9 ± 3.1  � 0.45 0.28 1.80
 n-6 68.2 ± 3.6 67.6 ± 3.4  � 0.60 0.22 1.92
  18:2n-6 57.5 ± 4.5 57.0 ± 4.5  � 0.53 0.33 1.79
  18:3n-6 0.87 ± 0.37 0.91 ± 0.40 0.03 0.39 0.19
  20:3n-6 0.62 ± 0.19 0.63 ± 0.15 0.02 0.23 0.21
  20:4n-6 7.3 ± 2.0 7.4 ± 2.1 0.06 0.41 1.14
 n-3 2.2 ± 0.8 2.6 ± 0.8 0.15 0.18 0.55
  18:3n-3 0.76 ± 0.33 0.78 ± 0.29 0.01 0.45 0.25
  20:5n-3 0.91 ± 0.53 0.95 ± 0.55 0.04 0.27 0.19
  22:6n-3 0.52 ± 0.20 0.61 ± 0.23 0.09 0.03 0.30
 Trans 3.1 ± 2.1 2.7 ± 1.5  � 0.39 0.32 3.06
 18:1 t 1.2 ± 1.4 1.0 ± 1.0  � 0.22 0.35 1.72
 18:2 t 1.9 ± 0.8 1.7 ± 0.5  � 0.18 0.44 1.45

 TABLE 4. Mean (SD) serum TG fatty acid profi le measured at two time points with corresponding 
 P -values and repeatability coeffi cient 

Fatty Acid Initial Analyses Repeat Analyses
Mean

Difference  P 
Repeatability 
Coeffi cient

SFA 29.6 ± 4.9 30.1 ± 5.1 0.50 0.50 1.66
 14:0 2.3 ± 0.7 2.2 ± 0.8  � 0.06 0.33 0.39
 16:0 24.4 ± 4.1 24.7 ± 4.2 0.31 0.34 1.44
 18:0 2.9 ± 0.8 2.8 ± 0.7  � 0.13 0.31 0.61
MUFA 35.4 ± 4.8 35.5 ± 4.5 0.05 0.42 1.78
 16:1n-9+n-7 3.3 ± 1.0 3.5 ± 1.0 0.28 0.22 0.98
 18:1n-9 27.0 ± 4.5 26.8 ± 4.3  � 0.17 0.38 1.48
 18:1n-7 1.9 ± 0.4 1.7 ± 0.4  � 0.18 0.07 0.76
PUFA 35.0 ± 5.9 34.5 ± 5.9  � 0.51 0.47 1.54
 n-6 31.3 ± 5.6 30.5 ± 5.6  � 0.80 0.41 1.44
  18:2n-6 27.0 ± 5.2 26.4 ± 5.2  � 0.27 0.45 1.08
  18:3n-6 0.7 ± 0.3 0.7 ± 0.4 0.02 0.33 0.22
  20:3n-6 0.4 ± 0.1 0.4 ± 0.2 0.01 0.45 0.13
  20:4n-6 1.5 ± 0.5 1.7 ± 0.6 0.11 0.36 0.71
 n-3 3.7 ± 1.2 4.0 ± 1.0 0.30 0.26 1.27
  18:3n-3 2.3 ± 0.9 2.3 ± 0.7  � 0.02 0.31 0.92
  20:5n-3 0.4 ± 0.2 0.4 ± 0.3 0.05 0.31 0.24
  22:5n-3 0.3 ± 0.1 0.4 ± 0.2 0.12 0.01 0.32
  22:6n-3 0.7 ± 0.6 0.9 ± 0.6 0.18 0.07 0.55
 Trans 4.8 ± 2.3 4.7 ± 2.0  � 0.12 0.45 1.60
 18:1 t 3.3 ± 1.9 3.1 ± 1.7  � 0.16 0.40 0.96
 18:2 t 1.5 ± 0.4 1.7 ± 0.6  � 0.05 0.48 0.92

fatty acids. The Atherosclerosis Risk in Communities study 
assessed the reliability of the CE and PL fatty acid determi-
nations using fasting samples collected 2 years apart ( 18 ). 
The reliability coeffi cient was >0.65 for the major fatty acids 
(16:0, 18:0, 18:2n-6, and 20:4n-6) in both lipid fractions, al-
though the reliability tended to be higher for fatty acids in 
the CE than in the PL fraction. There was a trend for the 
reliability coeffi cients to be lower for fatty acids present at 
levels <1.0 mol%. Data was not available for the fatty acid 
classes. Our reliability data for the individual fatty acids was 
higher than reported for the prior studies. The exceptions 
tended to be limited to low abundance fatty acids (20:0, 
22:0, 24:0, 16:1, 22:4n-6, and 22:5n-3). The reason for the 
high reliability is most likely attributable to the fact that we 
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analyzed aliquots from the same sample from each subject 
at both time points and that all subjects were on a controlled 
feeding regime. 

 The data on the stability of fatty acids in the TG fraction 
is limited. This is probably due to the fact that the fatty acid 
composition of TG represents dietary intake from the pre-
ceding days and therefore is not considered suitable by most 
investigators as a measure of long-term dietary fat quality, 
unless the subjects are on a stable dietary regime ( 2 ). In the 
one study ( 17 ) that determined the fatty acid composition 
of the plasma TG fraction after storage for nearly 4 years at 
 � 80°C, very little change was observed overall in the fatty 
acid pattern. Specifi cally, a decrease in 14:1 of 0.11 mol % 
and an increase in 22:5n-3 of 0.04 mol% occurred between 
the original and repeat analyses. Interestingly, in the pres-
ent study, an increase was also observed in 22:5n-3 of 0.12 
mol% at the repeat analysis. However, it is more likely that 
the change is a result of increased method sensitivity rather 
than any known biological mechanism. Data on 14:1 could 
not be compared, because this fatty acid was not measured 
at the time of the initial analysis. 

 A limitation of the present study is that the stability of 
the fatty acids from the time of collection until the initial 
analysis (8–12 months) was not determined. However, 
based on prior data ( 15 ) that reported no difference in 
plasma fatty acid composition measured immediately and 
after 12 months of storage at  � 60°C, it is reasonable to as-
sume that little deterioration occurred in our samples dur-
ing the time period prior to the initial analysis. Second, a 
different GC machine and capillary column were used for 

the repeat analysis. Refi nements had also been made to 
the GC methodological parameters to improve detection 
of low abundance fatty acids, as well as resolution of  cis  and 
 trans  isomers. Hence, there was concern that it would be 
diffi cult to ferret out the potential contribution of sample 
deterioration from methodological changes, were any to 
occur. To address this issue, we measured method repeat-
ability and found it to be high for the majority of the fatty 
acids. Finally, our data was derived from subjects who par-
ticipated in a controlled feeding trial. Thus, results might 
not be generalizable to free-living populations where the 
higher within-subject biological and dietary variability may 
result in lower reliability of the fatty acid profi le. This is of 
particular concern for fatty acids present at levels < 1% of 
the total, where these components constitute the major 
parts of the variability. 

 In conclusion, our fi ndings suggest that serum fatty acid 
profi les generated from samples collected up to 10 years 
prior to the analysis and stored at  � 80°C yield reliable 
data that may be useful in establishing dietary fat-disease 
relationships.  

 We are indebted to the following for the availability of the 
archived serum samples used in this study: the Metabolic 
Research Unit staff, including the study volunteer recruiters; 
the nurses for their expert care of the study subjects; the 
dieticians and kitchen staff for their meticulous planning and 
preparation of the study foods for each dietary phase; and to 
the study subjects without whom this investigation would not be 
possible. 

 TABLE 5. Mean (SD) serum PL fatty acid profi le measured at two time points with corresponding 
 P -values and repeatability coeffi cient 

Fatty Acid Initial Analyses Repeat Analyses
Mean

Difference  P 
Repeatability 
Coeffi cient

SFA 47.2 ± 1.6 46.5 ± 1.4  � 0.72 0.07 2.16
 14:0 0.54 ± 0.12 0.57 ± 0.14 0.03 0.19 0.19
 16:0 30.5 ± 1.1 29.8 ± 1.4  � 0.75 0.03 2.31
 18:0 14.0 ± 1.1 14.2 ± 1.1 0.27 0.20 0.83
 20:0 0.38 ± 0.04 0.35 ± 0.09  � 0.02 0.14 0.16
 22:0 1.1 ± 0.1 0.9 ± 0.3  � 0.19 0.003 0.53
 24:0 0.74 ± 0.13 0.69 ± 0.20  � 0.05 0.19 0.31
MUFA 11.3 ± 1.4 11.5 ± 1.6 0.18 0.40 1.24
 16:1n-9+n-7 0.58 ± 0.14 0.56 ± 0.21  � 0.03 0.28 0.34
 18:1n-9 6.2 ± 1.2 6.3 ± 1.2 0.17 0.31 0.99
 18:1n-7 1.2 ± 0.2 1.4 ± 0.3 0.19 0.02 0.51
 20:1n-9 0.24 ± 0.06 0.22 ± 0.07  � 0.02 0.25 0.10
 22:1n-9 0.04 ± 0.01 0.03 ± 0.01  � 0.01 0.01 0.03
 24:1n-9 1.4 ± 0.2 1.4 ± 0.2  � 0.01 0.44 0.35
PUFA 42.2 ± 1.5 42.1 ± 1.2  � 0.10 0.41 2.12
 n-6 35.7 ± 2.0 35.3 ± 1.5  � 0.40 0.24 2.23
  18:2n-6 22.8 ± 2.6 22.8 ± 2.5  � 0.01 0.47 1.57
  18:3n-6 0.15 ± 0.06 0.18 ± 0.08 0.02 0.15 0.16
  20:3n-6 3.5 ± 1.0 3.0 ± 0.9  � 0.50 0.07 1.36
  20:4n-6 9.3 ± 1.8 9.4 ± 1.9 0.09 0.47 0.95
  22:4n-6 0.21 ± 0.05 0.25 ± 0.05 0.04 0.01 0.12
 n-3 5.6 ± 1.4 5.9 ± 1.5 0.33 0.13 1.00
  18:3n-3 0.30 ± 0.09 0.31 ± 0.11 0.01 0.48 0.11
  20:5n-3 0.98 ± 0.64 1.03 ± 0.67 0.06 0.31 0.23
  22:5n-3 0.74 ± 0.19 0.85 ± 0.19 0.11 0.06 0.33
  22:6n-3 3.6 ± 0.9 3.7 ± 1.0 0.16 0.20 0.71
 Trans 2.4 ± 1.1 2.2 ± 1.0  � 0.19 0.28 1.16
 18:1 t 1.7 ± 0.8 1.6 ± 1.5  � 0.11 0.31 0.95
 18:2 t 0.69 ± 0.36 0.61 ± 0.30  � 0.08 0.09 0.30
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