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Summary: We determined the concentration of free fatty acids in 51 plasma samples by three different meth-
ods: a gas-liquid Chromatographie, a colorimetric and an enzymatic method. Values obtained by the three
methods show a good correlation. The gas-liquid Chromatographie method was used äs the reference method.
The results of the enzymatic method are about 5% too high and the colorimetric results have a bias of +27%.
The coefficients of Variation of the three assays are 4, 7 and 5% respectively.

Storage of the samples at —18 °C gives no change in the total amount of free fatty acids, enzymatically deter-
mined.
Because of low costs (time, reagents and apparatus), combined with a sufficient accuracy and precision, the
enzymatic method for the determination of total free fatty acids is the method of choice.

Bestimmung der freien Fettsäuren:
Vergleich von enzymatischer, gaschromatographischer und kolonmetrischer Methode
Zusammenfassung: Die Konzentration freier Fettsäuren wurde in 51 Plasmaproben mit drei verschiedenen
Methoden bestimmt: einer gaschromatographischen, einer kolorimetrischen und einer enzymatischen Metho-
de. Die mit den drei Methoden erhaltenen Werte zeigen eine gute Korrelation. Die gaschromatographische
Methode wurde als Referenzmethode verwendet. Die Ergebnisse der enzymatischen Methode sind etwa 5%
zu hoch und die der kolorimetrischen Methode zeigen eine Abweichung von +27%. Die Variationskoeffi-
zienten der drei Methoden sind 4, 7 und 5 %. Aufbewahrung der Proben bei -18 °C ergibt keine Änderungen
der enzymatisch bestimmten gesamten freien Fettsäuren.
Wegen der geringen Kosten (Zeit, Reagenzien, Geräte) und zugleich ausreichender Richtigkeit und Genauig-
keit ist die enzymatisehe Methode für die Bestimmung der gesamten freien Fettsäuren die Methode der Wahl.

n ro uc on A number of methods have been proposed for the
Free fatty acids can immediately supply energy, de- determination of free fatty acids in biological fluids.
pending on the metabolic needs. Free fatty acids are The first step of almost every assay is an extraction
readily absorbed, mainly by muscles and heart, äs a procedure. The extraction is followed by titrimetry
preferential Substrate for oxidation. Therefore de- (l, 2), colorimetry (3—11), gas-liquid chromatogra-
tennination of free fatty acids äs a parameter of the phy (GLC) (12—14) or radiometry (15).
metabolic state is very useful.
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In this hospital two different methods for the deter-
mination of free fatty acids are currently used: a co-
lorimetric and a GLC method. The latter is used only
if Information about the composition of individual
free fatty acids is required. Recently enzymatic
methods have become available (16,17) with the ad-
vantage that no extraction procedure is needed. To
test the usefulness of such a method, we compared
the results obtained using a commercial kit with
those obtained by colorimetry and GLC. GLC was
chosen s the reference method s this technique is
sensitive and free of interference (18).

Materials and Methods
Plasma samples (EDTA) were collected from diabetic and non-
diabetic out-patients. Blood was drawn after an overnight fast or
postprandially. The blood samples were immediately centrifuged,
and plasma promptly removed. For correlation studies the plas-
mas from 51 subjects were dLvided into three parts and stored
under nitrogen at -18°C for a maximum of 10 days.

For stability studies'»we used the control serum Seronorm Lipid
batch 56 (Nyegaard) and 9 plasmas which were pipetted into test
tubes and stored at -18°C for a period from 0 to 29 days. They
were then analysed by the enzymatic method.

The gas-liquid Chromatographie method

To 0.5 ml plasma is added 300 μΐ internal Standard (tricosanoic
acid (purchased by Applied Science), 100 mg/1 hexane), 1.5 ml
methanol, 5 ml hexane and l ml HsPO.» (l mmol/1). The t bes are
shaken for 5 min and centrifuged. The hexane extract is evaporat-
ed under a stream of nitrogen and the lipid extract is transferred
to pre-coated thin layer plates (silica gel 60F-254, Merck). The
thin layer plates are developed in hexane: diethylether: acetic acid
(volumes, 80 + 20 + 1). Spots are visualized at 254 nm after
spraying with a solution of 2 g/l 2,7-dichlorofluorescein in ethan-
ol. Free fatty acids are methylated by incubating the free fatty acid
absorbed to the silica gel with 2 ml of H2SO4 in methanol (40
ml/l) at 60 °C during at least 2 hours. Methyl esters of the free
fatty acids are extracted by adding l ml of H2 and 3 ml of hex-
ane and shaking for 5 minutes. The hexane extract is dried with
anhydrous NaiSOa and subsequently evaporated by a stream of
nitrogen at room temperature. The residue of free fatty acid me-
thyl esters is dissolved in 40 μΐ hexane, and 2 μΐ is injected into a

gas Chromatograph (Hewlett Packard, fnodel 402), equipped with
a flame ionization detector. Gas Chromatographie conditions are:
column 10% SP 2330 on chromosorb WAW 100:120 (Chrom-
pack); carrier gas nitrogen 25 ml/min; oven temperature 190 °C;
injector and detector temperature 230 °C. Peak areas of each me-
thyl ester are measured with an Integrator (Hewlett Packard,
model 3380 A). The concentration of each fatty acid (mmol/I) is
calculated s follows:

c[mmol/l]
peak area

peak areais
xFxcis[mg/l] Χ-

Α/Γ

where F = detector response of an amount of the internal Stan-
dard (IS) divided by the detector response of the same amount of
fatty acid.

The total free fatty acid concentration is obtained by adding the
individual molar concentration. The analysis is performed in du-
plicate.

The colorimetric method

We have used the method of Falholt et ai. (6). To 50 μΐ sample is
added l ml phosphate buffer (pH 6.4) and 6 ml Chloroform: hep^
tane: methanol solution (volumes, 49 + 49 + 2) in a test tube with
polyethylene cap. This is shaken for 10 min and centrifuged (4000
min"1; 10 min). The buffer is removed carefully by suction and 5
ml of the organic phase is shaken with 2 ml of a solution contain-
ing 0.05 mol/1 Cu(NO3)2 and 0.1 mol/1 triethanolamine; pH 8.1
for 5 rnin. After centrifugation (4000 min"1; 5 min) 3 ml of the
upper phase is transferred to a test tube containing 0.5 ml of a
solution prepared from 10 ml of 4 g/l l ,5-diphenylcarbazide in
ethanol and 0.1 ml of l mol/1 triethanolamine and mixed care-
fully. Colorimetric determination is made after 15 min at 550 nm
(Zeiss PMQ II). For the calculation a Standard curve is prepared
(0.2, 0.4, 0.8 and 1.0 mmol/1 palmitic acid). These Solutions are
prepared by diluting a stock Standard of 2.0 mmol/1 palmitic acid
in chlofoforrin-heptane-methanol solution. To get acceptable re-
sults the analysis is performed in triplicate.

The enzymatic method

For the enzymatic method a commereial kit (NEFA-C test, WA-
K LTD., Japan) is used. The analyses are performed according
to the test procedure on the insert in the kit. The sample (50 μΐ) is
incubated with l ml of a solution of acyl CoA synthetase (EC
6.2.1.3) for 10 min at 37 °C. Then 2 ml reagent are added, which
contains acyl CoA oxidase (no EC No. assigned). The formed hy-
drogen peroxide reacts with 4-aminoantipyrine and 3-methyl-N-
ethyl-( -hydroxymethyl)aniline generating a red colour (fig. 1).
The absorbance is measured at 546 nm (Vitatron). The test is
performed in duplicate.

RCOOH ATP CoASH [ CoA synthetose Acyl„CoA , AMP PP.

Acyl-CoA. 02 Acyi CoA oxidose n 2 j3-tf-d/is-Enoyl-CoA + H202

H3C
H3C-C=C-NH2

H3C-N C=
2H202 +

=/ C2H4OH
+ AH20

Fig. 1. Equations and formulae for the determination of free fatty acids by the enzymatic reaction
··»
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Results

Correlation studies

The concentration of total free fatty acids was deter-
mined in the 51 plasma samples by the three differ-
ent methods. The fesults of the correlation studies
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Fig. 2. The colorimetric (y) versus the GLC (x) method.
Determination of free fatty acids: y = 0.003 -f l .268 x; r
= 0.972
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Fig. 3. The enzymatic (y) versus the GLC (x) method.
Determination of free fatty acids: y = —0.024 + 1.078x; r
= 0.992

are shown in figures 2, 3 and 4. When the colorimet-
ric and the GLC method are compared (fig. 2), the
intercept is negligible and the colorimetric results are
27% above the GLC results. Enzymatic values are
slightly lower at low levels; at a level of 1.00 mmol/l
they are about 5% higher than GLC values (fig. 3).

Similarly, at 1.00 mmol/l colorimetrically, the enzy-
matic results are 17% lower (fig. 4). The correlation
between the three methods is very good, especially
between the enzymatic method and GLC (r =
0.992).
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Fig. 4. The enzymatie (y) versus the colorimetric (x) method.
y = -0.021 + 0.847x; r = 0.976

Stability at -18°C

The stored control serum Seronorm Lipid (Nye-
gaard) and the 9 plasmas of outpatients were ana-
lysed at intervals by the enzymatic method. Table l
shows that storage of samples at —18 °C for a period
of four weeks gave no change in the total amount of
free fatty acids enzymatically determined.

Tab. 1. The stability of the free fatty acid samples (mmol/l) at -18°C.

Day Seronorm Plasma l Plasma 2 Plasma 3 Plasma 4 Plasma 5
lipid

Plasma 6 Plasma 7 Plasma 8 Plasma 9

0
2
5
7
9

12
15
19
22
29

Mean
S.D.

0.70
0.71
0.68
0.69
0.71
0.69
0.70
0.71
0.71
0.69

0.699
0.011

0.58
0.58'
0.58
0.58
0.62
0.57
0.57
0.64
0.60
0.59

0.591
0.023

0.44
0.46
0.44
0.44
0.44
0.44
0.44
0.48
0.46
0.44

0.448
0.014

0.35
0.35
0.34
0.35
0.37
0.36
0.35
0.37
0.37
0.36

0.357
0.011

0.52
0.53
0.52
0.52
0.53
0.52
0.52
0.53
0.54
0.51

0.524
0.009

0.30
0.30
0.29
0.29
0.31
0.29
0.29
0.35
0.31
0.30

0.303
0.018

0.33
0.32
0.31
0.32
0.33
0.32
0.32
0.38
0.34
0.33

0.330
0.020

0.41
0.42
0.40
0.41
0.44
0.41
0.36
0.43
0.43
0.41

0.412
0.022

0.28
0.29
0.28
0.29
0.30
0.29
0.28
0.34
0.30
0.29

0.294
0.018

0.11
0.13
0.12
0.12
0.13
0.12
0.12
0.16
0.14
0.12

0.127
0.015
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Comparison of ihe precision of the three methods

On 8 different days the control serum Seronorm Lip-
id (batch 56) was determined by the three methods.
The mean values, Standard deviations and coeffi-
cients of Variation are shown in table 2.

Tab. 2. Inter-assay Variation (N = 8) of Sefonorm Lipid, deter-
mined by the three methods.

Enzymatic Colorimetric GLC

Mean (mmol/1)
S.D.(mmol/l)
CV.(%)

0.680
0.035
5

0.763
0.054
7

0.619
0.025
4

Discussion

For this study we have taken GLC äs the reference
method. In this method the free fatty acids are separ-
ated from the phbspholipids by thin layer chroma-
tography. The colorimetric method does not involve
such a Separation procedure, resulting in interfer-
ence by the phospholipids. Therefore free fatty äcid
values estimated by a colorimetric assay will be
higher than those estimated by a GLC method. De-
macker et al. (17) report that at normal concentra-
tions of phospholipids (3.5 mmol/1) there is an over-
estimation of 0.12 mmol/1 free fatty acids, whereas
Chromy et al. (19) find this value to be 0.40 mmol/1.
Our results are just between those values. We find a
bias of +27% in our results obtained by the colori-
metric assay. The enzymatic method shows values
which are slightly above those of the reference meth-
od (+5%). Previous recovery studies of this GLC
method show a yield of 96%. The agreement of the
enzymatic method with the GLC method is very
good, showing that this assay is sensitive äs well äs
specific for free fatty acids. This specificity is due to
the enzymatic conversion of the free fatty acids by
means of acyl CoA synthetase and acyl CoA oxidase.

The coefficient of Variation of GLC agrees fairly well
with that of the enzymatic method (4 and 5% re-
spectively), while that of the colorimetric is consider-
ably higher (7%), notwithstanding the fact that GLC
and enzymatic methods were perfornied in duplicate
but colorimetry in triplicate.

• r
The reference method is tirne consuniing (aboüt 10
detefmiiiations per day). The colorimetric method
requires less tiine, büt a skilled analyst cannot per-
form more than 20 assays a day. The enzymatic
method is the least time consuming and simplest to
handle.

The reagent for the enzymatic method is cornparl·
tively expensive, but the method can be Very easily
mechanized, which will reduce the quantity of rea-
gent and ultimately the cost per analysis.

The apparatus required for the GLC method is räth-
er expensive, while only a photometer is needed for
the colorimetric and the enzymatic assays.

As appears from the results it is possible to störe the
plasma samples at -18 °C for the enzymatic deter-
mination of free fatty acids during a period of at least
4 weeks. Rogiers (20) found that the pattern of the
individual fatty acids or the content of total free fatty
acids in plasma changed after 48 hours, unless the
sample was stored under nitrogen. In that case it was
possible to störe the plasma samples for 10 days at
—18 °C. All the determinations of Rogiers were per-
formed with GLC.

Considering all the aböve aspects, the enzymatic
method for the determination of total free fatty acids
will be the method of choice in this hospital.

Note: Recently J. Miles et al. (21) have preserited a
microfluorimetric method for the determination of
free fatty acids. The assay is a modification of the
enzymatic method. The authofs stäte that because of
the sensitiviy of their assay, reagent, 'quantities and
thus costs are significantly reduced compared with
enzymatic spectrophotometric methods.
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