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Abstract

A method for the identification of fatty acid methyl esters (FAME) based on the analysis of shifts in equivalent chain
lengths (ECL) is described. The method is based on two-dimensional retention data achieved on one capillary column. Various
temperature and pressure programs are applied on the same cyanopropyl column and the shifts in the ECL values are analysec
by multivariate methods. The chain length, number of double bonds, and the double bond positions can be determined with high
accuracy. The same procedure is suitable for determination of the nuntbensdndcis double bonds itransfatty acids, and
for detection of artefacts in fatty acid methyl ester chromatograms.
© 2003 Elsevier B.V. All rights reserved.
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methyl esters

1. Introduction carbons in homologous serig$]. The ECL concept
uses the saturated straight chain FAME as reference
Equivalent chain lengths (ECL[L,2] is the most compounds. By definition 18:0 has an ECL value of
established method of reporting relative retention 18, 20:0 has an ECL value of 20, etc. Only the car-
times of fatty acid methyl esters (FAME). The calcu- bons in the fatty acid chain of the FAME molecule are
lation of ECL values is analogous to the calculation counted. The relationship between (g9 and ECL
of Kovats’ indices (KI)[3], which is widely applied for the saturated FAME is found by linear regression
for reporting relative retention times of other organic or by the formula:
compounds. Both Kl and ECL were originally de- , ,
. logt,,., — logt
veloped for isothermal gas chromatography and are ECLy) =z + R@) R(z)
based on the linear relationship between the logarithm logtg 1) — 1091k,
of the adjusted retention times,} and the number of

@)

wherez is the carbon number in the saturated FAME

eluting immediately before the analyte of interest,

* Tel.: +47-5550-1230: fax:+47-5550-1299. andz + 1 is the number of carbons in the saturated
E-mail addresssvein.mjos@ssf.no (S.A. Mjgs). FAME eluting immediately after analyte
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Today FAME are usually analysed using tem- Even though the ECL value may be characteris-
perature programming where the linear relationship tic for a fatty acid molecule, it is not unique; the
between logk) and ECL is no longer valid. Conse- degree of overlap in ECL values between different
quently, ECL values cannot be calculated from the compounds is extensive in FAME analyses. The gen-
formula described above, but direct relationships be- eral advice is therefore to achieve two-dimensional
tween the retention time and ECL can be established data by analysing unknown samples on two or more
using non-linear regressidb,6]. stationary phases with different polarity, ideally with

The fractional chain length is defined as the dif- co-injections of reference compounds. Janj&g]
ference between the ECL value of the actual FAME showed that scatter plots of ldgj values obtained
molecule and the ECL value of the unbranched sat- on two columns with different polarity may be of
urated molecule with the same number of carbons. high diagnostic value, both for the identification of

Thus, FCL is calculated by the following formula: unknown structures from retention times, and for pre-
diction of retention times of fatty acids with known

FCL) = ECL(y) — ECL(y) (2) structure. An identification procedure based on the
differences in Kl on four different stationary phases

wherex is the compound of interest, arzds the sat- has also been develop¢tb]. Although these meth-

urated fatty acid with the same number of carbons. ods may provide precise and accurate information
Although some variation occur as a function of col- about the fatty acid structure, practical implications

umn temperaturg7—11], ECL and FCL values are of applying more than one column limit their use.

recognised as being characteristic for a certain FAME It has been shown that the polarity of cyanopropyl

molecule when analysed on a specific stationary phase.phases is highly temperature dependéfii. Signifi-

ECL and FCL values are therefore used for identifica- cant increase in ECL values of unsaturated fatty acids

tion of unknown fatty acids. Since the introduction of with increasing column temperature has been observed

the ECL and FCL concepts, numerous lists of these [7-10]. In this work the potential for fatty acid identi-

values for the most common fatty acids have been fication based on shifts in ECL values, achieved under

published for a large variety of stationary phases. different temperature and pressure programs on the
It has been shown that fatty acids that are struc- same cyanopropyl column, has been investigated.

turally similar with respect to the number and po-

sition of double bonds have similar differences in

log(tr) relative to their saturated analoguy#g]. From 2. Methods

Egs. (1) and (2t can be seen that these fatty acids

will also have similar FCL values. The influence of 2.1. Instrument parameters

the double bonds is additive, with small deviations

for methylene-interrupted double bonds8—-15] Es- All analyses were performed on a HP-5890 GC

timates of ECL and FCL values can therefore be equipped with split/splitless injector, electronic pres-

calculated for a certain FAME molecule if the val- sure control (EPC)18], HP-7673A automated liquid

ues have not been previously reported. A drawback sampler, and HP-5972 MS detector (Agilent Technolo-

of using FCL values, or similar identification meth- gies, Palo-Alto, CA). The system was equipped with

ods, is that the number of carbons in the molecule G1034C MS Chemstation software. BPX-7D, =

is often unknown because of severe overlap between70m, id. = 0.25mm,d; = 0.25um (SGE, Ring-

chromatographic regions with different chain lengths. wood, Victoria, Australia) was chosen as analytical

This is particularly a problem with fish oils, which  column. Helium, 99.996% was used as carrier gas.

contain a large variety of highly unsaturated long

chain fatty acids. On the most polar cyanopropyl 2.2. GC-programs

columns the highly unsaturated 22063 may elute

after 26:0[7]. Unknown compounds in this region of For the analysis of mixtures of fatty acids with

the chromatogram may therefore have chain lengths chain length up to C24, temperature programmed gas

from C22 to C26. chromatography is required to achieve good resolution
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Table 1

Levels of start temperaturéy), temperature gradienB], and column flow C) used in GC programs

Level A (start temperature)’ C) B (temperature gradient)C/min) C (flow? (pressur®) (cm/s (kPa))
Low 160 2 18.0 (55.1)

Medium 175 3 22.0 (89.6)

High 190 4 26.0 (124.8)

a Estimated by Chemstation software.
b Pressure at 6(C, increased with temperature to keep constant carrier gas velocity.

within acceptable run times. With EPC, programming Squalane (99%) and squalene (97%) were pur-

of the column flow is also an option to achieve this chased from Aldrich Chemie (Steinheim, Germany).

goal. Fatty acid ethyl esters (>99%) were purchased from
Temperature programs with linear gradients were Nu-Chek Prep (Elysian, MN).

used. To induce changes in ECL values, three differ-

ent initial temperatures, temperature gradients, and 5 4 cgjculations

column flows were applied. The applied temperatures

gnd flows are given iTable 1 The samples were in- The peak apex was used to determine retention
jected at an oven temperature of D that was kept times. ECL values were calculated from the reten-
constant fqr 4min. The temperature was increased 4o times of the saturated fatty acids (C14—C24), us-
by 30°C/min to start temperaturs, followed by @ jnq nolynomial regressions of different orders in Mi-
gradient ofB (*C/min) until the last compound had . osoft Excel. Principal component analysis (PCA),
eluted. The |nJectpr pressure was mcrgased with oven partial least squares (PLS) regressions and multiple
temperature to give a constant velocity (Df(cm/s). linear regression (MLR) were performed in Unscram-
The levels of the parametess B and C are given 61 7 9 (CAMO, Oslo, Norway). PCA and PLS were

in Table 1 The different programs will be referred o formed on unweighted and mean centred variables.
to in the formA-B-C. The samples (0.5+dl) were

injected in splitless mode. The split valve was opened
after 4 min. Injector temperature was 25D and MS

transfer line temperature 27G. 3. Results and discussion

3.1. Selection of GC-programs
2.3. Samples
In the initial study the reference mixture GLC-461

GLC-461 (Nu-Chek Prep, Elysian, MN) was used was analysed by combinations of all parameters given
as FAME reference mixture. This mixture contains in Table 1 The full 3® design required 27 different
FAME with 8-24 carbons and 0-6 double bonds. GC programs. Both third or higher order polynomial
Approximately 0.1ug FAME in hexane was injected  equations, and geometric equations=£ ax’) gave
(3 ng of each compound). acceptablé? values for the regressions between ECL

The fish oil sample was of unknown origin. Three andtgr. Third order polynomials were appliedA fote
drops of oil were converted to FAME according to of caution Microsoft Excel does not show enough
AOCS method Ce 1b-89 but with the following mod- decimals when the regression formula is displayed.
ifications: reaction times of 10 min were applied both Dividing all values with 100 before regression and
for alkali (NaOH) and acid (B§) catalysed esterifica-  correcting the formula afterwards will solve this
tion, and 2 ml of methanolic NaOH (0.5 N) and BF  problem.)
(12%) were applied. An identification procedure based on the retention

cigtrans reference compounds were prepared by times in 27 chromatograms is of no practical value
isomerisation with paratoluenesulphinic acid, and because of the large amount of work and time nec-
fractionated on HPLC as described elsewh{8E essary to acquire the data. It was therefore necessary
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Fig. 1. PCA score plot illustrating the similarities in ECL patterns between the 27 GC programs frorh diesign described iffable 1
The 27 C14-C24 fatty acids in reference mixture GLC-461 were used as variables. Programs in boldface were selected for identification
of fatty acid structure.

to select a few of the GC programs that had the most ered. The retention times for all five programs were
unique ECL patterns. This was done by PCA on the converted to ECL values by second order regressions
data matrix with the 27 programs as objects and the applied on 18:0, 20:0, 22:0, and 24:0. The most unsat-
fatty acids as variables. The scores of the two first urated C22 fatty acids elute after 24:0, and their ECL
principal components (PC1 and PC2) are plotted in values are calculated by extrapolation of the functions.
Fig. 1 Together the two components explain 99% If 25:0 or 26:0 are not present in the reference mix-
of the variation in the original data matrix. GC pro- ture, polynomials of higher order than two must be
grams that are close in the score plot have similar applied with care.

ECL patterns. The different GC programs are grouped It can be seen fronTable 2that there is a con-

in a quadrangular shape, where the objects with the nection between the fatty acid structure and the vari-
extreme values along PC1 and PC2 define the cor- ations in ECL: highly unsaturated compounds show
ners. These programs, 160-2-26, 190-4-18, 160-4-18, larger variation than the less unsaturated compounds.
and 190-2-26, have the most unique ECL patterns PCA was used to analyse the dataTeble 2 using

and were therefore applied in subsequent analyses.the five programs as variables and the fatty acids as
The program in the centre of the plot andl @sign, objects. The score plot is shown kig. 2 and reveals
175-3-22, was also included to increase stability of two clear trends related to the structure of the fatty
the solutions. Examples of fatty acid identification by acids: the molecules are positioned according to their

application of these programs are given below. chain length and degree of unsaturation. There is also
a small systematic difference between th&, n-6 and
3.2. Identification of long chain PUFA n-9 series. Fatty acids with similar values along PC1

will have similar ECL values in most cases, and may
The ECL values from the reference mixture and un- be confused when the identifications are based on re-
known compounds in analysed fish oil are given in tention characteristics. Most of these critical pairs, e.qg.
Table 2 Only the region from C18 to C24 is consid- 22:1n-9 and 20:5n-3, are well separated along PC2.
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Table 2
Calculated ECL values for long chain polyunsaturated fatty acids analysed with five temperature/pressure programs
160-2-26 160-4-18 175-3-22 190-2-26 190-4-18 Average Max—min

18:0 18.006 18.000 18.009 18.027 18.009 18.010 0.027
18:1 18.324 18.374 18.375 18.388 18.422 18.377 0.097
18:2 18.918 19.019 19.007 19.011 19.094 19.010 0.176
Ul (18:2) 19.125 19.237 19.221 19.219 19.307 19.222 0.181
18:3n-6 19.314 19.451 19.433 19.440 19.554 19.438 0.240
U2 (18:3) 19.551 19.701 19.683 19.689 19.810 19.687 0.259
18:3n-3 19.675 19.816 19.795 19.799 19.918 19.801 0.243
20:0 19.970 19.985 19.972 19.943 19.973 19.968 0.043
U3 (18:4) 20.064 20.249 20.229 20.245 20.389 20.235 0.325
20:1 20.316 20.383 20.371 20.361 20.425 20.371 0.109
U4 (20:2) 20.752 20.866 20.853 20.859 20.946 20.855 0.194
20:2 20.960 21.063 21.052 21.062 21.144 21.056 0.183
20:3n-6 21.363 21.508 21.494 21.522 21.624 21.502 0.261
20:4n-6 21.630 21.813 21.792 21.830 21.958 21.804 0.328
20:3n-3 21.743 21.880 21.865 21.898 21.987 21.875 0.245
22:0 22.022 22.008 22.024 22.049 22.022 22.025 0.041
U5 (20:4n-3) 22.130 22.322 22.302 22.348 22.467 22.314 0.337
22:1 22.372 22.420 22.424 22.465 22.479 22.432 0.107
20:5n-3 22.424 22.651 22.617 22.665 22.809 22.633 0.385
22:2 23.008 23.108 23.096 23.135 23.183 23.106 0.175
U6 (21:5n-3) 23.537 23.791 23.726 23.735 23.908 23.739 0.371
22:4n-6 23.735 23.949 23.888 23.883 24.037 23.898 0.302
24:.0 23.989 23.993 23.991 23.990 23.992 23.991 0.004
U7 (22:5n-6) 23.935 24.190 24.109 24.080 24.277 24.118 0.342
U8 (22:4n-3) 24.130 24.364 24.281 24.228 24.424 24.285 0.293
24:1 24.320 24.410 24.369 24.320 24.414 24.367 0.094
22:5n-3 24.479 24.773 24.652 24.538 24.819 24.652 0.339
22:6 n-3 24.694 25.029 24.877 24.711 25.055 24.873 0.361

The fatty acids are sorted according to the average ECL values. Unknown samples from the fish oil are denoted U, tentative identifications
from Fig. 2 are given in parentheses.

The trends seen iRig. 2are similar to the trends seen also confirmed by their mass spectra. Fréig. 2U3
when retention data from two columns with different is identified as an 18:4 isomer. The mass spectrum
polarity are comparefl.2]. confirmed the chain length and the number of double
Unsaturated fatty acids can be identified by their po- bonds, and indicated that this is thet isomer. Two
sitions inFig. 2relative to the fatty acids in the refer- pentaenes were found. U6 was positioned in the mid-
ence mixture. The identifications have been controlled dle between 20:5-3 and 22:51-3 and was identified
by mass spectrometiit9,20] Two of the unknowns,  as 21:5n-3, which is frequently reported in marine
Ul and U4, were identified as dienes, one 18:2 and onelipids [21,22] Then-3 structure of these isomers was
20:2 isomer. Their identities as methylene-interrupted confirmed by the mass spectra. U7 lays on the C20
dienes were confirmed by mass spectrometry. U2 was n-6 line, but deviates slightly from the pentaene line.
identified as an 18:3 fatty acid. The mass spectrum in- The deviation from the pentaene line can be caused
dicated that this was the4 isomer and confirmed the by a small difference betweem6 andn-3 isomers;
chain length and the number of double bonds. the line is drawn on the basis on3 isomers only. A
Three compounds were identified as tetraenes. U5 similar difference can also be seen for the tetraenes.
and U8 were identified as 203 and 22:4n-3 by The identity as 22:%:1-6 was confirmed by the mass
their positions in the plot. These identifications were spectrum.
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Fig. 2. Score plot from PCA with the C18—-C24 fatty acids as objects. Variables were the five programs selectéd.flor®pen circles
are fatty acids in the reference mixture GLC-461. Closed circles are fish oil fatty acids identified as described in the text. Broken lines
indicate the number of double bonds; whole lines indicatent3eandn-6 series.

3.3. Trans fatty acids On cyanopropyl columns &ans double bond has
an effect on the retention of approximately a half
Geometrical isomers of the common 18:1-18:3 fatty double bondtrans18:1n-9 is positioned in the middle
acids were fractionated by silver ion HPL6], and between 18:0 andis 18:1 n-9; cis-trans 18:2n-6 is
each fraction was analysed by the five GC programs. positioned between atlis 18:2n-6 and alltrans 18:2
ECL values determined by third order polynomial re- n-6. From this rule one could expect this-trans18:2
gressions are listed ifable 3 The reference mixture  n-6 isomers to show similar behaviour to &#ns18:3
was analysed twice to get a rough picture of the repro- n-6. These two fatty acids have similar retention times
ducibility. Between the two analyses of the reference and are separated by only 0.01-0.06 ECL units, but
mixture there were several days and the column had are well separated by PC2 ig. 3.
also been taken out and re-installed in the oven. The

difference between the two injections of the @liso- 3.4. Artefacts

mers indicated that drift in ECL values can be ignored

during the period of analysis. Compounds that are not FAME frequently occur
The PCA score plot is shown Hig. 3. In this plot in FAME chromatograms. The method was therefore

all fatty acids have the same chain length. The fatty tested for its ability to discriminate between FAME
acids are positioned according to the numbetrars and other molecules. For obvious reasons, it is not
double bonds and total number of double bonds. There possible to test all potential artefacts that may oc-
is also a clear difference between 18:8 and 18:31-3 cur in a FAME chromatogram. Three types of com-
isomers. All groups with the same numberaig and pounds were analysed: saturated hydrocarbons, highly
transdouble bonds are resolved. For the trienes, there unsaturated hydrocarbons, and fatty acid ethyl esters
are overlaps in retention times between the isomers (FAEE). Retention times were converted to ECL val-
with 1, 2, or 3transdouble bonds, but the groups are ues by fourth order polynomial regression. The PCA
separated by PC2. score plot is displayed iRig. 4. The distance between
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Fig. 3. Score plot from PCA with C18 fatty acids as objects. Variables were the five programs selectédgirdnOpen circles are fatty
acids in the reference mixture GLC-461. Closed circlesteams isomers produced as explained $ection 2 Broken lines indicate the
number ofcis double bonds; whole lines mark series of positional isomers.

04 — PC2
B ® Sqalane o X ¢ X
- o X ® X
0.2 —
4 X® o squalene
1 e Q 24:0
4 e O -22:0 N
. ® 18:0E-------§7 7~ N
0 —  gE0E - 0-18:0 ° o o
_____ 170 \
1 o0 ° 18:2E i
4 ot 18:20 ® o o o
I e T Q _ __0__ (o] \
----------- o \
02 — T °__ o,
1 T e O 22:6n3
0.4 X-expl: 99.864%,0.096% PC1
T T T T T
-10 5 0 5 10

Fig. 4. Score plot of PCA with FAME in the reference mixture GLC-461 (open circles) and compounds that are not FAME (closed circles)
as objects. Variables were the five programs selected ffgnl The broken line marks area covered by FAME. E denotes ethyl ester,
X denotes unknown (see text).
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Table 3
Calculated ECL values fatrans fatty acids analysed with varying temperature/pressure programs
160-2-26 160-4-18 175-3-22 190-2-26 190-4-18 Average Max—min

18:0 18.032 18.014 18.027 18.009 18.012 18.019 0.023
18:0 18.036 18.016 18.026 18.015 18.010 18.021 0.026
18:1n9t 18.238 18.241 18.260 18.254 18.274 18.253 0.036
18:1n9c 18.387 18.406 18.428 18.437 18.458 18.423 0.071
18:1n9c 18.385 18.405 18.431 18.440 18.456 18.423 0.070
18:2n-6 tt 18.664 18.667 18.694 18.707 18.712 18.689 0.047
18:2n-6 ct 18.860 18.884 18.914 18.940 18.957 18.911 0.097
18:2n-6 tc 18.937 18.961 18.994 19.020 19.038 18.990 0.100
18:3n-6 tit 18.997 19.002 19.029 19.054 19.052 19.027 0.057
18:2n-6 cc 19.010 19.059 19.085 19.122 19.149 19.085 0.139
18:2n-6 cc 19.010 19.055 19.086 19.124 19.154 19.086 0.144
18:3n-3 tit 19.152 19.151 19.182 19.208 19.206 19.180 0.056
18:3n-6 ctt 19.199 19.227 19.259 19.295 19.308 19.258 0.109
18:3n-6 tct 19.237 19.274 19.301 19.338 19.360 19.302 0.123
18:3n-6 ttc 19.286 19.316 19.344 19.380 19.389 19.343 0.104
18:3n-6 cct 19.290 19.346 19.372 19.422 19.453 19.376 0.163
18:3n-3 ctt 19.362 19.392 19.420 19.460 19.469 19.421 0.108
18:3n-3 tct 19.412 19.451 19.474 19.517 19.526 19.476 0.114
18:3n-6 tcc 19.391 19.452 19.481 19.527 19.561 19.482 0.170
18:3n-6 ccc 19.404 19.482 19.509 19.563 19.613 19.514 0.209
18:3n-6 ccc 19.406 19.487 19.516 19.567 19.612 19.518 0.206
18:3n-6 ctc 19.426 19.490 19.518 19.573 19.605 19.522 0.179
18:3n-3 ttc 19.477 19.510 19.537 19.578 19.590 19.538 0.112
18:3n-3 cct 19.481 19.535 19.563 19.615 19.642 19.567 0.161
18:3n-3 ctc 19.644 19.707 19.736 19.789 19.841 19.744 0.197
18:3n-3 tcc 19.679 19.745 19.764 19.819 19.853 19.772 0.175
18:3n-3 ccc 19.753 19.842 19.859 19.917 19.966 19.867 0.213
18:3n-3 ccc 19.757 19.840 19.867 19.918 19.966 19.870 0.209

The fatty acids are sorted according to the average ECL values. The geometry of the double bonds are given from the carbonyl end to
the methyl end, e.g. 18:8-6 ct is cis-9, trans12 octadecadienoic acid.

squalane and the FAME group is large. Squalene has The FAEE are more similar to FAME than the alka-
more similar behaviour to FAME than squalane, but nes, deviating only by one carbon in the ester alcohol.
is still separated from the FAME group. Some smaller The two saturated FAEE, 16:0 and 18:0, are isomers of
peaks, marked withX" in Fig. 4, were seen in the  17:0 and 19:0 FAME. Their positions in the plots indi-
chromatograms of squalane and squalene. These areate lower polarity of FAEE than of the corresponding
probably compounds of similar structure and are also FAME isomers. The saturated FAEE are positioned
well separated from the FAME group. Squalane, squa- very close to the FAME area, the 18:2 FAEE are po-
lene and the five compounds with similar values on sitioned well inside the FAME area, close to the 18:2
PC2 could also be detected as outliers by having large FAME.

residual variance. The high residual variance means

that their retention behaviour does not fit well to the 3.5. Multivariate regression

principal component model. It should be noted that

both squalane and squalene are highly branched hydro- The evaluation of the retention data described
carbons. Since-alkanes on-alkenes were not tested, above is based on graphical interpretation of
it is not possible to conclude if the deviations relative two-dimensional plots. Graphical methods are prone
to FAME are caused by the branches in the carbon to bias caused by the viewer's subjective interpreta-
chain, or by absence of the ester group. tion, and there is no objective estimate of the accuracy
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of the method. In addition, information may be lost Table 4
when the five original variables are explained by only PLS predictions of chain length and number of double bonds based
two principal components. An alternative strategy °" e ECL values iffable 2

is to predict the chain length and number of double Sample Chain length Double bonds
bonds from multivariate regression models based on Predicted  Rounded  Predicted  Rounded
the ECL data. 18:2n-6  17.93 18 2.01 2

. . . . 2Nn- . .

PLS regressions Wlth full cross validatif23] were 1836  17.92 18 297 3
performed with chain length and number of double 1g3n3 1826 18 3.02 3
bonds as dependent variables, and the ECL data as0:2n6  19.95 20 2.02 2
independent variables. The dataset applied=igt 2 20:3n-6  19.89 20 3.12 3
was used, and the purpose was to achieve models thal20 g “g ;g-;g 28 ‘z‘-gi g

n: . .
gave correct predictions for the C18-C22 PUFA in the 3 2018 20 493 5
reference mixture and fish oil sample. The regressions 22 o6 22.09 29 1.74 2
were based on the fatty acids in the calibration sample 22:4n6  21.87 22 3.99 4
only. 22:5n-3  22.09 22 5.20 5

The cross validation results for the PLS calibration 62:16 n-3 ig-gg ig gig g
of chain length indicated that a model based on two | 5 18.04 18 394 3
PLS components would give the most accurate pre- (.3 18.16 18 417 4
dictions. The calibration was based on all fatty acids u-4 19.66 20 2.22 2
in the reference mixture and the standard error of pre- U-5 20.20 20 4.18 4
diction (SEP) was 0.23. Bias was negligible and the Y- 21.26 21 4.98 5
residuals had normal distribution. Since the number of © " 21.74 22 4.7 >

’ u-8 22.20 22 4,12 4

carbons can only have integer values, the predictions
are rounded to the nearest integer. The prediction will Prediction§ are rounded to nearest integer. Unknown compounds
Lo L . from the fish oil are denoted U.

therefore fail if the absolute error of prediction is

above 0.5. The risk of failure can be estimated from

the SEP of the cross validation results. SEP is the

standard deviation of the residuals. With normally findings (Table 4. With an SEP of 0.21 the risk of pre-

distributed residuals and SEP of 0.23, approximately diction failure is approximately 2%. The model based

3% of the predictions have absolute errors above 0.5. 0n only PUFA predicted correct values also when ap-
Application of the calibration model for prediction ~plied on monoenes, but negative value®(5) when

of the long chain PUFA gave the results listed in applied on the saturated fatty acids.

Table 4 All chain lengths in the reference mixture was

correctly predicted; the chain lengths of the analytes 3.6. Application of two programs

in the fish oil sample agreed with the interpretation of

Fig. 2and information from the mass spectra. The information achieved from only two GC pro-
A similar model for the prediction of number of grams was also examined. The two programs that had

double bonds gave SEP of 0.27 for a three componentthe largest differences in ECL values were 160-2-26

model, which was the optimum found by cross vali- and 190-4-18Kig. 1). Plots of ECL values of one of

dation. The SEP was reduced to 0.21 when monoenesthe programs against the difference in ECL between

and saturated fatty acids were excluded from the cali- the two programs AECL) resemble the score plots

bration set. This increased accuracy may be explainedin Figs. 2—4 The plot for the fish oil sample is given

by the different behaviour of methylene-interrupted in Fig. 5 and should be compared to the score plot

polyenes compared to monoenes. It has been shownin Fig. 2 The two plots have the same main trends,

that methylene-interrupted double bonds have strongerbut the lines explaining the chain length and the num-

interactions with the stationary phase than the isolated ber of double bonds are less parallel and extrapolated

double bonds in monoenfk3—15] The predictions of  with lower accuracy irFig. 5than inFig. 2 An ex-

the number of double bonds also agreed with previous ample can be seen for U3, which has a large distance
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Fig. 5. Differences between ECL values at 160-2-26 and 190-4ABC( ) plotted against ECL values at 160-2-26. Open circles are fatty
acids in the reference mixture GLC-461. Closed circles are fish oil fatty acids identified as described in the text. Broken lines indicate the
number of double bonds; whole lines indicate th8 andn-6 series.

to the tetraene line ifFig. 5. It can also be seen that the large number of fatty acids that was incorrectly
the lines of tetraenes and pentaenes are far from par-predicted suggests that these models have too low ac-
allel to the lines of monoenes to trienes. 223 is curacy to be of any practical value.
also very close to the pentaene line. In addition to the accuracy, robustness of the method
The two variables plotted ifig. 5were used in a  is another reason to use more than two different GC
multiple linear regression for the prediction of chain programs. In some chromatograms, the retention time
length and number of double bonds in a similar way of an unknown component may not be accurately de-
as PLS was used for the predictions based on five GC termined because of co-elution with other peaks. In
programs. Cross validation results for the prediction these cases the results from that program can be left
of chain length gave SEP of 0.25, which mean that the out, and PCA or PLS regressions can be based on the
prediction will fail in approximately 5% of the cases. remaining four programs without loss of accuracy. An-
The chain lengths for all compounds in the reference other problem that may occur is that two peaks may
mixture and in the fish oil sample were correctly deter- be confused. The elution order of the peaks changes,
mined. SEP for the MLR prediction of the number of and with several peaks of equal size and similar re-
double bonds was 0.42. The number of double bonds tention times, errors can occur. In such cases the un-
was incorrectly predicted for 22:5, 22:6, U4 and U7. known object will usually be poorly fitted to the PCA
In addition, negative values were reported for two of or PLS model, and a warning will be given in form of
the saturated fatty acids. Limitation of the samples to unusually high residual variance.
only PUFA did not increase accuracy, SEP was 0.47 At our laboratory this method has been applied with
and the model failed to predict the number of dou- a variety of samples. The method is in principle in-
ble bonds in 22:5, 22:6, U2, U3, and U7. Because the dependent of the detector used, but has proven to be
residuals were not normally distributed the risk of pre- a valuable supplement to mass spectrometric detec-
diction failure could not be estimated from SEP, but tion because the two techniques to some extent give
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complementary information. Peaks that are too small determination of the number @fans and cis double

to produce mass spectra of the required quality are bonds intransfatty acids and for detection of artefacts

identified from the ECL values. Larger peaks are iden- in FAME chromatograms.

tified from mass spectra and their ECL values may

be included as known compounds in the PCA or PLS

models, and thereby increase the accuracy of the iden-Acknowledgements
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