
ABSTRACT: The results of a collaborative study by 38 labora-
tories were analyzed statistically to calculate the precision of a
novel capillary gas–liquid chromatography (GLC) method for
the determination of low levels of trans fatty acids (TFA) in edi-
ble oils. The participants came from 17 countries, mainly Euro-
pean, and were spread evenly between Unilever companies
and external laboratories. All participants used the same GLC
method, including a temperature optimization step, which is
suitable for the determination of a large range of TFA levels in
refined oils and fats and for the determination of total saturated
fatty acid, cis mono- and cis-cis methylene-interrupted polyun-
saturated fatty acid isomers. For TFA levels down to 0.5%, the
collaborative study yielded values for Rwithin that ranged from
0.08 to 0.13% (absolute values) and for Rbetween from 0.2 to
0.4%, depending on the isomer distribution in a particular edi-
ble oil. The proposed GLC method allows reliable TFA analysis
at low levels that is suitable for monitoring oil processing prac-
tices and intake control.
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Analytical procedures for accurate and precise determination
of trans fatty acid (TFA) levels in edible oils and fats have
been discussed in many papers (1–6). Methods proposed dif-
fer in scope with regard to the expected level of TFA or in the
analytical techniques used. Almost all methods were devel-
oped to determine TFA levels that are usually found in ani-
mal or hydrogenated vegetable fats in a range of 5 to 60%.
Techniques used include gas–liquid chromatography (GLC)
(1–3), infrared (IR) spectroscopy (4), or the combination of
both (5). The most suitable methods are incorporated in
method libraries of normative bodies, such as American Oil
Chemists’ Society (AOCS) or Association of Analytical
Chemists (7–9). The discussions on TFA levels and their pos-
sible role in human health have mainly focused on the higher
levels of TFA found in partially hydrogenated material or in

animal fats (6,10). Nutritionally, the minor amounts of TFA
in refined oils and dairy products are of little significance.
However, because these methods were developed to analyze
TFA levels in oils and fats above 5%, or with some care down
to 2%, only a few papers describe methodology to be used in
the determination of low TFA levels (4,11). Levels below 2%
are generally found in nonhydrogenated refined oils. The typ-
ical TFA formed during the refining step to remove free fatty
acids were described in the early 1970s by Ackman et al.
(12). These low levels of TFA isomers are formed during the
refining step in which the double bonds (DB) isomerize from
cis to trans and vice versa. Only geometrical isomers are
formed, with no shifts of the DB position. This process is
time- and temperature-dependent (13,14). The rate of conver-
sion also depends on the level of unsaturation of the fatty acid
(FA) molecule: trienoic FA isomerize more easily than
dienoic FA. The lowest conversion rate is observed for the
monoenoic FA. This effect, together with the natural FA dis-
tribution, results in typical TFA levels in specific refined oils.

Owing to the still-increasing attention on TFA levels in ed-
ible oils and products that contain edible oils, TFA levels in
these refined oils have to be monitored. This has to be viewed
against a trend in which levels of TFA in consumer products
decrease (15). Secondly, because these specific TFA isomers
are formed by a combination of time and heat stress, the lev-
els observed in the oils are an important criterion in determin-
ing good oil processing practices (10). At these low levels of
TFA, in the range of 0–2%, the precision of the analytical
technique must be extremely high if the TFA values obtained
are to be used for setting specifications, for monitoring oil
processing practices, or for rejecting batches. An earlier orga-
nized internal collaborative study (November 1994; van
Bruggen, P.C., H.J. van Oosten, and M.M.W. Mooren, unpub-
lished results) showed that results obtained for low TFA lev-
els required further refinement of the GLC procedures.

Recently, we have demonstrated that GLC procedures can
be optimized to measure both the TFA isomers found in hy-
drogenated material and the TFA isomers found in refined oils
and fats (16). Our method does not rely on a fixed combina-
tion of stationary phase and temperature conditions but rec-
ommends minor adjustments of the temperature to meet care-
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fully described separation criteria for the different cis and
trans isomers. The method is suitable for reliable determina-
tion of a wide range of TFA levels in refined oils and fats as
well as for determination of total saturated fatty acid (SAFA),
cis mono- and cis-cis methylene-interrupted polyunsaturated
fatty acid isomers (cis-MUFA and cis-cis-PUFA).

For high levels of TFA, as found in hydrogenated oils and
fats, accurate alternative methods exist for reference. GLC
procedures can be checked with IR methods, with reference
materials, or by participating in existing proficiency schemes,
such as the AOCS Smalley program. Finally, by a suitable
combination of GLC with argentation chromatography, the
level of isolated cis and trans isomers can be measured, which
is especially useful if lack of resolution prevents correct TFA
determination (17).

For refined oils and fats, no accurate reference methods
exist nor are reference materials available to check the accu-
racy of the method at low TFA levels. Because of the empha-
sis on the presence of TFA at low levels in edible oils and
products that contain edible oils, a collaborative study was
organized to obtain information on method performance for
these low TFA levels.

EXPERIMENTAL PROCEDURES

Collaborative study. Approximately 100 potential partici-
pants were invited to participate in this interlaboratory test.
Candidates were selected from the authors’ affiliation, main
oil suppliers, and already existing contacts with contract lab-
oratories. A number of competitors participated at their own
request. The participants received a first announcement and
the analytical protocol (see below) in July 1995, followed by
the samples in November 1995.

The double split-level design of the study was based on in-
ternational standard norms for interlaboratory tests (18,19).
Only small modifications of these procedures were required
to accommodate our specific needs.

Samples and sampling. Suitable samples were selected
from the commercially most important vegetable oils, namely
sunflowerseed, soybean, and rapeseed oils. At Unilever
Research Vlaardingen (The Netherlands), the selected
batches were screened for their levels, of TFA by using the
analytical protocol (see below). Batches of the same type
of oil, but with different TFA levels, were mixed to obtain

the desired levels for the double split-level design, i.e., for
each oil type, two TFA levels close to each other (target TFA
levels sunflowerseed oil, 0.35 and 0.45%; soybean oil, 0.80
and 0.90%; rapeseed oil, 1.10 and 1.20%). The homogeneity
was checked before and during dispensing by TFA analy-
ses. Each participant received 12 uniquely coded sample bot-
tles: two blind duplicates for the two levels for each of these
three oils. All samples had to be analyzed only once. Oil oxi-
dation was minimized by minimizing the head-space in the
bottles. The oil type was not disclosed on the bottle labels.
Transport of the samples was organized by courier service 
to ensure fast delivery. Details on sample storage between

receipt and actual analysis were mentioned in the study
protocol.

Study protocol. The study protocol stated how to handle
the samples and results and included a copy of the analytical
protocol (see below). Participants were allowed to report the
results only on preprinted forms, specifying the trans 18:1,
18:2, and 18:3 levels and the sum of TFA per sample. A sum-
check on the 12 results per participant was used for data entry
control. Chromatograms of all samples had to be returned to
the organizer of the test as well as details of the equipment
and settings used.

Analytical protocol. The analytical method prescribed in
the protocol is based on the paper from Duchateau et al. (16).
In short, the method is as follows: From the oil samples,
methylated fatty acids (FAME) are prepared with the AOCS
BF3-methanol procedure (Ce 2-66). The FAME are analyzed
for the individual FA isomers by a capillary GC method with
high-polarity phases. The participants could select SP-2340
(Supelco, Bellefonte, PA), CP™-Sil 88 (Chrompack, Middle-
burg, The Netherlands), or BPX70 (SGE Inc., Austin, TX) as
the column. For each of the columns, a recommended isother-
mal temperature is given, resulting in separation of the FA
isomers of interest (see Ref. 16 for illustrations of the required
separations). To optimize the separation and to correct for
small instrument and column batch differences, fine-tuning
instructions were provided. Detection was based on flame-
ionization detector, and quantitation was based on area per-
centages. The FA isomers were identified from example chro-
matograms for each oil type. Original FA identification was
based on equivalent chainlength values and standards.

Statistical evaluation. The data were screened based on
normative procedures (18,19) with SAS software (SAS Insti-
tute Inc., Cary, NC) to detect outliers. Outliers were defined
as data that lay outside the expected distribution with a confi-
dence level of 99% or more. Two types of outlier tests were
used: the Cochran Maximum Variance Test which detects par-
ticipants with a larger variance of the analytical results than
other participants, and the Dixon Test, which detects partici-
pants with a larger or smaller mean value than other partici-
pants. After deletion of possible outliers, the within-labora-
tory reproducibility (Rwithin) and the between-laboratory re-
producibility (Rbetween) were calculated. The difference
between two measurements on the same sample should not
exceed the value of Rwithin or Rbetween when performed by one
laboratory or by two laboratories, respectively (95% confi-
dence interval).

RESULTS AND DISCUSSION

Acceptance of data. Sixty out of the 100 notified laboratories
actually participated. Because the intention of this collabora-
tive study was to obtain information about the newly devel-
oped GLC method for low TFA levels in refined oils, all par-
ticipants were urged to adhere strictly to the protocol. Major
deviations to that protocol could not be allowed, and prior to
the statistical analysis, the data set was screened and some
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had to be removed for several reasons: (i) Although an opti-
mal isothermal GLC oven temperature was explicitly indi-
cated in the protocol, 15 participants measured the TFA con-
tent in the samples with a temperature gradient. Data of these
participants were not accepted. (ii) The data of one partici-
pant were unacceptable because they were largely incom-
plete. (iii) The chromatograms of all samples of all partici-
pants were inspected in detail. Nine participants (out of the
60) showed chromatograms in which the cis-11 20:1 peak
coeluted with the tcc 18:3 peak. These participants incorrectly
labeled the trans isomer as cis-11 20:1, resulting in a much
lower total TFA content. Because the analytical protocol
clearly described the necessary peak separation (examples
were included) and procedures as to how this separation 
could be achieved, it is clear that these participants did not
adhere to the protocol. For this reason, their results were not
accepted (more information will be given in the Instrumenta-
tion section).

Among the 38 remaining participants, there were still a
few with small deviations from the analytical protocol: Three
participants used a different stationary phase, i.e., SP-2560,
which has a different selectivity from that of the prescribed
CP™-Sil 88 or SP-2340 columns and requires probably a dif-
ferent optimal isothermal temperature. Three other partici-
pants used nitrogen as the carrier gas, although helium or hy-

drogen was recommended. However, after optimizing,
SP-2560 is expected to give the same performance as the
other stationary phases mentioned in the protocol, and the ni-
trogen carrier gas will be of minor influence. Therefore, these
data were accepted.

Reproducibilities. The data of the 38 remaining partici-
pants (about half Unilever companies and half non-Unilever
companies, divided over 17 countries of which 11 were Euro-
pean) were subjected to the outlier tests and calculations of
reproducibilities. The TFA results of all accepted data can be
graphically presented in bar graphs for each sample type and
level. An example is given in Figure 1. This figure shows not
only that the total TFA levels (total bar height) show some
variability but also that the individual trans isomer distribu-
tions vary as well.

By using the Cochran and Dixon Outlier Tests, results of
10 duplicates (of seven different participants), out of the
available 228 duplicates (38 participants, three oil types, two
levels), were detected as outliers and were subsequently re-
moved from the data set. Most of the outliers were detected
by the Cochran Outlier Test. Other data from these seven par-
ticipants were accepted. After removal of the outliers, the re-
producibilities were as given in Table 1.

The results in Table 1 could suggest a linear relation be-
tween the mean of the total TFA level and Rbetween. However,
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FIG. 1. Representative bar graph of the accepted data for one batch of soybean oil [target trans fatty acid (TFA) level 0.90%]. For each of the 38
participants, the blind duplicate results are given in adjacent bars.



it can be argued that the variability largely depends on 
the presence of the relative amounts of the individual trans
isomers. The distribution of the FA 18:1, 18:2, and 18:3 in 
the starting oils is quite different. In natural sunflowerseed
oil, for example, a high level of 18:2 is present, and 18:3 
is almost absent. In soybean oil and in rapeseed oil, rela-
tively large amounts of 18:3 are present, but they differ
strongly in the 18:2 and 18:1 levels. Consequently, the
amounts of detectable trans isomers, formed during refining,
are different.

Moreover, the number of individual trans peaks varies
strongly for the various trans isomer groups, e.g., one peak
for 18:1, a maximum of three peaks for 18:2, and seven (of
which five are mostly detected) for 18:3. So, it can easily be
understood that the different FA compositions of the three
types of oil strongly influence the differences in the Rbetween.

In November 1994, a first collaborative study on the deter-
mination of low TFA levels was organized. In this test, of
which the results were made available only to the 32 partici-
pants, the GLC protocol for the determination of the TFA lev-
els was based on an international standard (7) that prescribes
a condition for each particular stationary phase. Although
these standards mention that other conditions might be re-
quired to obtain a better separation (guidelines are, however,

not given), most of the participants (about 75%) did not alter
the conditions.

The results of this test, compiled in Table 2 (mean TFA
level and Rbetween only), clearly show that the variability of
the total TFA level was unacceptably high. The Rbetween val-
ues are even larger than the mean total TFA levels. Upon
closer analysis, several participants of the first test reported
unrealistically high TFA levels. The chromatograms of half
of the participants showed major shortcomings, which could
be related to a poor technical setup. In the current test, this
was reduced to about 15% of the accepted participants (see
also the chromatographic quality section).

Comparison of the values of the Rbetween in Tables 1 and 2
shows a significant improvement in the performance of the
participants. The spread of the TFA values was much less
with the new protocol, fewer extreme values were found, and
the general quality of the chromatograms was improved. This
improvement is, in our opinion, mainly caused by describing
a set of minimal separation requirements for the monoenoic,
dienoic, and trienoic FA.

Chromatographic quality. A detailed study of the chro-
matograms returned revealed a number of deviations. The
most serious deviation is the coelution of the tcc 18:3 peak
with the cis-11 20:1 peak, resulting in a much lower TFA level.
The results of the participants with this deviation in their chro-
matograms were removed from the data set prior to statistical
evaluation. In Table 3, the other deviations are given with their
estimated impact on the total TFA level. Also, the number of
these deviations as found in the accepted data is given.

Five of the 38 participants showed combinations of these
deviations in such a way that the general quality of their chro-
matograms cannot be rated as sufficient for reporting reliable
total TFA results. The most important deviations on which we
based this decision are detection and separation problems,
i.e., deviations numbered (i), (ii), and (iii) in Table 3. The in-
fluence of the results of these five participants on the repro-
ducibilities is presented in Table 4 and shows a clear effect
on Rbetween.

The reproducibilities in Table 1 represent the performance
averaged over the accepted participants. If, however, all par-
ticipants had scrutinized their GLC equipment and opera-
tional practices for most potential pitfalls, this would proba-
bly have resulted in the lower reproducibilities of Table 4,
which can be considered to be the best achievable for analy-
sis of low TFA levels by capillary GLC.
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TABLE 1
Mean Level, Within-Laboratory Reproducibility (Rwithin) 
and Between-Laboratory Reproducibility (Rbetween) of the Total 
trans Fatty Acid (TFA) Level After Removal of the Outliers

Type of oil Mean total TFA level (%) Rwithin Rbetween

Sunflowerseed 0.34 0.08 0.21
Soybean 0.78 0.13 0.31
Rapeseed 1.09 0.13 0.40

TABLE 2
Results of the First Collaborative Study on Low TFA Levels 
Held in November 1994a,b

Type of oil Mean total TFA level (%) Rbetween

Sunflowerseed 0.52 0.9
Soybean 0.93 1.4
Rapeseed 1.44 1.7
aSource: van Bruggen, P.C., H.J. van Oosten, and M.M.W. Mooren, unpub-
lished results.
bRwithin not available because samples were not shipped in duplicate. See
Table 1 for abbreviations.

TABLE 3
Deviations in the Chromatograms and Their Impact on the Total TFA Levela

Number Quantitative effect Maximal impact (% TFA) Number of participants

i No separation or incomplete separation of tc 18:2 and cc 18:2. −0.2 13
ii Small peaks (partly) not detected, not integrated, or not recognized. −0.1 to −0.2 18
iii Poor separation of tcc 18:3 and ccc 18:3 or cis 20:1. −0.2 to −0.3 6
iv Coelution of cis 20:1 and ccc 18:3. 0 to −0.1 3
v Instable and/or noisy baseline. −0.1 5
vi Retention of cis 20:1 and 18:3 deviating from expected 0 to −0.1 12

aSee Table 1 for abbreviations.



It is not expected that further improvement of the variabil-
ity (i.e., lower values for the reproducibilities) can be
achieved for this type of analysis. A higher precision would
probably require a major modification of the GLC analysis
and quantitation method.

Oven temperature. As previously stated, the chromato-
grams of nine of the 60 participants showed coelution of the
cis-11 20:1 peak with the tcc 18:3 peak. They incorrectly iden-
tified this trans isomer as cis-11 20:1, and the results of these
participants were not accepted for this collaborative study. Six
of these nine participants used isothermal conditions exactly
at the temperatures indicated in the analytical protocol for their
specific stationary phase type (175°C for CP™-Sil 88, 192°C
for SP-2340, and 198°C for BPX70); the other three partici-
pants used a temperature gradient. Comparing the separation
obtained with the example chromatograms would have made
clear that the separation was not yet optimal. This again
stresses the need of checking the optimal temperature for this
type of analysis, by varying the temperature a few degrees
around the advised starting temperature. Of the 38 accepted
participants, 24 used an isothermal temperature that was
slightly different from the advised initial temperature for their
specific stationary phase, as a result of the optimization steps
as outlined in the method. The remaining participants could
simply have taken the advised initial temperature or found by
coincidence exactly that temperature after optimization.

Column stationary phase type. Three participants used
SP-2560 as stationary phase, which was not recommended in
the analytical protocol, but this phase behaves almost identi-
cally to the SP-2340 and the CP™-Sil 88 phases, as far as the
retention order of the various peaks is concerned. An effect
of the use of this column type on the reproducibilities could
not be established. The BPX70 column type was used only
by a limited number of participants (six). The specific proper-
ties of BPX70 cause the cis-11 20:1 isomer to elute after ccc
18:3 (linolenic acid). With the other columns, the position of
the cis-11 20:1 isomer is before ccc 18:3 and may interfere
with the tcc 18:3 isomers. Incorrect labeling of tcc 18:3 as cis-
11 20:1 cannot occur with the BPX70 stationary phase. How-
ever, for analysis of PUFA or hydrogenated material, this col-
umn type is less appropriate (16).

Carrier gas. Only three participants used nitrogen as car-
rier gas. Although, from a chromatographic point of view, this
gas is less suitable than helium or hydrogen for this type of
analysis, the number of participants using nitrogen was too
low to find an effect.

Data processing. Most of the participants (28 out of the
38) had chromatographic software packages available for data
processing, while the other 10 participants used electronic in-
tegrators. One could expect that users of an electronic inte-
grator could miss the very small peaks [deviation (ii) in Table
3, i.e., small peaks not detected/integrated]. Indeed, six of
these 10 participants showed deviation (ii) in their chromato-
grams. The other four indicated, however, that good results
could be obtained with an integrator.

The results of this interlaboratory study clearly show that
accurate TFA analyses of refined oils at low levels are possi-
ble when a capillary GLC method, based on the use of a polar
stationary phase, is used to describe the separation of the in-
dividual cis and trans fatty acids isomers in terms of separa-
tion requirements. The precision and reproducibility obtained
with this new method at low trans levels are markedly better
than those achieved earlier with a current international refer-
ence method that also uses capillary GLC. Within a labora-
tory, the difference between two duplicate TFA determina-
tions at low TFA levels will be, in most cases, no more than
about 0.1% TFA. However, in intercompany trade, the differ-
ence between two TFA measurements on the same sample
can range from 0.2% TFA maximum for sunflowerseed oil to
0.4% TFA for rapeseed oil.

Although the analytical protocol clearly stated the neces-
sary separation of the individual trans and cis isomers and the
number of expected peaks, there were still some participants
with erroneous results due to major separation and integra-
tion problems. When all participants scrutinize their GLC
equipment and operational practices for most potential pit-
falls, the variability of the method may be lowered to a 
Rbetween of about 0.15% TFA maximum for sunflowerseed oil,
0.2% TFA for soybean oil, and about 0.3% TFA for rapeseed
oil. These are probably the best results that can be achieved
with straightforward GLC. Correct peak assignment, suffi-
cient resolution, good instrument settings, and low noise and
drift are decisive factors to achieve optimal precision and re-
producibility.

The results also show that the analytical results are robust
for several adjustments of the GLC apparatus around the op-
timal values, such as column type (other columns than the
proposed, e.g., SP-2560) and carrier gas type. The most im-
portant factor here is the oven temperature because it largely
defines the quality of the separation in the chromatograms
and, therefore, the accuracy of the TFA level. If the prede-
fined separation is not obtained, small adjustments in the
isothermal temperature should be made.

It seems to be important that the analyst knows what the
maximal performance is of the system and how the system re-
acts to certain changes of the instrumental settings. Next to
that, knowledge about the expected composition of the sam-
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TABLE 4
Comparison of the Reproducibilities of Total TFA Level with 
and without Removal of Participants Who Reported Chromatograms
of Insufficient Qualitya

Excluding participants
reporting 

All participants chromatograms rated
(from Table 1) as of insufficient

(n = 38) quality (n = 33)

Type of oil Rwithin Rbetween Rwithin Rbetween

Sunflowerseed 0.08 0.21 0.08 0.14
Soybean 0.13 0.31 0.11 0.21
Rapeseed 0.13 0.40 0.13 0.33
aSee Table 1 for abbreviations.



ples investigated is important. Sufficient time for a thorough
interpretation of the chromatograms seems to be indispens-
able. The data of those participants who followed the analyti-
cal protocol, including temperature optimization and correct
peak labeling and quantitation, show that it is possible to de-
termine low TFA levels with a high precision.

We conclude that the tested GLC procedure is universally
suitable for monitoring oil processing and testing against
strict TFA specifications.

ACKNOWLEDGMENTS

The authors acknowledge their gratitude to all participating compa-
nies for their cooperation to this test. We also acknowledge M.A.
Vasconcellos of Unilever Research Vlaardingen for the TFA mea-
surements of the oils used in this interlaboratory test.

REFERENCES

1. Wolff, R.L., Resolution of Linolenic Acid Geometrical Isomers
by Gas–Liquid Chromatography on a Capillary Column Coated
with a 100% Cyanopropyl Polysiloxane Film (CP™-Sil 88), J.
Chromatogr. Sci. 30, 17–22 (1992).

2. Wolff, R.L., and C.C. Bayard, Improvement in the Resolution
of Individual trans-18:1 Isomers by Capillary Gas–Liquid Chro-
matography: Use of a 100-m CP-Sil 88 Column, J. Am. Oil
Chem. Soc. 72:1197–1201 (1995).

3. Ratnayake, W.M.N., AOCS Method Cd 1c-89 Underestimates
the trans-Octadecenoate Content in Favor of the cis Isomer on
Partially Hydrogenated Vegetable Fats, Ibid. 69:192 (1992).

4. Mossoba, M.M., M.P. Yurawecz, and R.E. McDonald, Rapid
Determination of the Total trans Content of Neat Hydrogenated
Oils by Attenuated Total Reflection Spectroscopy, Ibid.
73:1003–1009 (1996).

5. Ratnayke, W.M.N., Determination of trans Unsaturation by In-
frared Spectrophotometry and Determination of Fatty Acid
Composition of Partially Hydrogenated Vegetable Oils and An-
imals Fats by Gas Chromatography/Infrared Spectrophotome-
try: Collaborative Study, J. AOAC Int. 78:783–802 (1995).

6. Enig, M.G., Trans Fatty Acids in the Food Supply: A Compre-
hensive Report Covering 60 Years of Research, Enig Associ-
ates, Inc., Silver Springs, MD, 1993, pp. 51–115.

7. Official Methods and Recommended Practices of the American
Oil Chemists’ Society, Fatty Acid Composition by GLC, cis,cis
and trans Isomers, American Oil Chemists’ Society, Cham-
paign, 1992, AOCS Official Method Ce 1c-89.

8. Official Methods and Recommended Practices of the American
Oil Chemists’ Society, Fatty Acid Composition of Partially Hy-
drogenated Oils. A Combined GLC-IR Method, AOCS Press,
Champaign, 1993, AOCS Official Method Cd 14b-93.

9. The Official Methods of Analysis of the AOAC, Total Trans Fatty
Acid Isomers in Margarines. Gas Chromatographic Method, As-
sociation of Official Analytical Chemists, Washington, D.C.,
1985, AOAC Official Method 985.21.

10. Fats and Oils in Human Nutrition: Report of a Joint Expert Con-
sultation, Food and Agriculture Organization (FAO) of the
United Nations, Publication Division FAO, Rome, Vol. 57,
1994, pp. 33–43.

11. Official Methods and Recommended Practices of the American
Oil Chemists’ Society, Trans Unsaturated Fatty Acids by Capil-
lary Column Gas Chromatography, AOCS Press, Champaign,
1994, AOCS Recommended Practice Cd 14c-94.

12. Ackman, R.G., S.N. Hooper, and D.L. Hooper, Linolenic Acid
Artifacts from the Deodorization of Oils, J. Am. Oil Chem. Soc.
51:42–49 (1974).

13. Eder, S.R., Development of Artifacts During Processing of Food
Oils and Fats, Fat Sci. Technol. 84:136–141 (1982).

14. Jawad, I.M., S.P. Kochhar, and B.J.F. Hudson, Quality Charac-
teristics of Physically Refined Soybean Oil, J. Food Technol.
18:353–360 (1983).

15. Bayard, C.C., and R.L. Wolff, Trans-18:1 Acids in French Tub
Margarines and Shortenings: Recent Trends, J. Am. Oil Chem.
Soc. 72:1485–1489 (1995).

16. Duchateau, G.S.M.J.E., H.J. van Oosten, and M.A. Vasconcel-
los, Analysis of cis- and trans-Fatty Acid Isomers with Capil-
lary GLC in Hydrogenated and Refined Vegetable Oils, Ibid.
73:275–282 (1996).

17. Adlof, R.O., Analysis of the Monoenoic Fatty Acid Distribution
in Hydrogenated Vegetable Oils by Silver-Ion High-Perfor-
mance Liquid Chromatograpy, Ibid. 72:571–574 (1995).

18. Precision of Test Methods—Determination of Repeatability and
Reproducibility for a Standard Test Method by Interlaboratory
Tests, International Organization for Standardization, Geneva
(ISO), Official Method 5725, 1986.

19. Plantaardige en dierlijke oliën en vetten - Bepaling van de her-
haalbaarheid en reproduceerbaarheid van analyse methoden
door middel van interlaboratoriumonderzoek, 1988. Dutch Nor-
malization Institute: Vegetable and Animal Oils and Fats: De-
termination of Repeatability and Reproducibility of Analytical
Methods by Interlaboratory Tests, NEN 6303.

[Received December 2, 1996; accepted September 29, 1997]

488 P.C. VAN BRUGGEN ET AL.

JAOCS, Vol. 75, no. 4 (1998)


