
ABSTRACT: An attenuated total reflection infrared spec-
troscopy procedure was collaboratively studied among two sets
of five laboratories for quantitating the total trans fatty acid lev-
els in neat (without solvent) hydrogenated vegetable oils, mea-
sured as triacylglycerols in one study, and as fatty acid methyl
ester derivatives in the other. Unlike the fatty acid methyl es-
ters, the triacylglycerols required no derivatization but had to
be melted prior to measurement. To obtain a symmetric absorp-
tion band at 966 cm−1 on a horizontal background, the single-
beam spectrum of the trans-containing fat was “ratioed” against
that of a refined oil or a reference material that contained only
cis double bonds. A single-bounce horizontal attenuated total
reflection cell that requires 50 µL of undiluted test samples was
used for oils, melted fats, or their methyl esters. For fatty acid
methyl esters, the reproducibility relative standard deviations
were in the range of 0.9 to 18.46% for 39.08 to 3.41% trans,
determined as methyl elaidate per total fatty acid methyl esters.
For five pairs of triacylglycerol blind duplicates, the repro-
ducibility and repeatability relative standard deviations were in
the ranges of 1.62 to 18.97%, and 1.52 to 13.26%, respectively,
for 39.12 to 1.95% trans, determined as trielaidin per total tria-
cylglycerols. Six pairs of spiked triacylglycerol blind duplicates
(quality assurance standards) exhibited high accuracy in the
range of 0.53 to 40.69% trans and averaged a low bias of 1.3%.
These statistical analysis results were compared to those collab-
oratively obtained by the recently adopted AOCS Cd14-95 and
AOAC 994.34 Infrared Official Methods.
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The determination of total trans fatty acids by infrared spec-
troscopy (IR) has been widely used for many decades (1). To
improve the accuracy of the IR methods (2,3), many modifi-
cations have been proposed since the 1960s (4–15), including
refinements recently introduced by two new IR Official Meth-

ods that were adopted by the Association of Official Analyti-
cal Chemists (AOAC) in 1994 (16) and the American Oil
Chemists’ Society (AOCS) in 1995 (17). The basis of the IR
determination stems from the fact that the C–H out-of-plane
deformation band, observed at 966 cm−1, is uniquely charac-
teristic of isolated double bonds with trans configuration.
These double bonds are found mostly in trans-monoenes, and
at much lower levels in minor hydrogenation products, such
as methylene-interrupted and nonmethylene-interrupted
trans,trans-dienes, mono-trans-dienes, and other trans-poly-
enes. Like most IR procedures, the 1994 AOAC and 1995
AOCS Official Methods are not fully satisfactory because
they assume that the band at 966 cm−1 is isolated, while in
fact it overlaps with other features of the observed IR spec-
trum (18). This overlap produces a strongly sloping back-
ground that reduces the accuracy of the IR quantitation, par-
ticularly at trans levels below 5% (16–18). 

In 1996, a procedure was proposed (18) to eliminate the
highly sloping background by “ratioing” the single-beam
spectrum of the hydrogenated fat against that of a trans-free
reference background material. Thus, a symmetric IR absorp-
tion band at 966 cm−1 on a horizontal background was ob-
tained. This “ratioing” of single-beam spectra is equivalent to
the differential spectrophotometric procedure proposed for
dual-beam dispersive IR instruments by Huang and Firestone
in 1974 (7). A second modification was also proposed by
Mossoba et al. (18); instead of conventional transmission
cells, the use of an attenuated total reflection (ATR) IR cell
(9,10,19) was used (18) to speed up the determination. With
ATR cells, test samples of neat melted fats or fatty acid
methyl esters (FAME) are neither weighed nor quantitatively
diluted in any solvent. Because it was demonstrated that the
“ratioing” and ATR procedure was an acceptable alternative
for the IR determination of the total trans fatty acid content
(18), it was adopted as Recommended Practice Cd 14d-96 by
AOCS in 1996 (20). Moreover, in this preliminary investiga-
tion (18) no conversion of triacylglycerols (TAG) to FAME
was necessary because there were only small differences be-
tween trans levels in hydrogenated fats and the correspond-
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ing methyl ester derivatives. To apply this procedure effi-
ciently to the determination of trans fat in commercial food
products (21), a 50-µL single-bounce horizontal ATR cell was
used instead of a liquid ATR cell (18), which required a much
larger quantity of test material (about 1.5–2 mL). 

In the present study, the performance of 50-µL ATR cells
was further evaluated in two limited collaborative studies
among two sets of five laboratories. The quantitative data
were statistically analyzed to determine reproducibility, re-
peatability, and accuracy of the proposed ATR procedure for
the quantitation of trans levels in TAG and FAME. 

MATERIALS AND METHODS

Lipid standards and reagents were supplied by Nu-Chek-Prep,
Inc. (Elysian, MN), Sigma Chemical Co. (St. Louis, MO), and
Alltech Associates (Deerfield, IL). All solvents were reagent-
grade and were supplied by Aldrich Chemical Co. (Milwau-
kee, WI). Methyl esters were prepared according to AOAC
Official Method 969.33 (22). For the FAME collaborative
study, test samples were donated by Dr. W.E. Emmons of SGS
Control Services, Inc. (Deer Park, TX); they consisted of five
partially hydrogenated soybean oils, a refined bleached de-
odorized (RBD) soybean oil, and an RBD soybean oil blended
with a hydrogenated corn oil. The reference background ma-
terial was the Sigma reference mixture, AOCS No. 1, which
consisted of the methyl esters of palmitic (6.0%), stearic
(3.0%), oleic (35.0%), linoleic (50.0%), linolenic (3.0%), and
arachidic (3.0%) fatty acids. For the TAG collaborative study,
test samples of RBD soybean oil mixed with an industrial
blend, and RBD soybean oil spiked with trielaidin (TE), were
provided by Lipton (Baltimore, MD). The reference back-
ground materials were ultra-degummed bleached expeller soy-
bean oil (Owensboro Grain Co., Owensboro, KY), and RBD
soybean oil (Lipton, Baltimore, MD) for the TAG and TE-
spiked TAG test samples, respectively.

The affiliations of the five FAME study collaborators were
Lipton [Baltimore, two separate quality assurance (QA) labo-
ratories], Food and Drug Administration (FDA) (Washington,
DC, and Summit-Argo, IL), and Spectra-Tech (Stamford,
CT). The same laboratories participated in the TAG study, ex-
cept that a collaborator from Mattson Instruments (Madison,
WI) replaced the one from Spectra-Tech. The Fourier trans-
form infrared (FTIR) spectrometers Bio-Rad (Cambridge,
MA) FTS-60A, Nicolet (Madison, WI) Magna 500, and
Perkin-Elmer 2000 (Norwalk, CT) were used by the collabo-
rators at FDA in Washington, DC, Spectra-Tech and Lipton,
respectively. Mattson Galaxy 5000 FTIR instruments were
used at Mattson Instruments, Lipton, and FDA, IL. Spectra-
Tech ZnSe horizontal ATR cells were used by collaborators
at FDA (Washington, DC, and Summit-Argo, IL), Spectra-
Tech, and Mattson Instruments. A Graseby Specac (Fairfield,
CT) ZnSe horizontal ATR cell was used at the two Lipton QA
laboratories by different analysts.

The ATR cell required only about 50 µL of neat (undi-
luted) test sample without weighing. For the TAG collabora-

tive study, the ATR cell was first warmed to about 65°C by
attaching flexible heaters to the top metallic horizontal sur-
face of the ATR cell, whenever melted fats were analyzed.
Flexible heaters of model KHLV-0502/10 were acquired from
Omega (Stamford, CT) and connected in series to a power
transformer (25.2 volt AC, 2-amp), which was purchased
from a local outlet. At 4 cm−1 resolution, 64 scans were col-
lected. For each observed spectrum, a baseline was drawn be-
tween two points, nominally 990 and 945 cm−1, and the area
of the 966 cm−1-band (integrated between these same limits)
was calculated electronically. At 4 cm−1 resolution, the ob-
served minimum points of the trans band at 966 cm−1 did not
always coincide with these integration limits. Differences
were observed, particularly at trans levels below 5%. At these
low levels, the minimum points were typically close to 986
and 947 cm−1, whereas at trans levels above 5%, they were
near 991 and 941 cm−1. The shifts in the positions of mini-
mum points, particularly at low levels, may be partly due to
interferences from conjugated dienes, which absorb near 985
and 950 cm−1. When the observed minima points did not co-
incide with the nominal points (990 and 945 cm−1), these
minima points were usually used to draw the baselines; this is
because they were about 4 cm−1 away from the nominal
points and no distinction was made between these sets of
points at the 4 cm−1 spectral resolution used in the present
collaborative studies. Calibration plots (area vs. percentage
trans) were generated by ATR for 0.5–50% methyl elaidate
(ME) in the ME and methyl oleate (MO) neat reference mix-
tures, and 0.5–50% TE in the TE and triolein (TO) neat refer-
ence mixtures. High correlation coefficients (0.999) were al-
ways obtained, which indicated that the variables were suffi-
ciently linear for routine analysis over the given range.

The AOAC (Gaithersburg, MD) program AOACBUBR
was used for statistical analysis. This program was developed
by the AOAC Statistics Committee (23).

RESULTS AND DISCUSSION

Initially, six FAME test samples were collaboratively studied
among five laboratories by the “ratioing” and ATR procedure
(18). These test samples had been independently analyzed in
an interlaboratory study, namely, the 1994 AOCS trans Se-
ries Smalley Check Sample Program (which validates quality
assurance laboratories). The trans content (Table 1) of each
of the six FAME test samples, which were not blind dupli-
cates, was measured twice by ATR in each of the participat-
ing laboratories. The ATR reproducibility standard deviation,
s(R), and relative standard deviation, RSD(R), are plotted
against the means for FAME test sample in Figure 1A. A
comparison is given in Figure 1B for the RSD(R) values
found for these six FAME test samples by ATR in this study,
and by transmission IR (3) in the Smalley study among 11
laboratories. In Figure 2, the RSD(R) values found by ATR in
this study are compared to those obtained by the 1994 AOAC
(16) and 1995 AOCS (17) transmission IR Official Methods.
Lower RSD(R) values were found by ATR in each compari-
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son. Figure 3 indicates that the ATR means fell between those
found in the Smalley study (24) by gas chromatography (GC)
(25) and by transmission IR (3). 

To evaluate the repeatability of the proposed procedure and
to demonstrate that conversion of fats to the corresponding
FAME is not necessary, 10 unknowns, consisting of five pairs
of TAG blind duplicates, were measured by ATR (after melt-
ing the test samples at 65°C) among five laboratories
(Table 2). TAG reproducibility s(r) and RSD(r), and repeata-
bility s(r) and RSD(r) are plotted against test sample means in
Figure 4A and B, respectively. In Figure 5A, the RSD(R) val-

ues, obtained by ATR for TAG test samples in this study, were
generally lower than those found for FAME by the 1994
AOAC (16), but close to those found for FAME by the 1995
AOCS (17) transmission IR Official Methods. The RSD(R)
values, obtained for TAG test samples, were generally higher
than those reported for FAME test samples in the present ATR
studies. Figure 5B compares the pure error, which is a mea-
sure of precision (26), for each of the five pairs of TAG blind
duplicates, analyzed by ATR in this study, to the lone pair of
FAME blind duplicates analyzed by each of the 1994 AOAC
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TABLE 1
Percentage trans, Determined as Methyl Elaidate per Total Fatty Acid Methyl Esters (FAME), 
for Six FAME Test Samples in Five Laboratoriesa

Lab 1 Lab 1 Lab 2 Lab 2 Lab 3 Lab 3 Lab 4 Lab 4 Lab 5 Lab 5

FAME 3 3.15 3.14 4.50 4.49 3.10 3.50 3.14 3.14 2.96 2.93
FAME 4 8.79 8.82 8.48 8.48 8.70 9.10 8.79 8.75 8.54 8.33
FAME 5 12.71 12.70 12.97 12.90 12.70 12.90 12.68 12.70 12.50 12.38
FAME 1 16.63 16.77 16.58 16.47 16.70 16.90 16.51 16.64 16.18 16.47
FAME 6 23.98 23.94 23.32 23.19 23.50 24.10 24.01 23.99 23.86 23.88
FAME 7 39.15 39.16 38.51 38.64 39.00 38.90 39.20 39.14 39.46 39.60
aTwo measurements (labeled with the same lab number) were carried out for each test sample in each laboratory.

FIG. 1. (A) Plots of reproducibility standard deviation, s(R), and relative
standard deviation, RSD(R), against the mean of the trans content deter-
mined by attenuated total reflection (ATR) as percentage methyl elai-
date per total fatty acid methyl esters (FAME); (B) comparison of plots of
RSD(R) against the trans content mean determined by ATR among five
laboratories (■), and by transmission infrared (IR) in the Smalley study
among 11 laboratories (23) (●) for the same FAME test samples.

FIG. 3. Comparison of ATR mean (five laboratories) with the Smalley
gas chromatographic (GC) and IR means (30 and 11 laboratories, re-
spectively) found for the same FAME test samples. For abbreviations see
Figure 1.

Mean ATR values (% trans)

Mean ATR values (% trans)
FIG. 2. Comparison of plots of RSD(R) against the mean of the trans con-
tent determined for FAME by ATR among five laboratories (■), and by
the Official AOCS (17) and AOAC (16) transmission IR methods in 16
and 12 laboratories (● and ▲, respectively). For abbreviations see Fig-
ure 1. Vertical bars indicate the 95% confidence limits of RSD(R).



and 1995 AOCS Official Methods. The highest pure error was
found for the 1994 AOAC method. Figure 6A indicates that
the TAG ATR means are similar to those obtained for the
corresponding FAME by GC (25) in a separate collaborative
study among 12 oil producer laboratories (Adam, M., unpub-
lished).

To determine accuracy, 12 QA standards, consisting of six
pairs of TAG blind duplicates, were spiked with TE and stud-
ied by ATR among five laboratories (Table 3). The spiked
TAG reproducibility RSD(R) and repeatability RSD(r) values
were in the range of 3.31 to 17.33 and of 2.99 to 17.24%, re-
spectively, for 40.31 to 0.53% trans, determined as TE per
total TAG. Figure 6B compares the true values (based on the

amount of TE added gravimetrically) for each of the six pairs
of TAG QA standard blind duplicates to those determined by
ATR. Accuracy was high and averaged a low bias of 1.3%.

The adverse impact of a highly sloping spectral back-
ground on accuracy was successfully eliminated by “ratioing
out” the overlapping broad features that caused it. The use of
an ATR cell added speed and convenience to the procedure
because weighing test portions and quantitatively diluting
them in CS2 were no longer required. The requirement to con-
vert TAG to FAME was also eliminated; however, TAG re-
quired melting prior to and during ATR measurement. Satis-
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TABLE 2
Percentage trans, Determined as Triacylglycerols (TAG), for Five Pairs of TAG Blind Duplicate Test Samples 
in Five Laboratoriesa

Lab 1 Lab 1 Lab 2 Lab 2 Lab 3 Lab 3 Lab 4 Lab 4 Lab 5 Lab 5

TAG 3 1.74 1.73 1.90 2.24 1.96 2.70 2.06 2.11 1.50 1.53
TAG 2 4.03 4.14 3.68 4.15 3.52 3.38 3.70 3.88 2.87 2.99
TAG 5 9.07 9.13 8.66 9.27 7.83 7.22 9.36 9.78 9.02 9.11
TAG 1 24.91 24.75 26.30 26.76 24.32 24.41 26.45 26.6 24.46 24.49
TAG 4 38.12 38.85 39.56 39.60 39.89 38.18 39.60 39.60 39.02 38.78
aThe data for each pair of TAG blind duplicate test samples are labeled with the corresponding laboratory number.

FIG. 4. (A) Plots of reproducibility standard deviation, s(R), and relative
standard deviation, RSD(R), against the mean of the trans content deter-
mined by ATR among five laboratories as percentage trielaidin (%TE)
per total triacylglycerols (TAG); (B) plots of repeatability standard devia-
tion, s(r), and relative standard deviation, RSD(r), against the mean of
the trans content determined by ATR among five laboratories as %TE
per total TAG. For abbreviations see Figure 1.

FIG. 5. (A) Comparison of plots of RSD(R) against the trans content
mean determined for TAG by ATR among five laboratories (■), and for
FAME by the official AOCS (17) and AOAC (16) transmission IR meth-
ods in 16 and 12 laboratories (● and ▲, respectively); (B) comparison
of pure error found for the five pairs of TAG blind duplicates determined
by ATR among five laboratories, and for a pair of FAME blind duplicates
determined by each of the official AOCS and AOAC transmission IR
methods in 16 and 12 laboratories, respectively. For abbreviations see
Figures 1 and 4.
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factory reproducibility, repeatability, and accuracy were
demonstrated in the present collaborative studies. No major 
difference in reproducibility was found between the FAME
and the TAG studies. The reproducibility relative standard de-
viation values, RSD(R), found for FAME in the present ATR
studies were lower than those reported for the 1994 AOAC
(16) and 1995 AOCS (17) transmission Official Methods. 
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