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ABSTRACT: A generalized partial-least-squares calibration for
determination of the trans content of edible fats and oils by
Fourier transform near-infrared (FT-NIR) spectroscopy using
8-mm disposable glass vials for sample handling and measure-
ment was developed. The trans contents of a broad range of
oils were determined using the American Oil Chemists’ So-
ciety single-bounce horizontal attenuated total reflectance
(SB-HATR) mid-infrared spectroscopic procedure, these trans
reference data were used in the development of the generalized
FT-NIR calibration. Additional refined and product-specific
calibrations were also developed, and all the calibrations were
assessed for their predictive capabilities using two sets of
validation samples, one comprising a broad range of oil types
and the other restricted to oils with specific characteristics. The
FT-NIR trans predictions obtained using the generalized cali-
bration were in good agreement with the SB-HATR results; the
values were accurate and reproducible to within +1.1 and
+0.5% trans, respectively, compared to a reproducibility of
+0.40% trans obtained for the SB-HATR method. The accuracy
of the predictions obtained from the generalized FT-NIR cali-
bration for particular oil types was not significantly improved
by supplementing the base training set with samples of these
specific types. Calibrating only these oil types did, however,
produce a substantial improvement in predictive accuracy, ap-
proaching that of the SB-HATR method. These product specific
calibrations produced serious predictive errors when nonrepre-
sentative samples were analyzed. The incorporation of a sup-
plementary discriminate analysis routine was found to be a
powerful safeguard in flagging nonrepresentative samples as
outliers and could also be used to select the calibration most
appropriate for the characteristics of the sample being analyzed.
Overall, it was concluded that FT-NIR spectroscopy provides
a viable alternative to the SB-HATR/mid-Fourier transform in-
frared method for trans determination, making use of more in-
dustrially robust instrumentation and equipped with a simpler
sample handling system.
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Trans fatty acids (TFA) in edible fats and oils have been im-
plicated in the etiology of arteriosclerosis and heart disease
(1,2), and the U.S. Food and Drug Administration (FDA) has
recently published a proposed amendment of their regulations
on nutritional labeling (3). This will require that the amount
of TFA in foods, as well as dietary supplements be included
in the amount and percent daily value declared for saturated
fatty acids. TFA are commonly produced from unsaturated
fatty acids during hydrogenation in a concurrent side reac-
tion, in which some of the cis double bonds are incompletely
hydrogenated and converted to the trans configuration in-
stead. The degree of hydrogenation, as well as the levels of
TFA formation, are key determinants of the quality and func-
tionality of fats and oils, and monitoring TFA formation is a
useful way of tracking and controlling the hydrogenation
process.

Mid-infrared (IR) spectroscopy has been the predominant
means of determining the trans content of fats and oils since
the 1940s (4). The advent of Fourier transform infrared (FT-
IR) spectroscopy has led to substantive improvements in
compensating for interfering triglyceride absorptions, elimi-
nating the need to saponify and methylate the oils to produce
fatty acid methyl esters (5). A related infrared spectroscopic
technique, near-infrared (NIR) spectroscopy, is widely used
in the food industry for quality control applications, being a
rapid, reliable, and nondestructive means of analyzing vari-
ous materials without reagents or solvents. NIR instruments
are more rugged and less energy-limited than mid-IR spec-
trometers, and offer more flexible sample handling options,
which make it possible to analyze samples in low-cost, con-
venient glass vials. These advantages are also inherent to
FT-NIR spectrometers, with the added benefit of highly re-
peatable measurements owing to the use of a helium-neon ref-
erence laser, which ensures wavelength accuracy. Wavelength
accuracy is the key to obtaining robust calibrations and facili-
tates the transfer of calibrations from one instrument to an-
other, generally a problematic process with traditional grating
or filter-based instruments.

The McGill IR Group has worked extensively on the de-
velopment of rapid FT-IR methods for the analysis of edible
oils, with a focus on mid-FT-IR spectroscopy. One of the first
trans analysis methods developed was part of a mid-FT-IR
edible oil analysis package that simultaneously allowed the
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determination of cis and trans content as well as iodine value
(IV) and saponification number (SN), using partial-least-
squares (PLS) calibrations based on pure triglyceride stan-
dards (6). Subsequently, it was shown that an FT-NIR spec-
trometer, equipped with a 5-mm quartz transmission cell
could be used to accurately determine cis/trans/IV/SN when
calibrated using mid-FT-IR spectroscopic data (7). Bomem,
an FT-IR instrument manufacturer, developed a “global”
FT-NIR IV calibration for 8-mm glass vials based on a broad
variety of oil samples; the reference values for this calibra-
tion are provided by gas chromatography (GC) (8). Subse-
quently, more accurate, oil-specific IV calibrations were de-
veloped and employed in conjunction with discriminate
analysis to differentiate between closely related oil types
using discrimination criteria based on various types of infor-
mation provided by these calibrations (9). This work led to
the conclusion that a generalized, instrument-transferable,
FT-NIR IV calibration would provide sound IV analytical
data, and that the calibration could be further refined with
processor-specific oils if additional accuracy was needed. An
FT-NIR IV method, based on the use of a global calibration,
is being considered by the American Oil Chemists’ Society
(AOCS) for official method status.

This paper expands on the concepts developed as a result
of the IV work. The objective of this research was to develop
a generalized trans calibration for an FT-NIR spectrometer,
equipped with a heated sample-handling accessory that uses
8-mm disposable vials. The overal goal is to provide proces-
sors with a rapid and simple means of determining frans con-
tent with instrumentation more suited to the industrial quality
control environment.

MATERIALS AND METHODS

Oil samples, calibration and validation standards. Oil sam-
ples representing a broad range of oil types and degrees of hy-
drogenation were obtained from California Oils Co. (Rich-
mond, CA), Bunge Foods (Bradley, IL) and Lipton (Balti-
more, MD). The reference trans values (expressed as %
trielaidin) for all the California/Bunge group (CBG) oils were
obtained using the AOCS single-bounce horizontal attenuated
total reflection mid-IR method (5). For the calibration of the
reference method, triolein and trielaidin were obtained from
Nu-Chek-Prep, Inc. (Elysian, MN) and an ultra-degummed,
bleached, expelled soybean reference oil was obtained from
Owensboro Grain Co. (Owensboro, KY). In the case of the
Lipton group (LG) samples, trans data obtained by the new
AOCS GC method (5) were provided by the processor.

The training set for the generalized trans calibration con-
sisted of 44 CBG oil samples, which included, among others,
undefined commercial shortenings and palm, corn, almond,
soybean, canola, and walnut oils, both hydrogenated and non-
hydrogenated. Figure 1 provides a frequency histogram of the
trans content distribution in the training set, which ranged
from ~0 to 50% trans. The LG samples consisted of four sets
of 40 preanalyzed but undeclared oil types, only identified by
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FIG. 1. A frequency distribution plot illustrating the trans values of the
samples in the training set used to derive the generalized trans calibra-
tion (Cal-1).

being grouped as A-D (Table 1). A second trans calibration
set was prepared by adding 20 LG samples, five of each type,
to the 44-sample base training set used for the general cali-
bration. Additional calibrations were developed for each spe-
cific LG oil type (A-D) by using 20 samples of each group to
develop individual group calibration training sets, as well as
a combined LG calibration training set consisting of five sam-
ples from each oil type. The makeup of the various calibra-
tion training sets is summarized in Table 2. Two sets of vali-
dation samples were used to evaluate all the calibrations.
None of these validation samples were used in any of the cal-
ibration training sets. The first validation set (Val-1) consisted
of 21 samples selected from the CBG oil group, while the sec-
ond set (Val-2) consisted of 20 LG samples obtained from oil
groups A-D (five from each).

TABLE 1
Mean trans Values, Standard Deviations and Ranges
for Oil Samples Within Lipton Oil Groups A—D

Trans (%)
Oil type Mean SD Range
A 0.567 0.099 0.33-0.71
B 26.921 1.207 25.20-28.81
C 8.893 0.714 7.80-10.17
D 8.898 0.656 7.95-10.12
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TABLE 2
Summary of the Sample Makeup of the Training Sets
Used for the Various trans Calibrations

Calibration CBG? oils LG oils

1 44 samples 0 samples

2 44 samples 20 samples (5 each of oil
types A, B, C, and D)

3 0 samples 20 samples (5 each of oil
types A, B, C, and D)

4a 0 samples 20 samples of oil type A

4b 0 samples 20 samples of oil type B

4c 0 samples 20 samples of oil type C

4d 0 samples 20 samples of oil type D

4CBG, California/Bunge Group; LG, Lipton Group.

Instrumentation and sample handling. A Bomem (Bomem
Inc., Québec, Canada) MB155S FT-IR spectrometer, config-
ured for NIR operation and equipped with a deuterated
triglycine sulfate (DTGS) detector, was used for this study.
The spectrometer was controlled by an IBM-compatible 486
DX 66-MHz PC running under Windows-based Bomem-
Grams/386 software (Galactic Industries Co., Salem, NH)
and AIRS, a specific quality assurance software package
(DHC Analysis, Cleveland, OH). A Nicolet (Madison, WI)
Magna FT-IR spectrometer, operating under Nicolet OMNIC
E.S.P. software and equipped with a heated ZnSe SB-HATR
accessory (Graseby-Specac, Smyrna, GA), was employed for
the determination of the reference trans values by AOCS Of-
ficial Method Cd 14d-97 (5).

For acquisition of FT-NIR spectra, samples were trans-
ferred to 8-mm o.d. transparent glass vials (Kimble Glass
Inc., Vineland, NJ) having a nominal volume of 1 mL. The
vials were placed in a temperature-controlled, multivial sam-
ple holding block (Bomem Inc.) maintained at 68 = 1°C. All
sample and background spectra were recorded by co-adding
128 scans at a resolution of 16 cm™" over the spectral range
of 10,000-4,000 cm™!. Open-beam background spectra were
collected every 30 min with the vial holder in the IR beam,
and each sample spectrum was ratioed against the most recent
background spectrum collected. To compensate for inherent
variations in vial pathlength, the ratioed spectra were normal-
ized to unit area over the region of 9,100-7,560 cm™' by using
a normalization routine provided with the AIRS software.

NIR calibration and validation. The spectra of the trans
calibration standards along with their respective reference
trans values were input into the Galactic PLSPlus chemomet-
rics program (Galactic Industries Co.) to develop PLS cali-
brations. Correlation and variance spectra were generated to
identify spectral regions that contain information related to
variations in trans content, and these regions were then ex-
plored for calibration development and refinement. Each cali-
bration was assessed by using the leave-one-out cross-valida-
tion procedure and optimized in terms of the appropriate
number of factors by minimizing the predicted residual error
sum of squares (PRESS). The performance of the calibra-
tions, as well as their respective cross-validations, was as-
sessed using linear regression, with accuracy (a) and repro-
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ducibility (r) calculated as mean differences (MD) and stan-
dard deviations of the differences (SDD) for r or a according
to the method of Youden (10).

RESULTS AND DISCUSSION

Single-bounce horizontal attenuated total reflectance (SB-HATR)
results. The calibration of any secondary method, such as an
FT-NIR trans method, is strongly dependent on the a and r
of the reference method upon which it is based. The new
AOCS SB-HATR mid-FT-IR frans method (5) was used to
obtain the reference trans values for the CBG oil samples.
The SB-HATR method itself requires calibration based on the
use of two-component gravimetrically prepared mixtures of
trielaidin and triolein. This method entails ratioing the spec-
tra of these standards, as well as those of the samples subse-
quently analyzed, against the spectrum of a zero-trans refer-
ence oil, with quantitation being based on measurement of the
area under the isolated frans absorption band between 990
and 945 cm™! in the ratioed spectra. The calibration equation
obtained by linear regression of the mean area from duplicate
spectra of the calibration standards vs. the gravimetric trans
content was:

Area = 0.37008 + 0.38121(% trans) r>=0.997 SD=0.58 [1]

Subsequently, the 44 oil samples constituting the training set
for the FT-NIR calibration were analyzed in duplicate by
the SB-HATR method and their trans contents were pre-
dicted using Equation 1. The duplicate predictions are plotted
against each other in Figure 2; the equation for the line is:

% trans; = 0.0181 + (1.0086 * % trans,) r2=0.999 SD=040 [2]

The SD associated with Equations 1 and 2 indicate that the
reference method can be reproducible to within +0.40% trans
and accurate to £0.60% trans. For comparative purposes, se-
lected LG samples, analyzed by GC, were also analyzed by
the SB-HATR method, and the GC trans data were regressed
against the FT-IR-predicted trans contents to obtain an esti-
mate of their relative degree of concurrence, which is sum-
marized by Equation 3.

GC % trans = 0.24 + 0.975 SB-HATR % trans r*>=0.998 SD =0.92 [3]

Equation 3 indicates that the LG GC data, obtained using the
new AOCS GC method (5), are a remarkably good match to
the SB-HATR data, corroborating the observations of Adam
et al. (11) that general concurrence between GC and IR trans
data is finally being achieved.

Spectroscopy and calibration development/assessment.
Figure 3 illustrates the spectral characteristics of a low-trans
and a high-trans edible oil across the NIR and mid-IR regions
of the spectrum. Owing to the low intensity of NIR absorp-
tion in comparison with mid-IR absorption, the absorbance in
the NIR region (10,000—4,000 cm_l) has been magnified 10-
fold to allow detail to be seen. The bands in the NIR region
are broad and nebulous in comparison with the detailed struc-
ture observed in the mid-IR region. What is particularly note-
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FIG. 2. Duplicate predictions of California/Bunge group calibration standards by single-bounce
horizontal attenuated reflectance (SB-HATR) method.

worthy about these spectra, in relation to the quantitation of
trans content, is the lack of any discernible difference be-
tween the spectra of the low- and high-trans oils in the NIR
region, whereas the mid-IR portion of the spectrum shows a
clear-cut, strong trans signal at 967 cm™'. Although the NIR
region contains much of the same information as the mid-IR

region, extensive band overlap makes it more difficult to ex-
tract this information since the NIR bands correspond to over-
tones and combinations of the fundamental vibrations that
give rise to mid-IR absorption bands. As a result, in most
cases, the only means of carrying out quantitative work in the
NIR region is to make use of more sophisticated chemomet-
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FIG. 3. Collated near/mid-infrared (IR) spectra of (A) a low-trans oil and (B) a high-trans oil, il-
lustrating the key spectral features associated with the two IR spectral regions. The fundamen-
tal trans absorption at 967 cm™! is readily discernible in the mid-IR region. The absorbance
values in the region from 10,000 to 4,000 cm™' have been magnified by a factor of 10 to pro-

vide greater detail.
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ric techniques, such as PLS regression, which provide a
means of developing a calibration by mathematically corre-
lating spectral changes to changes in the measure of interest.
In the present work, PLS was used to derive a generalized FT-
NIR calibration for the prediction of trans content.

The FT-NIR spectra of the samples in the Cal-1 training set
(Table 2) were input, along with their SB-HATR reference
trans values into a chemometrics program to develop a gener-
alized PLS calibration. Correlation and pure-component spec-
tra as well as PRESS and cross-validation results indicated that
the regions selected in our initial study (7) were optimal for
the determination of frans content. The optimal spectral re-
gions were found to be 8,975-7,189 cm™! with a single-point
baseline at 7,575 cm_l, 5,238-5,056 cm~! with a single-point
baseline at 5,247 cm_l, and 4,779-4,564 cm~! with a single-
point baseline at 4,800 cm™L. The Cal-1 PLS model used five
factors and Figure 4 illustrates the cross-validation plot of FT-
NIR predicted trans vs. SB-ATR trans content, expressed as
% trielaidin with its linear regression equation being:

FT-NIR rrans = 0.17 + 0.99*SB-HATR trans  r>=0.995 SD=1.51[4]

The MD_, and SDD, for the predictions from the Cal-1 cali-
bration relative to the ATR trans values were —0.05 and 1.51,
respectively, quite similar to the results obtained in our first
FT-NIR trans study (7). In that study, as in the present work,
the reference values were obtained by mid-FT-IR spec-
troscopy; however, a PLS-based method using a 25-um trans-
mission flow cell was employed instead of the SB-HATR
method. The comparable accuracy obtained in the two stud-
ies indicates that the performance of the two mid-FT-IR trans
methods is essentially equivalent, such that either can serve
as a reference method in the development of an FT-NIR cali-

FT-NIR trans (%)
(4]
o
]
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bration. It also indicates that the use of glass vials for sample
handling, with the use of a spectral normalization procedure
to compensate for their inherent pathlength variability (9),
does not appear to detract from the general performance of
the FT-NIR predictive capability relative to the use of a con-
stant pathlength transmission cell.

Although the FT-NIR predictions obtained clearly track
the reference values (Fig. 4), the overall cross-validation SD
is +1.5% trans, about three times that of the r of the SB-
HATR reference method. Cal-1 was subsequently validated
using two sets of validation oils, Val-1 (CBG samples) and
Val-2 (LG samples). Table 3 illustrates the MD and SDD ob-
tained for both @ and r of the FT-NIR predictions for these
two validation sets relative to their respective reference meth-
ods. Overall, the SDD, for duplicate FT-NIR trans predictions
is very similar to that of the reference SB-HATR method. The
SDD,, reflects a somewhat better accuracy than indicated by
the cross-validation results (1.1 vs. £1.5), most likely be-
cause the calibration training set spanned a wider range of
trans values than the validation samples. The similarity of the
SDD,, values for the two validation sets provides further evi-
dence of the general consistency between the AOCS SB-
HATR and AOCS-GC reference methods. The SDD , values
are about twice the SD for the SB-HATR method in Equa-
tion 1. This somewhat poorer accuracy is not surprising given
the need to extract the trans spectral information from weak
overtone and harmonic bands rather than the sharp, funda-
mental band present in the mid-IR region.

In this context, we also evaluated whether Cal-1 could be
further refined to better predict LG type samples by the inclu-
sion of 20 additional representative samples in the training
set (Cal-2). The MD and SDD statistics for this calibration

T T
10 20

-

T
30 40 50 60

SB-HATR trans (%)

FIG. 4. A cross-validation plot of FT-NIR trans predictions obtained using the Cal-1 vs. the
SB-HATR trans reference values. See Figure 2 for abbreviation.
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TABLE 3

H. LI ET AL.

MD and SDD for Reproducibility (r) and Accuracy (a) Obtained for Samples Analyzed with the General (Cal-1)
and the Refined (Cal-2) trans Calibrations as Assessed Using the Two Validation Sets (Val-1 and Val-2)?

Validation set Reference method

Cal-1 statistics

Cal-2 statistics

Val-1n =21 AOCS MD, = -0.08 SDD, = 0.55 MD, =-0.15 SDD, = 0.42
CBG oils SB-HATR MD, =-0.06 SDD,=1.13 MD, =0.02 SDD, =1.12

Val-2 n =20 AOCS MD, =-0.04 SDD, = 0.38 MD, =-0.05 SDD, = 0.38
LG oils GC MD,=-0.15 SDD,=1.11 MD,=-0.27 SDD, = 1.01

4AOCS, American Oil Chemists’ Society; SB-HATR, single-bounce horizontal attenuated total reflectance; MD, mean dif-
ferences; SDD, standard deviations of the differences; GC, gas chromatography.

are presented together with those for Cal-1 in Table 3. The ac-
curacy of the predictions for the Val-2 set did not improve ap-
preciably with the inclusion of LG samples in the training set,
implying that the training set for Cal-1 modeled the LG sam-
ples adequately. Subsequently, a calibration was developed
specifically for the LG oils; five samples of each oil type, a
total of 20 samples, were used to develop the calibration
(Cal-3). The reference values for this calibration were pro-
vided by GC analyses, and the optimized Cal-1 spectral re-
gions were employed. Cal-3 was used to predict Val-1 and
Val-2, and the prediction statistics, in terms of MD and SDD
for r and a, are given in Table 4. As expected, since Cal-3 is
specific to LG samples, it is useless for predicting Val-1 oils.
However, Cal-3 does a very good job of predicting the trans
values for the Val-2 (LG) samples. The SDD, is about
+0.50% trans, significantly better than +1.1% trans for Cal-1.

Discriminate analysis. When implementing a PLS calibra-
tion, the PLS-predicted values for samples whose spectra dif-
fer significantly from those of the training set are not reliable.
This is well illustrated by the results presented above for
Cal-3. Because the training set for this calibration was re-
stricted to four specific oil types (LG oil types A-D), the trans
predictions obtained for Val-1 oils were off by 20% or more.
Similarly, if a sample were atypical (e.g., containing excess
free fatty acids or heavily oxidized relative to the samples in
the training set), it may not be accurately predicted. Thus,
practical implementation of a PLS calibration should incor-
porate a means for detecting “outliers,” i.e., samples that are
not well represented spectroscopically by the samples used to
derive the calibration.

The AIRS software includes discriminate analysis capa-
bility, which can be used to determine whether spectra of

TABLE 4

samples are consistent with the characteristics of the calibra-
tion training set. As detailed in a previous paper (9), the use
of discriminate analysis for outlier detection can be based on
a variety of criteria, including the PLS-predicted value of the
parameter of interest, the spectral residual, or the factor
scores. These three types of discrimination criteria were de-
vised for Cal-1. Based on these criteria, none of the samples
in Val-1 and Val-2 were identified as outliers. This provides
further evidence that the Val-2 samples were adequately mod-
eled by the general Cal-1 training set. Refining this calibra-
tion by the addition of LG samples to the training set (Cal-2)
did not provide a significant improvement.

In the case of Cal-3, all the samples in Val-1 were flagged
as outliers when tested against the discrimination criteria es-
tablished for this calibration, as would be expected on the
basis of the makeup of the training set (Table 2). All the sam-
ples in Val-2 passed the Cal-3 discrimination criteria. Subse-
quently, four calibrations, Cal-4(a—d), were developed specifi-
cally for each LG oil type, and discrimination criteria were set
to determine whether the AIRS discriminate analysis routine
could distinguish among the four oil types. Since the trans
ranges of oil types C and D overlap appreciably (Table 1), dif-
ficulty in distinguishing between oils of these two types might
be anticipated. However, the AIRS discriminate analysis rou-
tine was readily able to distinguish among samples of all four
oil types. This capability could be very useful, as it not only
provides a means of ensuring that the calibration in place is
appropriate for the sample being analyzed but also can be used
to automate the selection of the most appropriate calibration
from among a set of available calibrations. The AIRS software
tests the sample spectrum using the discrimination criteria for
each calibration and uses this information to select the most

MD and SDD for r and a Obtained for Samples Analyzed Using the General Lipton Group
Calibration (Cal-3) Using the Two Validation Sets (Val-1 and Val-2)?

Validation set

Reference method

Cal-3 statistics

Val-1 n=21 AOCS
CBG SB-ATR
Val-2 N =20 AOCS GC
LG

MD,=-0.76  SDD, = 0.91
MD, =-14.11 SDD, = 17.30
MD,=0.18  SDD, = 0.61
MD,=0.48  SDD, = 0.62

aSee Table 3 for abbreviations.
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appropriate calibration to predict the trans content of the sam-
ple. Thus, samples of different oil types can be analyzed in
random order without any need for operator intervention to se-
lect an appropriate calibration.

Based on our experience to date (9), we are finding that dis-
criminate analysis is a very powerful and important tool,
which, in our opinion, should be an integral part of any IR
spectroscopic analytical method to be implemented in an in-
dustrial situation. The application of discriminate analysis rou-
tines helps eliminate errors such as mixing up a sample or an-
alyzing one that is spoiled or contaminated, thereby providing
an extra degree of confidence in the analytical results.

This study demonstrates that despite the lack of a dis-
cernible frans absorption band in the NIR portion of the spec-
trum, the trans content of edible fats and oils can be predicted
from their FT-NIR spectra through the application of PLS. By
employing a training set comprising of a wide variety of oil
types, a generalized calibration was developed that allowed
the trans content of unknown samples, analyzed in disposable
glass vials, to be predicted with an accuracy of ~ +1.1% trans.
Supplementing the calibration training set with a subset of a
specific oil type or group does not appear to improve the accu-
racy of the basic calibration. On the other hand, it is possible
to obtain more accurate predictions by calibrating on a more
limited training set of oils having specific characteristics (e.g.,
canola oils undergoing a standardized hydrogenation process).
These more restricted calibrations are strictly limited to oils
having the characteristics reflected by the training set, and dis-
criminate analysis is an important supplementary tool for these
types of calibrations because it provides the capability to flag
samples that do meet this requirement. The generalized FT-
NIR trans calibration does not match the performance charac-
teristics of the mid-FT-IR SB-ATR method, but when specific
calibrations are developed for well-defined oil types, the accu-
racy approaches that of the mid-FT-IR method. NIR spec-
troscopy is clearly a competitive, alternative approach to mid-
IR spectroscopy for the rapid determination of the trans con-
tent of fats and oils. It has the advantage of using more robust
instrumentation and a simpler sample handling system better
suited to the industrial QC environment. Supplemented with
the AIRS discriminate analysis package, the FT-NIR system
evaluated provides a practical means for the edible oil sector
to comply with the new trans labeling requirements recently
proposed by the FDA.
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