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Abstract Trans fat poses serious health risks to con-
sumers. In order to meet the FDA labeling requirements for
trans fatty acids, development of fast, accurate, easy-to-use
analytical methods for oils, fats and related products is
desirable. Fourier transform infrared spectroscopy (FTIR)
is a well-established analytical technique for quantifying
trans fats, and the development of handheld FTIR units
over the past decade presents new application opportuni-
ties. Our objective was to evaluate the performance of a
handheld FTIR sensor for measuring trans fat content
between 0.1 and 20% trans (w/w) in edible saturated and
unsaturated oils. Calibration models were built by mea-
suring height of the band at 966 cm ™' and by partial least
squares regression (PLSR) using benchtop FTIR as a ref-
erence method. Predictive accuracy of the models was
validated with an independent test set of commercial edible
oils. Calibration models developed using PLSR and linear
regression of band heights gave correlation coefficients
R* > 0.98. Multivariate analysis for the handheld unit gave
standard error of prediction (SEP) of approximately 1%,
comparable to values obtained with benchtop systems. This
study demonstrates that handheld FTIR spectroscopy cou-
pled with chemometrics is a suitable method for quantita-
tion of trans fat content.
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Introduction

Dietary trans fat has been shown to have adverse effects on
blood lipoprotein profiles and coronary heart disease risk
impacting individuals and populations. It is recommended
by the World Health Organization (WHO) that mean intake
of trans fat should be <1% of daily energy intake and
worldwide efforts from consumers and regulators are in
effect to reduce TFA intake [1]. Since 2006 the FDA has
required frans content >0.5 g/serving to be included on
nutrition labeling [2].

Gas chromatographic and infrared spectroscopic meth-
ods for determining trans fat levels to meet FDA regulatory
standards were recently reviewed by Mossoba et al. [3].
Established IR methods such as AOCS Cd 14d-99 and
AOAC 2000.10 use band area at 966 cm™' to measure
trans fatty acid content, although these methods have limits
of quantitation around 5% trans. This limitation has been
overcome by a new methodology which measures the
height of the negative second derivative of the trans
absorbance band [4] which is sensitive below 2% trans.

Another current approach to quantitation of components
in complex food matrices is chemometrics. Chemometrics
offers a more robust method of spectral analysis which
takes into account multiple spectral bands. FTIR-attenuated
total reflectance (ATR) combined with multivariate anal-
ysis has been successfully implemented as a reliable, quick,
and simple technique for analyzing food products, edible
oils and lipids [5, 6]. Chemometric analysis methods,
including partial least squares regression (PLSR) are well-
suited to use with FTIR because they can accurately ana-
lyze data that is strongly collinear, noisy, and has numerous
x-variables [7]. PLSR has been used in combination with
FTIR-ATR in one study to quantify trans fat and conju-
gated linoleic acid in fats and oils [8].
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Development of handheld portable infrared units has
allowed for high quality in-field and on-site analysis of
quality parameters of plums [9]. Handheld FTIR-ATR
technology has also been applied to threat screening, anti-
counterfeiting and toxin identification, and application in
the food industry is under current investigation [10]. The
compact nature of this technology could enable in-process
or on-site measurements, allowing food producers to obtain
real-time information, rather than performing post-
production quality control tests.

Our objective was to evaluate the performance of a
handheld FTIR-ATR sensor coupled with second deriva-
tive linear regression and chemometric analysis in mea-
suring trans fat content of edible fats and oils.

Materials and Methods
Sample Preparation

Pure trielaidin was weighed gravimetrically into tripalmitin
(TP) and triolein (TO) (>99%, Nu-Chek Prep, Elysian,
MN, USA) to create calibration standards of 0.1-20% trans
(w/w). Validation samples were prepared in the same
manner by weighing trielaidin into edible oils (peanut,
safflower, corn, or coconut) obtained from local grocery
stores.

Infrared Spectroscopy

Samples were heated in an oven to 65 °C prior to mea-
surement. Spectra of all standards and test samples were
measured in duplicate with the TruDefender™ FT infrared
handheld spectrometer (Ahura Scientific, Wilmington,
MA, USA) equipped with a diamond ATR crystal. The
crystal was heated by heat gun to 65 £+ 5 °C to prevent
sample solidification during measurement. Spectra were
collected by co-adding four scans at a resolution of
4 cm™". Resolution was a fixed parameter on this instru-
ment. Reference spectra were also collected using an
FTS 3500GX Fourier-transform infrared spectrometer
(Varian, Palo Alto, CA, USA) in combination with a KBr
beamsplitter and deuterated triglycine sulfate (DTGS)
detector. Samples were pipetted directly onto a Pike
MIRacle™ triple-bounce ZnSe ATR crystal (Pike Tech-
nologies, Madison, WI, USA) that had been heated with a
heat gun to 65 £ 5 °C to prevent fat solidification and
a FatlR™ temperature-controlled single bounce ZnSe
crystal (Harrick Scientific, Pleasantville, NY, USA) set to
65 °C. Spectra were collected over a range of
4,000-700 cm™ ! at 4 cm™! resolution, and an interfero-
gram of 64 scans was co-added.
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Data Analysis
Second Derivative Linear Regression

Spectra were analyzed with Resolutions Pro software
(Varian Inc., Palo Alto, CA, USA). Regression models
were constructed using trielaidin in tripalmitin standards
due to a higher purity than triolein [3]. The second deriv-
ative of the spectrum was taken and height of the band at
966 cm™', associated with the frans CH out-of-plane
deformation vibration, was measured [11]. Taking the
second derivative of the spectrum allows for resolution of
overlapping bands and extraction of useful spectral infor-
mation [12, 13]. A standard curve relating band height to
percentage trans content was constructed. Partial Least
Squares Regression (PLSR): spectra were imported into
Pirouette software (Infometrix, Bothell, WA, USA). The
region of 930-1,400 cm™' was analyzed by PLSR by
mean-centering, normalizing, and taking the second
derivative of each spectrum. Models were constructed
using both tripalmitin and triolein standards in order to
account for spectral differences based on matrix. Models
were cross-validated using a leave-one-out approach. Key
bands were identified and standard error of cross validation
(SECV) was calculated in order to evaluate model fitness.

The predictive accuracy of models was validated with an
independent test set of oils spiked with known amounts of
trielaidin. Predictive ability of second derivative and PLSR
models was evaluated by calculating mean and standard
deviation for the predictions of the test sets. Standard error
of prediction (SEP) was also calculated for the PLSR
models.

Results and Discussion

Determination of frans fat level in oils, fats, and food
products by infrared spectroscopy has been extensively
investigated [3, 11]. In this study, we evaluated the feasi-
bility of using a portable handheld FTIR-ATR unit to
quantify trans levels with no sample preparation except
heating to 65 °C. The handheld spectrometer collected a
spectrum that was highly similar to benchtop instruments,
although it showed higher noise levels (Fig. 1). Noise was
due to co-adding of fewer scans per sample due to the need
to maintain a constant sample temperature throughout
measurement and to keep a uniform effective path length
[14].

The spectral profiles collected (Fig. 1) show character-
istic bands of lipids. The region from 900 to 1,200 cm ™" is
considered to be the “fingerprint region” and is rich with
spectral information. It contains the band at 966 cm™'
that is associated with C=H out-of-plane deformation
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Fig. 1 Comparison of spectral
quality and shape of handheld
and benchtop spectrometers
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vibration of frans double bonds [15] and the region Models

1,050-1,200 cm_l, associated with several C—O stretching
vibrations [16].

Overlaying sample spectra at varying trans levels from
the calibration set (Fig. 2) shows that the intensity of the
band at 966 cm ™" in the second derivative spectra varies
with frans content. A comparison of all three figures
reveals that the triple bounce and temperature-controlled
accessories show equally good separation of bands for
different trans levels. All three systems have bands which
are indistinguishable between 0 and 0.5%. Figure 2 begins
to suggest that the limit of quantification is around 1%,
since separation of bands cannot be easily distinguished for
levels below 1% trans. This is most likely due to inter-
ferences from surrounding bands such as saturated fat [3],
which are most evident at lowest trans concentrations.

Second derivative linear regression models showed excel-
lent linear correlation between 1 and 20% trans content in
tripalmitin standards and band height at 966 cm™" (Fig. 3).
Infrared calibration models developed using linear regres-
sion of band height gave R* > 0.995 for benchtop triple
bounce and temperature-controlled systems. The triple
bounce accessory regressions had much higher slope due to
additional internal reflections in the crystal, which yields a
stronger signal. Signal is improved by an increased the
effective path length, which is caused by increasing the
number of reflections within the ATR crystal [17]. Hand-
held correlation coefficient was R* = 0.992, indicating a
strong linear relationship between band height and trans fat
content.
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Fig. 2 Overlaid spectra after pre-processing shows the change in absorbance at 966 cm™' with change in trans fat level
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Fig. 3 Comparison of linear regression calibration model for tripal-
mitin spiked with trielaidin

PLSR calibration models are shown in Fig. 4. Models
were constructed using only standards between 0 and 5%,
in order to focus on model sensitivity at lower trans levels.
It was necessary to build PLSR models with both tripal-
mitin and triolein calibration standards in order to obtain
accurate predictions. A PLSR model was originally con-
structed using only tripalmitin standards due to concerns
over the purity of triolein [11]. While the model showed
good linearity (SECV ~0.5) and could accurately predict
saturated validation samples (SEP ~1%), error was
unacceptably high for the unsaturated validation set,
SEP ~5%. Spectral differences between saturated and
unsaturated fat needed to be built into the models in order
to accurately predict both types of samples. Models were
then created using both tripalmitin and triolein standards.
Although this introduces some error based on the inherent
trans fat content on triolein, it was necessary for the con-
struction of models robust enough to predict the validation

oils. Model improvements are reflected in the lower SEP
values presented here.

It can be clearly seen that the benchtop systems yielded
the best calibration and that the handheld spectrometer
showed a lower degree of linearity. PLSR multivariate
analysis gave standard error of cross-validation (SECV) of
<1% for the handheld and benchtop systems (Table 1).
R of validation (R,,) was >0.96 for all models, indicating
good model linearity. Loadings (Fig. 5) indicated which
spectral bands were important in model construction and
prediction. The frans marker band at 966 cm™' explained
~80% of the variance in the models, although other
spectral factors were used to increase model robustness and
performance. These additional bands were distinct for
saturated and unsaturated fat. Bands at 1,084, 1,144 and
1,182 cm™!, related to C-O stretching were the most
important loadings [15].

Predictions

Predictions were made using the second derivative and
PLSR methods on an independent test set of unsaturated
and saturated oils spiked with trielaidin measured with all
three FTIR-ATR systems. Although calibration models
were made from spiked triglycerides, models were vali-
dated using commercial oils spiked with TE. Since infrared
spectra are highly matrix-dependent, it is expected that
predictions will lose some accuracy due to spectral dif-
ferences caused by switching matrices for validation [8].
Thus, models were validated on varying matrices (peanut,
safflower, corn, or coconut oils) in order to account for the
matrices’ effects on model performance. Validation sam-
ples were constrained to frans content <5% in order focus
on model sensitivity at lower levels.

It has been shown in the literature that non-hydroge-
nated commercial oils can contain very low levels of trans
fat [3], mainly the mono-trans-dienes. The trans content of
oils used in validation samples was evaluated using the

Predicted trans level (% w/w)

018

oo

oQ

@
1
L]

@

T T T T

3 4 o 2

.
=3

Level of nrans-trielaidin added (%ew/w) in tripalmutin

Fig. 4 PLSR calibration models for trielaidin in saturated tripalmitin using a triple bounce ATR, b temperature controlled ATR accessory and

¢ handheld spectrometer

&\ Springer ANOCS &



J Am Oil Chem Soc (2011) 88:1477-1483

1481

Table 1 Comparison of PLSR model performance evaluation sta-
tistics for calibration curves

Temperature-controlled Triple bounce Handheld
Factors 3 4 4
SECV 0.19 0.22 0.54
Rya 0.992 0.991 0.968
SEP 0.56 0.28 0.62

SECV standard error of cross-validation, R, R of validation, SEP
standard error of prediction calculated from predictions with an
independent test set

1084 \ /1144

986 1101 1216 1331
Wavenumber (¢cm'!)

Fig. 5 Loadings of the first two factors for PLSR calibration model
using the handheld spectrometer

temperature-controlled system and the second derivative
procedure prior to spiking with trielaidin. Very low levels
were found, <0.3% in unsaturated oils and <0.5% in
saturated oil. Therefore, the values given for the validation
samples are the sum of trans fat values from both the oil,
determined using FTIR, and the trielaidin, determined
gravimetrically.

Standard error of prediction (SEP) is an estimate of the
predictive ability of a chemometric model. SEP was cal-
culated for each prediction set using PLSR prediction
analysis (Table 1). The benchtop systems showed lower
SEP than the handheld system, which is expected due to
differences in system components and performance. SEP
was ~0.6% for the handheld spectrometer, therefore the
limit of this technology for quantification was estimated at
1% trans by weight of fat. In a high fat product, 1% trans
(w/w) is equal to 0.25 g per serving [3]. It is hypothesized
that this limit is due to interference from saturated fat,
which absorbs in a similar region as trans fat [11].

Using band height measurement, the handheld unit
showed poor predictive ability (Table 2). Prediction were
inaccurate by as much as 6% (w/w), indicating spectral
differences between triglyceride calibration standards and
commercial oil validation samples were too great and
spectra were too noisy. However, these results confirmed
what as has been shown in numerous studies, that benchtop

systems were able to accurately predict validation samples
[3, 11].

Using PLSR analysis, the handheld performed on par
with the benchtop systems for oil predictions (Table 2).
Samples with frans content >1% were accurately predicted
by the handheld system to within 0.3% of gravimetrically
determined values, although lower level sample predictions
were less accurate. Samples <1% trans (0.62, 0.68, 0.52
and 0.75%) were not accurately predicted, samples above
1% could be accurately predicted by the handheld spec-
trometer combined with PLSR analysis. It should be noted
that predictions made using both benchtop systems had a
lower standard deviation than the handheld spectrometer.
This indicates that while the handheld was able to predict
trans levels to a suitable level, it lacks some of the preci-
sion and consistency of the benchtop systems.

Overall, the handheld spectrometer coupled with the
second derivative band height measurement method greatly
over-predicted the level of frans fat in this study. PLSR
analysis, however, generally gave trans values closer to the
actual amount present in the sample. Handheld ATR has
been demonstrated in this study to be useful for the
quantitation of trans fat at levels >1% with an SEP of
0.6%.

A variety of spectroscopic methods have been used in
combination with chemometric analysis for determining
trans fat with varying levels of accuracy (Table 2). FTIR
has been extensively studied, and a limit of quantitation for
the band height measurement technique has been estimated
at ~ 1% [3]. FTIR coupled with PLS analysis gave an SEP
of 0.9% [8]. Other forms of spectrometry have also been
investigated for application to frans quantitation. A study
using Raman spectroscopy coupled with PCA [18] to
investigate partially hydrogenated oils could predict levels
with an SEP ~2%, while SEP ~0.2% was found using
NIR coupled with PLS [19] on fats and oils (Table 2). Each
method provides unique information and detection method
selected depends on available resources and analytical
needs. Raman, NIR and handheld spectrometry need to be
validated via collaborative study to assess repeatability,
reproducibility and established limits of quantitation
(Table 3).

Combining the portable handheld FTIR spectrometer
with PLSR analysis offers three distinct benefits for trans
fat analysis. First, a handheld unit is portable allowing for
flexible sampling; spectra can be collected when samples
are available and analyzed at a later time. Second, PLSR
analysis is advantageous because it can simultaneously use
several spectral bands to quantify the component (Fig. 5).
Multiple loadings are useful in creating robust models that
give reproducible results. While increasing the number of
loadings offers greater model calibration, it is important to
evaluate the loadings so as not to include noise in
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Table 2 Validation set sample predictions using peak height and linear models

PLSR predicted values

Second derivative predicted values

Actual Handheld Temperature- Triple Actual Handheld Temperature- Triple
(SD) controlled (SD) bounce (SD) (SD) controlled (SD) bounce (SD)
Unsaturated
1 0.82 0.25 (0.39) 0.86 (0.00) 0.65 (0.01) 0.82 3.13 (0.31) 0.73 (0.00) 0.82 (0.00)
2 0.88 0.04 (0.02) 0.94 (0.03) 0.78 (0.08) 0.88 2.48 (0.00) 0.73 (0.00) 0.95 (0.19)
3 1.30 0.73 (0.74) 1.70 (0.00) 0.90 (0.05) 1.30 4.87 (1.54) 0.95 (0.32) 1.21 (0.19)
4 1.59 1.00 (0.31) 1.89 (0.03) 1.57 (0.17) 1.59 6.39 (1.84) 1.18 (0.00) 1.61 (0.00)
5 2.05 1.74 (0.37) 2.12 (0.06) 1.37 (0.01) 2.05 5.96 (0.61) 1.64 (0.00) 1.87 (0.00)
6 2.12 1.65 (0.03) 1.58 (0.08) 2.31 (0.06) 2.12 6.17 (2.15) 1.18 (0.00) 2.00 (0.19)
7 4.38 3.81 (0.28) 4.01 (0.00) 4.16 (0.03) 4.38 9.87 (2.46) 3.00 (0.00) 4.11 (0.19)
Saturated
8 1.02 1.27 (0.44) 1.33 (0.01) 1.03 (0.04) 1.02 1.83 (0.31) 0.73 (0.00) 0.68 (0.19)
9 1.25 1.38 (0.02) 1.17 (0.02) 1.03 (0.08) 1.25 2.70 (0.92) 0.95 (0.32) 0.68 (0.19)
10 1.48 0.94 (0.01) 1.45 (0.03) 1.38 (0.06) 1.48 2.70 (0.31) 0.73 (0.00) 1.08 (0.00)
11 2.18 1.58 (0.06) 2.27 (0.05) 1.88 (0.01) 2.18 248 (1.84) 1.41 (0.32) 1.61 (0.00)
12 2.79 2.35 (0.45) 2.82 (0.00) 2.58 (0.01) 2.79 5.52 (0.61) 1.64 (0.00) 2.26 (0.19)
13 4.20 2.68 (0.28) 3.68 (0.00) 3.62 (0.01) 4.20 5.09 (0.61) 2.55 (0.00) 3.32 (0.19)

SD standard deviation

Table 3 Error estimation of spectroscopic studies on trans fat
determination

Instrument Limit of quantitation
or SEP (%)

FTIR-ATR [3, 8] 1%, 0.9°

NIR [19] 0.2°

Raman [18] 2.1°

Handheld FTIR-ATR 0.6°

* Represents value of limit of quantitation

® Represents value of SEP

calibration models [20]. PLSR also allows for quantitation
of components in a more complex matrix and can be useful
when a component is not correlated with a specific wave-
number. Third, as this study has demonstrated, analysis can
be semi matrix-independent. This aids in ease of analysis,
as a new calibration model would not necessarily need to
be created for each new oil matrix. Overall, the combina-
tion of portable FTIR and PLSR offers greater flexibility
and ease of analysis in measuring trans fat.

The implementation of handheld FTIR technology has
both benefits and tradeoffs. ATR technology allows for
minimal sample preparation, measurements are very quick,
and the portable nature of the device would allow it to be
used in situ in receiving and processing of edible oils.
However, the compact and portable nature of the handheld
spectrometer necessitates some compromises and limita-
tions in signal strength, spectral quality, and interface fea-
tures. Modifications such as the addition of heat control and
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a triple bounce crystal could improve the performance and
applicability of the handheld portable unit. So while the
handheld FTIR unit was found suitable for quantifying
levels >1% of trans fat in edible oils, it may be advantageous
to use benchtop FTIR or GC analysis in other situations.

Conclusion

This study found that a portable handheld infrared spec-
trometer is a suitable method for the detection and quan-
titation of trans fat. Chemometrics was determined as a
more accurate and robust technique than measuring height
of the trans band at 966 cm ™. Using chemometrics, levels
>1% trans were accurately measured in edible oils with no
sample preparation. In summary, FTIR-ATR coupled with
PLSR has shown to be a simple, quick and robust technique
for trans fat quantitation that will give food manufacturers
real-time, field-based measurements to assess the nutri-
tional quality of foods.

Acknowledgments The authors wish to acknowledge the Ohio
Agricultural Research and Development Center and Ahura Scientific
for their financial support of this research.

References

1. Uauy R, Aro A, Clarke R, Ghafoorunissa R, L’Abbe M,
Mozaffarian D, Skeaff M, Stender S, Tavella M (2009) WHO
scientific update on trans fatty acids: summary and conclusions.
Eur J Clin Nutr 63:5S68-S75



J Am Oil Chem Soc (2011) 88:1477-1483

1483

10.

11.

12.

. FDA (2003) Final rule: trans fatty acids in nutrition labeling.

Federal Register—68 FR 41433-41506

. Mossoba MM, Seiler A, Kramer JKG, Milosevic V, Milosevic M,

Azizian H, Steinhart H (2009) Nutrition labeling: rapid deter-
mination of total trans fats by using internal reflection infrared
spectroscopy and a second derivative procedure. ] Am Oil Chem
Soc 86:1037-1045

. Mossoba MM, Kramer JKG, Milosevic V, Milosevic M, Azisian

H (2007) Interference of saturated fats in the determination of
low levels of trans fats (below 0.5%) by infrared spectroscopy.
J Am Oil Chem Soc 84:339-342

. Reid O’Donnell CP LM, Downey G (2006) Recent technological

advances for the determination of food authenticity. Trends Food
Sci Tech 17:344-353

. Van de Voort FR, Sadman J, Russin T (2001) Lipid analysis by

vibrational spectroscopy. Eur J Lipid Sci Technol 103:815-825

. Wold S, Sjostrom M, Eriksson L (2001) PLS-regression: a basic

tool of chemometrics. Chemom Intell Syst 58:109-130

. Christy AA, Egeberg PK, @stensen ET (2003) Simultaneous

quantitative determination of isolated trans fatty acids and con-
jugated linoleic acids in oils and fats by chemometric analysis of
the infrared profiles. Vib Spectrosc 33:37-48

. Perez-Marin D, Paz P, Guerrero J, Garrido-Varo A, Sanchez M

(2010) Miniature handheld NIR sensor for the on-site non-
destructive assessment of post-harvest quality and refrigerated
storage behavior in plums. J Food Eng 99:294-302

Rein A (2008) Handheld FT-IR spectrometers: bringing the
spectrometer to the sample. Supplement: FT-IR technology for
today’s spectroscopists. Spectrosc Aug 2008:44-50

Milosevic M, Milosevic V, Kramer JKG, Azizian H, Mossoba
MM (2004) Determining low levels of trans fatty acids in foods by
an improved ATR-FTIR procedure. Lipid Technol 16:252-255
Hruschka WR (1987) Data analysis: wavelength selection
methods. In: Williams PC, Norris KH (eds) Near-infrared

13.

14.

15.

16.

17.

18.

19.

20.

technology in the agricultural and food industries. Am Assoc
Cereal Chem, Minnesota, pp 35-55

Giese AT, French CS (1955) The analysis of overlapping spectral
absorption bands by derivative spectrophotometry. Appl Spec-
trosc 9:78-96

Sedman J, van de Voort FR, Ismail AA (1999) Attenuated total
reflectance spectroscopy: principles and applications in infrared
analysis of food. In: Mossoba MM (ed) Spectral methods in food
analysis. Marcel Inc., New York

Guillen MD, Cabo N (1998) Relationships between the compo-
sition of edible oils and lard and the ratio of the absorbance of
specific bands of their Fourier transform infrared spectra, role of
some bands of the fingerprint region. J Agric Food Chem
46:1788-1793

Koca N, Kocaoglu-Vurma NA, Harper WJ, Rodriguez-Saona LE
(2010) Application of temperature-controlled attenuated total
reflectance-mid-infrared (ATR-MIR) spectroscopy for rapid
estimation of butter adulteration. Food Chem 121:778-782

Pike Technologies (accessed June 2010) Application Notes:
ATR—theory and applications. http://www.piketech.com/technical/
application-pdfs/ATR_Theory_andApplication.pdf#zoom=100%
Johnson GL, Machado RM, Freidl KG, Achenbach ML, Clark PJ,
Reidy SK (2002) Evaluation of raman spectroscopy for deter-
mining cis and trans isomers in partially hydrogenated soybean
oil. Org Process Res Dev 39:897-906

Azizian H, Kramer JKG (2005) A rapid method for the quanti-
fication of fatty acids in fats and oil with emphasis on trans
fatty acids using Fourier transform near infrared spectroscopy
(FT-NIR). Lipids 40:855-886

Haaland DM, Thomas EV (1988) Partial least-squares methods
for spectral analysis. 1. Relation to other quantitative calibration
methods and the extraction of qualitative information. Anal Chem
60:1193-1202

&) Springer AOCS &


http://www.piketech.com/technical/application-pdfs/ATR_Theory_andApplication.pdf#zoom=100%
http://www.piketech.com/technical/application-pdfs/ATR_Theory_andApplication.pdf#zoom=100%

	Application of a Portable Handheld Infrared Spectrometer for Quantitation of trans Fat in Edible Oils
	Abstract
	Introduction
	Materials and Methods
	Sample Preparation
	Infrared Spectroscopy
	Data Analysis
	Second Derivative Linear Regression


	Results and Discussion
	Models
	Predictions
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


