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Abstract Fourier transform infrared (FTIR) spectra at
mid infrared regions (4,000-650 cm™ ") of lard and 16
edible fats and oils were compared and differentiated. The
chemometrics of principal component analysis and cluster
analysis (CA) was used for such differentiation using FTIR
spectra intensities of evaluated fats and oils. With PCA, an
“eigenvalue” of about 90% was achieved using four
principal components (PCs) of variables (FTIR spectra
absorbances at the selected frequency regions). PCl1
accounted for 44.1% of the variation, while PC2 described
30.2% of the variation. The main frequency regions that
influence the separation of lard from other evaluated fats
and oils based on PC1 are 2,852.8 followed by 2,922 and
1,464.7 cm™ . Furthermore, CA can classify lard into its
group based on Euclidean distance.

Keywords Lard - Differentiation - FTIR spectroscopy -
Fats and oils - Chemometrics

Introduction

Fats and oils, including lard, are used as food or as raw
materials in food products, because they contain high cal-
orific value and essential fatty acids necessary for the
development of human tissues. As an edible fat, lard can
be considered from two perspectives, i.e., religious and
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economical point of views. The food industry prefers to
blend lard with some vegetable oils to minimize production
costs because lard or industrially modified lard can be
mixed efficiently with vegetable oils to produce cost-
effective margarines, shortenings, and other oil-based
foods. From a religious perspective, the presence of lard in
any food products precludes consumption by Muslims
[1, 2]. Therefore, there is a great demand for rapid and
reliable techniques for lard differentiation and classifica-
tion for the process of halal authentication analysis by the
relevant halal authorities. One interesting and emerging
technique for fats and oils differentiation is Fourier trans-
form infrared (FTIR) spectroscopy.

In the two decades since its development, FTIR spec-
troscopic instrumentation has been exploited extensively
in food research, and has become a powerful means of
analysis in the study of oils and fats [3]. FTIR spectro-
scopy is a fast, non-destructive method, not requiring
excessive sample preparation, for qualitative analysis of
compounds including fats and oils, with each functional
group being responsible for the appearance of IR
absorption peaks in the FTIR spectrum at a specific
wavelengths [4]. FTIR is also a promising analytical tool
for quantitative analysis of analytes because, following
Beer’s law, the peak intensities (absorbances) of the IR
spectrum are directly proportional to concentration. In
addition, FTIR has been utilized for the characterization
and differentiation of fats and oils because the peak
intensities and the exact frequencies at which the maxi-
mum absorbance of peaks appear, differ according to the
nature and composition of the sample [5].

An important factor contributing to the success of FTIR
spectroscopy is chemometrics [6]. Chemometrics is the
discipline of extracting chemically relevant information
from data produced in chemical experiments by means of
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statistical and mathematical tools [7]. There are numerous
different chemometric techniques used in the study of fats
and oils, such as principal component analysis (PCA),
multivariate calibration of partial least squares and prin-
ciple component regressions, discriminant analysis, and
cluster analysis (CA), and such methods are employed to
solve several problems related to the analysis of fats and
oils [8].

FTIR spectroscopy has been exploited for lard charac-
terization. Guillen and Cabo [9] characterized lard using a
potassium bromide (KBr) disc as a sample handling tech-
nique and found that frequencies at certain bands have
constant values. The differentiation of lard from soybean
oil was also investigated by Yang and Irudayaraj [10] using
attenuated total reflection (ATR) and photoacoustic tech-
niques. To our knowledge, there are no reports on the
application of FTIR spectroscopy combined with PCA and
CA to the differentiation and classification of lard from
other animal fats and selected vegetable oils. Therefore,
this study focused on the application of FTIR spectroscopy
to differentiate lard from other selected fats and oils using
PCA and CA.

Materials and Methods
Sample Preparation

Commercial edible fats and oils (cod liver, canola, corn,
extra virgin olive, grape seed, palm, pumpkin seed, rice
bran, sesame, soybean, sunflower, walnut, and virgin
coconut oils) were purchased from a local supermarket in
Selangor, Malaysia. Animal fats (lard, beef, chicken, and
mutton fats) were prepared by rendering the adipose tissues
from various parts of the corresponding animals as
described in [11].

Fatty Acid Analysis

The composition of fatty acids as fatty acid methyl ester
(FAME) was determined using gas chromatography using a
flame ionization detector as described by [12] by dissolving
50 mg fats and oils samples in 0.8 ml hexane and 0.2 ml
1 M sodium methoxide. All chemicals were supplied by
Merck (Darmstadt, Germany). The mixture was shaken
vigorously for 1 min with a vortex mixer, and 1 pL of the
clear supernatant was subsequently taken and injected into
a gas chromatograph (Shimadzu GC-2010, Shimadzu,
Tokyo, Japan), using the following conditions:

Column RTX-5 capillary column (0.25 mm internal
diameter, 30 m length, and 0.2 pm film thick-
ness; Restex, Bellefonte, PA).
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Oven 50 °C (hold for 1 min), then increased to 180 °C
(8 °C/min), 180-200 °C (8 °C/min), and finally
held at 200 °C for 5 min

Detector Flame ionization detector (200 °C)

Carrier gas N,, at 6.8 mL/min

Injector 200 °C; split ratio (1:20).

Thirty-seven standard FAME (Sigma, St. Louis, MO)
were used as authentic samples to calculate the percentage
of fatty acids based on peak area. Quantification of FAME
was performed using a normalization internal technique.

FTIR Measurement

FTIR spectra of all oil samples were measured using an
FTIR Nicolet 6700 spectrometer (Thermo Nicolet, Madi-
son, WI) equipped with a detector of deuterated triglycine
sulphate (DTGS) and KBr beam splitter, and connected to
the software of an OMNIC operating system (Version 7.0
Thermo Nicolet). Using a Pasteur pipette, the samples were
placed in contact with the horizontal attenuated total
reflectance (HATR) element (ZnSe crystal) at controlled
ambient temperature (25 °C). FTIR spectra were collected
in the mid-infrared region of 4,000-650 cm™"' by co-add-
ing 32 scans and at a resolution of 4 cm ™. All spectra were
rationed against a background of air spectrum. After each
scan, a new reference air background spectrum was taken.
Spectra were recorded as absorbance values at each data
point in triplicate.

Statistical Analysis

All sample analyses (fatty acid composition and FTIR
spectra) were performed as three replicates and averaged
using Microsoft Excel software 2007. The chemometrics
analysis of PCA and CA was generated using Minitab
software (Release 15; Minitab, State College, PA).

Results and Discussion
Fatty Acid Composition and FTIR Spectra

Fats and oils are basically composed of esters of fatty tri-
acylglycerol and some minor components such as diacyl-
glycerol, monoacylglycerol, free fatty acids, and sterols.
Lard can be differentiated from other fats and oils by
investigating the position of fatty acids, saturation level of
the chains and the specific minor components present in the
fats and oils. The fatty acid (FA) compositions of lard and
the other animal fats and oils studied are listed in Table 1.
It is difficult to distinguish lard from other fats using solely
FA profile due to the similar pattern of FA, therefore, FTIR



J Am Oil Chem Soc (2011) 88:187-192 189
Table 1 Fatty acid (FA) composition of lard and other animal fats and vegetable oils
Oils Fatty acid

C10:0 C12:0 C14:0 C16:0 C18:0 C18:1 C18:1 C18:3 C20:0
Lard 0.01 £0.00 0.01 £0.00 0.11 £0.03 21.33 £0.89 11.39 £0.68 41.01 £2.28 17.65+3.33 097 £0.06 0.91 &+ 0.03
BF nd* 0.08 £ 0.00 2.84 & 0.05 24.19 £ 0.01 1647 £ 036 4046 £ 031 444 £040 0.12£0.01 0.12 £0.01
CF 0.01 £0.00 0.02 £0.00 0.86 £0.04 2827 £0.13 949 £0.23 3833 £0.12 14.19 £0.13 0.63 £0.03 0.15 £ 0.02
MF 0.14 £ 0.00 0.11 £0.00 2.64 £0.02 2149 £098 27.84 £0.42 30.06 £036 490+ 0.14 0.37 £0.02 0.55 % 0.01
CLO 0.01 £0.00 0.02+0.00 5.14+£0.12 12.01 £0.13 290+ 0.23 2587 £046 023 £0.05 2.16 +0.01 0.12 + 0.01
CaO 0.01 £0.00 0.01 £0.00 0.15£0.00 3.84+£0.22 1.65=£0.08 6143 £1.37 21.85+0.64 9.70 £0.40 0.83 £ 0.03
Cco 0.02 £0.00 0.04 £0.00 0.124+0.00 10.15£0.62 242 +0.08 26.24 +£0.72 58.60 £ 1.05 1.15 £0.09 0.52 &+ 0.04
EVOO 0.01 £0.00 0.01 £0.00 0.01 £0.00 10.78 £0.25 330+ 0.13 7498 £ 1.72 777 £035 0.63 £0.04 0.43 £ 0.03
GSO  0.05+0.00 0.01 £0.00 0.01 £0.00 7.87£0.12 327+£0.09 21.16 £1.07 64.02 £ 124 0.77 £0.02 0.23 &+ 0.01
PO 035+ 001 0.12£0.00 136 £0.08 4275+ 1.12 4.64+£0.18 3933 £0.96 10.37 £0.56 041 £ 0.01 0.37 &+ 0.01
PSO 0.01 £0.00 0.01 £0.00 0.12 £0.00 11.69 £0.10 8.69 £0.12 59.72 £ 1.16 1743 £0.57 043 £ 0.02 0.16 &+ 0.01
RBO  0.01 £0.00 0.01 £0.00 035+ 0.01 1885+ 1.02 0.50 £ 0.04 43.17 £1.28 31.74 £0.84 0.85+£0.05 1.34 £0.12
SEO 0.01 £0.00 0.01 £0.00 0.02 £0.00 993 £0.01 647 £0.33 3479 £0.33 46.95 £ 0.09 0.36 £0.00 0.12 £ 0.00
SO 0.02 £0.00 0.02 £0.00 0.01 £0.00 1097 £0.12 5.10 £0.16 20.75 £0.52 52.24 £ 0.86 7.77 £0.28 0.01 £ 0.00
SFO 0.01 £0.00 0.02 £0.00 0.06 £0.00 6.70 £0.42 3.03£0.17 1842 £ 0.80 67.95+ 127 0.87 £0.01 0.39 £ 0.03
WO 0.03 £0.00 0.01 £0.00 0.01+0.00 7.11 £0.12 324 +0.11 19.75 £ 032 6034 £0.74 128 £0.21 0.49 £ 0.01
Oil Fatty acid

C6:0 C8:0 C10:0 C12:0 C14:0 Cl16:0 C18:0 C18:1 C18:2
VCO 0.06 £0.00 737+£022 6.62+0.18 5001 £1.07 1926+ 084 10.01 =028 481 £032 090+0.04 nd

Each value in the table represents the means of triplicate analysis £SD

BF Beef fat, CF chicken fat, MF Mutton fat, CLO cod liver oil, CaO Canola oil, CO corn oil, EVOO Extra virgin olive oil, GSO grape seed
oil, PO palm oil, PSO pumpkin seed oil, RBO rice brain oil, SEO sesame oil, SO soybean oil, SFO sunflower oil, WO walnut oil, VCO virgin

coconut oil
4 Not detected

spectroscopy in combination with PCA was proposed as a
tool for such differentiation.

To the naked eye, the FTIR spectra of lard and all the
fats and oils studied appear fairly similar. They describe
the different profiles in FA composition present among the
evaluated edible fats and oils. The FA composition of 17
fats and oils are shown in Table 1; these can be classified
as saturated (SFAs), monounsaturated (MUFAs), and
polyunsaturated fatty acids (PUFAs). It is difficult to dif-
ferentiate lard and other fats and oils by relying just on FA
profiles, therefore FTIR spectra are proposed as a potential
means to achieve such differentiation because FTIR spectra
are considered as “fingerprint tools”, meaning that no two
oils have the same FTIR spectra, in terms of either number
of peaks or maximum peak intensity [13].

Comprehensive examination of the FTIR spectra of
evaluated fats and oils allowed the identification of certain
peaks or peak ratios that help in the characterization, dif-
ferentiation, and classification of lard and other edible fats
and oils [5]. The peak intensities of lard and other fat and
oils at certain frequencies are listed in Table 2. However, it
is still difficult and impractical to distinguish lard from the

others using FTIR spectra without any additional data
treatment. This fact is illustrated clearly in Fig. 1, which
shows the spectra of all the sampled oils. For this reason,
and for the purposes of taking advantage of FTIR spectra
information, including minor differences that should not be
taken into account, the chemometrics techniques of PCA
and CA were exploited for such differentiation.

Principal Component Analysis

PCA is an unsupervised pattern recognition technique used
in multivariate analysis. PCA projects the original data in
reduced dimensions defined by the principal components
(PC). This technique is useful when there are correlations
present among data [14]. In this study, PCA was accom-
plished using FTIR spectra absorbances of 17 evaluated
fats and oils at 16 frequencies as shown in Table 2. Fig-
ure 2 demonstrates the score plot of PCA of 17 fats and oils
representing the projection of samples defined by the first
(PC1) and second (PC2) components. PC1 accounts for the
most variation in FTIR spectra absorbances, while PC2
accounts for the next largest variation. An eigenvalue of
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Table 2 Peak intensities (absorbances) for each frequency in lard and other edible fats and oils

No Oils Frequency
721.6 868.3 965.7 1,031.9 1,097.3 1,116.8 1,157.6 1,236.3
1 Lard 0.986 £ 0.02 0.246 £ 0.09 0.334 £ 0.00 0.413 = 0.00 0.966 & 0.01 0.973 £ 0.01 1.654 £ 0.03 0.755 £ 0.02
2 Beef 0.987 £0.11 0.236 £ 0.10 0.397 £ 0.01 0.387 £ 0.16 0.928 & 0.03 0.969 + 0.02 1.583 + 0.44 0.753 £ 0.15
3 Chicken 0.946 £ 0.02 0.244 £+ 0.00 0.325 &+ 0.13 0.406 = 0.00 0.932 & 0.01 0.990 + 0.01 1.649 + 0.85 0.762 £ 0.02
4 Mutton 0.683 + 0.14 0.211 £ 0.11 0.389 = 0.01 0.374 £ 0.00 0.869 + 0.36 0.943 £ 0.12 1.470 & 0.06 0.685 £ 0.29
5 CLO 1.134 + 0.01 0.365 £ 0.00 0.437 & 0.00 0.000 £ 0.00 0.967 £ 0.01 0.896 + 0.00 1.630 £ 0.89 0.809 % 0.00
6  Canola 1.068 & 0.02 0.261 £ 0.12 0.401 = 0.00 0.428 &£ 0.00 0.963 £ 0.00 0.933 £ 0.01 1.609 £ 0.01 0.763 % 0.00
7  Comn 1.076 £ 0.01 0.255 £ 0.11 0.375 &£ 0.22 0.437 & 0.00 0.990 & 0.01 0.922 &+ 0.11 1.661 £ 0.02 0.789 £ 0.00
8 EVOO 0.981 £ 0.18 0.247 £ 0.03 0.316 = 0.17 0.415 £ 0.05 0.930 & 0.16 0.964 + 0.18 1.604 + 0.38 0.764 £ 0.15
9  Grape seed 1.091 £ 0.02 0.260 £ 0.16 0.382 £ 0.25 0.441 £ 0.00 0.993 £ 0.03 0918 £ 0.29 1.652 + 0.35 0.787 £ 0.12
10 Palm 0.929 £ 0.01 0.237 £ 0.00 0.310 £ 0.08 0.397 & 0.00 0.946 + 0.00 1.012 & 0.00 1.665 = 0.02 0.769 +£ 0.00
11 Pumpkin seed 1.085 £ 0.02 0.255 4+ 0.28 0.358 £ 0.19 0.432 4+ 0.00 0.986 £ 0.01 0.939 &+ 0.01 1.612 £ 0.02 0.777 = 0.01
12 Rice Bran 0.975 £0.02 0.247 £ 0.13 0.348 &£ 0.21 0.429 = 0.22 0.923 £ 0.02 0.923 £ 0.02 1.575 £ 0.05 0.767 £ 0.31
13 Sesame 1.012 4+ 0.04 0.256 £ 0.09 0.359 + 0.20 0.454 £ 0.16 0.953 £ 0.02 0.906 £+ 0.02 1.589 £ 0.08 0.783 & 0.01
14 Soybean 1.111 & 0.01 0.266 £ 0.15 0.397 = 0.00 0.430 &£ 0.09 1.009 £ 0.45 0.919 £ 0.01 1.641 £0.73 0.772 & 0.42
15 Walnut 1.166 £ 0.02 0.277 £ 0.15 0.418 & 0.00 0.451 &£ 0.15 1.026 & 0.00 0.907 £ 0.07 1.618 £ 0.02 0.791 £ 0.01
16  Sunflower 1.116 £ 0.01 0.260 &+ 0.14 0.374 &£ 0.02 0.431 £ 0.21 1.002 £ 0.07 0911 £ 0.06 1.598 £ 0.12 0.773 £ 0.05
17 VCO 0.767 £ 0.01 0.268 £ 0.13 0.375 &£ 0.00 0.460 &+ 0.18 1.429 + 0.01 0.000 = 0.00 2.187 £ 1.25 0.000 £ 0.00
No Oils Frequency
1,377.2 1,417.6 1,464.7 1,654.7 1,743.5 2,852.8 2,922 3,007.1

1 Lard 0.471 £0.02 0.328 £ 0.01 0.796 £ 0.01 0.076 £ 0.00 2.633 + 1.18 1.555 + 0.04 2.015 + 1.89 0.217 £ 0.00
2 Beef 0.51 £0.11 0.342 £ 0.33 0916 &£ 0.89 0.069 + 0.01 2.529 +2.21 2.069 £ 0.52 2.554 £ 1.21 0.152 £ 0.01
3 Chicken 0.465 £ 0.03 0.319 £ 0.01 0.770 &£ 0.01 0.076 &= 0.01 2.698 + 1.91 1.543 £ 0.02 2.214 £ 1.71 0.192 £ 0.01
4 Mutton 0.382 +£ 0.05 0.267 £ 0.03 0.706 &+ 0.29 0.061 £ 0.00 2.199 + 1.49 1.544 £ 0.35 2.275 + 0.03 0.106 £ 0.06
5 CLO 0.483 &£ 0.00 0.367 £ 0.00 0.736 & 0.00 0.112 £ 0.00 2.435 4+ 0.10 1.300 £ 0.01 1.875 &+ 0.23 0.291 £ 0.00
6  Canola 0.472 £ 0.01 0.333 £ 0.00 0.768 &£ 0.01 0.099 &+ 0.00 2.204 & 0.25 1.371 £0.02 1.973 £ 0.03 0.283 £ 0.00
7  Corn 0.499 £ 0.00 0.347 £ 0.00 0.775 £ 0.00 0.092 £ 0.00 2.492 + 0.13 1.352 £ 0.01 1.960 £ 0.02 0.310 £ 0.00
8 EVOO 0.489 £ 0.11 0.324 £ 0.20 0.815 £ 0.30 0.078 £ 0.03 2.497 & 0.74 1.545 £ 0.35 2.170 & 0.83 0.235 £ 0.09
9  Grapeseed 0.493 £ 0.08 0.348 £+ 0.17 0.763 £ 0.27 0.096 &+ 1.02 2.479 + 0.18 1.305 = 0.01 1.835 £ 0.04 0.338 £ 0.00
10 Palm 0.488 &+ 0.00 0.330 £ 0.00 0.818 = 0.00 0.062 £ 0.01 2.576 & 0.25 1.674 £0.02 2.476 + 0.10 0.174 £ 0.00
11 Pumpkin seed 0.486 £ 0.00 0.339 & 0.00 0.773 £ 0.01 0.088 + 0.00 2.686 £+ 0.11 1.409 + 0.02 2.085 & 0.08 0.287 £ 0.00
12 Rice Bran 0.486 + 0.05 0.325 £0.02 0.777 & 0.03 0.080 £ 0.00 2.459 + 0.44 1.412 £ 0.06 2.084 £ 0.13 0.248 £+ 0.01
13 Sesame 0.463 &+ 0.01 0.330 £ 0.15 0.746 4+ 0.02 0.088 £ 0.01 2.427 4+ 0.11 1.326 £ 0.05 2.007 & 0.10 0.282 £ 0.00
14 Soybean 0.466 = 0.05 0.341 £ 0.01 0.760 & 0.01 0.094 £ 0.00 2.463 = 0.31 1.326 £0.03 1.931 + 0.85 0.323 £ 0.14
15 Walnut 0.485 £0.02 0.359 £ 0.00 0.744 £ 0.01 0.105 £ 0.00 2.750 &£ 0.15 1.222 +0.02 1.718 &£ 0.07 0.378 £ 0.01
16  Sunflower 0.486 £ 0.03 0.341 £ 0.02 0.757 £ 0.04 0.094 £ 0.00 2.674 & 0.32 1.307 & 0.08 1.863 £ 0.15 0.328 £ 0.02
17 VCO 0.577 £ 0.00 0.375 £ 0.00 0.836 & 0.00 0.000 &+ 0.00 3.021 &+ 1.52 1.560 + 0.02 2.303 £ 0.06 0.000 £ 0.00

Values represent the means of triplicate analysis & SD

about 90% was achieved using four PCs. PC1 accounted
for 44.1% of the variation, while PC2 described 30.2% of
the variation; therefore, 74.4% of the variance is being
described by the first two PCs.

Figure 3 shows the loading plot for the determination of
variables (frequency regions) contributing to the separation
of the samples of fats and oils. The PCA loading plot
describes the projection of variables in the same plane as
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the score plot. The absolute value of loading in the fre-
quency regions explains the importance of the contribution
of each region. Therefore, the further away a frequency
region is from the origin of variable point, the larger the
contribution of that variable to the PCA model [15]. From
Fig. 3, it is known that frequency regions at 1,654.7,
1,236.3, 1,157.6, 1,097.3 cm ™! make a larger contribution
to the PCA model. In order to correlate the loading plot and
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Fig. 1 Fourier transform infrared (FTIR) spectra of lard and other evaluated edible fats and oils at mid infrared regions (4,000-650 cm™h
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Fig. 2 The score plot for the first two principal components (PC) for
17 studied edible fats and oils: / Lard, 2 beef fat, 3 chicken fat,
4 mutton fat, 5 cod liver oil, 6 canola oil, 7 corn oil, § extra virgin
olive oil, 9 grape seed oil, /0 palm oil, // pumpkin seed oil, /2 rice
bran oil, /3 sesame oil, /4 soybean oil, /5 walnut oil, /6 sunflower
oil, /7 virgin coconut oil

the score plot, a bi-plot explaining which frequency regions
influence PC1 and PC2 is described (Fig. 4). According to
Fig. 4, the main frequency contributing to the separation of
lard from other evaluated fats and oils based on PCl1 is
2,852.8, followed by 2,922 and 1,464.7 cm~!. The bi-plot
also reveals that the frequencies 1,116.8 and 1,236.3 cm”!
influence separation of lard from other oils on PC2.

Cluster Analysis

In order to divide a group of objects (here, the evaluated
fats and oils) into classes so that similar fats and oils are in

Loading Plot of 721.6, ..., 3007.1
0.3 4 2828 .,

1464.7

1236.3 1116.8

1654.7

Second Component

-04 -03 -02 -0.1 0.0 0.1 0.2 0.3 0.4
First Component

Fig. 3 Principal component analysis (PCA) loading plot of PCl
versus PC2 exploiting some frequency regions as variables

the same class, CA using the single linkage method was
used. The main advantage of CA over PCA is that CA can
provide numerical values of similarity among the objects
evaluated. Therefore, the information obtained is more
objective. In addition, CA can reduce dimensionality while
retaining the required information [16]. Figure 5 shows a
dendogram that illustrates the stages of linkage. It can be
stated that the first two oils joined are corn and soybean
oils, followed by rice bran and sesame oils, and so on until
all fats and oils are grouped into one class. However, for
example, if we “cut the tree”, i.e., stop the grouping, at the
point indicated by the horizontal line in Fig. 5, this analysis
suggests that the evaluated fats and oils fall into six groups.
Group 1 contained lard, cod liver oil, corn, soybean, rice
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Fig. 5 Dendogram illustrating the stages of clustering of the
evaluated fats and oils. See legend to Fig. 2 for assignment of
numbers /—-17

bran, sesame, sunflower, extra virgin olive, pumpkin seed,
walnut, and canola oils; chicken fat and palm oil formed
one cluster (group 2). Meanwhile, beef fat, mutton fat,
grape seed oil, and virgin coconut oil can be considered as
group 3, 4, 5, and 6, respectively.

Conclusions

From the results presented here, it can be concluded that
FTIR spectra combined with the chemometrics of PCA and
CA can be employed to differentiate and classify lard from
other animal fats and vegetable oils. This technique is
rapid, requires no excessive sample preparation, and does
not use hazardous reagents and solvents; consequently, it
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can be considered as an environmentally friendly “green
analytical technique”.

Acknowledgments The authors thank the Ministry of Science,
Technology, and Innovations (MOSTI), Malaysia for providing
funding support awarded to Prof. Dr. Yaakob B. Che Man through the
research Grant (Science Fund 05-01-04-SF0285).

References

1. Al-Qaradawi Y (1995) The lawful and the prohibited in Islam.
Islamic Book Trust. Kuala Lumpur, pp 1-78

2. Che Man YB, Sazili AQ, Regenstein JM (2010) Food production
from the halal perspective. In: Guerrero-Legarreta I, Hui YH
(eds) Handbook of poultry science and technology, vol 1: primary
processing. Wiley, New York, pp 183-215

3. Vlachos N, Skopelitis Y, Psaroudaki M, Konstantinidou V,
Chatzilazarou A, Tegou E (2006) Applications of Fourier trans-
form-infrared spectroscopy to edible oils. Anal Chim Acta
573-574:459-465

4. Guillen MD, Cabo N (1997) Infrared spectroscopy in the study of
edible oils and fats. J Sci Food Agric 75:1-11

5. Van de Voort FR, Sedman J, Russin T (2001) Lipid analysis by
vibrational spectroscopy. Eur J Lipid Sci Technol 103:815-840

6. Lavine BK (1998) Chemometrics. Anal Chem 70:209R-228R

7. Rutan SC (1992) Discovering chemistry with chemometrics.
Chemom Intell Lab Syst 15:137-141

8. Christy AA, Egeberg P-K (2006) Quantitative determination of
saturated and unsaturated fatty acids in edible oils by infrared
spectroscopy and chemometrics. Chemom Intell Lab Syst
82:130-136

9. Guillen MD, Cabo N (1997) Characterization of edible oils and
lard by Fourier transform infrared spectroscopy: relationships
between composition and frequency of concrete bands in the
fingerprint region. J Am Oil Chem Soc 74:1281-1286

10. Yang H, Irudayaraj J (2000) Characterization of semisolid fats
and edible oils by Fourier transform infrared photoacoustic
spectroscopy. J Am Oil Chem Soc 77:291-295

11. Rohman A, Che Man YB (2009) Analysis of cod-liver oil adul-
teration using Fourier transform infrared (FTIR) spectroscopy.
J Am Oil Chem Soc 86:1149-1153

12. Marina AM, Che Man YB, Nazimah SAH, Ismail A (2009)
Monitoring the adulteration of virgin coconut oil by selected
vegetable oils using Differential Scanning calorimetry. J Food
Lipids 16:50-61

13. Yap KY-L, Chan SY, Lim CS (2007) Infrared-based protocol for
the identification and categorization of ginseng and its products.
Food Res Int 40:643-652

14. Cserhati T (2009) Review: data evaluation in chromatography by
principal component analysis. Biomed Chromatogr 24:20-28

15. Marina AM, Che Man YB, Ismail A (2010) Use of the SAW
sensor electronic nose for detecting the adulteration of virgin
coconut oil with RBD palm kernel olein. ] Am Oil Chem Soc
87:263-270

16. Guimet F, Boque R, Ferre J (2004) Cluster analysis applied to the
exploratory analysis of commercial Spanish olive oils by means
of excitation-emission fluorescence spectroscopy. J Agric Food
Chem 52:6673-6679



	Differentiation of Lard From Other Edible Fats and Oils by Means of Fourier Transform Infrared Spectroscopy and Chemometrics
	Abstract
	Introduction
	Materials and Methods
	Sample Preparation
	Fatty Acid Analysis
	FTIR Measurement
	Statistical Analysis

	Results and Discussion
	Fatty Acid Composition and FTIR Spectra
	Principal Component Analysis
	Cluster Analysis

	Conclusions
	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


