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Abstract

Infrared spectroscopy, one of the vibrational spectroscopies, has emerged as rapid
and powerful analytical technique for identification and quantitative analysis
of food component. FTIR spectra is fingerprint analytical technique, therefore,
by selecting the specific region, some analytical purposes can be achieved
such as identification, confirmation and quantitative analysis of analyte(s) of
interest in food samples. Equipped with some sampling technique such as
attenuated total reflectance and combined with chemometrics software such as
principal component analysis for classification and multivariate calibration for
multicomponent analysis, FTIR spectroscopy has been successfully used for
compositional analysis of food. The method is rapid with minimum or without
sample preparation and is not involving the extensive solvents and reagents.
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2.1 Introduction

Infrared (IR) spectroscopy is analytical technique related to interaction studies
between analytes and electromagnetic radiation. This interaction can be in the form
of transmission, absorption, scattering and reflection of light due to incident light
in the spectral range corresponding to infrared region into samples. The frequencies
or wavelengths, at which the samples absorb IR radiation and their corresponding
intensities (either transmittance or absorbance), are recorded into IR spectrum [1].
IR spectroscopy is the most vibrational spectroscopic techniques widely applied in
food analysis [2], which measure the vibrational energy levels in a compound [3].
IR spectroscopy is one of fingerprint analytical techniques, commonly applied in
wide application in food science. Fourier transform infrared (FTIR) spectroscopy
is an ideal technique for characterization and identification, confirmation, and
quantitative analysis of food components [4].

There are two types of spectrometer, namely dispersive instrument and Fourier-
transformed spectrophotometer based on interferometer. FTIR spectroscopy offer
some advantages in identification and quantitative analyses including fast spectral
data acquisition, without or minimal sample preparation, non-destructive in which
the analysed samples by FTIR spectroscopy can be analysed using other methods
like chromatographic-based techniques, high-throughput, low cost, applicable for
a wide range of physical sample types (liquid, semi-solid and solid samples).
Besides, IR spectroscopy can be used for analysis of multiple analytes, especially
in combination with multivariate analysis [5]. FTIR spectroscopy can be used in the
wide range of wavenumbers region which provide excellent resolution of spectra
along with the large number of peaks, which can be correlated with the presence
of certain analytes in the samples [6]. Due to its versatility with minimum use of
solvents, FTIR spectroscopy is considered as green analytical techniques which are
more environmentally friendly [7].

However, FTIR spectroscopy also has some drawbacks. The environment condi-
tion could affect the nature of spectra, therefore the temperature and humidity must
be controlled. The FTIR spectra may vary which make the spectral interpretation
more complicated [8]. The spectral data obtained are frequently complex which
need sophisticated statistical tools known as chemometrics. The advance develop-
ment of multivariate calibration can assist the resolving unique spectral patterns,
improving instrument sensitivity, and monitoring the analyte characteristics in the
analysed samples [9].

2.2 Infrared Spectroscopy

In analytical chemistry, infrared spectroscopy is considered as powerful technique
for analysing inorganic and organic samples, in the form of gases, liquids, and solids
either qualitatively or quantitatively. IR spectroscopy is based on the vibrations
(stretching or bending) of chemical bonds within the molecules at specific frequen-
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cies. The vibrations can be described by the laws of physics (Hooke laws). The
chemical bonds can absorb IR radiation; they are excited to a higher energy level
which make the vibration of bonds at specific frequency. At ambient temperature,
molecules are in the levels of zero energy [10].

The region of IR radiation can be categorized in three regions, near-infrared
(NIR), mid-infrared (MIR) and far-infrared (FIR). NIR corresponds to wavenum-
bers of 14,000–4000 cm−1 (or wavelength of 800–2500 nm), MIR corresponds to
4000–400 cm−1 (or wavelength 2500–50,000 nm) and FIR corresponds to 400–
50 cm−1 (or wavelength 50,000–1,000,000 nm). Among these regions, MIR is
the most widely used for the analytical purposes including qualitative analysis,
confirmation and quantitative analyses of food composition within the analysed
samples [11]. FTIR spectra are fingerprint spectra and can be used to characterize
the chemical compounds. FTIR spectra can be obtained using the modes of
absorbance or transmittance. The energy at any peak in IR spectrum corresponds
to the vibrational frequency of functional groups present in the sample molecule
[12].

2.2.1 Infrared Absorption Process

IR spectroscopy is mainly related to the molecular vibrations. The molecular
absorption of EMR in IR region can cause the transition between the ground (lowest)
state and the rotational and vibrational energy levels in the molecules [13]. As other
absorption processes in spectroscopic techniques, the absorption of IR radiation
is a quantized process, meaning that functional groups in molecule samples only
absorbed IR radiation at selected frequencies (energies) which corresponds to
energy changes in the order of 2–10 kcal/mol. Radiation in this range corresponds
to the stretching and bending vibrations of the chemical bonds in the most covalent
molecules [1], corresponding to the energy levels of chemical bonds. According to
Hooke’s law, the frequencies of stretching and bending vibrations are affected by
(a) the mass of the atoms, in which the higher the mass the lower the frequency, (b)
the geometrical shape of the molecules, (c) the bonds stiffness and (d) the periods
of the associated vibrational coupling.

To absorb IR radiation, bonds in the molecule must have dipole moment such
as CH2. The modes of vibration can be either stretching (change in bond length)
or bending (change in bond angle). Stretching can be symmetrical (in plane)
or asymmetrical (out of plane), and the bending vibration is identified as rock
or deformation when moved in the same or in opposite direction, respectively
[14]. Figure 2.1 illustrates the vibration modes of methylene (–CH2–) group. The
modes of vibration can be either stretching (in which bond length is observed)
or bending (in which bond angle is changed). Stretching can be symmetrical (in
plane) or asymmetrical (out of plane). The bending vibration is identified as rock or
deformation when moved in the same or in opposite direction, respectively. The
modes of vibration can be either stretching (in which bond length is observed)
or bending (in which bond angle is changed). Stretching can be symmetrical (in
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Fig. 2.1 The vibration modes (stretching and bending) in CH2 group. Adapted from [1]

plane) or asymmetrical (out of plane). The bending vibration is identified as rock or
deformation when moved in the same or in opposite direction, respectively [15].

2.2.2 Instrumentation

The instrument systems of infrared spectrometers can be in the form of dispersive
and Fourier-transformed using interferometer [16]. The dispersive type has not been
widely used in chemical analyses because some difficulties were met in sample
handling. Dispersive instrument is also not equipped with software to treat the
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Fig. 2.2 Schematic of FTIR spectrophotometer. Adapted from [20]

spectral acquisition and processing systems. Therefore, in the last decades, FTIR
instrument has replaced dispersive instrument and has appeared to become an
important method for certain analytical purposes [17].

FTIR spectrophotometers are based on interferometer, therefore, they differ fun-
damentally from dispersive spectrometer. The Michelson interferometer is typically
used in most FTIR spectrophotometers (Fig. 2.2). Michelson interferometer is
normally composed of two mirrors, namely moving mirror and stationary mirror.
In interferometer, the moving mirror will travel at constant velocity. The beam
splitter made from KBr coated with Ge is located between two mirrors [18].
Beam splitter will divide the radiation beam into two parts, one part will be
transmitted into a moving mirror while the part one is reflected into stationary
mirror. When the radiation beams are reflected back, they will recombine to
produce constructive/destructive interference patterns. After the IR energy has been
selectively absorbed by a sample located between the beam splitter and the detector,
the fluctuations in the energy intensities will reach to detector and then will be
digitalized in real time, yielding an interferogram [19].

The obtained interferogram encompasses all requisite information during FTIR
spectra of the analysed sample; however, interferogram outputs are in the time
domain. The interferogram in time domain is then converted to frequency domain
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using Fourier transformation for producing conventional FTIR spectrum. Fourier
transformation is a mathematical algorithm typically applied during the decoding
interferogram to obtain interpretable information related to individual frequencies
in FTIR spectrum. Wavelength accuracy is necessary in order to obtain correct and
highly resolved spectra. It is dependent on knowing the exact position of the moving
mirror and is achieved using an internal reference laser (He-Ne), which monitors the
position of the moving mirror during the scan. This leads to the precise scanning and
to accurate spectrum collection in relation to the wavelength position, which is a key
determinant for quantitative spectroscopy [1].

Because of its rapidity in scanning of FTIR spectra and its capability to
provide sensitive response, FTIR spectrophotometers are the instrument choice for
analysis of samples. FTIR instruments have distinct advantages over dispersive
spectrometers, namely: (a) Fellgett advantage capable of providing better speed
and sensitivity; (b) Jacquinot advantage by increasing the optical throughput; (c)
dispersion or filtering of slits is not needed; (d) Connes advantage as shown
by the presence of internal laser reference; (e) simpler mechanical design; (f)
the contributions of stray light and light emission are eliminated and (g) FTIR
instrument is easily connected and compatible with powerful data recording [21].
The significant advantage of FTIR instrument is the multiplexing advantage, in
which all frequencies corresponding to absorption of chemical bonds can be
measured simultaneously, as a consequence, whole FTIR spectra of analysed
samples can be obtained in a single scanning. In addition, the signal of FTIR
spectrophotometer has excellent sensitivity as indicated by higher ratio of signal
to noise (S/N) that of dispersive instrument. Another important factor in the success
of FTIR spectroscopy is the sophisticated software of chemometrics included in
the instrument which facilitates spectral scanning and spectral treatments like
derivatization and smoothing.

2.2.3 Sampling Preparation Techniques for Infrared Spectroscopy

Because of the large diversity of uses of IR spectroscopy in analysing and character-
izing of food samples, a large number of sample preparation techniques have been
developed and marketed over the years. Different sampling techniques have been
used for obtaining better quality spectra, and new sensitive techniques have been
developed and used in order to evaluate previously intractable samples. They can
be divided into a few categories, namely transmission, internal reflectance, external
reflectance, diffuse reflectance, photoacoustic detection and gas chromatography-
infrared (GC/IR) [22]. According to USP 42 general method <854> Mid-Infrared
Spectroscopy [23], the most common sample preparation techniques for FT-IR
spectroscopy are by using potassium bromide disk, mineral oil mulls, self-supported
polymer film, capillary film, liquid and solutions in transmission cells, gases,
attenuated total reflectance, diffuse reflection and microscope sampling. In principle
those techniques can be separated into transmission-, attenuated total reflectance
(ATR)-, and diffuse reflectance-technique [24].
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2.2.3.1 Transmission Technique
By transmission technique, the sample is placed precisely into sample holder.
IR beam is passed through the holder containing the analysed samples, and the
transmitted light is detected and recorded as IR spectrum. Samples should be
first prepared as pellet, mull and film, before the measurement can be performed.
The transmission techniques can be used alone, or in combination or with using
accessories e.g. liquid-, gas-cells, microscope or gas chromatography.Many types of
samples such as solid powders, liquids, gas, polymer film, can be analysed by using
this technique [24]. Powdered organic and inorganic sample (1–2 mg) should be well
mixed with 150 mg alkali halide (e.g. potassium bromide, potassium chloride and
caesium iodide), finely pulverized to get homogenous mixture, and put in die to get
pellet. In order to get transparent pellets, a power of around 8 tons is applied under
a vacuum of several mmHg for several minutes. The pellet is then inserted into a
sample holder in the spectrometer for analysis [23, 25, 26]. For preparing mull, 10–
20 mg sample were pulverized in mortar then grinded with saturated hydrocarbon
mineral oil (liquid paraffin, Nujol), to obtain a suspension, then the suspension was
transferred into the cell (potassium bromide, sodium chloride, silver bromide or
caesium iodide). Liquid paraffin exhibits absorption near 3000–2800 cm, 1460 cm,
1375 cm and 730 cm. Liquid sample can be measured by dropping it into the
transmission cell, while gaseous sample can be analysed by the gas cell. Sample
as thin film can be prepared by either melting or dissolved by solvents; this thin film
method usually is used for analysing the polymers [27]. FT-IR spectrophotometer
can be connected to a GC-IR module that contains liquid-nitrogen cooled MCT-A
detector for performing GC-FT-IR analysis [28].

Some advantages of the transmission method are economical, well established,
excellent spectral information and can well applied for quantitative work [24]. The
disadvantages of transmission method that generally using alkali halide pellets or
cells are hygroscopic; it needs skilled analyst and time consuming for preparing,
liquid cells need to be filled without air bubble, homogenization of sample and
alkali halide is difficult to achieve for some substances/materials like rubbers or
other elastomers [29]. The other limitation of this technique is related to the
sample thickness (except for gaseous samples), because the amount of IR energy
absorbed by the sample is proportional to its thickness. Consequently, beyond a
certain thickness, the sample will not transmit any IR radiation in the regions of
the spectrum where it is strongly absorbing; therefore, no signal will reach the
detector. The thickness is arranged in such a way that gives the absorbance value
of 0.1–0.8 [30]. In order to overcome those disadvantages, a relatively new method
of attenuated total reflectance (ATR) mode has been developed.

2.2.3.2 Attenuated Total Reflectance
For its simplicity, the sampling technique of ATR is widely used for analysis
of the analysed samples. ATR is considered as one type of Internal Reflection
Spectroscopy (IRS). The sample is positioned in good contact against special ATR
crystal called an internal reflectance element (IRE) [31]. The basic principle of ATR
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Fig. 2.3 A multiple reflection of attenuated total reflectance (ATR) system. (Courtesy of
PerkinElmer, Shelton, CT 06484, USA) [29]

is shown in Fig. 2.3. An infrared beam enters the ATR crystal which has high
refractive index at certain angle (usually 45◦). The fraction of the light wave that
reaches into the sample is called the evanescent wave. This wave will penetrate
only a few microns (0.5–5 μ) beyond the crystal surface and then penetrate into
the sample. In those spectral regions, the evanescent wave will be attenuated due to
absorption of IR light by the analysed sample. After multiple internal reflections, the
IR beam exits from the crystal and is then directed into the detector and recorded to
get IR spectra. The system then produces an absorption infrared spectrum. During
ATR scanning, the sample must be in good contact with ATR crystal surface. All
sorts of samples can be placed directly on the surface of an ATR crystal, afterward
measurements can be directly performed, and typically it needs only within seconds
[29]. In order to attain the success of ATR, some conditions must be fulfilled namely
[1] the sample must be on direct contact with ATR crystal, because the evanescent
wave or bubble only extends beyond the crystal of 0.5–5 μ and [2] the refractive
index of ATR crystal must be higher than that of the analysed sample. Usually,
refractive index values of ATR crystals are between 2.38 and 4.01 at 2000 cm−1

[32].
There are some common crystals materials for ATR i.e. zinc selenide (ZnSe), ger-

manium (Ge), silicon, diamond and KRS-5 (thallium iodide or thallium bromide).
ZnSe (refractive index 2.43; spectral range 20,000–500 cm −1) is a relatively low-
cost ATR crystal and is perfect for analysing liquids and soft sample (gels). ZnSe
can be used between pH 5 to pH 9. Due to relatively easily to scratches of the ZnSe
crystal, care must be taken when cleaning it. Germanium (refractive index 4.01;
spectral range 5000–600 cm−1) is used to analyse highly absorbing samples like
carbon-black coloured rubbers. Ge has a much better working pH range. Ge can be
used for analysing weak acids and alkalis. Diamond (refractive index 2.40; spectral
range 40,000–100 cm−1) is the best ATR crystal material due to is robustness and
chemically inert. The drawback of diamond is relatively more expensive compared
to two other crystals. The ATR crystal must be always cleaned, usually by using a
solvent soaked in piece of tissue (MeOH, Water, Isopropanol) [29, 33].
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ATR technique provides a simple and convenient means of acquiring the IR
spectra of a wide variety of samples; many of them are not readily convenient to IR
analysis using conventional transmission measurements [34]. Some advantages of
ATR are minimal or without sample preparation, fast and easy to clean up, analysis
of sample in their natural states and excellent for thick or strongly absorbing samples
[24]. According to our experience almost all kind of samples can be well analysed
using ATR i.e. drug raw materials, drug preparations, powdered herbal drugs, dried
leaves, plastics, liquids, etc.

2.2.3.3 Diffuse Reflection Infrared Fourier Transform Spectroscopy
(DRIFTS)

By this method sample was mixed 90–99% with an IR diluent transparent matrix
(e.g. as KBr). DRIFTS can be applied of both powdered organic and inorganic
(<10 μm). The IR radiation will interact with the sample particles and then will
reflect off their surfaces, causing the light to diffuse, or scatter, as it moves
throughout the analysed sample. The scattered light is then directed into the detector.
The advantages of this method are almost no sample preparation, no need to form
KBr pellets and relatively fast [23, 24]. The original DRIFTS spectrum is recorded
as diffuse reflectance (R%) vs. wave numbers, which is the ratio of single beam
spectrum of the sample to that of non-absorbent references. Since R% is not linear
with concentrations, generally it is converted to log (1/R) for NIR spectra, while for
MIR it should be converted to Kubelka-Munk function. For sample with a higher
absorption index, larger particle size and higher refractive index, interference of
specular reflection becomes more significant [27].

2.2.3.4 FT-IR Microscopy
FT-IR Microscopy (FT-IR-M) comprises a FT-IR spectrometer, an infrared detector
and an optical microscopy. The microscope must be free from any glass lenses,
as glass can absorb all IR light. Therefore, the optical elements used are gold- or
aluminium-coated mirrors, or some other windows with IR transparent [35]. The
central elements of an infrared microscope are a pair of reflective condensing objec-
tives with a Schwarzschild/Cassegrain design, which focus/collect light to/from
samples, allowing both transmission and reflection spectroscopy [36]. Typically, FT-
IR-M can be measured using either transmission-, or reflection-mode [37, 38]. The
infrared pathway in a PerkinElmer Spotlight 200 FT-IR-M system was illustrated
by Fig. 2.4 (in transmittance form) and Fig. 2.5 (in reflectance form) [39]. The
quality of the FT-IR-M spectra was affected by spatial resolution, signal-to-noise
ratio and the spectra artefacts, which could be defined as the variation of absorbance
or location of spectral bands due to non-chemical effects [38]. Two types of MIR
array detectors commercially available for FT-IR-M are linear and focal plane array
(FPA). FPA detector can be used from near infrared to 900 cm−1, while a 16 pixels
linear array can be used for measurement to lower wavenumbers (720 cm−1) [37].
New FPA detector is comprised of a matrix of 16 × 16 up to 128 × 128 detector
elements; this allows user to acquire up to 16,000 pixels/spectra simultaneously
[40]. The relatively new Linear Array Detector (LAD), capable of incorporating
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Fig. 2.4 Path of the infrared beam for collecting an image in transmittance in spotlight 200 FT-IR
microscopy system. Light from the spectrophotometer is reflected off the toroid onto the lower
dichroic mirror which sends it through lower Cassegrain; the upper dichroic mirror reflects the
beam onto the detector Cassegrain; the detector Cassegrain focuses onto the detector (Courtesy of
PerkinElmer, Shelton, CT 06484, USA) [41]

Fig. 2.5 Path of the infrared beam for collecting IR spectra in reflectance in spotlight 200 FT-IR
microscopy system. The toroid moves to send the beam to the reflectance illuminator assembly
dichroic mirror, which sends it to through upper Cassegrain; The beam reflected off sample and
back through to the other side of Cassegrain toward the remote aperture; the detector Cassegrain
focuses onto the detector (Courtesy of PerkinElmer, Shelton, CT 06484, USA) [41]
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high-quality mercury cadmium telluride (MCT) is arranged as 16 gold-wired IR
detector elements. MCT has been already patented by Perkin Elmer, and MCT
detector can measure up to wavenumbers of 580 cm−1 [39]. The spatial resolution
is depended to its numerical aperture (NA), while the smallest distance (δ) at which
two points of the analysed sample can still be separated is inversely proportional to
NA (δ = 0.61 λ/NA).

Because the numerical aperture of the objective mirror in FTIR microscopes
is about 0.6, then δ value is equal to wavelength λ [40]. For transmission mode
sample can be placed directly on sample windows that employ IR transparent
materials (NaCl or BaF2); BaF2 is preferred due to its low water solubility. If
the sample is too thick it can be flattened by using a roller blade or a micro
compression cell; other method for transmittance mode is by placing the sample in
two diamond windows, or as a thin section that can be obtained by microtome. ATR
FT-IR-M is frequently used for reflectance mode by using a micro-ATR objective;
Germanium (5500–600 cm−1) and Silicon (7800–800 cm−1) are generally used
as ATR objective crystal materials [41–43]. Recently Agilent developed a Laser
Direct Infrared Imaging System (LDIR); this LDIR can relatively collect data faster
compared to conventional FT-IR-M [44]. The main advantage of applying FT-IR-M
is non-invasive; it does not need staining or labelling of the sample; the molecules
are identified based on their characteristic IR vibrations. FT-IR-M delivers the group
of compound information of the targeted area. Therefore FT-IR-M is also called as
chemical imaging method [40].

2.2.3.5 Two-Dimension FT-IR Correlation Spectroscopy (2D FT-IR)
Sometimes it is very difficult to differentiate different samples by carrying out a
conventional FT-IR only (absorbance- or transmission-mode) due to their close
similarity. To overcome this problem, the conventional FT-IR spectra can be
converted to their second derivative infrared spectra, and/or performing a 2D FT-IR
[26]. 2D FT-IR can be prepared by using a KBr pellet, which will be perturbed by
some physical or chemical stimulus using a special device; these stimuli will induce
a dynamic 2D spectrum. A physical thermal stimulus was usually used for preparing
a 2D FT-IR spectrum [45]. As example, 2D FT-IR spectra of some Polygonum minus
can be prepared by using a thermal stimulus at certain range of temperatures (e.g.
40–120 ◦C, interval of 10 ◦C) [46]. The dynamic 2D infrared spectra can be obtained
by plotting absorbance intensities and variables (wave number and perturbations);
the spectra can be shown as three-dimensional spectra or as a contour plot. Two-
dimension (2D) correlation infrared spectra, synchronous and asynchronous 2D,
can be directly observed. A synchronous 2D FT-IR spectra of powdered Curcuma
longa (KBr pellet) which was prepared at our laboratory was presented in Fig. 2.6
(unpublished work).

In synchronous FTIR spectrum, peaks presented the coincidence of the spectral
intensity’s differences (increase or decrease) at corresponding variables wave
numbers vi and vj during perturbations. The synchronous correlation intensity of
wave numbers (vi, vj) characterizes the degree of coherence between two signals
that are measured concurrently. This intensity becomes maximum if the variations
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Fig. 2.6 How to generate two-dimension (2D) correlation spectrum of powdered Curcuma longa
by using five levels thermal perturbations (unpublished results)

of the two dynamic IR signals are totally in phase with each other, and minimum if
they are antiphase. IR signals which are nearly orthogonal to each other should yield
almost no synchronous correlation intensity. A cross peak (at vi, vj) was observed if
the spectral intensities at vi and vj changed instantaneously when perturbation was
applied. The cross peak is positive if the intensities of vi and vj both increase (or
decrease) along the perturbation, otherwise the cross peak is negative. 2D FT-IR
spectrum is symmetric with respect to the diagonal line in the synchronous spectra.
The variation of the spectra intensity at a variable is always the same as itself so
there are only positive peaks that defined as auto peaks along the diagonal of the 2D
synchronous spectrum. An auto peak characterizes the overall susceptibility of the
spectral signal to change intensity when an external perturbation is applied [26, 45].

The asynchronous spectra afford the sequence of the spectral intensities’ varia-
tions at different wave numbers vi and vj during the perturbations. The asynchronous
correlation intensity on the other hand will characterize the coherence degree
between signals measured at two different instances, which are separated by a
correlation time. The asynchronous correlation intensity will be maximum if the
dynamic signals are orthogonal to each other, and will be minimum when the signals
are exactly in phase or antiphase with each other. A cross peak at vi, vj is detected if
the spectral intensities at vi changed before or after the variations of vj. No diagonal
peaks are observed in asynchronous 2D correlation spectrum [26, 45].
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2.3 Chemometrics

The success of FTIR spectroscopy for analysis of food composition is supported by
statistical analysis and chemometrics. Fortunately, some sophisticated instruments
were equipped with statistical and chemometrics software [47]. Chemometrics,
also known as multivariate data analysis (MDA), is a branch of chemistry which
apply mathematics and statistics sciences to treat chemical data either quali-
tative or quantitative data (pH, concentrations, weights, etc.). Some topics are
covered in chemometrics, namely descriptive statistics, the experimental design,
process optimization, signal detection and signal processing, multivariate calibra-
tion, classification modelling and analytical quality assurance [48]. Chemical data
typically include properties and values of numerous compounds as determined
by instrumental methods and having various sources of variance. Accordingly,
statistical evaluation of such data should use one or more multivariate data statistics
(chemometrics). Multivariate statistics allows the simultaneous analysis of several
independent variables (factors) against several dependent variables or responses
[49].

Chemometrics is exploited for multivariate data collection and analysis proto-
cols, calibration modelling, classification and cluster modelling, signal correction
and compression, method optimization and statistical process control. Singh et al.
[50] stated that chemometrics is useful means for the real-time in-process testing
and is a valuable process analytical tool. In general, chemometrics or MDA are
categorized in two classes: (a) chemometrics for qualitative data analysis intended
for identification or classification purposes using pattern recognition methods and
(b) multivariate calibration intended for facilitating the quantitative analytical
purposes.

In analytical purposes, the most widely uses of MVA in FTIR spectra include
confirmation, qualitative analysis, purity test and quantitative analysis of food
components are (a) FTIR spectra processing by applying some pre-treatment spectra
of mean centring, Savitzky-Golay derivatization, smoothing, etc. Spectra pre-
treatment can enhance the accuracy and robustness of spectra resulting in reliable
data, while spectra derivatization (1st, 2nd, 3th or higher order) can enhance the
resolution of overlapping peaks [51–53]; (b) pattern recognition either unsupervised
such as principal component analysis and cluster analysis or supervised like
discriminant analysis with its algorithm variations; (c) multivariate calibrations
(MC) using several algorithms including principle component regression and partial
least square; (d) experimental design typically used for optimization of analytical
conditions during food analysis [55]. Some methods such as analysis of variance and
response surface methodology are widely used for optimization of factors affecting
food analysis [54].

The steps of analytical procedures which involved FTIR spectroscopy and
chemometrics techniques in food analysis can be briefly described as: (a) definition
of food analysis problems, i.e. confirmation, identification (qualitative analysis) or
quantitative analysis, (b) sampling process, (c) acquisition of FTIR spectra using
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FTIR spectrophotometer, (d) pre-treatment (processing) of FTIR spectral data, (e)
selection of chemometrics models, (f) selecting calibration and validation sets of
samples, (g) the chemometrics model optimization in calibration using selected
variables, namely absorbance values at specific wavenumbers region, (h) validation
of chemometrics model and (i) making conclusion of chemometrics models [56]. All
these steps can be assisted using sophisticated statistics software, among these are
Minitab®, Unscrambler®, SIMCA® SIRIUS®, Matlab® and Pirouette®, Grams®

32 [57, 58]. Currently, free interface software of Chemoface has been developed by
Prof. Cleiton A. Nunes et al. for chemometrics analysis [59].

2.4 Applications of FT-IR for Food Analysis

Some books and review articles, which described and discussed the general appli-
cation of FT-IR for the analysis and quality control of food preparations, have been
published in the last ten years. In 2009, Sun [27] edited a book entitled “Infrared
Spectroscopy for Food Quality Analysis and Control”, this book consisted of seven
chapters on fundamental/instrumentation, and eight chapters for applications, which
were comprised of meat, fish, milk, cereal, fruit and vegetable, fruit juice, wine and
beer, egg and related products. Sun et al. [26] published a nice book that discussed
in detail the methods and application of FT-IR for the analysis of complex mixtures
of foods and traditional Chinese medicines. Rodriguez-Saona and Allendorf [60]
wrote a review article on the application of FT-IR combined with MVA for the
authentication and detection of food’s adulterants. A mini review on the application
of mid-infrared as a tool for phenotyping tool of milk trait has been published
by Marchi et al. [61]. Khan et al. [62] described the application of FT-IR for
identification of food’s adulterants in honey, milk, wines, fat and oils. A review
article on the application of FT-IR for detecting specific regulated or toxic plant
in plant food supplements and herbal drugs has been published by Deconinck et
al. [63]. Su and Sun [64] published a review article on the application of FT-
IR, Raman and hyperspectral imaging techniques for quality determinations of
powdery foods (e.g. milk, tea, cocoa, coffee, soybean floor, wheat flour, culinary
powder). Application of FT-IR for checking the quality and safety of fat and oils
was recently reviewed by Li et al. [65]. FTIR and its combination with various
techniques (NIR, MS) for detecting food adulterants has been reviewed by Valand
et al. [66]. Furthermore, Rohman [5] published mini review on the application of
FT-IR for traceability and authentication of meat and meat products.

The objectives of the applications of FT-IR, 2D FT-IR combined with multivari-
ate analysis (MVA) or chemometrics for analysis of food, which were described
and discussed in books and article, which were cited in this present chapter, can
be been summarized in Box 2.1. Our experiences showed that all kind of raw
material (RM) from plant origin (including leaves, fruits, beans, herbs, etc.), meats
and related animal products can be analysed by FT-IR. Sun et al. [67] and Sun
et al. [26] have outlined a tri-level infrared identification for qualitative analysis
by using FT-IR. Sample usually could be identified or differentiated by comparing
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Fig. 2.7 By using two-dimension Fourier transform infrared (2D FT-IR) sample of Wuweizi
(Schisandrae chinensis Fructus) and Nanwuweizi (Schisandrae sphenantherae Fructus) (Courtesy
of PerkinElmer, Shelton, CT 06484, USA) [39]

their FT-IR spectra, and this is known as primary identification. The secondary step
of identification is based on the second derivative infrared spectroscopy (SD-IR);
some overlapped peaks, which were observed in the primary identification could be
well differentiated by using SD-IR. In case, it was not possible for identification
of a sample by using primary- and secondary-step, due to almost similar observed
spectra, a two-dimensional correlation infrared (2D-IR) spectroscopy method can be
applied; this 2D-IR is known as a tertiary step of identification method. Figure 2.7
showed the FT-IR spectra of the two fruits, which were similar, so the differentiation
of those two fruits was difficult, but by using 2D FT-IR, both fruits can be easily
discriminated. For identification and classification purposes by using primary and
secondary identification methods, generally MVA was applied for data evaluations
(e.g. PCA, PLS-DA, SIMCA). See Sect. 2.3.

Quantitative analysis by FT-IR can be performed by construction of a linear
regression between concentrations of standard against the ratio of intensities of two
specific wave number of the absorption FT-IR spectra; concentration of sample can
be calculated from the linear calibration regression curve [26]. Quantitative analysis
of the sample can be also done also using MVA (PLS); this will be discussed in
section Chemometrics. It is very important to note, that before any data collections,
method validation should be first performed. This present review will be focused on
the application of FT-IR for analysing for fat, oil, fruits, beans and related products
which appeared in the last ten years.

2.4.1 Application of FT-IR for Fruits, Beans and Related Products

The objective of application of FTIR spectroscopy in combination with multivariate
data analysis (MVA) in food analysis is compiled in Box 2.1. Furthermore, Table 2.1
summarized publications that reported the application of FT-IR for analysing fruits,
beans and related products. As shown in the table, ATR method was the most used
method, this could be due to its simplicity of the method. Almost all publication
used MVA for evaluations the FT-IR data.
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Box 2.1 The Objectives of the Application of Combination FT-IR, 2D FT-
IR and MVA for Food Analysisa

a. Identification of raw RM; discrimination of the same RM, which was
based on variants, geographical origins, harvested time and treatments
b. Rapid identification of genuine and counterfeit products
c. Quality control of the products
d. Differentiate products from different manufacturers
e. Stability evaluation of the RM and related products
f. Performing qualitative and quantitative analysis of compounds or group of
compounds in RM and/or products
g. Monitoring and analysing the manufacturing and extraction processes
h. Performing rapid qualitative identification of RM in various formulations
of the product.

aModified from PerkinElmer, Complete Solution for Traditional Medicine
Research and Analysis [68]

The distribution of certain class compounds (e.g. lipids and or sugars) in the
cross section of a tomato fruit can be clearly observed by using FT-IR-M. Figure 2.8
showed the distribution of the absorbance at 1740 cm−1 (C=O lipid) corresponding
to the lipid distribution, while Fig. 2.9 showed the distribution of sugars or carbohy-
drate can be detected using absorbance at 1050 cm−1 (OH); the red area corresponds
to a high concentration of lipid relative to the blue area. The distributions and
relative concentrations of proteins, carbohydrates and the waxes/lipids in the cross
section of a wheat stem can be also easily determined by using FT-IR-M [40]. This
showed that FT-IR Microscopy can be well used for searching and determining the
locations and distribution of a certain compound or group of compounds in certain
tissue(s) or organ(s) of plant and animal. Unfortunately, there is not many works
that have been published on the application of FT-IR-M for food analysis.

2.5 Advantages and Disadvantages of Infrared Spectroscopy
in Food Analysis

Some advantages of the application of FT-IR in food analysis are: the FT-IR
spectrometer is relative cheap, sample preparation is simple, sample also can direct
to be measured without any sample preparation, a small of amount of sample is
required, non-destructive method of analysis, less use of hazardous solvent and
decreasing hazard to environmental and human, rapid detection, analysing time
is relatively very fast, various sample analysis can be analysis (such as, solids,
liquids, semi-solids, powder samples, herbs etc.), relatively low operational cost,
FT-IR can be used for both quantitative and qualitative methods, repeatability of the
measurements is relative good, by using standardized method good reproducibility
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Fig. 2.8 Distribution of the absorbance at 1740 cm−1 corresponding to the lipid’s distribution in
the cross section of tomato (Courtesy of PerkinElmer, Shelton, CT 06484, USA) [39]

Fig. 2.9 Distribution of the absorbance at 1050 cm−1 corresponding to the sugar’s distribution in
the cross section of tomato (Courtesy of PerkinElmer, Shelton, CT 06484, USA) [39]

can be achieved. The disadvantages of FT-IR are: biological samples are difficult
to analyse using FT-IR due to strong absorption of OH, FT-IR is sensitive to the
environment change (CO2 and water vapour can affect the spectra), FT-IR cannot
detect atoms and monoatomic ions, elements or inert gas, FT-IR cannot detect
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diatomic molecules such as nitrogen and oxygen [67, 69]. To overcome the problem
of analysing biological fluids by FT-IR, Pupeza et al. [70] proposed a new method
called Field-resolved infrared spectroscopy; detailed discussion of the new method
can be referred in their recent publication.

2.6 Conclusion

Infrared spectroscopy method equipped with modern instrument and sampling
handling technique such as attenuated total reflectance, Diffuse reflection infrared
Fourier transform spectroscopy (DRIFTS), FTIR microscopy and Two-Dimension
FT-IR Correlation Spectroscopy (2D FT-IR) is ideal technique for qualitative
and quantitative analyses of food composition due to its capability to provide
fingerprinting technique. FTIR spectroscopy is widely used for food composition
analysis intended to confirmation and identification of raw materials, discrimination
of food from different origin, authentication of food products as well as the
monitoring and quality control of food production. In the future, the miniature
of FTIR spectroscopy instrumentation makes this technique suitable for on-site
application for rapid quality control.
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