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{[ Abstract

Near infrared (NIR) spectroscopy is a fast and efficient technique to predict a range of wood traits;
however, methods for extracting useful information from the NIR spectra could be improved. Thus,
the aim of this study was to evaluate the statistic performance of two regression methods for
estimating the basic density in Eucalyptus urophyllax grand is wood from near infrared spectroscopic
data. The predictive models calibrated by principal component regression (PCR) or partial least
square regression (PLSR) method provided fine correlations. The coefficients of determination (R2cv)
of the PCR models ranged from 0.78 to 0.85 with standard error of cross-validation (SECV) and the
ratio of performance to deviation (RPD) varying from 32.8 to 41.2 kg/m3 and from 1.6 to 1.9,
respectively. The PLSR models presented Rzcv with relatively lower magnitude (from 0.65 to 0.78);
but also lower SECV (from 29.8 to 38.9 kg/m3) and higher RPD values (from 1.6 to 2.1). In short,
PCR method provides higher Rz between Lab-measured and NIR-predicted values while PLSR
produces lower standard errors of cross-validations. For both regression methods, the pre-treatments
on NIR spectra, and the wavelength selection improved the calibration statistics, reducing the SECV
and increasing the R2cv and the RPD values. Thus, PCR and PLS regression can be applied
successfully for predicting basic density in Eucalyptus urophyllax grand is wood from the near
infrared spectroscopic data.
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INTRODUCTION:

Near infrared (NIR) spectroscopy has become a popular method for simultaneous chemical

analysis and is being studied extensively in a number of different fields such as process
monitoring, biotechnology and the pharmaceutical and food industries because of the
potential for on-line, rapid, nondestructive and noninvasive instrumentation. The NIR portion
of the electromagnetic spectrum covers the range from 780 nm to 2500 nm and most of the
absorption bands observed in this region are due to overtones and combinations of the
fundamental mid-IR molecular vibration bands. Although all the fundamental vibration
modes can have overtones, the most commonly observed bands arise from the C{H, O{H,

and N{H bonds in the molecules.
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Modern spectroscopic instruments are so fast that they can produce hundreds of spectra in a
few minutes for a given sample that contains multiple components. Unfortunately, univariate
calibration methods are not suitable for this type of data, as they require an interference free
system. Multivariate calibration deals with data containing instrument responses measured on
multiple wavelengths for a sample that usually contains more than one component. In recent
years, advances in chemo metrics and computers have lead to the development of several
multivariate calibration methods for the analysis of complex chemical mixtures.

As powerful analytical tools, spectroscopic techniques, such as mass and infrared
spectroscopy, have seen increasing implementation in sectors as diverse as food,
pharmaceuticals and petrochemical. The resulting spectrum of the analyte of interest is a
continuous curve measured at hundreds (even thousands) of equally spaced wavelengths and
it is assumed that it indirectly captures the chemical/physical properties of the material being
analyzed. The subsequent analysis of the spectrum can be qualitative or quantitative.
Qualitative analysis generally addresses classification problems, e.g. the classification of
ovarian cancer using mass spectrometry and detection problems, e.g. the detection of process
transitions between steady states in oil sand extraction plant. In contrast, quantitative analysis
focuses on the determination of the value of the chemical/physical properties (e.g. weight
percentage of active substance in a sample of tablet,) of the analyte from its measured
spectrum. This is referred to as calibration and is the focus of this study.

Raman and Micro-Raman spectroscopy provide information on molecular structure by means
of the normal vibrational modes of the molecule under study. The interaction of the light with
the sample causes an energy exchange between photons and molecules, and this interaction
causes the scattering of the photons, in which the majority change direction (Rayleigh
scattering), but only a few (1 in 1£108 photons) change in frequency (Raman scattering). In
addition, infrared spectroscopy obeys Beer’s law, by which light is absorbed through the
sample and the transmitted or reflected light is detected at the same frequency as the incident
light.

REVIEW OF LITERATURE:

In industrial processes, the ability to monitor the status of a reaction is crucial. Process
analytical chemistry is the application of chemical analyses to the manufacturing process, and
can provide the operator with knowledge of how the reaction is progressing, and whether or
not it is providing the expected results and products.

Process monitoring can be achieved in many different ways. Sampling can include inline, on-

line, at-line, and off-line approaches, and a variety of spectroscopic methods can be used to
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analyse the samples, including mid-infrared (MIR), near-infrared (NIR), ultraviolet/visible
(UVIVIS), nuclear magnetic resonance (NMR), Raman, and high performance liquid
chromatography (HPLC). This thesis will review the different methods most widely used
today, but will focus on the background of on-line MIR monitoring.

Recently, the application of near infrared (NIR) spectroscopy has attracted increasing
attention in pharmaceutical, petrochemical and food industries due to its rapid, powerful and
economic analysis of a large number of samples. However, when NIR is used to analyze
suspension or powder, the differences in particle size and shape, sample packing and sample
surface (and other properties) can result in sample-to-sample variation in the optical path
length, giving rise to the well-known light scattering effect. According to Beer-Lambert’s
law, the absorbance spectra are linear to the analyte properties (e.g. concentration). However,
the light scattering can introduce uncertain non-linear variation to the spectral data. As a
result, the traditional linear calibration methods (such as principal component regression
(PCR) and partial least squares (PLS)) typically give inferior prediction results.

1. Multivariate calibration solidness: Multivariate calibration (MVC) is an intriguing
subject. In the event that MVC succeeds for the scientific expert, then it guarantees quick,
reasonable and dependable on-line estimations dependent upon spectroscopic routines. Also,
owing to the badly postured nature of the issue, there is no deficiency of enthralling
challenges for the statistician. For example, the phantom regressors are exceptionally
associated and constitute an indicator. It is no big surprise that MVC lias gained an incredible
bargain of consideration in the chemo metric and statistical writing. Martens and Naes
dedicated a whole book to it, and Frank and Friedman gave an in-profundity statistical
medicine Basically MVC expedites a relapse model, furnishing a (towering dimensional)
vector of assessed coefficients. The aforementioned coefficients weigh the range (or all the
more usually the indicate) and give the assessed reaction, e.g. a component centralization of
investment. To improve a model, a set of aligned focuses (the reaction) and the go hand in
hand with in spectra are gathered at discrete interims (the regressors).

2. Sub-atomic spectroscopy: Sub-atomic spectroscopy includes the investigation and
quantification of sub-atomic reactions to presented indicators of known vigor or recurrence.
All particles (e.g. water, glucose, protein) have a characterized measure of vigor. Briskly,
when interchange vigor (e.g. infrared radiation) is presented, a vigor trade happens between
the presented vigor and the vigor held inside the atom. In least troublesome terms, this is
communicated as absorbance (vigor is consumed bringing about a misfortune of presented

vigor), constricted (vigor is scattered bringing about a misfortune of presented vigor) or
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emitted (vigor is discharged bringing about an increase on the presented vigor). As unique
atoms and sub-atomic aggregations (e.g. alcohols, nucleic acids, proteins, sugars and fats)
have characterized vigor, by applying outside vigor of a known amount/type, we can
structurally recognize, quantify and even confirm the common state of the aforementioned
atoms inside complex examines and mixtures.

Sub-atomic spectroscopy envelops an expansive run of physical, inorganic, natural and
biochemical experimental systems, a large number of which are past the extent of this report.
Then again, to fittingly present the notion of close infrared spectroscopy (NIR), the
generalized rule of electromagnetic spectroscopy, the expansive gathering of atomic
spectroscopic systems inside which NIR has a place, must first be secured. Electromagnetic
spectroscopy dissections and measures the electromagnetic spectra ingested or discharged by
given particles, particles and sub-atomic assemblies. The aforementioned spectra are waves
of vigor of characterized frequencies (measured in Hertz), and thusly wavelength (measured
in metres), which are trademark for single atomic aggregations, particles and iotas. The
infrared district of the electromagnetic range may be isolated both instrumentally and
practically into close, center and far infrared spectra. Close infrared (NIR) spectroscopy
relates to a wavelength extend of between 700 and 2500nm on the obvious light side of the
isolated infrared range.
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Figure:The electromagnetic spectrum highlighting the relationship between increased
frequency and decreased wavelength. The region of the spectrum we perceive as visible light
corresponds to the range of 10-3 m (short wavelength edge of the microwave band) and 10-8
m (long wavelength edge of the ultraviolet band). Individual substances, molecular groups,

molecules and atoms absorb or emit energy at characteristic regions of this spectrum.
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Figure: Divisions of the infrared electromagnetic spectrum. The near infrared region
corresponds to a wavelength range of between 700 and 2500nm. The mid-infrared region is
further divided into short, mid and long wave infrared and corresponds to a wavelength range
of 2500 — 5 x 104nm. Finally the far infrared region corresponds to a wavelength range of 5 x
104 — 1 x 106nm. Image sourced from “Measuring Vegetation Health”.

Applying infrared energy to a substance will cause the molecules within that substance to
undergo wavelength specific transitions. In simplest terms, application of far infrared energy
will cause rotation of bonds within given molecules and middle infrared will cause
fundamental vibrations. Near infrared energy gives rise to overlapping overtones and
combinations of rotation and vibration of C — H, O — H and N — H chemical bonds. Overtones
are the result of >2 molecular absorptions of energy quantum. As a quantum of energy is
applied to a given molecule, the molecule absorbs that energy, and vibration corresponding to
a simple “near” harmonic motion is produced (e.g. wave). The overtone band of this simple
harmonic motion has approximately twice the frequency of the principle vibrational
frequency. The intensity of the overtone band is dictated by the level of “anharmonicity” of
the principle vibrational band. Chemical bonds that vibrate with large amplitude (e.g.
hydrogen bonds) have a high degree of anharmonicity. These bonds are very common and as
a consequence, can dominate the observable NIR bands. As such, molecular overtones and
combinational vibrations characteristic of NIR produce very broad, complex, overlapping
spectral outputs that can conceal specific information on chemical assignments. This is
overcome through the use of multivariate calibration, chemo metric techniques and
multivariate methods such as principle component analysis and partial least squares
(Koljonenet. al. 2008; Cozzolinoet. al. 2009; Gishenet. al. 2005).
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Figure: Simple infrared spectral output differentiating full fat soy-bean powder from defatted
soybean powder. The output is made up of broad an overlapping spectrum that, without
chemo metrics, conceals specific details including broad categorization of major groups.
Image sourced from “The near Infrared Method”.

3. NIR and multivariate Systems: The NIR spectroscopy systems has gained widespread
acceptance in recent years as a powerful diagnostic tool, particularly for quality assurance
and online process control purposes in harsh industrial environments (Pope 1995, Antti et al.
1996). In NIR spectroscopy, wavelengths between 700 and 2500 nm are used. The
fundamental principles of NIR spectroscopy have been summarized in several articles in the
past decade (Barton 2002 and references cited therein). The reason for the success of NIR
spectroscopy is the development of multivariate systems, which have made it possible to
handle the large amount of data created by NIR, for example, principal component analysis
(PCA) and partial least squares (PLS) (Hoskuldsson 1988, Carlsson 1992, Wold et al. 1993).
In this application of NIR spectroscopy, the PLS algorithm is used to build models based on
designed experiments in the particleboard line. A great advantage of PLS compared to other
regression methods is that strong collinearities are tolerated in X, and moderate amounts of
missing data. It can also handle many Ys at the same time (Wold et al. 1993).

4. Pharmaceutical examination: Pharmaceutical investigation could be viewed as the
requisition of logical science to pharmaceutical details, items and substances. The
aforementioned specimens might comprise of fluids, gels, powders, tablets, vaporizers and so
on. of different sorts and substance. In the case of a pharmaceutical process, the examples
may likewise comprise of different strong or fluid mixtures of diverse sorts, consequently
making the sorts of specimens in pharmaceutical investigation various. The explanatory

answers needed in pharmaceutical dissection are ordinarily of a quantitative and also
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qualitative sort. Cases of quantitative examinations are the determination of the substance of
the animated compound or the substance of a major contamination in a pharmaceutical
definition. Cases of qualitative investigations are the distinguishing proof of an animated
compound, i.e. to guarantee that the compound is truly the particular case that is needed. An
illustration of a dissection that is both quantitative and qualitative is of the untainted-ness of a
pharmaceutical plan, i.e. if there are any pollution, debasement features or combination
intermediates and so on. In the example and, if thus, what number of and in what focuses.

In the pharmaceutical business for the most part there is an in number convention of utilizing
division strategies in numerous dissections of a both quantitative and qualitative sort, for
example the determination of substance, personality and untainted-ness. Exceptionally
frequently the aforementioned breakdowns are done by method of high performance liquid
chromatography (HPLC) with UV-Vis identification.

This identification is, in addition, for the most part univariate, i.e. identification at a solitary
wavelength, and hence there is for the most part an aspiration to get totally divided or
benchmark divided tops so as to have the capacity to confirm the mixes in the specimen.
Moreover, HPLC is frequently connected with the dissection of examples that do not by any
means need any dissociation since they just hold one engaged substance. One of the points of
this postulation is to show how spectroscopy and chemo metrics in conjunction might be
utilized as an elective to HPLC for quantitative and qualitative dissection. The
aforementioned spectrometric systems comprising of spectroscopic investigation, a towering
level of computerization and chemo metric information assessment can accelerate quick
strategies having an elevated expository limit, and the term high capacity analysis (HCA) is
inferred in the postulation for the aforementioned systems. HCA techniques may great be
choices to HPLC besides, in certain cases, even outflank the chromatographic techniques.

5. Spectroscopic Systems for Anticipating the Mechanical Properties of Wood
Composites: As the variability of the wood crude material unfolds and the exhibition
determinations for designed wood composites end up being more and more stringent, the
requirement for qualified information on fabricated composite wood items has never been
more stupendous. This interest has been tended to from a mixed bag of fronts that profit from
various observational connections between certain prepare (or test) variables what's more
board lands. A hefty portion of the aforementioned examination endeavors have been
concerned with online process following, and have investigated nondestructive mechanical
tests, acoustic emanation techniques and dielectric examination to assess quality

improvement throughout solidification. Even though each of the aforementioned approaches
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gives some measure of the lands of wood composites, they give constrained understanding
into the sub-atomic courses of action that regulate property improvement in composite wood
features.
Substance updates that happen throughout composite board structuring have not accepted
broad inquire about consideration for a few explanations. The multifaceted nature of the
wood/resin framework accounts for much of this hesitance, as does the expenditure
connected with a large number of the scientific tests. Still, the worth of comprehension the
aforementioned substance progressions are evident from later advancement utilizing strong
state atomic attractive thunder spectroscopy, Fourier change infrared spectroscopy, besides
other spectroscopic apparatuses. The determined challenge has been the generally long time
outlines needed for the aforementioned tests and the necessities for regulated exploratory
conditions.

CONCLUSION:

Close infrared spectroscopy is a financially savvy, quick scientific apparatus with potential

past its current utilize inside sustenance industry. As developments in chemo metric

dissection and diagnostic programming improve, alignment and multivariate systems will
take after permitting more informative data to be recovered from the perplexing spectra,
growing the extent of this diagnostic apparatus.

At present, the utilization of NIR as an instrument for microbiological following,

environmental and physiological exploration remains underdeveloped. The strategy shows

incredible guarantee for the aforementioned provisions. Samples incorporate:

e In vitro and in situ examination of biofilm development, structure and improvement by
nourishment borne pathogens. Biofilm structuring expedites steady microbial tainting of
sustenance handling strongholds. Investigations of microbial biofilms might be
perplexing and it could be troublesome to exactly portray those discovered inside
nourishment mill situations. Definite constant learning of the parts of biofilm buildings
could permit distinguishing proof of weaknesses inside the aforementioned biotic
frameworks and furnish potential "industry appropriate™ focuses for their control.

e A quick method of profiling microbial neighborhoods exhibit in nourishment features.
Learning of the microbial groups connected with tainting and waste of nourishments,
incorporating succession all through the handling chain, could altogether commit to the
security of final feature and minimise avoidable feature misfortune and the partnered

expenses.
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e Development of nourishment borne pathogen spectra libraries. Metabolomic profiling of
sustenance borne pathogens under optimal and testing natural conditions could give NIR
unearthly libraries that hold backhanded markers for both pathogen presence and
physiological state. Aside from the presence or nonappearance of sustenance borne
pathogens, the aforementioned markers could give informative content that permits
evaluation of how microorganisms are reacting to the conditions present on/in the
sustenance product/environment. This could help in the appraisal of sustenance
safety/preservation frameworks as of recently set up, and manage execution of mediation
and deterrent systems dependent upon the watched physiological reactions of the
inhabitant and located microflora.

In this work, a methodology dependent upon Raman spectroscopy in fusion with PCA and

PLS-DA was produced for fast separation of microorganisms with probiotic lands. In this

sense, the infrastructure of a directed multivariate technique permitting the segregation of

microorganisms at a species level is unguestionably the essential accomplishment of this
work.
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