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QUANTIFICATION OF BIOLOGICAL MID-INFRARED
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ABSTRACT.

Quantitative determination from infrared spectra still faces
problems that are not completely resolved to date. One of these
problems is the deformation of baselines.

We have tested the Legendre baseline correction method by
subtracting from a spectrum the low-degreed terms from a
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Legendre polynomial function which is obtained by the
decomposition of the spectrum.

As opposed to the filtered spectra with n=0 which remained
very similar to the original spectra, the filtered spectra, as
from n=2, exhibit a great amount of distorsion. This result
suggests that it is as from n=2, that the terms that are
meaningful to the signal (not just to baseline), are to be
substracted.

Mathematical methods such as Principal Component
Analysis and Principal Component Regression are used to
analyse quantitatively components from biological samples.
The thus predicted sucrose content values for values of n that
range between 0 and 8 (n={0, 2, 4, 6, 8}) show that the best
results are obtained for n=4. The mean and standard deviation
values of the difference between reference and predicted
values varies between 8.5x10-2 and 6.6x10-2 and between
0.224 and 0.195 respectively ; these values are minimum when
the n=4 term is subtracted from the spectra.

This processing hence, sensibly improves the quantification of
components from Mid-FTIR spectra of biological solutions.
This procedure would be interesting in cases where the
precision of quantitative measures is essential.

INTRODUCTION

Spectroscopic methods such as infrared, Raman
specroscopy and Nuclear Magnetic Resonance (NMR) can
easily be used for routine analysis in food and agricultural
industries.

Quantitative determination from infrared spectra still
faces problems that are not completely solved to date. One of
these problems is the deformation of baselines (Powell, 1984,
Hruschka, 1987; Cadet and Offmann, 1995). Till now, the
origin of such a phenomenon is not completely understood.
These deformations are linked to physical problems that are
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dependant of the apparatus used ; the variations in the spectra
of a same sample measured successively several times would
be due to the non-repeatability of the incident ray.

Near infrared spectroscopy is the most widely used technique
in food and agricultural industry for the quantitative
determination of major biochemical constituants (Osborne and
Fearn, 1986). A greater diversity of the products are being
analysed (Osborn 1981, Williams and Norris, 1987).

MIR spectroscopy has been used in only few cases for the

analysis of food and agricultural products (complex spectra,
strong absorption due to water, weak penetration of incident
rays) but with the use of powerful micro-computers and with
the advent of new techniques such as ATR cells (Attenuated
Total Reflectance), MIR spectroscopy has considerably
developped (Depecker et al., 1985; Crocombe et al., 1987; Cadet
et al, 1991). The interest of using Principal Component Analysi
(PCA) for the study of infrared spectra is already established
(Gillete and Koenig, 1982; Bertrand et al., 1984; Cowe and
Nocol., 1985). We have proposed in 1991 the combination of
multidimensionnal statistical analysis with Mid-FTIR
spectroscopy for the prediction of sucrose content in biolgical
samples.
In this present work, the Legendre baseline correction method
is tested ; from the Legendre polynomial functions that were
obtained from the decomposition of the spectra, the terms with
weak n values were subtracted. This method is motivated by
the fact that baseline is often assumed to be low-degreed
polynomials (Abbink Spaink et al., 1986, Liu and Koenig, 1987).
The Mid-FTIR spectra obtained are processed before PCA and
PCR. The aim of this work is to improve the precision of the
quantitative determination of sucrose.

MATERIAL AND METHODS

Biological samples. Sampling of sugar of sugarcane by coring
is used. The average of core is about 7000 g. After
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pulverization, a subsample of approximately 1000 g is
removed. A hydraulic press is used to extract juice from the
samples obtained from the coring and from the disintegrator.
The subsample is pressed for two and a half minutes at 250
bars. The raw juices that are obtained and that contains
impurities and fibres are filtered instantenueously via a highly
porous plastic filter when the ATR cells are filled.

Corrected polarization

The reference sucrose content values were determined by
corrected polarimetric measures (Cadet et al 1991).

The calibration and verification sets are each constituted
of a family of 19 raw sugar cane juices. The reference sucrose
content values ranged between 16.870 and 20.390 % g/100 ml
(mean=18.55, SD=1.06) for the calibration set. For the
verification set, the sucrose concentration varied between
16.592 and 20.808 % (mean=18.36, SD=1.136).

Mathematical treatment

The softwares used for the mathematical treatments were
developped written in "C" language in our laboratory.
Principal Component Analysis (PCA), Principal Component
Regression (PCR) and the "spectra pattern" notion used in this
paper were extensively described previously ( Cadet et al, 1991,
Cadet et al., 1995).

RESULTS AND DISCUSSION

Several hypothesis were made to explain and correct baseline
deformations observed during the recording of infrared
spectra. Baselines can be described by low-degreed polynomial
functions : (i) a perfect baseline is given by the equation y=0; (ii)
a shift in the spectrum without internal deformation is
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Figure 1. Mid-FTIR (800-1250 cm-1) spectra of raw sugar
cane juices before correction.

observed along the absorption axis and is given by y=a (a # 0);
(ii1) a shift without deformation along a fixed axis is given by y
= ax+b ; (iv) spectral deformations concentrated around a
given wavelength can be described by an equation : y =
ax2+bx+c...

Baseline correction was hence perfomed by subtracting low-
degree terms from the polynomial functions obtained by the
decomposition of spectra.
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Figure 2. Mid-FTIR (800-1250 cm-1) spectra of raw sugar
cane juices after Legendre baseline correction, n=0.

Decomposition Legendre polynomials.

The decomposition of spectra consist in establishing a basis for
the whole continuous functions and which would be
constituted of polynomial functions. The question is how can
the correlation between two spectra be caracterised by baseline
deformations ? The visual comparaison of two spectra between
a1 cm-1 and a2 cm-1 mainly consist in comparing the areas
beneath the spectra. A scalar product can hence be associated
with the integral between a1, and a2,
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Figure 3. Mid-FTIR (800-1250 cm-1) spectra of raw sugar
cane juices after Legendre baseline correction, n=2.

Lipkus (1988) has introduced the use of an orthonormed
polynomial Legendre system whose scalar product is given by :

(f.8)=T-[, f-8 (1)

When the orthonormed system (a1, a2) is considered : (Pj, i e
N) a spectrum S(a) can be decomposed into :

S(a) = iﬂi P, (2)
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Figure 4. Mid-FTIR (800-1250 cm-1) spectra of raw sugar
cane juices after Legendre baseline correction, n=4.

With the elimination of the first terms, it becomes :
Sy(ey=S()-Y BoP, (3)
i=0

where Sq(a) represents the corrected spectrum and n an
integer.

It should be noted that : (i) n should be small or else imporant
informations contained in the spectrum is eliminated, (ii) a
distinction must be made between Legendre filter and baseline
correction sinsu strictum.
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Figure 5. Mid-FTIR (800-1250 cm-1) spectra of raw sugar

cane juices after Legendre baseline correction, n=6.

Baseline correction in fact best approach the theoretical
baseline. It is an absolute method while Legendre filter simply
removes low-degree polynomial terms and is hence a relative
method. In fact, the Legendre filter is a normalisation
procedure which allows quantitative comparaisons between
spectra.

Application

Analysis of a collection of the biological spectra by visual
inspection has inherent limitations. If slight differences can be
observed in the range 800-1250 cm-1, it is difficult to be certain
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Figure 6. Mid-FTIR (800-1250 cm-1) spectra of raw sugar
cane juices after Legendre baseline correction, n=8.

of the origin (concentration, path-length, baseline...) of these
differences.

Spectra can be expanded in terms of a set of orthonormal
polynomials derived from the Legendre polynomials, and
leading terms of the expansion, which contains most of the
baseline variation, can be removed.

Figure 1 shows some spectra before application of Legendre
polynomial correction. The consequences of applying
Legendre correction to the spectra for the following values of
the filtering parameters n from 0 to 8, by increments of 2, are
illustrated in figures 2 to 6.

Filtered spectra with n=0 remained very similar to the
original spectra, but as from n=2, filtered spectra exhibit a
great amonut of distorsion; this is due to the removal from
their series expansion of the third term which is a quadratic
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polynomial (Lipkus, 1988). These results suggests that as from
n=2, terms of that are meaningful to the signal not just to
baseline, are subtracted.

Predicted sucrose concentration for n=0 to 8 are given in table
L

Even if worst results were expected for n values greater than
2, it is found that the best results are obtained with n=4. This
can be explained by the fact that polynomials other than those
associated with the baseline are eliminated thus facilitating the
quantitative determination from a complex mixture such as
sugar cane juices. The mean of the difference between
reference and predicted values are 0.085 before correction and
0.077 after correction, while standard deviation values are
0.210 and 0.195 before and after correction respectively with
n=4.

CONCLUSION

Legendre correction can be use to facilitate the application of
pattern recognition to the field of biological FTIR spectra.
Legendre correction suppresses unimportant or misleading
differences between spectra. This treatment slightly improves
quantitative determination from Mid-FTIR spectra of
biological solutions. When the precision of the quantitative
measures is important, this procedure can show to be very
interesting.
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