
Front-Face Fluorescence Spectroscopy as a Rapid and
Nondestructive Tool for Differentiating Various Cereal

Products: A Preliminary Investigation

ROMDHANE KAROUI,†,# GERALD CARTAUD,‡ AND ERIC DUFOUR* ,†
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The potential of intrinsic fluorescence spectroscopy was investigated for differentiating between
processed grains (flours, pasta, and semolinas) of different wheat cereal products. A total of 59
samples (e.g., 20 complete Kamut, semicomplete Kamut, and soft wheat flours, 28 pasta, and 11
semolinas manufactured from complete Kamut, semicomplete Kamut, and hard wheat flours) were
analyzed by front-face fluorescence spectroscopy. Tryptophan fluorescence spectra were scanned
between 305 and 400 nm on samples following excitation at 290 nm. The principal component analysis
(PCA) performed on flour spectra clearly differentiated complete Kamut and semicomplete Kamut
samples from those produced from complete and semicomplete soft wheat flours. The PCA performed
on pasta spectra discriminated samples manufactured from complete Kamut and complete hard wheat
flours from those made with semicomplete Kamut and semicomplete hard wheat flours. The best
discrimination was obtained from tryptophan spectra recorded on semolinas since the four groups
were well discriminated. Correct classification amounting to 61.9% was obtained for pasta spectra.
A better classification was obtained for flour and semolina spectra since correct classification amounted
to 86.7% and 87.9%, respectively. Front-face fluorescence spectroscopy has the potential to be a
rapid, low-cost, and efficient method for the authentication of cereal products.
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INTRODUCTION

In many countries, several food products owe their reputation
to the traditional and specific production techniques that make
such products very specific and well differentiated from the
others. Nowadays, objective and authentic food information is
a major concern of many consumers, and it is gaining
importance. Labeling and compositional regulations, which may
differ from country to country, have a fundamental place in
determining which scientific tests are appropriate for a particular
issue. For example, Kamut brand wheat is generally high priced
and brings in a higher benefit to the producers than ordinary
wheat (1). For consumers having an extensive choice of food
commodities, authenticity is a determinant criterion for guar-
anteeing quality. The traditional analysis methods for major food
components are slow, relatively expensive, time consuming, not
easily adapted to on-line monitoring, and require highly skilled
operators.

Many features of food ingredients relevant to their transfor-
mation stem from definite structural features of the macromol-
ecules present in the system. This is true in particular for
proteins, in view of the unique capacity of their high-order
structures to be selectively modified upon processing. The extent
of structural modification is related to the nature of the protein,
the physical and chemical properties of the system, the interac-
tion with other food components, and the nature and intensity
of the treatment itself. An array of methodologies for estimating
both transient and permanent structural modification of proteins
has been developed, providing a wealth of information on model
systems and, in a few cases, on real foods. Spectroscopic tech-
niques have been used more and more in the agriculture and
food industries in recent decades. In recent years, it has become
increasingly clear that the application of spectroscopic methods
to food analysis can alleviate important problems in the process-
ing of food products. To comply with this request, a great num-
ber of noninvasive and nondestructive instrumental techniques
have been developed for the determination of product composi-
tion. These new analytical techniques are relatively low cost and
can be applied in both fundamental research and in the factory
as on-line sensors for monitoring the cereal-based products.

Fluorescence spectroscopy offers several inherent advantages
for the characterizations of food products. First, it is 100-1000
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times more sensitive than other spectrophotometric techniques
(2). Second, fluorescent compounds are extremely sensitive to
their environments. For example, tryptophan residues that are
buried in the hydrophobic interior of a protein have different
fluorescent properties than residues that are on a hydrophilic
surface (3). This environmental sensitivity enables the charac-
terization of conformational changes such as those attributable
to the thermal, solvent, or surface denaturation of proteins, as
well as to the interactions of proteins with other food compo-
nents. Third, most fluorescence methods are relatively rapid.

The potential of using fluorescence in food research has
increased during the past few years with the propagated
application of chemometric tools and with technical and optical
developments of spectrofluorimeters. It has been shown that
front-face fluorescence spectroscopy can discriminate different
species of cereals (e.g., rice, creso, maize, pandas) (3). In
addition, this technique has been used to determine the relative
xantophyll contents in flours obtained from four breads and five
durum wheats (4). This technique was also utilized to study
the protein-protein and protein-lipid interaction in wheat
gluten (5,6) and for the measurement of riboflavin in cereal
flours (7). Considering animal products, front-face fluorescence
spectroscopy has been used to determine the geographic origin
of PDO Gruyère, of L’Etivaz PDO cheeses (8, 9) and of
Emmental cheeses from different European geographic origins
(10-12).

The aim of this work was to investigate the potential of front-
face fluorescence spectroscopy coupled with chemometric tools
as a rapid and low-cost technique for differentiating Kamut
brand wheat from soft and hard wheat in flours, pasta, and
semolinas.

MATERIALS AND METHODS

Sample Preparation. A total of 59 samples (Table 1), e.g., 12
complete and semicomplete Kamut (Triticum turgidum spp. Turanicum,
tetraploid wheat (AABB)) flours, 8 complete and semicomplete soft
wheat (Triticum aestiVum, hexaploid wheat (AABBDD)) flours, and
28 pasta (spaghetti), and 11 semolinas manufactured from complete
and semicomplete Kamut and from complete and semicomplete hard
wheat (Triticum durum, tetraploid wheat (AABB)) grains. For all the
cereal products produced from complete soft wheat, complete hard
wheat, and complete Kamut, all the constituents of the grains were
found in the flours which present an ash content of 180 mg/100 g of
grain; however, a part of the envelope was removed during the milling
process for all the flours produced from semicomplete soft wheat,
semicomplete hard wheat, and semicomplete Kamut (ash content of
110 mg/100 g of grain).

The grains were milled with a laboratory hammer mill to obtain
flour. All the samples were provided by Kamut Enterprises of Europe
bvba (Gent, Belgium).

Fluorescence Spectroscopy.Fluorescence spectra were recorded
using a FluoroMax-2 spectrofluorimeter (Spex-Jobin Yvon, Long-
jumeau, France) mounted with a variable angle front-surface accessory.
The incidence angle of the excitation radiation was set at 56° to ensure
that reflected light, scattered radiation, and depolarization phenomena
were minimized. Flour, semolina, and ground pasta samples were
poured in 3 mL quartz cuvettes, and spectra were recorded at 20°C.
The emission spectra of tryptophan residues (305-400 nm) were
recorded with the excitation wavelength set at 290 nm. All the spectra
were corrected for instrumental distortions using a rhodamine cell as a
reference channel. For each sample, three spectra were recorded on
different samples.

Mathematical Analysis of Data. Principal Component Analysis.
To reduce scattering effects and to compare the samples, fluorescence
spectra were normalized by reducing the area under each spectrum to
a value of 1 according to Bertrand and Scotter (13). Mainly, the shift
of the peak maximum and the peak width changes in the spectra were
considered following this normalization. The principal component
analysis (PCA) was applied to the normalized spectra to investigate
differences between the samples (14). The PCA transforms the original
variables (wavelengths) into new orthogonal axes called principal
components (PCs) so that the data set presented on these axes are
uncorrelated with each other. Therefore, PCA expresses as much as
possible the total variation in the data set in only a few PCs, and each
successively derived PC expresses decreasing amounts of the variance.
This statistical multivariate treatment was used earlier to observe
similarities among different soft cheese samples (14), reducing the
dimension to two or three PCs. This method is well suited to optimize
the description of the spectral data collection with a minimum loss of
information.

Factorial Discriminant Analysis.Factorial discriminant analysis
(FDA) was performed to the first five PCs resulting from the PCA
applied to the tryptophan fluorescence spectra. The aim of this technique
was to predict the membership of an individual to a qualitative group
defined as a preliminary (15). Considering flours, a group was created
for each type of sample, e.g., complete Kamut, semicomplete Kamut,
complete wheat, and semicomplete wheat. The method cannot be
applied in a straightforward way to continuous spectra because of the
high correlations occurring between the wavelengths. Advantages were
found in the preliminary transformation of the data into their principal
components.

FDA assesses new synthetic variables called “discriminant factors”,
which are linear combinations of the selected PCs, and allows a better
separation of the center of gravity of the considered groups. The
individual samples can be reallocated within the various groups. For
each sample, the distance from the various centers of gravity of the
groups is calculated. The sample is assigned to the group where its
distance between the centers of gravity is the shortest. Comparison of
the assigned group to the real group is an indicator of the quality of
the discrimination.

As the number of samples was very low, all the samples were
assigned to their original groups, and then FDA was applied. A similar
approach has been applied by Karoui and Dufour (16) and Karoui et
al. (11) to discriminate different soft cheeses and Gruyère and L’Etivaz
cheeses (Swiss cheeses), respectively.

PCA and FDA were performed using StatBoxPro (Grimmer Logiciels,
Paris, France).

RESULTS AND DISCUSSION

Fluorescence Spectra of Flour, Pasta, and Semolina
Samples.It has been reported that fluorescence spectroscopy
is a very sensitive technique able to measure trace substances
containing one or more fluorescent chemical groups (10-12).
Intrinsic protein fluorescence is due to the aromatic amino acids,
mainly tryptophan, considering that phenylalanine has a very
low quantum yield and emission by tyrosine in native proteins
is often quenched (6). Fluorescence due only to tryptophan
residues can be selectively measured by exciting at 290 nm,
because at this wavelength there is no absorption by tyrosine.

Table 1. Investigated Flour, Pasta, and Semolina Samplesa

samples
complete

Kamut
semicomplete

Kamut
complete
soft wheat

semicomplete
soft wheat

flours 5 7 4 4
genotype AABB AABB AABBDD AABBDD
ash (mg/100 g) 180 110 180 110

samples
complete

Kamut
semicomplete

Kamut
complete

hard wheat
semicomplete

hard wheat

semolinas 3 3 3 2
pasta 11 10 5 2
genotype AABB AABB AABB AABB
ash (mg/100 g) 180 110 180 110

a Kamut, Triticum turgidum; soft wheat, Triticum aestivum; hard wheat, Triticum
durum.
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Tryptophan fluorescence is highly sensitive to the environment
polarity, and shifts in its emission spectrum toward lower
wavelengths (blue shift) can be seen as hydrophobicity increases.
Changes in emission spectra from tryptophan can be seen in
response to protein conformational transitions, subunit associa-
tion, ligand binding, or denaturation, all of which can affect
the local environment surrounding the indol ring (17).

Figure 1 presents the spectra recorded following excitation
at 290 nm of complete Kamut, semicomplete Kamut, complete
soft wheat, and semicomplete soft wheat flours. The emission
maximum of tryptophan residues was observed at about 335
nm and varied slightly between flours manufactured from Kamut
and those manufactured from soft wheat. Slight differences were
also observed between flours manufactured from complete Kamut
and semicomplete Kamut, as well as between those manufac-
tured from complete soft wheat and semicomplete soft wheat.

The tryptophan fluorescence spectra recorded on semolinas
manufactured from Kamut and hard wheat exhibited a maximum
at 338 nm, varying slightly between the four samples (Figure
2). Considering tryptophan fluorescence spectra recorded on
pasta (spaghetti) (Figure 3), the emission spectra exhibited a
maximum at 334 for pasta made with semicomplete Kamut and
semicomplete hard wheat, whereas pasta manufactured with
complete Kamut and complete hard wheat showed a maximum
at 338 nm. In addition, the shapes of the spectra of the latter
were broader than those of semicomplete Kamut and semicom-
plete hard pasta. The presence of high amounts of bran in pasta
produced from complete hard durum and Kamut compared to
those found in pasta produced with semicomplete Kamut and
semicomplete hard durum could explain the difference observed
in the tryptophan fluorescence spectra. From these results, it
can be concluded that the environment of the tryptophan residues
was more hydrophobic and/or denatured for complete Kamut

and complete hard wheat pasta, in agreement with Möller and
Denicola (17) who reported that a shift of tryptophan emission
toward lower wavelengths (blue shift) can be seen as hydro-
phobicity increases.

As the fluorescence spectral data of the different investigated
samples exhibited slight differences (especially for the flours),
univariate analysis of fluorescence data, e.g., changes of
fluorescence intensity at a given excitation/emission wavelength
pair, was not appropriate. The univariate analysis focuses on
the variance of this single wavelength and did not take advantage
of the information content of a complete spectrum. Statistical
methods such as PCA and FDA make it possible to extract
information from spectral databases.

Multivariate Statistical Analysis of the Investigated Samples.
Discrimination of Flour Samples from Their Tryptophan
Fluorescence Spectra.To compare the set of tryptophan
fluorescence spectra and to emphasize the similarities and
differences underlined above, PCA was carried out on the 60
spectra recorded on the 20 flour samples produced from Kamut
and soft wheat grains. The score scatter plots of the PC1 versus
the PC2 represented 93.7% of the total variance with a
predominance of the PC1 accounting for 76.1% of the variance
and separated samples according to their cereal products (Figure
4a). Indeed, soft wheat flours had mostly all positive score
values, while those manufactured from Kamut grains had mostly
all negative score values according to PC1. The PC2 discrimi-
nate complete soft wheat flours which were located on the
positive side from semicomplete soft wheat flours located mostly

Figure 1. Normalized tryptophan fluorescence spectra of complete Kamut
(s), semicomplete Kamut (‚ ‚ ‚), complete soft wheat (− − −), and
semicomplete soft wheat (− ‚ ‚ −) flours.

Figure 2. Normalized tryptophan fluorescence spectra of complete Kamut
(s), semicomplete Kamut (‚ ‚ ‚), complete hard wheat (− − −), and
semicomplete hard wheat (− ‚ ‚ −) semolinas.

Fluorescence Spectroscopy for Differentiating Cereal Products J. Agric. Food Chem., Vol. 54, No. 6, 2006 2029



on the negative side. No discrimination was observed between
complete and semicomplete Kamut flours.

In a second step, the ability of tryptophan fluorescence spectra
to differentiate between the four groups of flours was investi-
gated by applying FDA on the first five PCs of the PCA
performed on the tryptophan fluorescence spectra. Four groups
were created for the investigated samples (complete Kamut,
semicomplete Kamut, complete soft wheat, and semicomplete
soft wheat flours). Again, a good discrimination of soft wheat
flours from Kamut flours was observed according to discrimi-
nant factor 1 which accounted for 86% of the total variance
(Figure 4b). Indeed, considering the discriminant factor 1,
Kamut flours were observed on the right, whereas soft wheat
flours were located on the left. The discriminant factor 2 which
took into account 13% of the total variance essentially dis-
criminated complete soft wheat flours from semicomplete soft
wheat flours, while only a trend to a good discrimination
between complete and semicomplete Kamut flours was also
observed according to the same discriminant factor.

The percentage of samples correctly classified into four
groups was 86.7% (Table 2).Table 2 shows that any misclas-
sification was observed between Kamut and soft wheat flours.
Moreover, 100% correct classification was observed for semi-
complete soft wheat flours. Considering complete soft wheat
flours, only one spectrum was misclassified as belonging to the
semicomplete soft wheat group, while some misclassification
occurred between semicomplete and complete Kamut flours.

Discrimination of Semolina Samples from Their Tryptophan
Fluorescence Spectra.A number of 33 tryptophan fluorescence
spectra were collected from the 11 semolina samples, e.g., 3
complete Kamut, 3 semicomplete Kamut, 3 complete hard

wheat, and 2 semicomplete hard wheat semolinas. The map
defined by the PC1 and PC2 of the PCA applied to this data
set showed some discrimination between the investigated
samples (data not shown).

In a second step, FDA was applied to the first five PCs of
the PCA applied to the tryptophan fluorescence spectra scanned
on semolina samples. The approach described in the above
section was also used in this case, e.g., four groups were created
(complete Kamut, semicomplete Kamut, complete hard wheat,
and semicomplete hard wheat pasta). The map defined by the
discriminant factors 1 and 2 is shown inFigure 5. A fairly
good separation of complete Kamut and complete hard wheat
semolinas from semicomplete Kamut and semicomplete hard
wheat semolinas was observed according to the discriminant
factor 1, which accounted for 73% of the total variance. The
discriminant factor 2 discriminated between complete Kamut
and semicomplete Kamut semolinas from complete hard wheat
and semicomplete hard wheat semolinas. In fact, it appeared
that (1) complete hard wheat semolinas exhibited negative scores
according to discriminant factor 1 and mostly positive score
values according to discriminant factor 2, (2) semicomplete hard
wheat semolinas showed positive score values according to
discriminant factors 1 and 2, (3) semicomplete Kamut semolinas
exhibited positive values according to discriminant factor 1 and
negative score values according to discriminant factor 2, and
(4) complete Kamut semolinas were characterized by almost
negative score values according to discriminant factors 1 and
2. These results suggest that the tryptophan fluorescence probe

Figure 3. Normalized tryptophan fluorescence spectra of complete Kamut
(s), semicomplete Kamut (‚ ‚ ‚), complete hard wheat (− − −), and
semicomplete hard wheat (− ‚ ‚ −) pasta.

Figure 4. (a) Principal component analysis similarity map determined by
principal components 1 and 2 of the principal component analysis (PCA)
performed on tryptophan fluorescence spectra for complete Kamut (9),
semicomplete Kamut (0), complete soft wheat (b), and semicomplete
soft wheat (O) flours. (b) Discriminant analysis similarity map determined
by discriminant factors 1 (F1) and 2 (F2) of the factorial discriminant
analysis (FDA) performed on tryptophan fluorescence spectra for complete
Kamut (9), semicomplete Kamut (0), complete soft wheat (b), and
semicomplete soft wheat (O) flours.
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may be a potential technique for recognizing the type of wheat
used for manufacturing semolina. This could be due to the
different arrangement of protein tryptophan in semolina pro-
duced from the different grains.

Correct classification was observed for 87.9% (Table 2). As
shown inTable 2, 100% correct classification was observed
for complete hard wheat, semicomplete hard wheat, and
semicomplete Kamut semolinas. Considering complete Kamut
semolinas, four spectra were misclassified: two were assigned
as complete hard wheat semolinas, and two others were assigned
to the semicomplete Kamut group. It was concluded that
tryptophan fluorescence spectra are fingerprints allowing a good
discrimination of cereal products used for producing semolinas.

Discrimination of Pasta Sample from Their Tryptophan
Fluorescence Spectra.Pasta samples were made from 11
complete Kamut, 10 semicomplete Kamut, 5 complete hard
wheat semolinas, and 2 semicomplete hard wheat semolinas.
PCA was applied to the 28 samples in order to discriminate

between the four groups used for manufacturing pasta. The map
defined by the PC1 and the PC2 accounted for 98.4% of the
total variance (Figure 6a). The results obtained from the PCA
were quite similar to those obtained with semolina samples.
Indeed, The PC1 accounted for 90.8% and discriminated
between complete Kamut and complete hard wheat pasta which
were located mostly on the negative side from semicomplete
Kamut and semicomplete hard wheat pasta located mostly on
the positive side.

Spectral patterns associated with the PCs provide the char-
acteristic wavelengths that may be used to discriminate between
spectra. Spectral patterns are similar to spectra and were used
to derive structural information at the molecular level (18). The
spectral pattern 1 associated with the PC1 (Figure 6b) presented
a positive peak at 334 nm. The spectral pattern 1 indicated that
the fluorescence spectra of complete Kamut and complete hard
wheat pasta exhibited fluorescence in the 380-400 nm region.
Such fluorescence is observed in neither the fluorescence spectra
of pasta made from semicomplete Kamut and hard wheat
semolinas, nor those of flour (Figure 1) and semolina (Figure
2) samples. As explained here above, the presence of high
amounts of bran in complete semolina, complete Kamut, and
complete hard wheat compared to those of the other cereal
products made with semicomplete grains could explained these
difference.

It was concluded that the manufacturing steps (mixing,
extruding, and drying phases) of pasta from complete semolinas
induced the formation of compounds fluorescing in the 380-
400 nm region. Despite the nature of these compounds which
are to date unknown, products of the Maillard reactions may
explain fluorescence in this region of the spectra (19). The
differences in fluorescence properties between pasta made from
complete Kamut and hard wheat grains and those manufactured
with semicomplete Kamut and hard wheat grains may also be
related to a higher level of moisture for pasta samples made
from complete Kamut and hard wheat grains. In addition, the
semicomplete Kamut and semicomplete hard wheat pasta are

Table 2. Classification Table of the Tryptophan Fluorescence Spectra

observeda

predictedb
complete

Kamut
semicomplete

Kamut
complete
soft wheat

semicomplete
soft wheat

% correct
classification

Flours
complete Kamut 12 3 80
semicomplete Kamut 4 17 80.3
complete soft wheat 11 1 91.7
semicomplete soft wheat 12 100
total 86.7

observeda

predictedb
complete

Kamut
semicomplete

Kamut
complete

hard wheat
semicomplete

hard wheat
% correct

classification

Semolinas
complete Kamut 5 2 2 55.6
semicomplete Kamut 9 100
complete hard wheat 9 100
semicomplete hard wheat 6 100
total 87.9

Pasta
complete Kamut 20 5 8 60.6
semicomplete Kamut 4 15 11 50
complete hard wheat 4 11 73.3
semicomplete hard wheat 6 100
total 61.9

a The number of observed samples. b The number of predicted samples.

Figure 5. Discriminant analysis similarity map determined by discriminant
factors 1 (F1) and 2 (F2) of the factorial discriminant analysis (FDA)
performed on tryptophan fluorescence spectra for complete Kamut (9),
semicomplete Kamut (0), complete hard wheat (b), and semicomplete
hard wheat (O) semolinas.
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comparatively richer in starch and less rich in all other elements
since part of the envelope was removed by sifting after grinding
inducing changes in the physicochemical composition of these
products. For pasta produced from complete Kamut and
complete hard wheat, the grinding is done without sorting. Thus,
all the parts of the grain are found in the flour, i.e., endosperm
with the white flour and germ rich in protein and oil.

The ability of tryptophan fluorescence spectra to discriminate
pasta was investigated by applying the FDA to the first five
PCs of the PCA applied to the pasta. The approach described
in the above section was also used in this case, i.e., four groups
were created (complete Kamut, semicomplete Kamut, complete
hard wheat, and semicomplete hard wheat pasta). The map

defined by discriminant factors 1 and 2 represented 99% of the
total variance with discriminant factor 1 accounting for 80%
(Figure 6c). Considering the discriminant factor 1, semicomplete
Kamut and semicomplete hard wheat pasta had mostly positive
score values, whereas complete Kamut and complete hard wheat
pasta presented mostly negative scores. In addition, a fairly good
separation of semicomplete hard wheat pasta from complete hard
wheat pasta was observed according to discriminant factor 1,
similar to what was found for complete and semicomplete
Kamut.

Correct classification was observed for 61.9% of the samples
(Table 2). This table illustrate that 100% correct classification
was observed for spectra of pasta manufactured with semicom-
plete hard wheat semolinas, while some misclassification
occurred for the other pasta spectra. Considering pasta made
with complete hard wheat, four spectra were classified as
belonging to the complete Kamut group. For complete Kamut
pasta, 13 spectra were misclassified: five spectra were with the
semicomplete Kamut group and eight with the complete hard
wheat group. The worst classification was obtained with
semicomplete Kamut pasta since only 50% of them were
correctly classified. This could be due to the pasta processing
which can also produce changes in carbohydrate content. Indeed,
during mixing, extruding, and drying phases, starch can suffer
damage, releasing free maltose (20). Indeed, pasta is made up
of a high content of carbohydrates (70.0 g/100 g of dried pasta),
principally starch (63.0 g/100 g of dried pasta) and free
carbohydrates. Proteins are also present in minor proportion
(11.5 g/100 g of dried pasta) (21). Thus, the release of free
maltose could indicate a different arrangement of tryptophan
protein residues and for consequent different shapes of the
tryptophan spectra.

Finally, the tryptophan fluorescence spectra recorded on
flours, pasta, and semolinas were pooled into one matrix and
analyzed by PCA. Considering the similarity map defined by
the PC1 and PC3, a good discrimination between flours and
pasta or semolinas was observed according to the PC1 (data
not shown). The FDA was then applied to the first five PCs of
the PCA. The map defined by the discriminant factors 1 and 2
of the FDA performed on the data sets is shown inFigure 7.
Considering discriminant factor 1 accounting for 98% of the
total variance, flour samples were observed on the left, while
pasta and semolina samples were observed on the right. In
addition, a good discrimination between pasta and semolina
samples was observed.

Figure 6. (a) Principal component analysis similarity map determined by
principal components 1 and 2 of the principal component analysis (PCA)
performed on tryptophan fluorescence spectra for complete Kamut (9),
semicomplete Kamut (0), complete hard wheat (b), and semicomplete
hard wheat (O) pasta. (b) Spectral pattern corresponding to the principal
component 1 of tryptophan data for complete Kamut, semicomplete Kamut,
complete hard wheat, and semicomplete hard wheat pasta. (c) Discriminant
analysis similarity map determined by discriminant factors 1 (F1) and 2
(F2) of the factorial discriminant analysis (FDA) performed on tryptophan
fluorescence spectra for complete Kamut (9), semicomplete Kamut (0),
complete hard wheat (b), and semicomplete hard wheat (O) pasta.

Figure 7. Discriminant analysis similarity map determined by discriminant
factors 1 (F1) and 2 (F2) of the factorial discriminant analysis (FDA)
performed on tryptophan fluorescence spectra for flour (b), pasta (4),
and semolina (2) samples.
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Correct classification was observed for 91.6% (Table 3). This
table shows that most of flour spectra were correctly classified,
since only two out of 84 spectra were classified as belonging
to semolina group. Some misclassification occurred between
semolina and pasta spectra, but none of them was misclassified
with flour spectra. It appeared that front-face fluorescence
spectroscopy could be used for recognizing flour products from
pasta and semolina products.

The identities of the different samples in each class were also
investigated. Good discrimination between cereal products pro-
duced from Kamut grains was observed (Figure 8a). Consider-
ing the PC1 which accounted for 93% of the total variance,
pasta samples had mostly positive scores, whereas semolina and

flour samples exhibited negative scores values. Although
semolina and flour samples were overlapped on the map, a trend
to a good discrimination between these samples was observed
according to the PC2. Similar results were obtained from cereal
products produced from hard wheat grains (Figure 8b). Indeed,
pasta samples were observed mostly on the right according to
the PC1, whereas semolina samples were located on the left.
In addition, this map differentiates between samples made from
hard wheat grains from those produced with soft wheat grains.

From theFigure 8, partsa andb, it appeared that (i) flours
made from Kamut and soft wheat grains exhibited negative
scores according to PC1 and mostly positive scores according
to PC2; (ii) semolina samples made from Kamut and hard wheat
grains showed mostly negative values according to PC1 and
PC2; and (iii) pasta samples produced with Kamut and hard
wheat grains had mostly positive score values according to PC1.
It was concluded that tryptophan fluorescence spectra are
fingerprints allowing the identification of the cereal products
according to their manufacturing processes. These spectroscopic
differences result from different protein-protein interactions and
different network structures. They are the consequences of the
processes used to manufacture these products. This result was
in agreement with previous findings reporting that the shape of
tryptophan fluorescence spectra change according to the cheese-
making procedures (14).

The current results showed that tryptophan fluorescence
spectra could be used for differentiating between Kamut flours
and soft wheat flours. In addition, the same intrinsic probe show
a good discrimination of pasta and semolinas made from
complete hard wheat and complete Kamut pasta from those
produced from semicomplete hard wheat and semicomplete
Kamut pasta. The best results were obtained on tryptophan
fluorescence spectra recorded on semolinas since the four groups
were clearly discriminated.

However, with only 20 independent samples for flours, 28
for pasta, and 11 for semolinas, the current model was not very
robust, and further research is needed. The spectral database
should include the spectra of additional intrinsic probes such
as riboflavin (7). The reported work is only a feasibility study,
and further studies using considerably more samples (with
known genotype and botanical origin) are required before its
value may be validated and adopted in routine analysis. The
effect of different botanical origins needs to be investigated in
order to provide a robust model to discriminate between wheat,
pasta, and semolina using front-face fluorescence spectroscopy.

The simplicity of the method offers rich opportunities for
efficient characterization of cereal-based products and could
assist in solving problems linked with the authentication of food
manufactured with high-priced wheat grains from the others.
Front-face fluorescence spectroscopy is easy to perform, rapid,
and nondestructive. It neither needs any particular sample
preparation nor special qualification of the personnel. This
technique could be easily extended to other complex solid
substrates, including nonalimentary ones, providing the sample
retained fluorescent molecules.
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