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A near-infrared imaging spectroscopic system was tested to 
ldenttfy three main components of wheat (bran, gluten, 
starch). The system de8crW bdow permitted the recording 
of Images between 900 and 1900 nm by steps of 50 nm. A 
direct examinatlon of images showed that starch was cor- 
rectly identtfied at 1550 nm. However, such a direct study 
of images was not sufficient to characterlre ail the constitu- 
ents. The Images, therefore, were ilnearly combined by a p  
plying dkcrknlnant analyses. The more revelant wavelengths 
(950, 1450, 1500 nm) were determlned udng a stepwise 
discriminant analysis, and a mapping of the chemical con- 
stituents was obtained by applying a canonlcal discriminant 
analyds. I n  the segmented image, the percentages of 
weilclaclcltfied pixels were 92 for bran, 95 for gluten and 99 
for starch. 

INTRODUCTION 
An expansion in image analysis applications is occurring 

within the agriculture and food industries with the result that 
image analysis can be used for the characterization of food 
prduds.  Images are often studied for detecting or enhancing 
geometrical structures. For instance, Goodman and Rao used 
image analysis to classify rice kernels according to their 
physical dimensi0ns.l Numerous authors used the extraction 
of size and shape parameters in order to discriminate cereal 
grains.24 Besides the assessment of size and shape parameters, 
color measurements can be achieved to characterize various 
agricultural and food products. Neuman et als5l6 described 
a procedure for color analysis of individual wheat grains. The 
results obtained indicated that grain color measurement might 
facilitate the identification of grains in the wheat-grading 
context. 

The study of color or intensity of the points (pixels) in an 
image can be a way to obtain chemical information. New- 
"7-10 showed that image analysis makes it possible to es- 
timate the fat and lean contents in meat and meat products. 
In the case of minced meat, the fat was differentiated from 
lean using an ultraviolet light. In such conditions, fat 
fluoresces white in the visible range. In the UV region, the 
movement of a amylase and the cell-wall breakdown during 
barley malting were visualized by taking advantage of the 
fluorescent effect of Calcofluor."J2 Computerized image 
analysis was investigated by Heyne et al.13 to determine the 
protein quality of simulated pizza crusts. They concluded that 
the method recommended could be used to control oven 
temperature and to prevent heat-processing damage of pro- 
teins. 

The relationship between an image and the chemical 
properties of a sample is generally complex. For example, the 
most common problems occur when several chemical con- 
stituents are present in a sample. Problems such as matrix 
effects, chemical interferences, and/or inadequate variations 
in pixel intensities between constituents could arise, making 
accurate chemical identification impossible. However, if im- 
ages at multiple wavelengths are recorded, as was suggested 
by Geladi et al.,14 the power of discrimination increases. This 

0003-2700/92/0384-0664$03.00/0 

approach is commonly applied to satellite images for the 
identification of vegetation.15 In the food domain, Munk et 
al.16 used intrinsic autofluorescence properties of the different 
botanical components in cereal seeds. By selecting the 
wavelengths of excitation and emission, the authors obtained 
images that discriminated endosperm, aleurone, pericarp, and 
testa. Imaging spectroscopic studies were performed in the 
near near-infrared region (700-1100 nm) by Taylor and 
McClure" using a CCD (charge coupled device) video camera 
and narrowband interference filters. The combination of 
images recorded at different wavelengths made it possible to 
measure the distribution of chlorophyll and moisture in plant 
materials and to detect healthy and unhealthy leaf tissues. 

The aim of the present work was to design an imaging 
spectroscopic system that operated in the near-infrared range. 
Near-infrared spectroscopy is commonly used to predict 
composition or quality of numerous agricultural commodities18 
and therefore could appropriately be combined with image 
analysis in the study of foods. A compelling challenge tackled 
in this paper was to study images with a spectral approach: 
a sample was not characterized by a single image, but by a 
set of images recorded at different wavelengths. Such a set 
of images cannot be studied by classical image processing. 
Geladi and E~bensen'~ thus suggested applying multivariate 
statistical processing to extract chemical information from the 
set of images. 

In this work, the efficacy of an imaging spectroscopic system 
was tested for the identification of three major constituents 
of cereals. As cereal proceasing consists of tissue fractionation, 
it might be of interest to study the in situ distribution of the 
constituents in grains. Three major Components of wheat were 
chosen: starch, gluten, and bran. Images were recorded from 
900 to 1900 nm in 50-nm intervals producing images at 21 
wavelengths. Discriminant analyses were applied to identify 
the three components. 

MATERIALS AND METHODS 
Imaging Spectroscopic System. The imaging spectro- 

scopic system previously described by Robert et aL20 included 
an infrared radiation source, a monochromator, a sample 
compartment, and a near-infrared tube camera. The slits of 
the monochromator were adjusted to obtain a nominal 
bandwidth of 25 nm. The incident and observation angles 
of the light in the sample compartment were set to 30° and 
IOo, respectively, in relation to the normal of the sample. The 
near-infrared camera was fitted with a Nikon 55-mm photo- 
graphic lens and with a filter (J 820 MTO) that elimitated 
residual visible light. The images were digitilized with a 
resolution of 512 X 512 pixels (ISM 169 digitizing board, 
Matrox, 8 bits/pixel). Intensity values of the pixels were coded 
on 256 gray levels, where 0 corresponded to black and 255 to 
white. The digitilized images were recorded with an IBM- 
compatible microcomputer. Hard copies of images were ob- 
tained by using a Theta Scan printer (D-Scan, CH-5504). 

Samples. Pressed pellets of 12-mm diameter were prepared 
from starch, gluten and bran of wheat. The pellets were loaded 
in a closed cup of 35-mm diameter and surrounded with a 
ceramic powder (A1203, 85%; Si02, 15%, Pechiney) that did 
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not show an absorption band in the near-infrared range and 
reflected most of the incident light. The recorded images 
subsequently showed the three components of wheat on the 
same view. 

Data Acquisition. As was shown previously,20 noise in- 
creased and sensitivity decreased for the highest wavelength 
values in the imaging spectroscopic system. It was shown that 
the noise could be reduced by averaging several images. The 
optimal number of scans for noise reduction ranged from 10 
to 16. However, in the present work, a large number of scans 
reaulted in a time-consuming data acquisition. Therefore, the 
sample was scanned eight times in order to adequately reduce 
noise and to increase the speed of image acquisition. A “final” 
image corresponded to the addition of eight “elementary 
images”. Furthermore, the “final” images were compressed 
from 512 X 512 to 256 X 256 pixels by averaging four neigh- 
boring pixels. The compression was needed for reducing the 
computing duration of the discriminant analyses applied to 
every pixel. The gray level of each resulting pixel was the 
average of 32 values (8 “elementary” images X 4 neighboring 
pixels). 

Mathematical Treatments. Each pixel in an image is 
characterized by its spatial coordinates x and y and by its 
gray-level value Gzy For a set of images recorded at different 
wavelengths 1 ,  12, ..., l,, the gray-level values of a given pixel 
can be represented by a vector C,, (P, 12, ..., 1,J. In this case, 
the dimension n of each vector was 21. In the present study, 
the set of data available corresponded to 65 536 (256 X 256) 
pixels or vectors G,, (Il, 12, ..., 12J. These vectors could be 
compared to near-infrared spectra containing n points. 

In near-infrared spectroscopy, statistical processing is ap- 
plied to spectra for the determination of chemical constitu- 
ents.2l This same data treatment could be usefully performed 
on spectroscopic images. However, the number of vectors G,, 
(Il, 12, ..., ZZ1) was too large for the usual statistical treatments. 
The reduction of the number of vectors can be accomplished 
by selecting subsets of pixels. A first set of vectors was visually 
chosen for calibration: 30 pixels were selected for each 
chemical constituent (bran, gluten, starch, and ceramic). A 
second set was set up for verification (20 pixels for each 
chemical constituent). All the other pixels were considered 
as unknown. 

Stepwise discriminant analysis was performed on the cal- 
ibration and verification sets to determine the more relevant 
wavelengths for the identification of the four chemical con- 
stituents. Canonical discriminant analysis was applied to the 
same sets of vectors using the selected wavelengths. This 
method permitted the assessment of discriminant factors that 
were linear combinations of the initial wavelength. Similarity 
maps of the pixels could be drawn by plotting the scores 
corresponding to two chosen factors. 

The unknown pixels were classified in the four chemical 
groups by assessing their scores related to the discriminant 
factors. A segmented image was obtained: an arbitrary 
gray-level value was assigned to each chemical group, and the 
pixels were given the gray-level value of their group. 

Software that allowed the averaging and the compression 
of images, the interactive selection of pixels for calibration 
and verification, and the statistical treatments were developed 
in the laboratory. The algorithms of stepwise discriminant 
analysis and of canonical discriminant analysis were derived 
from RomedeF and from F ~ u c a r t , ~ ~ ,  respectively. 

RESULTS AND DISCUSSION 
Near-Infrared Images. In near-infrared spectroscopy, 

most of the absorption bands observed between 900 and 1900 
nm arise from overtones of stretching vibrations involving 
C-H, 0-H, and N-H functional groups. Images of wheat 
components recorded at 1200 and 1550 nm are shown Figure 

Table I. Stepwise Discriminant Analysisa 

wavelength (nm) 950 1500 1450 lo00 1700 1600 900 
ceramic 56.7 96.7 83.3 83.3 90.0 90.0 93.3 
bran 26.7 50.0 83.3 90.0 86.7 86.7 93.3 
gluten 56.7 63.3 86.7 86.7 93.3 90.0 93.3 
starch 26.7 100.0 100.0 100.0 100.0 100.0 100.0 

Percentages of calibration pixels correctly classified in their 
qualitative groups. The wavelengths were introduced according to 
their revelance. 

Table 11. Stepwise Discriminant Analysisa 

wavelength (nm) 950 1500 1450 lo00 1700 1600 900 
ceramic 60.0 100.0 90.0 75.0 80.0 90.0 95.0 
bran 25.0 45.0 100.0 90.0 90.0 80.0 100.0 
gluten 65.5 60.0 90.0 90.0 90.0 90.0 90.0 
starch 25.0 100.0 100.0 100.0 100.0 100.0 100.0 

Percentages of verification pixels correctly classified in their 
qualitative groups. The wavelengths were introduced according to 
their revelance. 

1. The pixel values of the background (ceramic) were ar- 
bitrarily set to zero (black) in order to make the visualization 
easier. While all the three components were white at 1200 
nm, starch was gray at 1550 nm. The white color observed 
at 1200 nm indicated that bran, starch, and gluten absorbed 
the near-infrared light very slightly. This wavelength can be 
assigned to the second overtone of C-H bonds. At  1550 nm, 
the mean gray levels of starch, gluten, and bran were 50,85, 
and 90, respectively. These results showed that starch ab- 
sorbed more than bran and gluten at  1550 nm. Law and 
Tkachuk2* assigned the wavelength at  1550 nm to wheat 
starch, and more precisely to intramolecularly hydrogen 
bonded O-H groups. The direct observation of the image 
recorded at  1550 nm revealed the abilities of the system to 
identify chemical constituents. However, such a direct ex- 
amination would generally not allow an identification of the 
chemical constituents given that in the near-infrared range 
the absorption bands are wide and overlap each other. 

Discriminant Analyses. To select the more relevant 
images, stepwise discriminant analysis was applied to the 
vectors G,, (Z1, Z2, ..., lZ1). Calibration was performed on 120 
pixels divided into four chemical groups, and the results were 
verified on the verification set of vectors (80 pixels). From 
the 21 initial wavelengths, 7 were selected in the following 
order: 950,1500,1450,1000,1700,1600, and 900 nm. The 
percentages of well-classified pixels are given in Tables I and 
11. In these tables, the rows give the qualitative groups to 
be identified. The columns indicate the wavelength newly 
introduced at a given step of discriminant arzalysis. The data 
of these tables are the percentages of pixels correctly classified 
in their qualitative groups. For example, Table I shows that 
the wavelengths at 950, 1500, and 1450 nm allow a right 
classification of 86.7% for the pixels associated with gluten. 
In the verification set (Table 11), the first three selected 
wavelengths were sufficient to correctly classify the pixels with 
a percentage equal to or greater than 90.0%. The introduction 
of the wavelengths at 950 and 1500 nm enabled a perfect 
identification of starch. These wavelengths might be assigned 
to the f i s t  (1500 nm) and second (950 nm) overtones of 0-H 
groups.2s All the verification pixels of bran were identified 
when the wavelength at 1450 nm was selected, perhaps due 
to the presence of an absorption band at this wavelength in 
the spectrum of wheat cellulose.’* The identification of gluten 
was partly due to the wavelengths at 1500 (N-H first overtone) 
and 1700 nm (C-H first overtone). At  1500 nm, both starch 
and gluten have absorption bands that overlap. 

A canonical discriminant analysis was applied to the cali- 
bration and verification pixels using the seven previously 
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IMAGE RECORDED AT 1200 nm. 
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Flgure 3. Canonical discriminant analysis. Similartty map deflned by 
the factors 3 and 4. The calibration and verificatbn pixels were 
represented by black squares. 
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Flgun, 1. Near-infrared images of wheat constituents. Top left, bran; 
top right, gluten; bottom, starch. 
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Figure 2. Canonical discriminant analysis. Similartty map defined by 
the factors 1 and 2. The calibration and verification pixels were 
represented by black squares. 

selected wavelengths. The first four eigenvalues took into 
account 32.1 % ,29.3 9% ,24.1% and 14.370, respectively of the 

Flgure 4. Segmented image of wheat constituents. Top left, bran: 
top right, gluten; bottom, starch. 

total variance. Figure 2 describes the similarity map defmed 
by the fmt two factors. While the pixels of ceramic and starch 
were correctly identified on this map, those of bran and gluten 
were overlapped. The discrimination between the bran and 
gluten pixels could be observed on the map corresponding to 
the principal factors 3 and 4 (Figure 3). These results in- 
dicated that four discriminant factors were needed to identify 
the constituents involved in this study. 

Segmented Image. The unknown pixels were classified 
into four chemical groups. The corresponding segmented 
image is given in Figure 4, where the four groups were correctly 
identified. The three pressed pellets were clearly differen- 
tiated from each other and from the ceramic background. 
However, certain pixels of bran and gluten were misclassified. 
The percentages of well-classified pixels were 92 for bran, 95 
for gluten, and 99 for starch. The results obtained for bran 
and gluten could be explained by the incident light that was 
not entirely homogeneous over the field of vision. 

CONCLUSION 
A video image analysis system operating in the near-infrared 

range was designed, and a method for mapping chemical 
constituents was proposed. The pixels of images recorded at  
several wavelengths were studied with a spectroscopic ap- 
proach. The spectral differences between pixels were suffi- 
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ciently large to allow the identification of three natural com- 
ponents of wheat. In a f i s t  step, application of stepwise 
discriminant analysis made it posible to identify the most 
important wavelengths. Secondly, the imagea recorded at the 
chosen wavelengths were linearly combined by canonical 
d " m a n t  analysis. The pixels were classified in qualitative 
groups, and a segmented image could be obtained. The 
segmentation of images was achieved from the spectral in- 
formation related to chemical composition. Future work in- 
cludes the characterization of mixtures of raw materials in 
the food, pharmaceutical, and chemical industries. In addition, 
the method will be tested on tranverae sections of seeds such 
as wheat grains in order to measure the proportion of different 
tissue constituents. 

. . .  

Registry NO. Starch, 9005-25-8. 
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L-Cyateine reduces arsenic(V) to arsenic( I I I) rapidly on 
warming. In  addnlon, the rlgnal from arunic(III), after 
reduction by tetrahydroborate( I I I), Is enhanced by the 
pmonco of ~-cyddm In the a m k  w W n .  I n t e r f e r ~ c ~ ,  
from transttbn dements and other hydrldafonnlng eIoments 
(wlth the exception of uknlum and tellurium) are substan- 
Wily "d by the presence of ~-cystdno. Because of the 
dMerent ratw of reactlon at different pH6, speclation of ar- 
sonic(II1) and amnk(V) k ponible. The ddoctkin IMt, by 
dc plasma atomlc emblon spectrometry, for araenlc(II1) k 
0.62 ng mL-' for a 5mL sample. The rdatlve standard de- 
vlatlon for 10 dotermlnatlonr of a rddlon containing 50 ng 
mL-' a m n k (  111) wa6 1.1 %. A major advantage of thio 
technlquo k that It requires low acid concentrations and, 
f u r t h o " ,  tho proreducing agent fuifllis several functions 
and k relatively Innocuous. 

Since Holakl published his paper on the determination of 
arsenic by hydride generation-atomic absorption spectrom- 
etry, many papers have been published which deal with areenic 

determination by arsine generation combined with atomic 
absorption spectrometry (,US)?* inductively coupled plasma 
atomic emission spedrometry (ICPAES),%4J and direct-current 
plasma atomic emission spectrometry (DCPAES).*'O Since 
trivalent and pentavalent arsenic show different behavior and 
different sensitivities in the arsine generation process, several 
workers have developed techniques for the selective deter- 
mination of areenic(II1) in the presence of arseni~(V)."-'~ On 
the other hand, where the oxidation state of the arsenic has 
been less important, workers have preferred to reduce ar- 
senic(V) to arsenic(III) with various prereducing agents before 
arsine generation.15J6 The most popular prereductant is PO- 
tassium iodide. It has been used in combination with ascorbic 
acid, which can prevent the oxidation of iodide to triiodide 
by air, or with oxidants such aa iron(II1) and copper(II).17 
However, potassium iodide can only be used in strong acid 
media. At  acid concentrations less than 0.3 M, iodide failed 
to reduce arsenic(V) to arsenic(II1) ~ompletely.'~.'~ Fur- 
thermore, some workers reported that, when potassium iodide 
waa used aa prereductant, it took aa long as 4-5 h to reduce 
arsenic(V) to arsenic(III) completely at room temperature."J8 
Potassium iodide has also been used in combination with 
sodium thiourea,m and tin(I1) chloride.21 Anderson 
et al. reported that mercaptoacetic acid at low concentrations 
gives almost identical signals for similar concentrations of 
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