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The effects of y-irradiation on starch gels were characterized at the molecular level by Fourier transform
(FT) Raman spectroscopy. Starches from five different sources were gelatinized and irradiated at 3,
5, and 10 kGy using a Co®° y-irradiator. y-irradiation effects on starch gels were noted by the C—H
stretch (2800—3000 cm~1) and O—H stretch (3000—3600 cm~1) and bend (1600—1800 cm™1) regions
of the FT-Raman spectra. FT-Raman molecular fingerprints obtained through spectral analyses were
used for discrimination of the gels based on the extent of irradiation by means of two different pattern-
recognition techniques: canonical variate analysis (CVA) and soft modeling of class analogy (SIMCA).
A complete discrimination of irradiated starches was attained using a hybrid partial least-squares
(PLS) and CVA model, using the spectral variations in the C—H stretch and O—H stretch and bend
regions of FT-Raman spectra. Using the same spectral regions, SIMCA predicted 84% of samples

correctly.
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INTRODUCTION intensity, only the bands associated with water uptake into the

Gelatinization is one of the fundamental phenomena in starch- g:yztreggz(zsggcaursnm Ztlzt[(i::iz(.;a_iloaenlzdu??hdefgw%tr?) g‘;?gg’gf(;n d
based foods. The basic mechanism of gelatinization can be pon g : ’

described as the rearrangement of starch polymer networks inAgullera “) |nvest|gated the loss of birefringence in starch
granules as a function of temperature by means of a Raman

the presence of water through both inter- and intramolecular microprobe. The dominant Raman band due to the skeletal mode
hydrogen bonding by means of a thermal process followed by C—C stretch at 480 crt was screened to determine the level

controlled cooling. o . S .
. . of birefringence and monitor the advance of gelatinization with

Raman spectroscopy has long been used to monitor gemm'temperature
ization and subsequent retrogradation of stamwhter prepara- ) f th . i inimal interf b
tions (L—3). In these studies, gelatinization of different starches Because o t, € ease in sampling, minima llnter erence by
was screened by recording the changes in Raman “fingerprint” water, suppression of fluorescence, and sensitivity toward spatial
characteristics of granular starches particularly at 478, 1082, conformational states of molecules, FT-Raman spectroscopy has
1123, and 1340 cnt. Kim et al. ) proposed a molecular- been demonstrated as a promising tool to study food and
level mechanism for the gelatinization of maize starch based Piological systems (5—7). Both qualitative and quantitative
on the information obtained from Raman spectral responses@NalySes of spectroscopic data have been improved by applying
recorded during the course of gelatinization. The involvement advanced chemometric modeB11). Raman spectroscopy
of water in the starch gelatinization process was well demon- along W'th pattern-recognition techniques, _SUCh as discriminant
strated by Schuster et aB)(using a Fourier transform (FT) analysis (DA) and soft independent modeling of class analogy
Raman approach. The authors reported that, whereas all of thd S/MCA), provide valuable qualitative information for the
polysaccharide-related Raman bands significantly decreased irfetérmination of product authenticity and quality indices for

food (12—15).
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spin resonance (ESR) spectroscopy and thermoluminescence 2.3. FT-Raman MeasurementsFT-Raman spectra were acquired
(TL) has widely been employed for the detection of irradiated using a Nicolet 870 spectrometer with the Raman module 32B
food (19, 21—23). ESR detects unpaired electrons or ions (Madison, WI) and Nd:YAG laser operating at 1064 nm at a maximum
trapped in a solid matrix, such as the bone part of meat products POWer of 3 W. The system was equipped with an InGaAs (indium
Similarly, TL identifies irradiated food by detecting the energy 92lium arsenide) detector, an XT-KBr beam-splitter with 1&flective
stored in the irradiated food as ions or electrons. However, thes optics, and a fully motorized sample position adjustment feature. A

hni ide inf . \v ab he chemi Ielaser output power of 1.75 W was used as required to provide a high
two techniques provide information only about the chemical gjgna)to-noise ratio. Data were collected at 16 &mesolution with

environment of the entrapped free radicals or ions rather than 256 scans to minimize thermal damages in gels due to the laser. Spectra
the changes in the food as a whole. Detection methods that canyere obtained in the Raman shift range between 400 and 4008 cm
assess the quality of processing and the chemical status of therhe system was operated with the OMNIC 5.1 (ThermoNicolet
food are ideal monitoring tools to assess process efficie?gy ( Analytical Instruments, Madison, WI) software, and each measurement
25). Kizil et al. 26) proposed the use of Fourier transform Wwas replicated twice. Because starch gels are not thermodynamically
infrared (FTIR) and FT-Raman spectroscopy for the first time Stable, they undergo time-dependent changes such as syneresis. To avoid
to characterize and classify irradiated granular starches from ©" @t least minimize the syneresis effect in our analyses, gel measure-
their nonirradiated (control) forms. In their study, discrimination ments were made in the order of preparation and spectra collected within
of irradiated starches was attained using a hybrid partial Ieast-45 min. The total number of s_pectr_a collected for the sam_ples_studled

. . . was 57 (20 control, 13 3-kGy-irradiated gels, and 12 gels irradiated at
squares (PLS) and canonical variate analysis (CVA) model. 5 504 10 KGy).
Discrimination was based on the multivariate statistical analysis 5 4 chemometrics.Two different discrimination analyses, CVA

of several special spectral regions associated with the glycosidicang siMca, were performed using the Win-DAS (Wiley, Chichester,

linkage between glucose units of starch, the water bound to theu K.) software package to differentiate irradiated starch gels based on
amorphous part of starch granules, and theHCstretch and the extent of irradiation. Before the analysis, area normalization and
O—H stretch modes between the irradiated and control starchesbaseline correction of the spectra were done to eliminate unwanted

The overall goal of this study was to evaluate the potential instrumental effects on the data set. Multivariate methods such as
of FT-Raman spectroscopy for rapid characterization of ionizing- principal component analysis (PCA) or partial least-squares (PLS) were
energy-treated starch gels, identifying the chemical changes dueused to compress the data to a manageable size prior to discrimination

R ) VT Y ST analyses.
to irradiation. In this study, discrimination gfirradiated gels v

d f . h hiah . 2.4.1. Discriminant Analysi®iscriminant analysis (DA), as a subset
prepare rom corn (maize), potato, wheat, high-protein- of chemometrics, formulates a classification rule that can be used in

containing maize, and high-oil-containing maize starches using the determination of identity or quality of an unknown sample. DA
FT-Raman spectroscopy along with chemometrics was explored.was performed with a total of 51 observations (spectra) including both
A hybrid PLS-CVA model was developed first to test whether control and irradiated samples. Observations were divided into four
FT-Raman spectroscopy can be used for the classification ofdistinct groups. The first group was constructed of 14 spectra of control
irradiated starch gels based on the extent of irradiation level. (three each spectra of maize, potato, wheat, and high-protein-containing
Another discrimination model based on SIMCA was also Maize starch gels and two spectra gels of high-oil-containing maize

developed for rapid differentiation of irradiated starch gels. ~ Starch gels). The second group included 13 spectra of gels (three each
of maize, potato, and wheat starch gels and two each of high-oil- and

high-protein-containing maize starches) irradiated at 3 kGy, and 12

2. EXPERIMENTAL PROCEDURES spectra of gels (three each of all starch gels except potato starch gels)
] ] irradiated at 5 and 10 kGy. PCA or PLS was first used to compress

2.1. Samples and Preparation of GelsMaize, potato, and wheat  the data to obtain the scores or factors (reduced form of raw spectral

starches were purchased from Sigma Chemical Co. (St Louis, MO). gata). These factors or scores were then used in CVA to classify starches
The amylose contents for wheat, maize, and potato starches are 28%ithin the 95% tolerance level based on the extent of irradiation.

25%, and 20%, respectively. Modified starches, high-protein-containing
maize starch and high-oil-containing maize starch, were obtained from
Dr. Koushik Seetharaman’s laboratory at The Pennsylvania State components to be obtained from PCA. The SIMCA method focuses
University (via Dr. Waniska at Texas A&M University). The amylose moqeling the classes rather than on finding an optimal classifier.
content (25%) of the modified starches is the same as that of the nativeg\1ca analysis was carried out using a total of 57 spectra obtained
maize starch because of its genetic similarity to normal corn. from 20 control (four spectra from each gel type), 13 gels irradiated at
Starch/water suspensions were prepared in 8-mL glass vials by 3 kGy, and 12 gels each irradiated at 5 and 10 kGy (same as provided
dispersing aliquotsfol g of each starch in 5 mL of distilled water.  earlier). The SIMCA model was developed using 12 nonirradiated starch
Glass vials containing staretwater suspensions were sealed and gels, and the rest of the samples were used in the testing phase of
incubated in a water bath at 8& for 30 min and shaken vigorously.  SIMCA. F-statistics using the 95% confidence level were used for group
After incubation, the vials were allowed to cool to room temperature. membership decisions. In additionEestatistics, SIMCA also utilizes

Each starch/water suspension was gelatinized individually using 45- t-statistics to test the normality of principal components obtained from
min time intervals to avoid or at least minimize the syneresis effect on pcA.

gels during FT-Raman measurements. Gels were prepared in three
separate vials.
2.2. Irradiation of Gels. A total of 15 vials of starch gels with three 3. RESULTS AND DISCUSSION

replicates were irradiated at 3, 5, or 10 kGy using a Gammacell 220  The process of gelatinization causes substantial changes in
(MDS Nordion, Ottawa, Canada) Co-§@irradiator with a dose rate  poth the chemical and physical nature of granular starch due to
of 2.1 kGy/h at the Breazeale nuclear facility at The Pennsylvania State the rearrangement of intra- and intermolecular hydrogen bonding
University. The dose rate at the center of the chamber was measuredyayeen water and starch molecules. The comparison illustrated
using a ferrous sulfate dosimeter per MDS Nordion quality-control in Figure 1 shows a discernible change in the FT-Raman spectra

specifications. Irradiated starch gels were collected from the Breazeale L
after 6 h and placed in 10-mL Pyrex tubes before Raman measurementspf granular potato and wheat starches upon gelatinization. Here,

It should be noted that irradiation of potato starch gels at 5 or 10 kGy dramatic changes in the spectra of the granular starches were
disrupted the physical state of the gels. The irradiation-destroyed gels Observed in the major carbohydrate bands between 800 and 1500
underwent a phase separation by forming a water phase over the dense¢m . In addition, a strong Raman band of crystalline starch at
gel phase. 476 cn1t attributed to the degree of polymerization in polysac-

2.4.2. SIMCASoft modeling can be used to develop class regression
models for different values of the latent properties such as principal
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Figure 1. FT-Raman spectra of granular patoto and wheat starches and their gel forms.
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Figure 2. FT-Raman spectra of maize starch gels irradiated at three different radiation doses.

charides (4) underwent a significant decrease in intensity. The stretch (3000—3600 cm), C—H stretch (2800—3000 cm?),
C—H stretch region between 2800 and 3000 ¢rshowed a and bending mode of water (1600—1800 ¢in
dramatic intensity decrease upon irradiation. However, a slight The breaking of chemical bonds by irradiation is called
broadening was detected in the-& stretch (3008-3600 cnT?) radiolysis. Radiolysis yields unstable reactive agents, which are
region due to the uptake of water by the starch. subsequently converted to stable end products. Because water
In this study, the effects of-irrradiation on starch gels were is the most abundant molecule in starch gels, reactions of water
evaluated at the molecular level by means of FT-Raman radiolysis products, namely, hydroxyl radicals, free hydrogen
spectroscopy. Figure 2 shows the FT-Raman spectra of maizeatoms, and aqueous electrons (i.e., solvated electrons), with
starch gel and its 3-, 5-, and 10-kGy-irradiated forms for visual constituents of food are predominant in the determination of
evaluation of they-irradiation effect. The spectral changes radiation-induced chemical changes in foodstuffs. The free
caused byy-radiation exposure were apparent in the-® radicals formed upon radiolysis of water trigger radiation-
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Canonical Variate 1 Figure 4. PLS—CVA plot for discrimination of irradiated from nonirradiated
Figure 3. PLS—CVA plot for discrimination of starch gels irradiated at 3, (control) starch gels using the C—H stretch and O—H bend and stretch
5, and 10 kGy using the C—H stretch and O—H bend and stretch modes. modes.

induced modifications in food structure through very compli- starch gels clustered at negative canonical variate score values
cated free-radical reactions (20). Water is not only being whereas control samples were categorized by positive scores.
consumed by the radiolysis but is also formed as a reaction Because the objective of CVA is to minimize within-group
product through the interaction of free radicals with various variance yet maximize between-group variance, discrimination
molecules present in food. Hence, it would be practical to can be better obtained and illustrated using a plot of the first
monitor water-related Raman bands for the evaluation and versus second canonical variates when three or more groups
discrimination of irradiated gels. are to be classified. The successful classification of irradiated
The changes visually detected in the-B stretch region of starch gels from controls, as shownkigures 3and4, is an
FT-Raman spectra (Figure 2) of irradiated starch gels are in evidence of the disruptions in the-& and O—H bonds due to
good agreement with the literature. According to von Sontag irradiation, because the discrimination models were based on
(27), the most prominent ionizing radiation damage to carbo- the variations in Raman fingerprints corresponding to these
hydrates is the liberation of a hydrogen atom from anyHC molecular bonds.
bond through the attack of hydroxyl radicals. For this reason, The success in the differentiation of irradiated gels from
the C—H stretch region can also be screened to develop acontrol samples using our hybrid PLS—CVA model suggested
discrimination model for irradiated starch gels. In this analysis, the formulation of a class model for rapid differentiation of
potato starch gels irradiated at 5 and 10 kGy were excluded inirradiated starch gels. The class model developed in this study
discrimination analyses, because a water phase separated frorwas the soft independent modeling of class analogy (SIMCA)
the gel phase at the top, losing the molecular integrity of the approach. SIMCA uses PCA for data reduction and involves
original gel. two independent test§- andt-tests were used as diagnostics
Canonical variate analysis along with a proper data compres-tools to assess the quality of the discriminatory and the modeling
sion technique such as PCA or PLS was used to explore thepower of the analysis. A sufficient number of principal
possibility of the discrimination of irradiated gels based on the components from PCA are retained in SIMCA analysis ac-
extent of irradiation regardless of the botanical origin of the counting for most of the variations within each clag8)( The
starches. CVA is a supervised pattern-recognition method thatdiscriminatory power of SIMCA is tested bly-statistics by
separates observations (Raman spectra) into predefined groupsomparing the residual variance of a sample with the mean
using similarity analysis. As shown in Figure 3, a clear residual variance of a class (30). Normal distribution (normal
classification of starch gels based on the extent of irradiation quantile plot) of principal components is tested using a proper
was attained using a hybrid PEEVA approach with seven  statistical test, such as tli¢est (28).
PLS factors (accounting for 92% of the cumulative variationin ~ SIMCA can be applied to as few as 10 samples per class and
51 individual spectra). The construction of PLS in the CVA presents no restriction on the maximum number of measured
analysis did provide a better separation than the implementationvariables (wavenumbers) in the analys29). The latter is an
of PCA into CVA. A probable reason could be that PLS important consideration in chemical sciences, because the
considers group membership information and also seeks for thenumber of measurement variables generally exceeds the number
most significant variations in spectral measurement, while of samples in a chemical analysis. In this study, a SIMCA model
decomposing spectral data into factors and loadi2g$. ( (with three principal components) was constructed using 12
Another PLS—CVA model was developed to test the clas- control (nonirradiated) starch gel spectra. Figure 5 shows the
sification ability of the method when the samples were grouped F-ratio plot for the SIMCA created from 12 observations. In
into two observation sets (instead of four groups in the previous Figure 5, the rejection lines represented by two different
model), namely, control (nonirradiated) and irradiated (irrespec- confidence levels, 99% (upper limit) and 95% (lower limit),
tive of the extent of applied irradiation dose). In thisnew PLS ~ were used for group decisions. Because the SIMCA was
CVA model, five factors from PLS were allocated in the developed to create a class model to recognize only nonirradiated
discrimination of irradiated gels. As depicted in Figure 4, samples, a successful model was supposed to reject irradiated
defining the observations into two groups, irradiated and samples at a given confidence level.
nonirradiated (control) samples, resulted in a very clear separa- The SIMCA model was tested against 8 control and 37
tion of observations with respect to thexis, the first canonical  irradiated starch gels. All of the control starch gels were correctly
variate. Figure 4 represents a plot of the scores of the first predicted by the SIMCA model at the 95% confidence level.
canonical variate versus observation numbers, where irradiatedThirty-one irradiated starch gels of 37 were rejected by the
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Figure 5. Testing phase of the SIMCA model used for the discrimination
of irradiated starch gels with 99% and 95% tolerance levels of the F-test.

Table 1. Results of the SIMCA Model Created for Nonirradiated/
Control Starch Gels Using 12 Observations

accepted as

nonirradiated percent correct
observation type starch gel? rejected? classification
nonirradiated starch gels 8 0 100
gels irradiated at 3 kGy 3 10 77
gels irradiated at 5 kGy 1 11 92
gels irradiated at 10 kGy 2 10 83
total irradiated gels 6 31 84

2Using F-test at the 95% confidence level.

SIMCA F-test at the same confidence level. The overall success

of the SIMCA in rejecting irradiated samples (i.e., assigning
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4. CONCLUSION

FT-Raman spectroscopy was found to be sensitive in detecting
they-irradiation damages on the-& and G-H bonds of starch
gels. The potential of FT-Raman spectroscopy to classify
irradiated starch gels from five different courses was evaluated
by means of CVA and SIMCA. The effect of chemical
differences in starches from different sources was not taken into
account in the discrimination analyses. The adopted FT-Raman-
based approach is one of the first to demonstrate the discrimina-
tion of irradiated starch gels, as a model food, regardless of the
botanical origin or modifications in starches.

ACKNOWLEDGMENT

We thank Dr. Koushik Seetharaman for providing starch samples
and advice in starch gel preparations. Ms. C. Davison at the
Breazeale nuclear facility at Penn State University is acknowl-
edged for her technical help. R.K. acknowledges the financial
aid of the Ministry of National Education of the Republic of
Turkey.

LITERATURE CITED

(1) Bulkin, B. J.; Kwak, Y.; Dea laian, C. M. Retrogradation kinetics
of waxy-corn and potato starcheA rapid Raman spectroscopic
study.Carbohydr. Res1987,160, 95-112.

(2) Kim, I.-H.; Yeh, An-1.; Zhao, B. L.; Wang, S. S. Gelatinization
kinetics of starch by using Raman spectroscoBintechnol.
Prog. 1989,5, 172—174.

(3) Schuster, K. C.; Ehmoser, H.; Gapes, J. R.; Lend, B. On-line
FT-Raman spectroscopic monitoring of starch gelatinization and
enzyme catalysed starch hydrolysigib. Spectrosc.200Q
22181-190.

them as Il‘l’adlated) was determined to be 84% as summarized (4) Ce|ed0n, A Agu"era’ J. M. App“caﬂons of microprobe Raman

in Table 1 for each irradiation level.
The most critical step determining the overall success of the
proposed method is the proper detection of radiochemical

changes in the molecular structure of starch gels by means of
Raman spectroscopy. For the sugar-based food systems, hy-

drogen abstraction from-€H bonds was probed in the-GH

stretch region of the Raman spectra. High amounts of water
present in gel systems accelerate the extension of irradiation

damages through interactions of hydroxyl radicals withHC
bonds of starch molecules. The Raman fingerprint of irradiated
starch gels in the €H stretch region depicts clearer variations

than those of the low-moisture-containing granular starches at

similar irradiation doses (26).

In this study, data from the most radiation-sensitive region,
the C—H and O—H (due to water radiolysis) stretch regions
were allocated in the discriminant models, and the control group
from all five different varieties of starches were used to
minimize the effect of compositional differences and gel-making

properties of starches. The optimal number of PLS factors was

selected in constructing the CVA models, but overfitting was
avoided by keeping the number of factors lower than one-third

of the differences between the number of observations used in

all groups (57) and the number of groups (4 and 2) defined in

the analysis (31). The class model using SIMCA was created

for rapid identification of irradiated starch gels using Raman
fingerprints of the C—H and O—H vibrations. The integral part
in SIMCA is the training part. The success of SIMCA is dictated
by a proper training phase in which samples from all different

varieties should be implemented. The success rate of SIMCA
used in this study could be improved by creating separate models

for each starch type. However, in this study, the limited number

of samples that could provide such a sample base was a factor.

spectroscopy in food scienceood Sci. Technol. In2002, 8,
101-108.

(5) Ozaki, Y.; Cho, R.; Ikegaya, K.; Muraishi, S.; Kawauchi. K.
Potential of near-infrared Fourier transform Raman spectroscopy
in food analysisAppl. Spectroscl1992,46, 1503—1507.

(6) Li-Chan, E. C. Y. The applications of Raman spectroscopy in
food scienceTrends Food Sci. Techndl996,7, 361—370.

(7) Ma, C. Y.; Phillips, D. C. FT-Raman spectroscopy and its
application to cereal scienc€ereal Chem2002 79, 171—

177.

(8) Workman J. J.; Mobley P. R.; Kowalski B. R.; Bro R. Review
of chemometrics applied to spectroscopy: 1985. 1. Appl.
Spectrosc. Rel996,31, 73-124.

(9) Mobley P. R.; Kowalski B. R.; Workman J. J.; Bro R. Review
of chemometrics applied to spectroscopy: 1985. 2. Appl.
Spectrosc. Reil1996,31, 347—368.

(10) Adar, F.; Geiger, R.; Noonan, J. Raman spectroscopy for process/
quality control.Appl. Spectrosc. Re997,32, 45-101.

(11) Lavine, B. K.; Davidson, C. E.; Moores, A. J.; Griffiths, P. R.
Raman spectroscopy and genetic algorithms for the classification
of wood typesAppl. Spectrosc2001,55, 960—966.

(12) Paradkar, M. M.; Irudayaraj, J. Discrimination and classification
of beet and cane inverts in honey by FT-Raman spectroscopy.
Food Chem2001,76, 231—239.

(13) Marquardt, B. J.; Wold, J. P. Raman analysis of fish: A potential
method for rapid quality screeningebensm. Wiss. Technol.—
Food Sci. Technol2004,37, 1—8.

(14) Muik, B.; Lendl, B.; Molina-Diaz, A.; Ayora-Canada, M. J. FT-
Raman spectroscopy for the qualitative analysis of oil content
and humidity of olivesAppl. Spectrosc2003,57, 233—237.

(15) Yang, H.; Irudayaraj, J.; Paradkar, M. M. Discriminant analysis
of edible oils and fats by FTIR, FT-NIR and FT-Raman
spectroscopyFood Chem2004,93, 25-32.

(16) Diehl, J. F. Food irradiatienPast, present and futuiead. Phys.
Chem.2002,63, 211—215.



18 J. Agric. Food Chem., Vol. 54, No. 1, 2006

(17) Zegota, H. Suitability of Dukat strawberries for studying effects
on shelf life of irradiation combined with cold storagg.
Lebensm. Unters. Forschi988,187, 111—114.

(18) Raj, D.; Roy, M. K. Preservation of milk by irradiation. J.
Nucl. Agric. Biol.1987,16, 227—229.

(19) Glidewell, S. M.; Deighton, N.; Goodman, B. A.; Hillman, J.
R. Detection of food: a reviewd. Sci. Food Agric1993,61,
281—-300.

(20) Thakur, B. R.; Singh R. K. Food irradiatietChemistry and
applicationsFood Rev. Int1994,10, 437—473.

(21) Raffi, J. J.; Stocker, P. Electron paramagnetic resonance detection

of irradiated foodstuffs. Appl. Magn. Resdl96, 10, 357—
373.

(22) Dodd, N. J. F.; Lae, J. S.; Swallow, A. J. ESR detection of

irradiated foodsNature 1988,334, 387.

(23) Delincee, H. Analytical methods to identify irradiated feod
review. Radiat. Phys. Chen2002,63, 455—458.

(24) Delincee, H. Detection of foods treated with ionizing energy.
Trends Food Sci. Technal998,9, 73-82.

(25) Bayram, G.; Delincee, H. Identification of irradiated Turkish
foodstuff combining various physical detection methdesod
Contam.2004,15, 81-90.

Kizil and Irudayaraj

(27) von Sonntag, C. VThe Chemical Basis of Radiation Biology;
Taylor and Francis: London, 1987.

(28) Kemsley, E. K.Discriminant Analysis and Class Modeling of
Spectroscopic Data; John Wiley & Sons Ltd.: Chichester, U.K.,
1998.

(29) Lavine, B. K. Clustering and Classification of Analytical Data.
In Encyclopedia of Analytical Chemistry: Instrumentation and
Applications; Meyers, R. S., Ed:. John Wiley & Sons Ltd.:
Chichester, U.K., 2000; pp 9689—9710.

(30) Wold, S.; Sjostrom M. SIMCA: A method for analyzing
chemical data in terms of similarity and anology. @hemo-
metrics: Theory and Application; Kowalski. B. R., Ed.; ACS
Symposium Series 52; American Chemical Society: Washington,
DC, 1977; pp 243—282.

(31) Defernez M.; Kemsley, E. K. The use and misuse of chemo-
metrics for treating classification problenigends Anal. Chem
1997,16, 216—221.

Received for review June 23, 2005. Revised manuscript received

October 25, 2005. Accepted October 31, 2005.
(26) Kizil, R.; Irudayaraj, J.; Seetharaman, K. Characterization of
irradiated starches by using FT-Raman and FTIR spectroscopy.

J. Agric Food Chem2002,50, 3912—3918. JFO51491F



