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ABSTRACT
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Fresh alkaline noodles prepared from patent flours of the CanadiaFhe total number of discolored spots measured was dependent on both de-
wheat class Canadian Prairie Spring White (CPSW) AC Karma and AC Vistaction size and sensitivity (threshold setting). Significant differerRes (
were characterized by image analysis to numerically evaluate the timé:05) in the number of darkened spots were detected between the two cultivars
dependent formation of dark areas (spots) on the noodéeesuithe system only after 24 hr. Similarly, significant difference® € 0.05) in size of the
was able to rapidly detect, measure, and characterize such undesirable digts between the two cultivars was observed at 24 hr. Darkening was

colorations, which commonly form on the surface of rmw@dles with time.
Variations in minimum spot detection size (0.050-0.250%min com-

most rapid within the first hour for bothlauars, followed by a period of
stability before a significanP(< 0.05) further increase by 24 hr. Character-

bination with a darkness threshold settinggtey scale units of 2, 5, and ization of the darkness distribution indicated significantly different distribu-
10) were investigated. A linear increase in the number of spots was obsent&h profiles for the two cultivars examined, which was consistent with
over time for both cultivars with nine combinations of size and darknesgheir noodle brightnes+.¥) values.

Color and appearance are prime quality requirements for high-
qudlity noodle products. As such, there is normaly a preference for
using patent flours because they produce noodles that are brighter
and display fewer visible bran specks. Wet noodles under akaine
conditions are susceptible to time-dependent discoloration, giving
the noodle a darkened appearance. The darkening occurs not only
on the overall matrix of a noodle surface but is quite commonly
accelerated in localized areas throughout the noodle, resulting in
spots that yield a mottled appearance. The reason for the appearance
of discolored spots is not totally understood but is believed to orig-
inate from loci of contaminating bran particlesin the flour. It isacom-
plex phenomenon that involves the enzyme polyphenol oxidase (PPO),
phenolic components, akaline oxidation, and their subsequent auto-
oxidation products (Pierpoint 1969; Miskelly 1984; Miskelly and
Moss 1985; Moss et a 1986; Singleton 1987; Taylor and Clydesdale
1987; Hatcher and Kruger 1993, 1997; Kruger et d 1994, 1995; Baik
et al 1995).

Changes in the localized areas (defined by the discolored spots) on
noodle surface with time are difficult to quantify. Indirectly, enzyme
levels and reaction products associated with discoloration can be
measured chemicaly, and this relates somewhat to the extent of
overal discoloration (Hatcher and Kruger 1997). Additionaly, a
colorimeter can provide information on overal time-dependent
discoloration and the level of colored pigments that are present.
Neither method, however, can separate overal darkening from local-
ized areas of accelerated darkening.

Imaging systems capable of detecting bran specks in flour (Evers
1993, Whitworth 1994) and of detecting specks in durum wheat sem-
olina (Harrigan 1995, Symons et a 1996) have been reported. In our
studies, we plan to apply image anadysis to al aspects of color and
appearance in noodles. The objective of the present study was to eval-
uate this technique for the specific measurement of spotsin raw noodles
and the changes asociated with these spots, which occur inde-

pendently of the noodle’s background matrix color change over time.

METHODS

Flours

Research Laboratory pilot mill using a commercial flow (Fajardo
et al 1995). Individual streams were composited on the basis of
increasing ash to yield a 60% patent flour. Characteristics of the
flours used in this study are listed in Table .

Analytical Methods

Protein content (%N x 5.7) was determined with a combustion
nitrogen analyzer (CNA) (model FP-248, Leco Corp., St. Joseph, MI)
calibrated with ethylenediaminetetraacetic acid (EDTA). Ash content,
farinograph, moisture, and starch damage were determined by
Approved Methods 08-01, 54-21, 44-15A, and 76-30A, respectively
(AACC 1995). The PPO levels were determined by the method of
Hatcher and Kruger (1993). Flour color was determined using a
color grader (Series IV, Satake) that measures relative reflectance of
a flour-water slurry. Results are standardized to the Satake inter-
national scale where the lower the number, the brighter the flour.

Noodle Preparation

Noodles were prepared on three separate days using the method
previously described by Kruger et al (1994). A &éasui solution
(9:1 potassium and sodium carbonate) was added to 200 g of flour in
a mixer (N50, Hobart Canada, North York, ON) over a 30-sec in-
terval at the slow speed setting to achieve a final water absorption of
32%. The material was mixed for an additional 4.5 min (Kruger et al
1994). The crumbs were sheeted on a laboratory noodle machine
(Ohtake, Tokyo, Japan) with an initial gap setting of 3.00 mm. Two
passes were made at this setting, with the noodle sheet being folded
between passes to ensure homogeneity. A representative section of
the noodle sheet (25 cm long) with reproducible weight was used in
the subsequent sheeting passes. Seven sheetings with gap settings
of 3.00, 2.55, 2.15, 1.85, 1.57, 1.33, and 1.10 mm were made. Total
force of individual sheetings was measured using an analog-digital
board (Labmaster DMA, Scientific Solutions, Solon, OH) interfaced
to a personal computer using software (Labtech Notebook, Labora-
tories Technologies, Wilmington, MA) to ensure reproducibility
between the triplicate preparations.

The noodle sheet was cut into two pieaéth one pece being
used for spectrocolorimetric color measurements and the second

Two cultivars, AC Karma and AC Vista, from the Canadianpiece being used for image analysis measurements.
Prairie Spring White (CPSW) wheat class were milled on the Grain
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Noodle Color M easurement

Noodle color was measured with a spectrocolorimeter (Labscan
Il, HunterLab, Reston, VA) equipped with a D65 illuminant using
the (CIE 1976)*, a*, andb* color scale. Measurements were made
in triplicate at two random locations on the surface for each
sample. For fresh alkaline noodles, high values*afbrightness)
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are preferred, with consumers showing a preference for high to
moderate b* (yellow) values. Extremes on either side of the a*
scale (negative showing increasing green levels; positive showing
elevated red levels) are considered deleterious.

ImageAnalysis

Noodle images were captured using a color camera (CD-950,
Sony of Canada, Willowdale, ON) attached to a macroscope (model
M-8, Wild Leitz Canada, Willowdae, ON). The red-green-blue sig-
nal from the camera was interfaced to the computer through a
framegrabber and software (Matrox Meteor and Intellicam v. 2.0,

Matrox, Montreal, Canada). An 8-Mb video card (Matrox Millen-
ium) was used to allow 32-bit color display of the noodle surface.
Computer control was provided by a Pentium-based (200 mHz)
computer with 128 Mb RAM.

A ring lamp located around the macroscope lens supplied lighting,
through fiber optics from a 3,200 K lamp (model CLS 150, Leica
AG, Heerbrugg, Switzerland). Illumination levels were controlled
by adjusting the camera gain to a constant value from a Kodak #3
grey scale (Eastman-Kodak, Rochester, NY). This target was also
imaged and stored daily for use during image processing to correct
for minor daily variation in the image capture system.
Reproducible spatia scaling was ensured by the daily capture of a
metal washer (7.15 mm) image, previously measured with a

TABLE | ; i i
) . micrometer to yield a grey scale factor of 0.0250 mm/pixel.
0, . .
Proximate Analysis of Flour Samples (14% mb) Images were captured from six different areas on each noodle
AC Vista AC Karma sheet using a grid-positioning system developed for this method.
This positioning system ensured that the noodle was relocated exactly

Protein, % 109 10.4 the same for each series of measurements and that the same six

Ash, % 0.38 0.43 regions were measured at each time period. The camera-macro-

Color —38 -44 scope complex was located within a self-enclosed cabinet to prevent

Starch damage 8.9 8.0 interference from overhead lighting. The noodle sheet was stored

Moisture, % 14.0 14.0 . . ° .

Farinograph messurements in a plastic box at 25°C am5% rh, except during photography.
Absorption, % 61.8 60.0 Each image represented a 1.5- x 1.1-cm section of the noodle sur-
Development time (min) 6.25 2.25 face for a total of 9.9 ¢t
Mixing time (BU) 25 90 Individual images were analyzed by in-house software developed
Stability (min) 225 25 in KS400 software (Carl Zeiss Vision, Eching Germany). Before
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Fig. 1. Comparison between cultivars AC Karma and AC Vista of the average number of detectable spots within a 1.65 cm? image of alkaline noodles
over time. Minimum size threshold: 5 (W), 10 (@), 15 (A) pixelsat A grey levels of 2, 5, and 10.
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analysis, each image was corrected for minor variationsintheimage  the binary mask to identify areas of localized darkening on the
capture system using the white background image captured daily. basis of size and darkness.
Preliminary experimentation had shown that a white background
setting of 140 on the 0-255 grey scale was optimum. The differenceStatistical Analysis
between the daily white background image and grey scale valueAll statistical analyses (regression, analysis of variance
140 (target level) was determined. To identify areas that werRANOVA], multivariate analysis of variance [MANOVA], and
darker than the noodle surface, the noodle image was first correctiedquency distributions) were performed with SAS statistical
for any variation from the target grey value of 140. The surface wasoftware (version 6.11, SAS Institute, Cary, NC). The general
then corrected for any variation in brightness within the image itselfinear model (GLM) procedure with the repeated and polynomial
The grey values within the image were remapped so that only pixefgtions were utilized for the MANOVA analyses. These options
associated with discolored regions had grey value <255 (pure whiteyere necessary to effectively interpret the influence of time on the
Image segmentation to form a binary mask inverted the grey scalariables.
so that background pixels of 255 were translated into grey value 0
(black) and those pixels <255 in value were translated to 255 RESULTS
(white).

Two imaging variables were used during noodle analysis. ThA Grey Parametersand Time of Noodle Aging
first of theseA grey, represents a threshold value of darkness that The minimum difference in darkness between the spots and the
must be exceeded for a discolored region to be identified. This factopodle surface was set as a fixed constant referred Aogasy.
was applied during the formation of the binary mask when th&his required that the noodle surface be of a constant brightness.
image grey values were remappAdGrey values of 2, 5, and 10 A common problem with standard colorimetric methods that affects
were used. The second imaging parameter was a value for selectthg measurement of initial noodle color is the uneven hydration of
discolored spots based on size. This parameter was applied to flaur particles at the low 32% water absorption level. This results
binary mask to remove those regions smaller than the minimuin a mottled surface that disappears with time as uniform hydration
size parameter. Size values of 5, 10, or 15 pixels were used correseurs. The imaging software was developed to adjust for this uneven-
ponding to an actual size of 0.003, 0.0063, and 0.0094 ime ness in color on the surface of the noodle so that noodle spots
software subsequently analyzed the original noodle image usingere identified relative to the grey level brightness of the noodle
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Fig. 2. Comparison between cultivars AC Karmaand AC Vista of the average size of a discolored spot within a 1.65 cm? image of alkaline noodles over
time. Minimum size threshold: 5 (W), 10 (@), 15 (A) pixelsat A grey levelsof 2, 5, and 10.
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surface immediately surrounding them. The influence of the
unevenness in noodle surface darkness could not be totaly
eliminated when the noodle was imaged immediately following
preparation. At a A grey vaue of 2 (which detected spots just
visibly different from the noodle background), it allowed small
surface variations to be detected and counted as spots. For this reason,
statistical analyses do not include the initia readings which con-
tained a disproportionate amount of variance.

For both cultivars tested, the number of dark spots counted by the
imaging method decreased with increasing A grey vaues (Fig. 1).
As the A grey value increased, the differences between the dark-
ness of the noodle surface matrix and the spots increased. The
number of spots counted increased continuously with time for al
samples at each of the three A grey levels. For the lowest A grey

A strong linear relationshigP(< 0.05) was also observed between
aging time (to 24 hr) and the increasing number of spot discolor-
ations using\ grey levels of 5 and 10 for both Karma (Fig. 1B and
C) and Vista (Fig. 1E and F). Examination of an 0-8 hr period for
Karma showed a strong relationshig € 0.75-0.99) for all
combinations of A grey value and size. For Vista, these
relationships were more varied? £ 0.26-0.89). Over 8 hr, the
lowest correlations were found at the extreme& gfey 10 (mini-
mum size 15) in both cultivars. Increasifiggrey values resulted
in a corresponding significanP (< 0.05) decreases in the number
of spots detected. Furthermore, there was a highly signifiPant (
0.0001), interaction effect between time d@ndrey value, indica-
ting that both factors contribute to the number of discolored spots
detected.

value (A grey 2), as many as 62 + 3.45 darkened spots per noodle

image, corresponding to 37.6/&mwere detected within the Effect of Size Limitson Spot Numbers

noodle after 24 hr for Karma (Fig. 1A) and 45 + 2.51 darkened For eachA grey value, the size threshold for detecting dis-
spots for Vista (Fig. 1D). The high number of spots counted by theolored spots varied from 5 to 10 or 15 pixels. As the size
imaging system at lowA grey values shows the ability of the threshold increased, the number of spots detected decreased (Fig. 1).
imaging system to detect and measure spots that differ only slightlhis change in size threshold, however, did not change the linear
in darkness from the noodle surface in an objective and reproelationship between number of darkened spots and time, although
ducible manner. Maximum variation in quantitation occurredd at there was a significant differenc® & 0.05) in the number of
grey 2 (minimum size 5) with an average standard deviation alarkened spots detected between size thresholds.ghey 2 for

3.45. Minimum variation occurred @ grey 10 (minimum size example, increasing the size threshold to the 10 or 15 pixel limit

15) with an average standard deviation of 0.28.
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Fig. 3. Changes in mean densities for areas of accelerated darkening over
time for the cultivar AC Karma. Minimum size threshold: 5 (O0), 10 (O),
15 (M) pixelsat A grey levels of 2, 5, and 10.

192 CEREAL CHEMISTRY

reduced the number of spots detected at 24 hr to 40 and 28 spots
per area imaged for Karma and 24 and 17 spots per area for Vista,
respectively (Fig. 1A and D). The number of spots were also signi-
ficantly influenced P = 0.0001) at the different threshold levels

by both time and\ grey value, confirming that both factors influ-
ence the number of spots detected.

A Grey Values and Detection Size Limit Variations Influence
on Compar ative Noodle Speckiness

When Karma is compared to Vista, a significant difference in
the number of detectable spots was found only at 24Phe (
0.001) (Fig. 1) for all combinations & grey values and size
thresholds. This indicates that the time at which assessment is
made is particularly important when comparing noodles prepared
from different wheat flours. Although the general increase in spots
detected over time for Karma was also present in the Vista series,
the increase in numbers of spots was not as large as that found for
Karma. Regression analysis of the mean from triplicate replicates
for each cultivar under the respective combinationd gfey and
size threshold showed a minimum valuerdt 0.92 for Karma,
while for Vista the range wa$ = 0.81-0.96.

Noodle Aging Time and Size of Darkened Spots

Although increasing in number with time, the actual areas of the
individual darkened spots, determined under vaniiggey and size
threshold combinations, remained relatively constant over a 24-hr
time period for both Karma and Vista (Fig. 2). As anticipated, the
size-rejection threshold values significant®= 0.0001) influenced
the mean area of the observed discolorations in both Karma and
Vista. As the size threshold increased, darkened spots with an area
smaller than the threshold limit were simply rejected, causing an
increase in mean area of the darkened spots. Bgray 2 in Kar-
ma (Fig. 2A), the average area of a darkened spot was 0.019 mm
at a 15 pixel threshold value compared to 0.015 and 0.0Zifonm
the 10 and 5 pixel levels, respectively. In each case, the coefficient
of variation was <5.5%. Furthermore, increasinghgrey value
(2, 5, and 10) significantly increase® € 0.0001) the average
area for each size-rejection threshold studied. No significant
difference was detected in the size of discoloration between the two
cultivars as this parameter was imposed by the imaging system.

Changesin Darkness of Spotswith Noodle Aging
The image analysis system provides the capability to charac-
terize the degree of darkness, computed as a mean grey value of the



pixels for each of the individual discolored spots on the noodle sur-
face as it aged with time. Lower measured values indicate darker
spots. Over the 24-hr time period that the noodles were examined, sig-
nificant changes in mean darkness of the areas were found (Fig. 3).
The largest change in darkening was noted a 1 hr, probably asare-
sult of continued dispersion of bound water within the noodle.
Following thisinitia rapid change there was a relatively stable 8-hr
period, culminating in significantly (P < 0.05) darker spots on the
noodle surface by 24 hr.

Differences in mean intensities of darkening were found between
Karmaand Vista by 3 hr (P < 0.05) of noodle storage, with specks
of Karma appearing darker for each A grey and size threshold com-
bination (results not shown). Such darkness was not significantly
influenced by changing the minimum size threshold limit. With in-
creasing values for A grey, the mean intensity of spot darkening
significantly increased (P = 0.0001) for both cultivars. This indicates
a significant range of darkness within individual discolored spots
because with higher values for A grey, those spots appearing lighter
are not detected and measured (Fig. 3).

Intensity Differences of Dark Spots Between Cultivars

Very profound differences were found in the relative distribution
in the darkness intensities of the areas of discoloration in the noodles
mede from the two wheat cultivars examined in this study (Fig. 4).
Comparisons made between Karma and Vista (Fig. 4A) on noodles
analyzed after 2 hr of aging at A grey 2 show that over half of the
specks (AC Karma [58.8%], AC Vista [65.1%)]) have a darkness
vaue of 2140 (larger values indicate lighter colored speck) for both
cultivars. For AC Karma, this percentage declined to 39.5% at A
grey 5 and further decreased to 7.8% at A grey 10. For AC Vista,
the corresponding distributions had values of 43.8 and 21.2%,
respectively.
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Comparing the two time periods, distributional differences in
relative intensities of the spots changed with time for both cultivars
and become more definitive (Fig. 4D—F) at 24 hr. Thus, the spots
for AC Karma were significantly darkeP « 0.05) than those for
AC Vista. By 24 hr (Fig. 4D), 36.8% of the spots in AC Vista
were located in the lighter region=t30 atA grey 2. AC Karma
had no spots in this lighter region. Evendagrey 10, AC Vista
maintained 28.7% of its spots in the light range. At 24 hr, AC
Karma had no portion of its specks in the lighter categories at any
A grey value. Furthermore, AC Karma displayed a much narrower
distribution pattern than Vista at &lgrey values.

These findings were consistent with the observed differences in
noodle brightnesd_f) over time (Table II). Although both Karma
and Vista decreased in brightness by the same extent (9 units) over
the 24-hr period, the Vista samples were brighter at each time period
examined. At 24 hr, the significantly darker Karma regions and nar-
rower density distributions were also manifested in the observed
shift in redness&) displayed by Karma (+0.62) versus Vista
(+0.22) (Table II).

Time-dependent changes in mean darkness of the spots as well
as changes in distributions of darkening between the two cultivars
are believed to be the direct result of chemical changes that occur
in the noodle as a result of hydration and, in particular, the level of
activity of the enzyme PPO. Differences observed between these
two cultivars, however, can not be attributed to enzyme levels. Anal-
ysis of the AC Karma patent flour for PPO detected only 4 nmol
of O,/g/min of activity while the corresponding Vista flour with
particles with lighter spots, yielded a higher, but not detrimental
level, of 48 nmol of @g/min of activity. The role of the enzyme
PPO and phenolic compounds are factors strongly believed to be
responsible for the formation of discoloration in noodles (Hatcher
and Kruger 1997). PPO has also been associated with bran com-
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Fig. 4. Profiles of darkness distribution of specks for cultivars AC Karma (solid) and AC Vista (striped) at 2 and 24 hr at A grey levels of 2, 5, and 10.

Vol. 76, No. 2, 1999 193



TABLE I
Color Analyses of Alkaline Noodles Over Time

AC Viga AC Karma
Color Ohr 2hr 24 hr A 24 hr Ohr 2hr 24 hr A 24 hr
L* 87.69 83.80 78.64 -9.05 86.12 82.69 77.09 -9.03
ax -0.80 -0.82 -0.58 0.22 -0.43 —-0.46 0.19 0.62
b* 21.01 25.51 27.43 6.42 22.99 27.10 28.71 572

aL* = degree of lightness, a* = red-green, and b* = yellow-blue.

ponents (Marsh and Galiard 1986) and highly correlated with mill-
stream ash content (Hatcher and Kruger 1993). The implication
from this study is that the observed increase in areas of attenuated
noodle darkening with time likely originate from bran contami-
nation in the flour but are not solely enzyme-dependent as previ-
oudly believed.

CONCLUSIONS

The image analysis method presented is capable of detecting

Baik, B.-K., Czuchagjowska, Z., and Pomeranz, Y. 1995. Discoloration of
dough for oriental noodles. Cereal Chem. 72:198-205

Evers, T. 1993. On line quantification of bran particles in white flour.
Food Sci. Technol. Today 7:23-27.
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Retention of ergot alkaloids in wheat during processing. Cereal Chem.
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Harrigan, K. 1995. Flour power: Microscope image analysis in the food in-
dustry. Cereal Foods World 1:11-14

Hatcher, D. W., and Kruger, J. E. 1993. Distribution of polyphenol oxidase
in flour millstreams of Canadian common wheat classes milled to

areas of accelerated darkening that form spots on a wet noodle’sthree extraction rates. Cereal Chem. 70:51-55. o
surface with time. Furthermore, it is able to objectively charactatcher, D. W., and Kruger, J. E. 1997. Simple phenolic acids in flours

terize these darkened spots based on size, darkness intensity, anfd
density distributions. The current image analysis system is both s

epared from Canadian wheat: Relationship to ash content, color and
_ polyphenol oxidase activity. Cereal Chem. 74:337-343.
ruger, J. E., Anderson, M. H., and Dexter, J. E. 1994. Effect of flour

ficiently sensitive and robust enough to be capable of detecting gfinement on raw Cantonese noodle color and texture. Cereal Chem.
differences in noodle quality appearance between cultivars within 71-177-182.

the same wheat class. The method is extremely adaptable, using caffuger, J. E., Hatcher, D. W., and Dexter, J. E. 1995. Influence of sprout
binations ofA grey values and minimum size thresholds for estab- damage on oriental noodle quality. Pages 9-18 in: Int. Symp. Pre-Harvest

lishing quality control criteria that are exempt from individual bias.

Sprouting in Cereals, 7th. Noda Kaz and D. J. Mare, ed. Center for Aca-

The benefits of this system allow for consistent measurement of demic Societies: Osaka. _
noodle quality between laboratories and would be extremely appif/@sh, D. G., and Galliard, T. 1986. Measurements of polyphenol oxi-

cable to multisite commercial operations concerned with noodlﬁm

quality control.
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