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Measurement of Flour Color in Color Space Parameters

J.R. OLIVER,' A. B. BLAKENEY,? and H. M. ALLEN!

ABSTRACT

To adequately describe flour color, brightness and yellowness of flours
from 33 crossbred lines of white-grained spring wheat were evaluated.
Three tristimulus instruments were compared and, although the range
of values differed slightly, they ranked samples in the same order according
to either L* (brightness) or b* (yellowness). L* is positively correlated
with the Kent-Jones grade value and is negatively correlated with ash
content. b* is positively correlated with the AACC method for extractable
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yellow pigment. Reflectance measurements could be made on either dry
flours or slurries. A flour color index (L* — b*) determined on dry flour
successfully ranked samples in the same order as did visual assessment.
This index was more successful than L*  b* Kent-Jones grade value,
or yellow pigment value in ranking flours in the same order as the visual
assessment.

Flour color became an important commercial factor after the
introduction of roller milling. Gradual reduction milling with
metal rolls enabled the production of a flour that was whiter
and baked better than its predecessors. By consumer demand,
color became associated with flour quality (Ferrari and Bailey
1929). William Jago (1895) stated, “{Color] is probably the most
difficult and the most important test to be made on flour.” Today,
color might not be the most important test to be made on flour,
but it remains one of the more difficult.

Several workers (Kent-Jones and Herd 1927, Ferrari and Bailey
1929, Yasanuga and Uemura 1962) have recognized that flour
color needs to be evaluated by measuring both brightness and
yellowness. Brightness, or grade, is affected by bran content
and/or extraneous material, whereas yellowness is related to the
amount of natural pigments present. The determination of both
of these components of flour color has required two analytical
procedures. Brightness is usually determined by reflectance of
a flour-water slurry using the Kent-Jones color grader (Kent-
Jones and Amos 1967) or the Agtron (green) instrument (Gillis
1963, Patton and Dishaw 1968, Shuey 1975). Yellowness is usually
determined by colorimetric measurement after solvent extraction
of pigments (Kent-Jones and Herd 1927, Markley and Bailey
1935, Fortmann and Joiner 1971).
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The ease with which the Kent-Jones color grader and the Agtron
instrument can be used, together with the fact that flour millers
are principally interested in grade color as a means of monitoring
the performance of their mills, has to a large extent resulted in
the yellowness component being ignored. In Australia, usually
only the grade value is reported to bakers as an indication of
flour color. Bakers require flour with a low degree of yellowness
for white breads, and many incorrectly interpret the Kent-Jones
grade value (KJ) as a measure of yellowness. KJ is determined
at 540 nm, a wavelength chosen deliberately to minimize effects
of yellowness (Kent-Jones et al 1950). This wavelength is very
close to the wavelength of maximum visibility of the human eye
(555 nm) (Croes 1961); therefore, it is an excellent measure of
the brightness (blackness or whiteness) of the sample. The car-
otenoid pigments that contribute to yellowness absorb most
strongly around 430 nm (Croes 1961).

The tests of the Kent-Jones color grader and the Agtron measure
the reflectance of a flour-water slurry. Slurry formation eliminates
particle size differences and aids the detection of bran particles.
However, it is the color of dry flour that is usually subjectively
assessed by the buyer.

It is important that flour color be correctly defined, measured,
and interpreted. Millers are mainly interested in bran contam-
ination. However, with the continuing trend to increased flour
extractions, advances in wheat breeding programs have resulted
in significant improvements in the extraction levels of new varie-
ties. Measurement of more than mere brightness is imperative.
In assessing varietal performance, the flour extraction at the equiv-
alent flour color needs to be compared. In these terms, flour
color should be defined as a visible marketing characteristic that
includes the attributes of both brightness and yellowness. Mea-



surement of this characteristic should therefore be made on dry
flour, rather than on slicks or slurries, in terms imitating visual
assessment.

Reflectance spectrophotometers and colorimeters using various
tristimulus systems are now readily available and are widely used
for color determination in the food and textile industries. These
instruments are designed to duplicate the response of the human
eye and are based on the definition of standard observer curves
adopted by the Commission Internationale de I’Eclairage (CIE)
in 1931 and modified in 1964 (Wyszecki and Styles 1982). These
instruments offer various color scales, all of which are mathe-
matical transforms of the tristimulus values X, Y, and Z.

X, Y, and Z are measurements of the proportional contributions
from the red, green, and blue components of the visible spectra
that would match the sample color. The green component of
the spectrum is where the human eye is most visually responsive;
therefore, the Y-tristimulus value can be considered a measure
of sample brightness. For a perfect reflecting diffuser, ¥ is equal
to exactly 100. A positive difference between the green spectral
contribution and the blue spectral contribution indicates yellow-
ness, whereas a negative difference indicates blueness. A posi-
tive difference between the red spectral contribution and the green
spectral contribution indicates redness, whereas a negative differ-
ence indicates greenness. Color can thus be considered in terms
of a three-dimensional coordinate system, with brightness from
black to white on a vertical scale and a horizontal plane denoting
yellow-blueness along one axis and red-greenness along the other.

Unfortunately, the shape described by such a system is not
regular, and because the eye is more sensitive to changes in some
colors than in others, the comparison of tristimulus values between
samples is difficult (Hunter 1975). This problem is overcome by
the CIE 1976 (L* a* b*) system, which uses cube-root
transformations:

L*=116 (Y/Y,)'* — 16
a* =500 [(X/X,)"* — (Y] Y,)"]
b* =200 [(Y/ Y,)'* — (Z/Z,)"*]

X, Y, and Z, are the tristimulus values of a nominally white
object when illuminated by a standard illuminant, and Y, = 100
by definition.

The values of L* a* and b* are therefore dependent on the
illuminant source used. D65 is an illuminant accepted as having
a spectral radiant power distribution closest to reflected diffuse
daylight.

L* is a function of the green spectral contribution and is a
measure of the brightness from black (0) to white (100). a* is
a function of the red-green difference. Positive a* indicates
redness; negative a* indicates greenness. b* is a function of the
green-blue difference. Positive b* indicates yellowness; negative
b* indicates blueness. The units within the L* a* b* system give
equal perception of color difference to a human observer.

Instruments using the L* a* b* system with built-in standard
illuminants offer the possibility of the simultaneous measurement
of all of the color attributes of a flour. In this study, we evaluate
three such instruments and describe a procedure for the
measurement of dry flour color as distinct from the measurement
of flour-water slurry color. Dry flour color and flour-water slurry
color have been related to KJ, flour ash content, and the AACC
yellow pigment value.

MATERIALS AND METHODS

Three tristimulus machines were compared: a Micromatch 2000
reflectance spectrophotometer (Instrumental Color Systems Ltd.,
Newbury, UK), a Hunterlab model D25-9SM spectrophotometer
(Hunter Associates Laboratory Inc., Reston, VA), and a Minolta
chroma meter CR-200 (Minolta Camera Co., Osaka, Japan).

The Micromatch 2000 uses a pulsed xenon lamp with integrating
sphere illumination (the desired CIE standard illuminant can be
selected), a diode array, and the option of including or excluding

the specular component and/or the UV portion of the spectrum.
For these experiments, both the specular component and the UV
portion of the spectrum were excluded. The Hunterlab D25-9SM
uses a halogen incandescent lamp with four solid-state silicon
detectors set at 0° viewing angle with the specular component
excluded. The Micromatch and the Hunterlab are not portable.
The Minolta CR-200 chroma meter is a small portable machine
using xenon pulse diffused illumination (only D65 or C standard
illuminants are selectable), with three response detectors set at
0° viewing angle and the specular component included. The
Micromatch 2000 offers the choice of color matching using either
the 2° or 10° standard observer. For these experiments, the 10°
observer was selected. Both the Hunterlab D25-9SM and the
Minolta CR-200 are preset to use the 2° observer. The 10° observer
confers greater precision than the 2° observer.

Thirty-three white-grained spring wheat crossbred lines from
the breeding program of the Agricultural Research Institute,
Wagga Wagga, NSW, were selected to give a range of grain hard-
ness. Milling through either a Buhler MLU-202 experimental mill
(Buhler Bros. Ltd., Uzwil, Switzerland) (9xx sieves) or a Brabender
Quadrumat Junior Mark II mill (6xx sieves) (Brabender Ltd.,
Duisberg, Germany) gave a range of visual color from white to
cream. In addition, 10 flour samples obtained from commercial
millings of Australian white-grained wheat grists were evaluated.

The color of the dry flour samples was measured in CIE 1976
L*,a* b* color space. Sample presentation to each machine was
in an near-infrared spectrophotometer (NIRS) cup. They were
found to be ideal to provide uniform sample presentation to the
color meters evaluated. For the Micromatch 2000 and Minolta
CR-200, a Technicon IAA NIRS cell (Bran & Luebbe,
Nordenstadt, Germany), 35 mm in diameter and 6 mm in depth,
was used. For the Hunterlab D25-9SM, a Neotec GQA NIRS
cell (NIRS Systems, Pacific Springs, CO), 50 mm in diameter
and 10 mm in depth, was used.

Kent-Jones color grade measurements were made in a Kent-
Jones and Martin series 3 color grader (Henry Simon Ltd,
Stockport, England) by using 30 g of flour plus 50 ml of distilled
water, mixing for 45 sec, and reading after an additional 45 sec
in a Kent-Jones test cell (Kent-Jones et al 1956). L*,a* b* mea-
surements of such slurries were made with the Micromatch and
Minolta instruments using the Kent-Jones and Martin test cell.

Ash and yellow pigment content were determined by AACC
methods 08-01 and 14-50, respectively (AACC 1983). Protein
measurements were performed using a Technicon Infra-analyser
400 (Bran & Leubbe) calibrated against Kjeldahl procedure
(method 46-12; AACC 1983), and measurements were reported
as percent N X 5.7. Grain hardness was determined as pearling
resistance by the method of Chesterfield (1971).

Water absorption was measured in the Brabender Farinograph
by the official method of the Royal Australian Chemical Institute
Cereal Chemistry Division (RACI 1988).

Flour color index (FCI) is defined as L* — b*.

Statistical analysis for linear or multiple correlation was per-
formed using Genstat IV (Laws Agricultural Trust, Rothamstead,
UK). Statistical analysis of ranks was performed using Kramer’s
rank sum test and Spearman’s coefficient of rank correlation
(Bender et al 1982).

RESULTS AND DISCUSSION

Comparison of Instruments

The magnitude, values, and range of results produced by the
different machines varied. Table I shows the range of values for
each instrument and each parameter. On the basis of testing a
wide range of commercial and experimentally milled flours not
considered in this article, the ranges obtained by the test set studied
are representative of flour colors frequently encountered. Table
II shows the coefficients of determination relating the three ma-
chines.

For the L* (brightness) values, the Minolta readings were only
slightly lower than those of the Hunterlab. The Micromatch was
less discriminating, possibly because of the more intense xenon
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