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Millstreams from pilot-scale millings of commercially grown wheats fluorescence despite a high level of ferulic acid. For all wheat classes,
from the Canadian hard common wheat classes Canada Western Red break flours gave a distinctly lower aleurone fluorescence than did reduc-
Spring, Canada Prairie Spring, Canada Western Red Winter, and Canada tion flours of comparable ash content and color; the former have a lower
Western Utility were used to evaluate the potential of fluorescence imaging aleurone content on the basis of ferulic acid content. Aleurone fluorescence
of aleurone tissue as a flour refinement indicator. Flour aleurone fluores- has good potential for on-line monitoring of mill performance because
cence was measured using UV excitation (excitation 365 nm, barrier >420 it is strongly related (P < 0.01) to the ash content and brightness of
nm). Aleurone fluorescence is acknowledged to be due to ferulic acid, reduction flours, a primary determinate of mill efficiency, for all wheat
which is highly concentrated in aleurone cell walls. In the current study, classes. The relationships of aleurone fluorescence to flour ash content
for every wheat class examined, aleurone fluorescence was highly cor- and flour color were homogeneous for Canada Western Red Spring wheats
related with ferulic acid content for every millstream with the exception from three crop years and two locations but were heterogeneous between
of bran finisher flour. Bran finisher flour gives a moderate aleurone wheat classes.

Flour derived from essentially pure starchy endosperm is highly
valued because of its brightness and superior processing capability
(Ziegler and Greer 1971). Therefore, the goal of millers who wish
to produce a white flour is to achieve the maximum efficiency
of separation of the starchy endosperm from other wheat kernel
tissues. Flour ash content and flour grade color determinations
are used widely to measure the degree of flour refinement. An
increase in flour ash content is indicative of less refined flour
because the starchy endosperm has a much lower ash content
than does aleurone or pericarp tissue (Hinton 1959, Morris et al
1946). The duller appearance of a less refined flour is reflected
by a higher flour grade color value (Kent-Jones and Martin 1950).

Neither ash content nor grade color are completely effective
flour refinement indices because they do not measure the contami-
nation of the flour by nonendosperm tissue directly but rather
measure related factors. Fulcher et al (1972) demonstrated that
the bluish white autofluorescence of the thick aleurone cell walls
seen under UV excitation (filter combination III) was identical
to that of pure ferulic acid crystals. This strongly suggested that
ferulic acid, which is highly concentrated in aleurone tissue, was
the compound responsible for the fluorescence. Munck et al (1979)
suggested that quantifying fluorescence compounds, such as feru-
lic acid, which are highly concentrated in a particular grain tissue,
could provide a direct measure of flour refinement. Subsequently,
Jensen et al (1982) used fluorescence to estimate aleurone, peri-
carp, and germ contamination of flour. Fulcher et al (1987), Wetzel
et al (1988), Pussayanawin and Wetzel (1987), and Pussayanawin
et al (1988) reported that the fluorescence of ferulic acid in flour
can be used to estimate aleurone contamination. Pericarp content
of flour also can be measured by fluorescence (Kissmeyer-Nielson
et al 1985; Munck et al 1979; Symons and Dexter 1991, 1992).

In contrast to flour ash content and grade color determinations,
computerized fluorescence methods for the measurement of flour
refinement have the potential of providing a rapid, nondestructive
analytical system for flour quality determination. A commercial
system (Dipix, Ottawa, Ontario, Canada) for the rapid measure-
ment of flour quality using the fluorescence characteristics of
flour has been reported (Wetzel et al 1990). These features make
fluorescence procedures promising for on-line monitoring of mill
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performance. Another promising rapid, nondestructive procedure
to estimate flour refinement is the use of reflected-light colori-
meters to measure the Commission Internationale de l'Eclairage
(CIE) 1976 L* brightness coordinate of flour (Allen et al 1989;
Dexter and Symons 1989; Symons and Dexter 1991, 1992).

The objective of this study was to further investigate the poten-
tial of estimating flour refinement by fluorescence imaging using
UV-light excitation to detect aleurone tissue. Individual mill-
streams from pilot-scale millings of a commercially grown No. 1
Canada Western Red Spring (CWRS) wheat sample were used
to establish relationships of fluorescence intensity to flour ash
content, flour grade color, and L* and to flour ferulic acid content.
The robustness of the relationships within the CWRS wheat class
was evaluated for millstreams from CWRS harvest survey samples
from two locations for three successive years. The effect of wheat
class on the relationships was evaluated for millstreams from
commercially grown samples of the Canada Western Red Winter
(CWRW), Canada Prairie Spring (CPS), and Canada Western
Utility (CWU) wheat classes.

MATERIALS AND METHODS

Wheat
All of the wheats used in this study have been described pre-

viously (Symons and Dexter 1992). The No. 1 CWRS control
is a composite of rail carlots unloading at terminal elevators during
the 1987-1988 crop year. The 1987-1989 harvest samples were
the Grain Research Laboratory (GRL) No. 1 CWRS harvest
survey composites from the western and eastern prairies. The
No. 1 CWU, No. 1 CWRW, and No. 1 CPS wheats all were
grown commercially in 1989.

Milling
Wheat was prepared for milling as described by Dexter and

Tipples (1987), tempered as described by Black (1980) to optimum
moisture according to hardness (16.3% for CWRS and CWU;
15.5% for CWRW; 15.2% for CPS) and milled using the GRL
pilot mill (Black 1980) hard wheat mill flow described by Symons
and Dexter (1991).

Flour Refinement Measurements
Flour ash content was determined in triplicate by the standard

AACC (1983) method 08-01. A Simon color grader series IV
(Henry Simon, Stockport, UK) was used for triplicated flour grade
color determinations as described in the instruction manual.

Tristimulus color coordinate measurements were performed in
duplicate with a Minolta Chroma Meter CR-23 1 (Meyer
Instruments Ltd., Cornwall, ON) on dry flour loaded in a Dickey-
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john near-infrared reflectance (NIR) cell. Color readings were
expressed by CIE 1976 L* (lightness), a* (red/green chromaticity),
and b* (yellow/ blue chromaticity) color space coordinates
(Francis 1983). Only L* values are reported because a* and b*
do not relate well to flour refinement (Symons and Dexter 1991).

Fluorescence Imaging
The fluorescence imaging procedures were described in detail

previously (Symons and Dexter 1991). Flour samples were loaded
into a Dickey-john NIR cell. For fluorescence imaging, the sample
was scanned using a X10 Neofluor objective on an Axiophot
microscope (Carl Zeiss, Canada). Epi-illumination used an HBO
50 burner through a No. 02 filter combination (excitation 365
nm, barrier >420 nm). The image was detected with a JVC BYl IOu
color camera (JVC, Toronto, Canada) and, for measurement,
the green video signal was passed to an AT-IBAS image processing
system (Kontron Electronik, Eching, West Germany) via a video
multiplexer. Of the video sources available to us, the signal from
the green video channel of the BYl 0u camera was found to
provide a wide dynamic range within the detection limits of the
saticon tube. In contrast, the blue video detector, which was highly
sensitive to the blue/ white aleurone fluorescence signal, was
frequently saturated by the same fluorescence signal. The red,
green, blue (RGB) camera was selected with knowledge of poten-
tial limitations but with the ability to switch rapidly between
the three video tubes (RGB) for sample measurement. This facility
was required as both aleurone and pericarp fluorescence (Symons
and Dexter 1991 1992) measurements were made for each flour
sample and each tissue required the use of different filters and
video detectors. For each flour sample, 25 images were captured.
Flour fluorescence measurements were standardized against a
uranyl glass standard.

A fully randomized block design was used for fluorescence
measurements. Each block contained all millstreams from all
wheats in random order. Each block was considered a single
replicate, and all measurements were completed in a single day.
Three replicates were run. This design eliminated day-to-day vari-
ability (Symons and Dexter 1991) and allowed direct comparison
between all of the imaged samples. The coefficient of variation
of relative aleurone fluorescence values is about 7%.

Ferulic Acid Analysis
Each flour was extracted in duplicate by the procedure of

Sosulski et al (1982) with minor modifications (Hatcher 1990)
to isolate total (free and bound) ferulic acid. Each extract was
analyzed in duplicate with a Waters (Milford, MA) 860 chroma-
tography data system using a Supelco (Bellefonte, PA) LC-18
analytical column under conditions described by Hatcher (1990).
The coefficient of variation of total ferulic acid content was 12. 1%.

Statistics
All statistics were calculated using the procedures of the SAS

(1988) software system version 6.04. Comparison for heterogeneity
of regression slopes was by analysis of covariance type I errors
(SAS 1986).

RESULTS AND DISCUSSION

Aleurone Fluorescence, Ferulic Acid Content, and Refinement
Indices of CWRS Flour Streams

As seen in Table I, the first three break (B) flours from the
No. 1 CWRS rail carlot composite were higher in ash content
and duller in color (higher grade color and lower L*) than were
the first three middlings (M) flours and the two sizing (S) flours,
which together make up the prime quality reduction flour. In
agreement with our previous report (Symons and Dexter 1991),
it was not possible to differentiate Bi, B2, and B3 from S1, Ml,
or M2 by aleurone fluorescence. S2 and M3 actually exhibited
a slightly stronger fluorescence than did Bi, B2, and B3.

Fluorescence microscopy has provided strong evidence that
ferulic acid, which is highly concentrated in aleurone cell walls,
is responsible for aleurone fluorescence (Fulcher et al 1972, 1987).

In the current study, the aleurone fluorescence of B 1, B2, and
B3, comparable to that of the highly refined reduction flours,
was consistent with ferulic acid contents. B 1, B2, and B3 contained
ferulic acid levels comparable to S1, S2, M1, and M2 and less
ferulic acid than M3.

The only flour to exhibit an anomaly between aleurone fluores-
cence and ferulic acid content was the bran finisher (BF) flour,
which gave a moderate fluorescence despite an extraordinarily
high ferulic acid content (Table I). When the BF flour was ex-
cluded, ferulic acid content of the remaining flour streams
exhibited a very strong relationship (r2 = 0.94) to aleurone fluores-
cence, comparable to that demonstrated by Fulcher et al (1987)
and Pussayanawin et al (1988) for American hard red winter
wheat millstreams.

Hard wheat break flours are derived from the outer region
of the starchy endosperm (Kent and Jones 1952), which is high
in ash content (Hinton 1959; Morris et al 1945, 1946) but low
in ferulic acid content (Fulcher et al 1972). Break flours also
are higher in pericarp tissue than are prime quality reduction
streams (Symons and Dexter 1991, 1992), and pericarp is also
high in ash content (Hinton 1959, Morris et al 1946) but low
in ferulic acid (Fulcher et al 1972). Therefore, the relatively high
ash content of break flours was not related exclusively to aleurone
contamination, accounting for the low aleurone fluorescence of
break flours relative to reduction flours of comparable ash content.

The B4 flour exhibited an aleurone fluorescence and ferulic
acid content consistent with reduction (middling and sizing) flours
of comparable ash content and color (Table I). However, in
contrast to the other break flours, the B4 flour from our standard
hard wheat pilot mill flow (Symons and Dexter 1991) was not
derived from grinding of coarse bran-rich material but rather
from finer bran-rich material from B3, the purifiers, and the
sizings. Therefore, B4 flour was similar in composition to a low-
grade reduction stream, as evident from its moderate protein
content.

It is well known that the flour grade color of the break flours
is not consistent with their functionality. Break flours show
superior functionality compared to reduction flours of comparable
flour ash and color content. Break flours have improved dough
and baking quality in comparison to similar reduction flours
(Holas and Tipples 1978, Black et al 1981, Preston et al 1982).
The relatively low value for aleurone fluorescence, when compared
to ash or grade color, for the break flours suggests that aleurone
fluorescence is a better indicator of flour functionality than are
either of the traditional quality measurements.

There is no obvious explanation for the consistent anomalous
aleurone fluorescence of BF flour except to note that the BF

TABLE I
Aleurone Fluorescence, Ferulic Acid Content, Refinement Indices,

and Protein Content of Flour Streams from a Pilot-Scale Milling of
a Composite of No. 1 Canada Western Red Spring Wheat Rail Carlotsa

Aleurone Ferulic Grade
Flour Fluorescence Acid Ash Color L* Protein
Stream (%) (,ug/g) (%) Units (%) (%)

Break 1 33.9 25.0 0.49 0.9 91.0 14.3
Break 2 33.6 22.5 0.49 0.9 90.8 15.7
Break 3 34.0 25.0 0.55 1.5 90.7 18.5
Break 4 45.8 116.3 1.03 6.1 88.8 12.7
Bran finisher 39.2 130.0 1.56 10.7 86.7 21.0
Sizing 1 33.6 18.8 0.39 -1.9 92.3 12.8
Sizing 2 35.6 25.0 0.35 -0.5 92.3 12.2
Middlings 1 33.5 25.0 0.35 -2.5 92.8 11.8
Middlings 2 33.8 27.5 0.40 -1.4 92.2 13.0
Middlings 3 36.2 36.3 0.43 -0.2 92.0 12.4
Middlings 4 42.5 81.3 0.77 3.7 90.8 12.7
Middlings 5 45.3 125.0 0.95 6.0 89.3 12.8
Middlings 6 47.0 177.5 1.47 11.3 87.4 14.6

Straight-grade 36.1 42.8 0.52 0.8 91.4 13.5

a Expressed on "as is" moisture basis.
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flour is produced by impacting rather than by grinding. The
preparation of flour by impacting may result in contamination
of the flour by seed coat tissues that either quench or restrict
fluorescence. Fulcher et al (1987) and Pussayanawin et al (1988)
also found high levels of ferulic acid in BF flour but did not
report BF flour aleurone fluorescence. BF flour is derived largely
from the starchy endosperm-bran interface and, therefore, is rich
in aleurone tissue. Regardless, the anomalous BF flour aleurone
fluorescence observed with our system is of little concern for
monitoring flour refinement because BF flour is a minor stream
and usually either is relegated to low-grade flour or is used for
industrial or feed purposes.

Although the relationship of ferulic acid content to ash content
is distinct for break flours and reduction flours (Table I), flour
ferulic acid content was strongly related to ash content (r2 =

0.89) for the complete set of millstreams from the CWRS carlot
composite milling. This relationship verifies the potential of ferulic
acid as an alternative to ash content as a flour refinement index
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(Pussayanawin et al 1988). Ferulic acid content also was strongly
related to grade color (r2 = 0.91) and L* (r2 = 0.83). When
protein content was included with ferulic acid as an independent
variable, the relationships to all flour refinement indices improved
(r2 to ash = 0.98; to grade color = 0.94; to L* = 0.94) because
Bi, B2, and B3, which have ferulic acid contents comparable
to the most refined prime reduction flours, are higher in protein
content (Table I).

The relationships of aleurone fluorescence to ash content (r2

= 0.60), grade color (r2 = 0.66), and L* (r2 = 0.42), although
significant (P < 0.05) when all flour streams are included (Table
I), are too weak to be effective for estimating flour ash content
or brightness reliably. When only the reduction flours and B4
flour are selected, the relationships of aleurone fluorescence to
the flour refinement indices become much stronger (r2 to ash
= 0.89; to grade color = 0.93; to L* = 0.92), indicating that
for reduction flours, aleurone fluorescence has excellent potential
as a flour refinement indicator. The clear differentiation by
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Fig. 1. The relationships of relative aleurone fluorescence values to flour ash content (A, D), grade color (B, E), and L* (C, F) for reduction
flour streams (A-C) and break flour streams (D-F) from composites of Grain Research Laboratory harvest surveys of No. 1 Canada western red
spring wheats from 1987 (circles), 1988 (triangles), and 1989 (squares) from the eastern (open symbols) and western (closed symbols) prairies. The
regression lines for the relationships for reduction flours are shown for reference with the break flour plots.
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aleurone fluorescence of BF flour from B 1, B2, and B3 holds
promise that break flour refinement also may be related to
aleurone fluorescence. However, conclusive evidence of its effec-
tiveness requires a break flour sample set with a more uniform
distribution of refinement than that exhibited by B1, B2, B3,
and BF.

Effects of Crop Year and Growing Location
The robustness of the relationships of aleurone fluorescence

to flour refinement indices for CWRS wheat millstreams was
investigated for eastern prairies and western prairies No. 1 CWRS
composites from the 1987, 1988, and 1989 GRL harvest surveys
(Fig. 1). The distinct relationships of aleurone fluorescence to
break and to reduction flours and the anomalously low fluores-
cence of BF flour were confirmed for all of the CWRS harvest
survey wheats.

Ferulic acid contents from selected streams of the eastern prairie
composites from each harvest year (Table II) confirmed the trends
observed earlier for the carlot composite sample (Table I). In
all cases, BF flour exhibited a high ferulic acid content consistent
with heavy aleurone contamination but a relatively moderate
aleurone fluorescence. The lower aleurone fluorescence of the

TABLE II
Aleurone Fluorescence, Ferulic Acid Content, and Flour Refinement

Indices for Selected Flour Streams from Pilot-Scale Millings
of Eastern Prairies No. 1 Canada Western Red Spring Wheat Samples

from the 1987, 1988, and 1989 Harvest'

Aleurone Ferulic Grade
Flour Fluorescence Acid Ash Color L*
Stream (%) (.ug/g) (%) Units (%)

1987
Break 3 33.6 25.9 0.60 1.5 91.1
Bran finisher 41.4 231.7 1.98 12.4 85.9
Middlings 1 37.0 23.5 0.35 -2.8 92.6
Middlings 3 39.3 52.4 0.47 0.5 91.8

1988
Break 3 32.4 27.5 0.50 1.2 90.7
Bran finisher 38.5 127.9 1.31 10.3 86.7
Middlings 1 34.5 19.7 0.32 -2.9 92.7
Middlings 3 40.7 52.9 0.53 0.6 92.1

1989
Break 3 31.1 24.9 0.55 1.1 90.8
Bran finisher 40.7 144.6 1.54 10.1 86.7
Middlings 1 34.4 27.3 0.33 -3.1 92.7
Middlings 3 40.8 62.8 0.58 1.1 92.0

a Expressed on "as is" moisture basis.

break flours compared to reduction flours of lower ash content
and greater brightness was consistent with relative levels of ferulic
acid within the streams. When Bl, B2, B3, and BF were excluded,
the relationships of aleurone fluorescence to all of the refinement
indices were very strong (r2 > 0.8), providing confirmation of
the excellent potential of aleurone fluorescence for monitoring
the refinement of CWRS reduction flours (Fig. lA-C). The rela-
tionships were also homogeneous (P > 0.8) among the samples.
This provides compelling evidence that the relationships of
aleurone fluorescence to reduction flour refinement are robust
and not influenced by environment. Therefore, the relationship
of CWRS reduction flour aleurone fluorescence to flour ash
content, flour grade color, and L* will be stable between different
CWRS wheat lots within a crop year and between crop years.

Effect of Wheat Class
Established flour refinement indices such as color tests and

ash content are effective for ranking flours from wheats of similar
class and origin (Ziegler and Greer 1971). However, they must
be used with caution when comparing wheats of contrasting class
and diverse origin (Ziegler and Greer 1971). Therefore, it was
of interest to determine the relationships of aleurone fluorescence
to flour ash content and flour color for Canadian hard common
wheat classes other than CWRS.

Analyses of individual millstreams from CPS, CWU, and
CWRW wheats are shown in Tables III-V. The three wheat classes

TABLE IV
Aleurone Fluorescence, Ferulic Acid Content, Protein Content, and Flour

Refinement Indices for Flour Streams from a Pilot-Scale Milling
of Commercially Grown No. 1 Canada Western Utility Wheat'

Flour
Stream

Break 1
Break 2
Break 3
Break 4
Bran finisher
Sizing 1
Sizing 2
Middlings 1
Middlings 2
Middlings 3
Middlings 4
Middlings 5
Middlings 6

Aleurone
Fluorescence

(%)

37.1
37.5
38.7
47.4
43.8
36.7
39.3
37.4
38.9
41.4
43.6
46.5
48.0

Ferulic
Acid

(Gg/g)
NDb
38.8
ND
ND
290.7
ND
ND
21.3
ND
48.8
ND
ND
ND

a Expressed on "as is" moisture basis.
bNot determined.

Ash
(%)

0.64
0.64
0.81
1.05
2.42
0.45
0.52
0.37
0.51
0.54
0.76
1.26
1.29

Grade
Color
Units

4.0
3.5
2.9
5.4

15.2
-1.2
-1.1
-2.4

0.1
1.3
3.5
6.8
6.8

L*
(%)

90.7
91.0
91.2
89.0
85.5
92.7
92.2
93.0
92.0
92.0
91.4
89.3
89.1

Protein
(%)

11.8
12.7
14.6
12.6
17.2
11.1
11.7
11.1
12.3
11.9
11.9
12.8
12.7

TABLE III
Aleurone Fluorescence, Ferulic Acid Content, Protein Content, and Flour
Refinement Indices for Flour Streams from a Pilot-Scale Milling of

Commercially Grown No. 1 Canada Prairie Spring Wheat'

Aleurone Ferulic Grade
Flour Fluorescence Acid Ash Color L* Protein
Stream (%) (,ug/g) (%) Units (%) (%)
Break 1 34.8 NDb 0.64 3.1 91.4 11.1
Break 2 34.6 43.2 0.60 2.6 91.7 11.6
Break 3 32.9 ND 0.57 1.2 92.4 13.0
Break 4 43.4 ND 0.83 5.6 89.5 11.0
Bran finisher 37.4 160.0 1.29 11.2 88.3 15.2
Sizing 1 34.5 ND 0.43 -2.5 93.0 9.6
Sizing 2 37.6 ND 0.45 -1.9 92.7 10.0
Middlings 1 37.6 33.2 0.39 -3.0 93.3 9.4
Middlings 2 36.3 ND 0.47 -0.5 92.8 10.6
Middlings 3 40.4 ND 0.53 1.5 92.2 10.3
Middlings 4 41.0 148.2 0.89 6.5 91.5 10.7
Middlings 5 42.3 ND 0.80 5.2 91.0 10.6
Middlings 6 44.1 ND 1.01 8.2 89.5 11.1

a Expressed on "as is" moisture basis.
bNot determined.

TABLE V
Aleurone Fluorescence, Ferulic Acid Content, Protein Content, and

Flour Refinement Indices for Flour Streams from a Pilot-Scale Milling
of Commercially Grown No. 1 Canada Western Red Winter Wheat'

Aleurone Ferulic Grade
Flour Fluorescence Acid Ash Color L* Protein
Stream (%) (,ug/g) (%) Units (%) (%)

Break 1 33.8 39.4 0.53 2.2 91.3 12.2
Break 2 31.8 ND 0.47 0.1 92.2 13.1
Break 3 31.7 ND 0.46 -0.6 92.6 13.6
Break 4 41.6 ND 0.80 4.0 90.1 12.1
Bran finisher 39.6 152.3 1.17 8.8 88.8 15.5
Sizing 1 30.8 ND 0.32 -4.0 93.7 10.0
Sizing 2 30.2 ND 0.31 -4.2 93.3 11.0
Middlings 1 34.4 22.6 0.30 -4.1 93.2 10.6
Middlings 2 32.1 ND 0.34 -3.3 93.9 10.6
Middlings 3 33.4 ND 0.39 -2.3 93.3 11.8
Middlings 4 35.3 ND 0.43 -1.8 93.3 11.4
Middlings 5 42.5 ND 0.53 0.4 91.3 11.2
Middlings 6 41.8 90.0 0.58 1.2 91.7 11.2

a Expressed on "as is" moisture basis.
bNot determined.
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all exhibited the same distinctly lower aleurone fluorescence of
break flours compared to reduction flours of comparable ash
content and color and the anomalously low aleurone fluorescence
of BF flour that were observed for the CWRS wheats (Tables
I and II, Fig. 1).

The ferulic acid content patterns for selected millstreams from
the three wheats (Tables III-V) were in general agreement with
the CWRS results (Tables I and II). The lower aleurone fluores-
cence of the break flours was at least partially attributable to
lower ferulic acid content compared to reduction flours of com-
parable ash content and color. The BF flours contained very
high levels of ferulic acid despite exhibiting moderate aleurone
fluorescence.

The strength of the relationships of aleurone fluorescence to
the flour refinement indices for each of the CWRW, CPS, and
CWU wheat samples was similar to that observed for the CWRS
samples. When only reduction flours (including B4) were con-
sidered, aleurone fluorescence correlated strongly (P < 0.01) to
ash content, grade color, and L* (r2 ranged from 0.73 to 0.93)
for each wheat. This provides strong evidence of the broad
applicability of aleurone fluorescence for estimating the degree
of refinement of hard common wheat reduction flours.

The relationships of aleurone fluorescence to the ash content
and color of reduction flours for the CPS (Table III), CWU (Table
IV), and CWRW (Table V) wheats were tested for homogeneity
to each other and to the previously discussed CWRS wheats (Table
I, Fig. 1). Heterogeneity was found between the wheat classes
(P= 0.05) for the relationships to all three flour refinement indices.
Rather than being discouraging, the heterogeneity of the flour
aleurone fluorescence relationships offers encouragement that it
may be a more objective flour refinement index than are existing
flour refinement indices for comparing flours from diverse wheats.

CONCLUSIONS

The aleurone fluorescence measurement system reported here
cannot distinguish between break flours and reduction flours of
lower ash content and brighter color. Break flours are derived
primarily from the outer part of the starchy endosperm, which
is high in protein content and high in ash content. Therefore,
break flours have aleurone content comparable to reduction flours
of lower ash content and brighter color, as reflected by comparable
ferulic acid contents.

Despite the limitations identified in this study, aleurone
fluorescence measurement has potential for on-line monitoring
of mill performance. Prime quality patent flours, which command
a premium price in divide flour markets, are composed of the
best quality reduction flours. Therefore, the key to improving
milling efficiency and profitability by on-line monitoring is to
maximize the yield and the degree of refinement of the best quality
reduction flours. Aleurone fluorescence was strongly related to
the refinement of reduction flours for all of the Canadian common
wheat classes examined.

Results from three different imaging approaches to the mea-
surement of flour fluorescence bran particle area measurement
(Wetzel et al 1990), microspectrofluorimetry (Fulcher et al 1987,
Pussayanawin et al 1988, Wetzel et al 1988), and the system
reported here all indicate the excellent potential for the rapid
determination of flour refinement. Although flour refinement has
been strongly related to flour ferulic acid content using high-
performance liquid chromatography and microspectrofluorimetry
methods, we focused on the comparison of flour fluorescence
measurements to ash and color determinations. While it may be
argued that fluorescence measurement of flour provides a superior
quality control specification, flour ash content and color grade,
despite their limitations, are used in most markets today. These
traditional indicators of flour quality have proven to be relatively
effective, and the acceptance of a fluorescence method would
certainly be hastened if a relationship between this and traditional
methods was demonstrated.
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Comparative Effects of Wheat Flour Protein, Lipid, and Pentosan
Composition in Relation to Baking and Milling Quality'

ROBERT GRAYBOSCH, 2 C. JAMES PETERSON,2 KENNETH J. MOORE 2

MARK STEARNS,3 and DANA L. GRANT4

ABSTRACT Cereal Chem. 70(1):95- 101

Variation in milling, baking, and dough-handling properties among handling and loaf characteristics. Flour protein concentration was found
58 hard wheat (Triticum aestivum) flours was examined in relation to to be the primary factor contributing to variation in both dough strength
the variation in flour protein and lipid concentrations and composition and loaf characteristics. Once the primary effects of protein concentration
and to the variation in water-soluble pentosan concentrations. Simple were established, flour polar lipid concentrations showed substantial posi-
correlations showed no single biochemical component capable of explain- tive contributions to dough handling. Loaf textural features largely were
ing more than 41% of the variation in any given quality parameter. Simi- unrelated to protein concentrations; however, glutenin concentrations,
larly, no single biochemical component was highly related to all qual- water-soluble pentosans, and flour lipids showed positive relationships.
ity attributes. Canonical analyses, a multivariate statistical approach, Assay of numerous biochemical components together with multivariate
revealed that the measured biochemical components were able to explain approaches may be needed to develop effective predictive models for
more than 90% of the variation in major quality attributes such as dough- observed variation in wheat end-use quality.

Understanding the biochemical basis for variation in hard red
wheat quality could enable the development of rapid, predictive
tests for end-use quality. Rapid biochemical tests capable of pre-
dicting wheat quality would enable millers to identify and com-
posite grain samples based on quality potential. Biochemically
based predictive tools would allow bakers the opportunity to make
adjustments to bakery formulations and equipment settings before
flour lots reached the bakery floor. Wheat breeders need to identify
which key biochemical components affecting quality are geneti-
cally controlled and amenable to alteration through selection.
Identification of biochemical components that are highly influ-
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enced by environment would assist in the development of wheats
with enhanced quality and stability over diverse environmental
conditions.

Attempts to explain the biochemical basis for flour quality
variation of hard wheats grown in North America are numerous.
Orth and Bushuk (1972), Khan et al (1989), and Graybosch et al
(1990) have examined the role of flour protein composition as
measured by the relative amounts of protein in various solubility
classes. The effects of lipid variation in relation to quality were
studied by Pomeranz et al (1966), Hoseney et al (1969), and Chung
et al (1980). Shogren et al (1987) analyzed the contribution of
pentosan composition. In each study, significant relationships
were established between quality variation and the biochemical
factor of interest. Thus, numerous biochemical components must
contribute to quality variation. No single biochemical component,
however, has been shown to explain more than a portion of the
quality variation observed among large numbers of flour samples.
Also, few studies have examined the relative effects of protein,
lipid, and pentosan composition in a common set of flour samples.

During the process of baking, wheat flour becomes a complex
biological system in which numerous flour biochemical compo-
nents interact with each other and with added ingredients to deter-
mine quality characteristics. A thorough understanding of the
biochemical basis for wheat flour quality variation will require
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