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The phytate content of wheat bran is of interest because bran, an cultivars. Phytate content of the brans from 15 soft wheat cultivars grown
important dietary fiber source, contains significant amounts of phytate, at three different locations during the same crop year was influenced
which has been reported to impair mineral retention under certain dietary strongly by environmental factors. For these cultivars, the phytate content
circumstances. The purposes of this study were to examine the phytate of the bran was significantly (P < 0.01) correlated with the milling param-
content of brans from soft wheat cultivars as influenced by kernel size eters percent flour extraction, endosperm separation index, and friability
and growing location and to determine whether any relationships existed (r = 0.53, -0.41, and 0.47, respectively). These correlations suggest that
between phytate content and flour and milling quality parameters. The endosperm is more easily separated from bran and reduced to flour when
influence of kernel size upon bran phytate content was determined in it is from soft wheats in which the bran phytate content is greater. The
six soft wheat cultivars. The phytate content was significantly greater rankings of bran phytate content and milling and flour quality parameters
(12-24%) in bran obtained from the larger kernels in three of the six were highly variable across cultivars and growing locations.

Phytic acid (myo-inositol 1,2,3,5/4,6-hexakis[dihydrogenphos-
phate]) is a compound found in most mature cereal seeds that
provides from 40% to more than 80% of the total phosphorus
in the seed (O'Dell et al 1972, Lolas et al 1976). It frequently
occurs as phytin, a mineral storage material that is used to support
seedling growth. In many cereals phytin is found in electron-
dense particles called globoid crystals that consist mainly of a
mixed magnesium and potassium salt of phytic acid (Lott and
Ockenden 1986). A major part of the phytate in wheat grains
is found in the aleurone layer (O'Dell et al 1972, Wada and Maeda
1980). During the milling process, most of these aleurone cells
remain with particles of pericarp; hence phytate becomes
concentrated in the bran fractions. Therefore, whole wheat may
contain about 0.3% phytate and the bran may contain 5% (O'Dell
et al 1972).

The potential for large amounts of phytic acid (IP6, the
hexaphosphate ester of phytic acid) in a diet to cause negative
mineral retention has been known for many years. A review by
Morris (1986) addressed some of the complicated relationships
between dietary mineral, protein, and phytate contents and
mineral availability. In agreement with earlier investigations,
current articles have presented evidence that, in humans, retention
of calcium (Kies 1985), iron (Brune et al 1989, Halberg et al
1989), and zinc (Sandstrdm et al 1987) can be decreased signifi-
cantly by diets high in phytate. Evidence from feeding studies
with suckling rats indicated that the phytate species IP6 and IP5,
but not lower phytate esters, had antinutritive effects (Lonnerdal
et al 1989).

The relationships of phytate content in bran to the milling
properties and flour quality of wheat cultivars grown at different
locations have not been investigated, to our knowledge. Flour
quality and milling properties are known to be influenced both
by cultivar type and by environmental conditions. Kernel hardness
of winter wheats are influenced more by cultivar than by climatic
conditions (Pomeranz et al 1985). Phosphorus concentrations in
bran have a significant phenotypic correlation (Peterson et al
1986). A significant decrease in phytate content of wheat grown
under dry land versus irrigated conditions has been reported
(Bassiri and Nahapetian 1977). Relationships between the phytate
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content of bran and milling parameters or flour quality properties
have not been reported and, a priori, it is not clear why any
such relationships should exist.

The first objective of this study was to determine whether the
phytate content of bran was influenced by kernel size. For this
purpose, kernels from six cultivars were sifted into three size
distributions. The second objective was to determine what rela-
tionships, if any, existed between bran phytate content and some
milling and flour quality parameters of a set of 15 cultivars that
were grown at three locations during the same crop year. The
third objective was to examine the influences of environment and
cultivar upon bran phytate content in comparison with these
influences upon the other parameters. Typical milling procedures
were used. Measurements of IP6, IP5, IP4, and starch content
of the larger bran particles were included as part of the analytical
scheme.

MATERIALS AND METHODS

Sample Preparation
Kernels from six cultivars of soft wheat grown at various

locations and during different crop years (CY) were examined.
The cultivars were Hart and Severn (CY 1983); Frankenmuth,
Adena, and Titan (CY 1985); and Florida 301 (CY 1986). Franken-
muth is a white cultivar; the remainder are red. Kernels of each
cultivar were cleaned and sieved into three size distributions, using
two appropriate sieves with square openings of 7/64, 8/64, 9/64,
or 10/64 in. (i.e., openings of about 2.8, 3.2, 3.6, or 4.0 mm).
Shriveled and broken kernels were discarded before sieving.

A second group of 15 soft wheat cultivars was grown at nurseries
located at East Lansing, MI (Michigan State University);
Lafayette, IN (Purdue University); and Pullman, WA (Washing-
ton State University). The harvested wheat was cleaned, and
grossly shriveled and broken kernels were discarded before milling.
The rainfall at Lafayette was below normal, and wheat from that
location contained many lightly shriveled kernels that were
included in the samples. Seven of the cultivars were red wheats:
Arthur, Auburn, Caldwell, Cardinal, Hillsdale, Pioneer 2550, and
Tyler. Eight of the cultivars were white wheats: Augusta, Crew,
Daws, Frankenmuth, Hill 81, Lewjain, Nugaines, and Stephens.

All wheats were milled at the Soft Wheat Quality Laboratory
in a modified Brabender Quadrumat Jr. mill twice modified to
handle small quantities (1,500-g samples) of wheat (Yamazaki
and Andrews 1982, Finney and Andrews 1986). The bran was
collected and stored in a cold room at 2-3° C until it was
transported to the National Center for Agricultural Utilization
Research for storage at below 00C until used. After each sample
had equilibrated to room temperature, it was gently sieved by
hand through a 10- and a 20-mesh screen (1.91- and 0.86-mm
square openings, respectively). Brans collected over the two
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screens were used in this study, and the data from the two distri-
butions were pooled.

Measurements of Phytate
Bran flakes, about 200 mg, were sonicated in 5.0 ml of 0.5N

HC1 to extract phytate, as previously described (Lehrfeld 1989).
Amounts of IP6, IP5, and IP4 in the bran flakes were measured
by a slightly modified ion-pair chromatography method described
by Lehrfeld (1989).

A brief description emphasizing modifications in the procedure
is given below.

Mobile phase. The mobile phase was prepared by mixing 560
ml of HPLC-grade methanol and 440 ml of 0.035M formic acid.
Ten milliliters of tetrabutylammonium hydroxide (40%, w/w,
solution in water) was added, and the pH was adjusted to 4.2-4.3
by the addition of SM sulfuric acid. The solution was filtered
through a nylon membrane (47 mm, 0.45-,um pore size) and
deaerated by stirring in vacuo for 3-5 min.

Chromatography. The mobile phase was pumped through the
heated (40'C) PRP-1 5-,um (150 X 4.1 mm) column (Hamilton
Co., Reno, NV) at a rate of 0.8 ml/min. The injection volume
was 20 Mul.

Measurement of Starch
Enzymatic determinations of starch were accomplished by a

procedure used by Salomonsson et al (1984). Duplicate samples
of bran flakes (300-450 mg) were weighed into 25-ml thick-walled
Pyrex-glass tubes that could be sealed tightly with Teflon-lined
screw caps.

Acetate buffer (0.1 M, pH 4.8, 20 ml) and thermostable a-
amylase (E.C. 3.2.1.1, Termamyl 120 L, Novo A/S, Bagsvaerd,
Denmark, 132 KNU/g, 80 jil) were added, and the tubes were
placed in boiling water for 30 min. During the 30-min incubation,
the sealed tubes were shaken a minimum of three times. After
removal from the boiling water, the tubes were allowed to cool
to about 500 C, and suspended amyloglucosidase from Aspergillus

niger (E.C. 3.2.1.3 Sigma, A-3514, 150 1.l) was added. The test
tubes were capped, placed at 550C in a water bath, and shaken
overnight. After the test tubes were cooled to room temperature
and centrifuged (3,500 rpm, 10 min, i.e., about 2,800 X g), glucose
concentrations were measured in 10-gil aliquots of the supernatants
by a glucose oxidase procedure (Sigma Diagnostics Glucose
[Trinder], procedure No. 315, Sigma, St. Louis, MO). The starch
content of each bran fraction was assayed in duplicate.

Other Measurements
Moisture, protein, ash contents, and alkaline water retention

capacity of flours were determined in duplicate by AACC methods
44-15A, 46-1 lA, 08-01, and 56-10, respectively (AACC 1983).
Six important milling and baking parameters straight grade
flour yield, in percent (EXT); break flour yield, in percent;
endosperm separation index, in percent (ESI); friability; alkaline
water retention capacity; and cookie diameter were used to
evaluate wheat flours (Finney et al 1987). Some comments and
definitions of ESI and friability, as used by the USDA ARS
Soft Wheat Quality Laboratory, are presented in the appendix
to this article.

The content of starchy endosperm (flour) adhering to the bran
fractions was estimated to obtain approximate values of bran
phytate contents on a "flour free" basis. We assumed that such
a calculation would be useful in removing a potential bias when
comparing the phytate contents of the brans.

The amount of endosperm that adheres to the bran particles
is variable and depends on several factors. The protein content
of the endosperm associated with the bran was estimated to be
the same as that of the flour milled from the wheat samples.
This protein estimate is likely to be low, for studies have shown
that the protein content of the starchy endosperm decreases as
a function of distance from the exterior to the center of the kernel
(MacMasters et al 1971). For calculation purposes, we considered
endosperm to be flour that consisted of two components: starch
and protein. Since 100% minus percent protein is estimated to

TABLE I
Contents of IP6' and Starch, Estimated Contents of Endosperm and of IP6 in Endosperm-Free Brans, Protein Contents of Straight-Grade Flours

Obtained from Different Size Distributions of Soft Wheat Kernels, and Percent Weight Fraction Values of Size Distributionsb

Estimated Weight
Estimated IP6, Kernel Starch Protein Endosperm

IP6 in Brand Without Endosperm Weight Fraction in Bran in Flour in Bran
Samplec (%) (%) (%) (%) (%) (%)

Adena
OV 9/64 4.48 Ac (0.18)Y 5.71 Ac (0.20) 16.2 19.6 9.3 21.6
Th 9/64, Ov 7/64 4.01 bc (0.30) 5.24 bc (0.41) 79.1 21.3 9.2 23.4
Th 7/64 3.19 Ab (0.04 4.22 Ab (0.08) 4.8 22.4 8.7 24.4

Florida 301
Ov 10/64 4.78 A (0.17) 5.50 A (0.19) 3.6 11.4 13.4 13.1
Th 10/64, Ov 8/64 4.61 B (0.10) 5.44 B (0.17) 81.5 12.9 12.4 14.6
Th 8/64 3.74 AB (0.16) 4.43 AB (0.19) 14.9 13.5 13.5 15.6

Frankenmuth
Ov 10/64 5.41 A (0.11) 6.56 A(0.14) 5.3 15.8 9.9 17.5
Th 10/64, Ov 8/64 5.12 b (0.37) 6.27 b (0.37) 88.0 16.8 9.9 18.6
Th 8/64 4.63 Ab (0.24) 5.76 Ab (0.22) 6.7 17.9 9.4 19.7

Hart
Ov8/64 5.11 (0.16) 6.32(0.22) 20.6 17.1 11.3 19.3
Th 8/64, Ov 7/64 5.05 (0.11) 6.33 (0.12) 72.1 18.1 10.9 20.3
Th 7/64 4.86 (0.12) 6.13 (0.17) 7.3 18.1 10.9 20.3

Severn
Ov 9/64 5.91 (0.32) 7.03 (0.34) 11.2 14.3 10.2 15.9
Th 9/64, Ov 7/64 5.54 (0.29) 6.78 (0.31) 86.6 16.5 9.5 18.2
Th 7/64 5.39 (0.18) 6.70 (0.28) 2.2 17.9 8.8 19.6

Titan
Ov 9/64 4.91 (0.30) 5.99 (0.38) 10.6 16.3 9.1 17.9
Th 9/64, Ov 7/64 5.07 (0.20) 6.41 (0.27) 86.8 19.1 9.1 21.0
Th 7/64 4.66 (0.19) 6.10 (0.24) 2.7 21.5 9.2 23.7

aPhytic acid.
bAll values in table reported on a dry weight basis. Within a variety, values not followed by letters were not significantly different. Within each
variety, values in a column with the same letter are significantly different. Capitals, P < 0.001; lower case, P < 0.05.

'Th = through sieve size, Ov = over sieve size.
dPooled data of n = 6, three values from each sieved bran distribution, except for Titan, where n = 3 (Th 7/64 seed, Ov 10 bran not available).
'Standard deviation of means are given in parentheses.
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