
> 50) with pulsed amperometric detection. J. Chromatogr. 464:365.
KOIZUMI, K., FUKUDA, M., and HIZUKURI, S. 1991. Estimation

of the distribution of chain length of amylopectins by high-performance
anion-exchange chromatography with pulsed amperometric detection.
J. Chromatogr. 585:233.

LANSKY, S., KOOI, M., and SCHOCH, T. J. 1949. Properties of the
fractions and linear subfractions from various starches. J. Am. Chem.
Soc. 71:4066.

SCHOCH, T. J. 1942. Non-carbohydrate substances in the cereal starches.
J. Am. Chem. Soc. 64:2954.

SUGIMOTO, Y., NISHIHARA, K., and FUWA, E. 1984. Some
properties of starches of lotus (Nelumbo nuifera Gaertn.) and arrowhead
(Sagittariafurifolia L.) (in Japanese). Denpun Kagaku 37:465.

SUZUKI, A., and HIZUKURI, S. 1979. Basic studies on cooking potatoes.
II. Effect of potato extract on the interrelation of gelatinization-
retrogradation of potato starch. Cereal Chem. 56:257.

SUZUKI, A., HIZUKURI, S., and TAKEDA, Y. 1981. Physicochemical
studies of kuzu starch. Cereal Chem. 58:286.

SUZUKI, A., TAKEDA. Y., and HIZUKURI, S. 1985. Relationship
between molecular structures and retrogradation properties of tapioca,
potato, and kuzu starches (in Japanese). Denpun Kagaku 32:205.

SUZUKI, A., KANEYAMA, M., TAKEDA, Y., and HIZUKURI, S.
1986. Physicochemical properties of nagaimo (yam) starch (in Japanese).
Denpun Kagaku 33:191.

TABATA, S., and HIZUKURI, S. 1971. Studies on starch phosphate.
Part 2. Isolation of glucose 3-phosphate and maltose phosphate by
acid hydrolysis of potato starch. Starch/Staerke 23:267.

TAKAGI, T., and HIZUKURI, S. 1984. Molecular weight and related

properties of lily amylose determined by monitoring of elution from
TSK-GEL PW high performance gel chromatography columns by the
low-angle laser light scattering technique and precision differential
refractometry. J. Biochem. 95:1459.

TAKEDA, C., and HIZUKURI, S. 1974. Characterization of the heat
dependent pasting behavior of starches (in Japanese). Nogei Kagaku
Kaishi 48:663.

TAKEDA, C., TAKEDA, Y., and HIZUKURI, S. 1983. Physicochemical
properties of lily starch. Cereal Chem. 60:212.

TAKEDA, C., TAKEDA, Y., and HIZUKURI, S. 1989. Structures of
amylomaize amylose. Cereal Chem. 66:22.

TAKEDA, Y., and HIZUKUR1, S. 1969. Improved method for
crystallization of sweet potato 13-amylase. Biochim. Biophys. Acta
185:469.

TAKEDA, Y., and HIZUKURI, S. 1987. Structures of branched
molecules of amyloses of various origins, and molar fractions of
branched and unbranched molecules. Carbohydr. Res. 165:139.

TAKEDA, Y., SHIRASAKA, K., and HIZUKURI, S. 1984. Examination
of the purity and structure of amylose by gel-permeation chroma-
tography. Carbohydr. Res. 132:83.

TAKEDA, Y., HIZUKURI, S., and JULIANO, B. 0. 1986. Purification
and structure of amylose from rice starch. Carbohydr. Res. 148:299.

TAKEDA, Y., HIZUKURI, S., and JULIANO, B. 0. 1987. Structures
of rice amylopectins with low and high affinities for iodine. Carbohydr.
Res. 168:79.

TAKEDA, Y., HIZUKURI, S., and JULIANO, B. 0. 1989. Structures
and amounts of branched molecules in rice amyloses. Carbohydr. Res.
186:163.

[Received April 23, 1991. Revision received September 26, 1991. Accepted October 4, 1991.]

Effects of Metal-Complexing Agents on Water Binding by Gluten

ROBERT L. CLEMENTS'

ABSTRACT Cereal Chem. 69(3):315-320

Glutens from four soft red winter wheat cultivars were obtained by
sedimentation (fractionation) of flours in water, in ethylenediaminetetra-
acetic acid (EDTA) at four concentrations (0.00125-0.0075M), and in
1 M sodium chloride. Glutens then were repeatedly extracted with water
by suspension of fragmented gluten in water followed by centrifugation
at 1,000 X g. Volumes of sediments were measured after each centrifugation
to determine water binding. Glutens obtained by sedimentation of flours
in 0.0075M EDTA or in IM sodium chloride became increasingly hydro-
philic during water extraction, forming voluminous gels. Glutens from
flours fractionated in 0.00125M EDTA did not swell. When flours were
fractionated in 0.0025M EDTA, swelling of Becker gluten approached
the response from fractionation of flour in 0.0075M EDTA, but Hillsdale

The hydrophobic nature of gluten and the role of the hydrophobic
character in the behavior of gluten and flour have been the subject
of many studies. Much of the early work was devoted to investiga-
tions of gluten extractability and of factors that affect dispersibility
in water (peptization). Results of numerous studies showed that
inorganic salts affect gluten solubility to a great degree and that
effects are dependent on the salt species (Dill and Alsberg 1924,
Tague 1925, Blish and Sandstedt 1926, Sharp and Herrington

'Research chemist, USDA Agricultural Research Service, Soft Wheat Quality Labo-
ratory, OARDC-OSU, Wooster, OH 44691. Mention of firm name or trade product
does not constitute endorsement by the U.S. Department of Agriculture.

This article is in the public domain and not copyrightable. It may be freely
reprinted with customary crediting of the source. American Association of
Cereal Chemists, Inc., 1992.

gluten exhibited only slight swelling. Glutens from Caldwell and Compton
flours showed intermediate swelling. Glutens obtained by fractionation
of flours in water followed by treatment with sodium chloride or EDTA
and lyophilized also exhibited measurable swelling when gluten powders
were extracted with water. Wide differences between swelling responses
of Becker and Hillsdale glutens, regardless of location or crop year, indicate
a genetic basis for the differences. Results suggest that divalent cations
bound to gluten are removed by EDTA (or by sodium chloride at high
concentrations), resulting in increased interaction with water. Amounts
of EDTA required to induce maximum response appear to vary with
genotype.

1927, Gortner et al 1929, Harris 1931, Rich 1933, Sinclair and
Gortner 1933). More recently, Preston (1981, 1989) studied the
effects of neutral salts on gluten and dough properties, noting
that changes in protein extractability due to variation in salt con-
centration and anion species can be attributed to hydrophobic
interactions that are a function of the inherent hydrophobic
properties of the protein (rather than of the metal-protein com-
plex). Results of these and other studies suggest that hydrophobic
interactions between gluten fibrils contribute to gluten elasticity
and therefore play an important part in rheological and baking
behavior (Bernardin and Kasarda 1973, Kinsella and Hale 1984).

These studies have been concerned primarily with behavior of
the proteins in the presence of a specific salt at a particular concen-
tration. They have not been concerned with possible salt-induced
effects that might be manifested after transfer of the gluten to
water or to a more dilute salt solution. A previous report showed
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that gluten exposed to 1 M sodium chloride and then washed
with low-conductivity water became increasingly hydrophilic
(Clements 1973). Treatment with 0. IM sodium chloride caused
some swelling, while 0.01 M sodium chloride had no visible effect.
This drastic reversal of the normally hydrophobic character of
gluten suggests that, at sufficiently high concentrations, sodium
chloride removes or neutralizes a factor that hinders gluten-water
interaction. Among the factors associated with gluten that might
be sensitive to such treatment are divalent cations. Although more
strongly bound to proteins than monovalent cations, divalent
cations such as Ca2+ and Mg 2+ might be displaced by monovalent
cations such as Na+ when present in high concentrations. A con-
sequence could be removal of inter- or intramolecular bridges,
which in turn could lead to increased hydration (Haurowitz 1950).

Because of the possible implication of polyvalent metal ions
in enhanced water binding by gluten after salt treatment, effects
of metal-complexing (chelating) agents on gluten behavior were
studied. Objectives were to compare effects of agents such as
ethylenediaminetetraacetic acid (EDTA) with effects of sodium
chloride, to compare different treatment and hydration conditions,
and to establish possible differences among cultivars.

MATERIALS AND METHODS

Materials
Flour specimens were year and location samples on hand at

the Wooster laboratory, milled either in the laboratory or by
a commercial mill (Table I). All flours were straight-grade flours
milled from pure cultivars of soft red winter wheats. Flours weights
were not adjusted for moisture.

All reagents were reagent grade. Solutions of EDTA (Matheson,
Coleman and Bell, Norwood, OH) and Chel CD (trans-1,2-
diaminocyclohexane-N,N,N',N'-tetraacetic acid monohydrate)
(Fluka Chemical Corp., Ronkonkoma, NY) were adjusted to pH
6.0 with sodium hydroxide before use. House-deionized water
was further purified by passage through two mixed-bed ion-
exchange columns in series (Ion Exchanger, research model 2,
Illinois Water Treatment Co., Rockford, IL). Conductivity ranged
between 0.5 and 2.0 ,iS/cm.

Analytical Procedures
Protein was calculated from Kjeldahl nitrogen (N X 5.7). Ash

was determined gravimetrically using a modification of the rapid
ash method (AACC 1983, method 08-02) with addition of mag-
nesium acetate but with incineration at 5550C for 15 hr. Particle
size (mean volume diameter) was determined with a Microtrac
Particle-Size Analyzer (model 799-0, Leeds & Northrup,
Microtrac division, Largo, FL), using 2-propanol as a medium
(AACC 1983, method 50-11).

Gluten Treatment and Extraction
Two approaches were used. The first procedure involved treat-

ment of gluten proteins during isolation by sedimentation (frac-

TABLE I
Flours Included in Gluten Hydration Study

Proteina
Flour Origin Crop Year (%)
Becker 1 Ohio 1988 9.8

2 Ohio 1988 9.5
3 Ohio 1985 7.5
4 Ohio 1985 9.0
5 Ohio 1986 8.7

Hillsdale 1 Michigan 1988 9.5
2 Michigan 1988 11.1
3 Washington 1988 9.1
4 Washington 1987 10.7
5 Michigan 1987 9.4
6 Michigan 1986 8.3

Caldwell Indiana 1988 8.6
Compton Indiana 1986 8.1

a Moisture basis, 14%.
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tionation) of flour in the treatment medium, followed by repeated
water extraction of the freshly isolated and fragmented wet gluten.
The second approach involved similar treatments but also included
treatment of glutens after isolation. In this second series of
experiments, treated glutens were lyophylized and ground, and
the gluten powders were extracted sequentially with water. In
both series, swelling of gluten during water extraction was deter-
mined by measuring the volume of sediment (±0.1 ml) after
centrifugation at 1,000 X g after each step of extraction. Water
and solutions were cooled to about 40C before addition, and
suspensions were maintained at 40C during settling. All water
extractions of gluten were by centrifugation at ambient temper-
ature (IEC model V centrifuge with IEC 240 horizontal rotor
accommodating 8- X 100-ml polycarbonate tubes, International
Equipment Co., Boston, MA).

Studies of Freshly Prepared Wet Glutens
Gluten preparation. A conventional aqueous fractionation pro-

cedure was employed (Yamazaki et al 1977), but only the gluten
fraction was retained. Control glutens were prepared by fractiona-
tion of flours in water. For treatments, sodium chloride (0.01
and 1kM), EDTA (0.00125, 0.0025, 0.005, and 0.0075M), or Chel
CD (0.0025 and 0.005k) solutions were substituted for water.
The basic procedure was as follows: Flour (500 g) was placed
in a mixing bowl of a food mixer (model C-100, Hobart Corp.,
Troy, OH), 350 ml of water was added, and the dough was mixed
for 3 min at low speed. An additional 650 ml of water was added
and the dough liquified by mixing an additional 3 min at low
speed. The batter was transferred to a blender (model PB-5, two-
speed, with 1,250-ml glass jar, Waring Products Corp., New York,
NY), blended for 1 min at high speed, divided between two centri-
fuge cups (bottom portions of 1-L polyethylene bottles), and
centrifuged 15 min at 1,000 X g at 40C (Sorvall model RC-3
refrigerated centrifuge with HG-4L rotor, DuPont Instruments,
Wilmington, DE). Supernatant was decanted and tailings were
scraped off and discarded. The gluten pads were peeled from
the starch, and each was kneaded in 10 100-ml changes of 0.0IM
sodium chloride (40 C).

Water extraction of gluten and measurement of swelling. Fresh
gluten (50 g) was cut into small pieces (8-12 g) with scissors.
About 800 ml of 0.01M sodium chloride (40C) was placed in
a tall, graduated 1-L beaker with a neck (Fleaker, Corning Glass
Works, Corning, NY). A homogenizer (Super Dispax model SD-
45N with G-450 generator, Tekmar Co., Cincinnati, OH) was
lowered into the flask with the blades 1 cm from the bottom
of the flask. With the homogenizer operating at maximum speed
(10,000 rpm), the gluten pieces were added and homogenized one
at a time. Homogenization was continued for 30 sec after the
last piece was dispersed. Additional 0.O1M sodium chloride was
added to fill the beaker, and the suspension was stirred and allowed
to settle. Foam was broken by gentle intermittent stirring. If severe
and stable, the foam was skimmed off and broken by subjecting
it to vacuum, and gluten particles were returned to the beaker.
The supernatant was decanted as soon as a sharp interface
appeared (i.e., with the sediment occupying a volume of about
200 ml) and replaced with fresh 0.01M sodium chloride. The
mixture was stirred vigorously to disperse the gluten and, after
settling, again was decanted. The gluten was finally homogenized
for 10- 15 sec in 500 ml of 0.01M sodium chloride, and the volume
was adjusted to 600 ml. With suspension maintained by stirring
and swirling, the mixture was poured to fill six 90-ml glass centri-
fuge tubes to provide six aliquots, each containing about 6 g
of wet gluten (determined by centrifugation of one aliquot). Two
tubes were selected for extraction, and the remaining tubes were
refrigerated for possible replicate extractions. Gluten in the
selected duplicates was allowed to settle (5-10 min), and super-
natants were decanted and replaced with water. The sediment
was resuspended by stirring, and the tubes were centrifuged 5
min at 100 X g. Volume (±0.1 ml) of sediment was measured
by reference to a graduated tube, and the supernatant again was
decanted and replaced with water. After stirring, the suspension
was centrifuged 5 min at 1,000 X g, and the volume of sediment




