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Effect of Addition of Zein and Gliadin on the Rheological Properties
of Amylopectin Starch with Low-to-Intermediate Moisture'

H. MADEKA? and J. L. KOKINI?>?

ABSTRACT

The effect of protein-starch interaction on the rheological properties
of 98% amylopectin starch with intermediate-to-low (20-40%) moisture
content and in the temperature range of 100-150°C was examined using
zein and gliadin proteins. Protein-starch interactions resulted in increased
viscosity once a threshold temperature was exceeded. The threshold tem-
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perature is dependent on the moisture content of the system and the
nature of the protein. The lower the moisture content is, the higher the
threshold temperature is.-Gliadin + amioca had a lower threshold temper-
ature compared to zein + amioca.

All cereals flours (corn flour, oat flour, wheat flour, rice flour,
etc.) contain different levels of starches (amylose and amylo-
pectin), proteins (albumins, globulins, prolamins, and glutelins),
and lipids (polar and nonpolar). The resulting rheological proper-
ties of cooked cereal flours strongly depend on order-disorder
transitions in each chemical constituent (starch, protein, and
chemical transformations) as well as secondary and tertiary inter-
actions among them. Temperature and water content are also
important factors affecting chemical and physical interactions
among the constituents. In this article we examine the effect of
the addition of protein on starch rheological properties in limited-
moisture environments.

Starches, when heated in excess water, undergo swelling and
subsequent dissolution. Models of starch gelatinization have been
proposed by Remsen and Clark (1978) and Gomez and Aguilera
(1984). Wang et al (1989) showed that 14 molecules of water
per molecule of anhydrous glucose were necessary for starch to
undergo complete gelatinization. Differential scanning calori-
metry data suggest that starches with a limited quantity of moisture
have peak transition temperatures that increase with a decrease
in moisture content (Breslauer et al 1988, Wang et al 1989).

Starch granules undergo changes when subjected to shear in
the presence of limited moisture (less than 14 molecules per mole
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of anhydrous glucose) and higher temperatures. Some of these
changes are not seen in cases of excess water and absence of
shear. These changes can be characterized as losses of birefringence
and crystallinity (Anderson et al 1970, Bhattacharya and Hanna
1987) and reductions in molecular size of both amylose and
amylopectin (Colonna et al 1984, Davidson et al 1984, Klingler
et al 1986, Wen and Wasserman, 1990). Mechanical stresses result
in the reduction of molecular size of the amylopectin fraction
(Basedow et al 1979, Davidson 1983). Wang et al (1991) established
that when starch is subjected to shear stresses, the conversion
(gelatinization and/or melting) temperature is reduced based on
the intensity of the applied shear stress.

Transformations in proteins are equally complex. Changes in
protein due to heat processing can be separated into four different
types (Bender 1978).

The first type of change, which requires only mild heat, is an
alteration of tertiary structure (denaturation). The physical and
chemical properties of proteins are changed: globular protein can
suffer changes in solubility, viscosity, osmotic properties, and
electrophoretic mobility, among others that accompany the un-
folding of long chains, with the liberation of reactive groups such
as amino, hydroxyl, carboxyl, and sulfhydryl groups.

The second type of change is caused by mild heat in the presence
of reducing substances and results in linkage between the end
(¢) amino group of lysine with a reducing group. This is Maillard
or nonenzymatic browning.

In the third type of change, more severe heating reduces the
availability of other amino acids, as well as lysine, and can occur
in the absence of reducing substances. Cysteine is relatively sensi-
tive and can be converted into compounds such as methyl mercaptan,
dimethyl sulfide, and dimethyl disulfide at temperatures of 115°C.
There is usually a fall in digestibility as well. Reactions can take
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place within proteins themselves between free amino groups of
lysine and arginine and free acid groups of aspartic and glutamic
acids or with amide groups such as asparagine and glutamine.
Amino acids can react with sulfur groups, particularly cysteine
and to a lesser extent methionine and the imidazole ring of
histidine.

The fourth change is caused by excessive heat applied to the
outside of roasted foods, which leads to the destruction of amino
acids by complete decomposition or by racemization and forma-
tion of cross-linkages forming polyamino acids. Temperatures
of 180-300°C, such as are involved in roasting coffee, meat, and
fish and in baking biscuits, have these effects.

Thermal transition temperatures increase with decreasing mois-
ture content (Mitchell and Areas 1991). A concentrated solution
of protein melt is formed by the proteins dissolving into a
superheated aqueous phase over a range of temperature (Ledward
and Mitchell 1988).

Proteins that undergo reversible thermal denaturation under
one set of conditions can undergo irreversible thermal denatura-
tion in a slightly different set of conditions. Thermal denaturation
often results in the formation of aggregate molecules that have
first undergone reversible denaturation. The rate of appearance
of irreversibility is generally accelerated by an increase in protein
concentration, showing that the reaction is higher than first order.
The mechanism for formation of the aggregates includes formation
of intermolecular cross-links by disulfide interchange (Warner
and Levy 1958). Bonds or interactions that are responsible for
maintaining the secondary and tertiary structure of native proteins
(hydrogen bonds, hydrophobic interactions, ionic interactions,
and disulfide linkages) do not appear to survive the high tempera-
tures and shear forces encountered during shear processes such
as extrusion even if such associations are formed during the heat-
ing process. Additionally, secondary bonding interactions are
disrupted when the temperature is raised further and therefore
will not interfere with the formation of melt or concentrated
solution.

D’Appolonia and Shelton (1984) suggested that starch, the
major component of wheat flour, is unique when compared to
starches from different sources in its ability to combine with wheat
gluten to produce a loaf of bread.

Bushuk et al (1984) have shown that glucose and polar lipids
interact with specific proteins of gluten to form large aggregates.
They postulated that such aggregates of gluten contribute
significantly to the rheological properties of gluten and to bread-
making. It is well documented that gluten washed from wheat-
flour dough contains about 109 carbohydrate (Zawistowska
et al 1985). Carbohydrate associated with glutenin protein forms
a stable complex and cannot be disrupted by various solvents
or physical agents. Carbohydrates are postulated to be associated
with glutenins through hydrogen bonds or hydrophilic hydro-
phobic interactions but not by covalent bonds. Rice endosperm
protein interacts strongly with amylopectin (B. R. Hamaker and
P. H. Ball, personal communication, 1990). The interaction does
not involve disulfide bonding. Kato et al (1990) prepared protein-
dextran conjugate by first freeze-drying an ovalbumin-dextran
mixture (1:5) and then storing it at 60°C (65% relative humidity)
for three weeks. Using sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, they showed that ovalbumin was covalently
attached to dextran and formed the conjugate. Ovalbumin-
dextran conjugate showed a high weight-average molecular weight
in the range of 200,000, determined using low-angle light

TABLE I
Length and Diameter of Rheometer Capillaries
Length Length
(in.) Diameter to Diameter
1.0 0.06 16.67
2.0 0.05 40.00
3.0 0.05 60.00
4.0 0.03 133.33
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scattering, compared to 60,000-90,000 for dextran.

Chedid and Kokini (1992) have also shown that the addition
of protein (glutenin, glutelin, gliadin, zein) to corn starches
resulted in synergistic increases in viscosity, which suggests sig-
nificant interactions between starch and protein. The interaction
occurred once the temperature was elevated above the gelatini-
zation temperature of starch.

The objective of this research was to examine the effect of
the addition of protein on the rheological properties of starch
in a limited-moisture environment. Specifically, a high-
amylopectin starch (98% amylopectin) was studied in the presence
of the proteins zein and gliadin, using rheological measurements
with a capillary rheometer in the temperature range of 100-150°C
and a moisture range of 20-40% on wet basis.

The second objective of this work was to examine the effect
of the method of mixing on the rheological properties of starch-
protein mixtures. The three methods of mixing examined were
freeze-drying starch-protein mixtures, dissolving protein in 70%
ethanol and vacuum-drying the starch-protein, and dry mixing.

MATERIALS AND METHODS

Sample Preparation

Amioca (98% amylopectin) (lot AG 4208, National Starch
Company, Bridgewater, NJ) was used in this study. Zein and
gliadin were obtained from Sigma Chemical Co. (lots 84F-0155
and 15F-0182, respectively, St. Louis, MO).

Initial moisture content was determined by AACC (1983)
method 44-15A and was 10.1% for amioca. The starch protein
ratio was kept constant at 12 parts of protein to 88 parts of
starch on a dry basis. This ratio was selected because it represents
the average ratio of starch to protein commonly found in flours.
Starch-protein mixtures were prepared by freeze-drying, mixing
in 70% ethanol and vacuum-drying, and dry mixing.

Freeze-dry mixing. A mixture of 88 g of starch plus 12 g of
protein on dry basis (zein or gliadin) was suspended in 100 ml
of water at room temperature. This suspension was then freeze-
dried for about two days. Moisture content of the freeze-dried
sample was determined.

Vacuum-dry mixing. A predetermined amount of zein or gliadin
was dissolved in 70% ethanol in the ratio 1:12.5 under constant
stirring. Amioca starch was then suspended in the protein solution
to generate a starch-protein ratio of 88:12. This suspension was
vacuum-dried at 60°C, under 5 psi, for about 48-72 hr until the
sample was dried to 8% moisture. The dried material lumps were
broken by mortar and pestle and sieved through a 20-mesh screen.

Dry mixing. Dry ingredients were blended together. Water in
the required amount was added to the starch-protein powder and
mixed thoroughly. The mix was then sieved through a 20-mesh
sieve to break the lumps, if any, and was then allowed to sit
overnight to hydrate and equilibrate at 4°C. It was brought to
ambient temperature before loading in the barrel of the capillary
rheometer.

Rheological Measurements

A capillary rheometer (model 3211 series 290, Instron, Canton,
MA) was used for the rheological measurement of amioca, protein
(zein and gliadin), and amioca-protein for samples with moisture
content of 40, 30, and 20% at high temperatures, that is, at and
above 100°C. The capillary used had length-to-diameter ratios
as shown in Table 1.

The rheometer barrel, which was maintained at 60° C, was filled
with an equilibrated sample. The plunger was allowed to descend
at a very low speed. As the material started coming out at the
capillary end, the heater was switched on to raise the temperature
of the barrel. As temperatures of 100, 120, and 150°C were
reached, measurements of force at different shear rates from 2.6
to 1,000 sec”' were taken. The measurements were performed
in triplicate, and the data presented are averages of three readings.
The Rabinowitch-Mooney correction was used to correct for shear
rates of non-Newtonian fluids; however, end correction was not
performed. The power-law model 7, = m*(+y)" for non-Newtonian






