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ABSTRACT Cereal Chem. 69(3):296-303

Characteristics of starches obtained from corn flour by an alkali at 950C than those of commercial starch as determined by a Brabender
extraction method were investigated and compared with those of com- amylograph. Starches extracted using lower alkali concentration had lower
mercial corn starch. Of the variables studied, alkali concentration had peak temperature and lower onset temperature of gelatinization than those
the most effect, extraction temperature had some effect, and steeping extracted at higher alkali concentration as determined by differential
time had no significant effect on the characteristics of the alkali starches. scanning calorimetry. The X-ray diffraction pattern, birefringence, mor-
The protein content of most of the alkali starches was significantly different phology, and enzymatic hydrolysis characteristics of alkali starches were
from that of commercial starch, but the sodium content of all alkali similar to those of commercial starch. The alkali starches absorbed more
starches was higher than that of commercial starch. The alkali starches moisture than the commercial starch at a given water activity.
had lower pasting temperatures and higher viscosity after 15 min holding

The increases in demand for starch and its conversion products,
in production costs, and in Environmental Protection Agency
regulations have caused many corn processors to evaluate methods
other than conventional wet milling using sulfur dioxide for
obtaining starch.

Mistry and Eckhoff (1992) have studied the alkali debranning
of corn and subsequent dry milling as a less-energy-intensive
method of fractionation and as a way to enhance germ recovery
from dry milling. Products from the dry-milling industry such
as fine grits and flour have been used as a source of starch for
the production of alcohol, chemicals, and products used in phar-
maceuticals (Maisch 1987). Extraction of starch from endosperm
pieces could result in a lower-cost method of obtaining starch.

Several methods have been proposed and developed to extract
starch from cereal flours using alkali treatment (Dimler et al 1944,
Crozier 1959, Phillips and Sallans 1966, Fellers et al 1969,
Johnston et al 1971, Wu and Sexson 1976). The starch extraction
method developed by Dimler et al (1944) for wheat flour was
the most effective method so far to obtain starch in high yield
and purity. They used 0.50-1.0% alkali solutions to extract starch
from wheat flour. This method also was applied to corn flour
(Dimler et al 1944) to extract corn starch. However, the yield
(maximum 67% on flour dry basis) and purity (0.5-1% protein
content) of the starch extracted from corn flour was lower than
that obtained from wheat starch. A modified alkali extraction
process was developed (Mistry 1991) that extracted starch from
corn flour with higher yields and purity than those of the earlier
alkali processes and than those from commercially obtained corn
starch. This modified method uses lower alkali concentrations
(<0.5%) than those used by Dimler et al (1944).

Alkali has been used to produce modified starches and starch
products having properties different from those of native corn
starch (Yeates et al 1965, Lancaster et al 1966, Krochta et al
1988). Several studies have been reported that investigated the
behavior of starch when reacted with alkali solutions (Mangels
and Bailey 1933; Leach et al 1959, 1961; Medcalf and Gilles 1966;
Lancaster and Conway 1968). Strong alkali solutions have varying
effects on starch, such as granule swelling, increased viscosity,
and gelatinization.

The conditions for alkali extraction of starch are significantly
different from those used for starch modifications. Conditions
generally have shorter exposure times and lower alkali concen-
trations. No studies have been reported to investigate the prop-
erties and characteristics of starch resulting from alkali extraction.
The objectives of this study were to investigate characteristics
of alkali-extracted starches using the amylograph, differential
scanning calorimetry (DSC), the X-ray diffractometer, birefrin-
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gence, vapor sorption isotherms, scanning electron microphoto-
graphs, and enzymatic hydrolysis and to study the effect of alkali
extraction parameters (alkali concentration, extraction temper-
ature, and extraction time) on starch characteristics.

MATERIALS AND METHODS

Materials
Degerminated yellow corn flour (Lauhoff Grain Co., Danville,

IL), approximately composed of 80.0% starch, 11.0% moisture,
6.0% protein, 2.0% fat or oil, 0.5% fiber, and 0.5% ash; sodium
hydroxide (reagent grade pellets, Fisher Chemicals, Fair Lawn,
NJ); and food grade corn starch (A. E. Staley Manufacturing
Co., Decatur, IL) were used in this investigation.

Starch Extraction from Corn Flour
Starch samples were prepared using the alkali extraction

method developed by Mistry (1991) and using eight different ex-
traction conditions (Table I). These conditions were designed on
the basis of a review of literature and preliminary laboratory
studies. A full factorial experimental design was used with two
levels of alkali concentration (0.1 and 0.4%), two levels of tem-
perature (25 and 550C), and two levels of time (30 and 90 min).

Aqueous sodium hydroxide (NaOH) was prepared (0.1 or 0.4%,
w/v) by dissolving NaOH pellets in 600 ml of distilled water.
With the solution in a constant-temperature water bath (25 or
550C), corn flour (100 g, dry basis) was accurately weighed and
added to 600 ml of the alkali solution with continuous agitation

TABLE I
Sample Identification, Alkali Extraction Conditions, and Protein

and Sodium Contents of Starches from Corn Floura

Extraction Conditions

Alkali Temper-
Sample Concentration ature Time Proteinb Sodiumc
Identification (%) (°C) (min) (% dry basis) (ppm)

Flour ... ... 6.45 24
Commercial starch ... ... ... 0.35 d 561 f
Starch 1 0.1 25 30 0.74 b 1,003 d

2 0.1 25 90 0.56 c 871 d
3 0.1 55 30 0.19e 889d
4 0.1 55 90 0.10 f 906 d
5 0.4 25 30 0.31 d 3,371 b
6 0.4 25 90 0.54 c 3,886 a
7 0.4 55 30 0.82 a 2,319 c
8 0.4 55 90 0.55 c 3,239 b

aEach value represents the mean of two replicates. Mean comparisons
followed by the same letter are not significantly different (P < 0.05)
within the same column.

bLSD = 0.07.
CLSD = 178.



to obtain uniform dispersion. The corn flour to steep water ratio
of 1:6 was found to effectively disperse protein with a minimum
loss of starch (Wu and Sexson 1976). After 30 or 90 min of
steeping, the flour was ground 5 min a blender (Waring, New
Hartford, CT) at high speed and was screened (using a 200-mesh
screen) to remove fibrous materials. The tabling method was used
to separate starch from the flour slurry. The slurry was pumped
at 180 ml/ min on a 10-ft-long, 4-in.-wide galvanized trough having
a 1-in. slope. The starch that settled on the table was washed
twice with 500 ml of distilled water to remove residual protein
and other nonstarch components. After drying overnight on the
table, the starch was scraped off and dried in a forced-air oven
at 490 C for 24 hr. The solids content of the starch was determined
by drying a 20-g sample of dried starch for an additional 2 hr
at 1030 C.

The experiment was replicated to obtain a total of 16 samples.
For comparison, commercial starch and unextracted corn flour
were tested using the methods described below. The flour,
commercial corn starch, and alkali-extracted starch samples were
analyzed for protein content by the micro-Kjeldahl method
(AACC 1983) and for sodium by emission-spectroscopic analysis
(AOAC 1980).

Amylograms
The amylograms of the corn flour and the starch samples were

obtained using a Brabender Viscoamylograph (model P110, C. W.
Brabender Instruments Inc., South Hackensack, NJ). A sample
of 30 g of flour or starch (dry basis) was placed in a Waring
blender containing 360 ml of buffer solution, pH 5.30-5.35. Buffer
was prepared using AACC approved method 22-10 (AACC 1983).
To this, 3.6 g (0.8%, v/v) of carboxymethylcellulose was added
and mixed into a slurry on low speed to avoid foaming. The
carboxymethylcellulose was used to increase the sensitivity to
swelling of starch granules (Tipples 1980). The slurry was poured
into the amylograph cup, and the blender bowl was rinsed with
an additional 100 ml of the buffer solution that was then poured
into the cup. The Brabender amylograph was run at 75 rpm,
and viscosity was measured in Brabender units by heating the
starch slurry from 50 to 950C at a rate of 1.50 C/min. (The
Brabender amylograph does not measure true viscosity nor an
apparent viscosity; it gives only a numerical value related to an
apparent viscosity. "Viscosity" is used in the text in lieu of any
appropriate term.) The slurry was held for 30 min at 950 C, cooled
to 500C at the same rate, and then held for 30 min at 500 C.

Endotherms
The endotherms of flour, commercial corn starch, and alkali

starches were obtained for a temperature range of 55-1450C at
a scan rate of 160 C/ min using a differential scanning calorimeter
(Perkin Elmer DSC 1, Norwalk, CT). DSC pans (for volatile
samples) were used to seal 10-20 mg of starch suspension (starch-
water ratio = 1:2), and an empty pan was used as a reference.
The endotherms were analyzed to obtain data according to the
method of Wootton and Bamunuarachchi (1979).

X-Ray Diffraction Patterns
The X-ray diffraction patterns of the starch samples were

monitored by X-ray crystallography in a Rigaku D-Max X-ray
diffractometer (Rigaku, Danvers, MA) equipped with a mono-
chromator that selects the radiation from a copper target generated
under 45 kV and 20 mA. Before analysis with a diffraction angle
(20) from 5 to 450 at a scan speed of 80 /min, the starch samples
were equilibrated for 12 hr over a saturated potassium nitrate
solution (water activity, 0.93) at room temperature.

Birefringence
A 1% starch suspension prepared in distilled water was observed

at X40 magnification under a bright field microscope (Nikon
Instruments, Melville, NY) equipped with polarizer and analyzer
lenses. All of the samples were observed for polarization crosses,
and the entire slide was scanned to monitor the crosses. The
purpose of scanning was to look for granules not showing crosses

because of alkali gelatinization of granules. Some granules that
did not show a polarization cross were ruled out as mechanically
damaged because of milling. This was confirmed by staining the
granules with Congo red dye, in which only the damaged granules
picked up the red dye (S. A. Watson, personal communication).

Vapor Sorption Isotherms
Dried starch samples were equilibrated against 11 saturated

salt solutions at 250 C (Stokes and Robinson 1949, Greenspan
1977) to obtain a sorption isotherm over the water activity range
of 0.33-0.97. This was performed in proximity equilibration
chambers (Lang et al 1981) that were modified by placing a
weighing bottle containing the sample in a well in the middle
of the saturated salt solution. Equilibration moisture content was
determined from the weight gain by the sample. Duplicate
determinations were made and, since there was low deviation
(standard deviation was <0.1%, P < 0.05) from the means, only
averages are presented.

Scanning Electron Microphotographs
The morphology of the flour, commercial starch, and selected

alkali starches was examined using a scanning electron microscope
(ISI-DS-130, International Scientific, Inc., Livonia, MI)
according to the procedure of Aguilera et al (1980). The mounted
samples were observed in the lower stage using an accelerating
voltage of 12 kV and 300 stage tilt.

Enzymatic Hydrolysis
Commercial starch and alkali starch no. 4 were hydrolyzed

using a-amylase and glucoamylase enzymes (Genencor Interna-
tional, Chicago, IL). The maltose and glucose production were
monitored using high-performance liquid chromatography
(HPLC). A 20% starch suspension (w/w, dry basis) was prepared
in distilled water, and the pH was adjusted to 6.0 using hydro-
chloric acid or calcium hydroxide. The suspension was liquified
by adding a-amylase at the rate of 0.1 ml/ 100 g of dry starch
and holding it for 30 min in a 90-950 C water bath. The liquefaction
step was performed only as a method of preparing the raw corn
starch powder for the saccharification reaction. Other than the
monitoring of glucose and maltose, there was no attempt to
optimize and study the hydrolysis process and the hydrolysate.
The liquified starch was cooled, and pH was adjusted to 4.35.
Glucoamylase was added at the rate 0.1 ml/ 100 g of dry starch,
and the suspension was placed in a water bath at 600 C for
saccharification. Samples were drawn every 2 hr until 6 hr of
saccharification and then at 12 and 48 hr. Samples then were
filtered through Whatman no. 1 paper, and a 1:10 dilution was
prepared using deionized distilled water. The diluted samples were
stored in the freezer until they were analyzed in the high-
performance liquid chromatograph.

HPLC was used to analyze the products of the hydrolysis using
a Dionex system (Sunnyvale, CA). The system was equipped with
a Dionex CarboPac PA-1 column (4 X 250 mm) with anion
exchange resin. Detection was performed using a pulsed amper-
ometic detector equipped with a gold working electrode having

TABLE II
Linear Gradient for Starch Hydrolysate Analysis

Time Mobile Phase,a %
(min) 1 2 3

0 100 0 0
5 80 20 0

25 46 54 0
35 30 70 0
37-40 0 100 0
4042 0 0 100
42-50 100 0 0
aFlow rate of 1 ml/min. Mobile phase 1, 150 mM NaOH; mobile phase
2, 150 mM NaOH with 0.5M sodium acetate; mobile phase 3, L.OM
NaOH.
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