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Pindak bean (a cross between the pinto and Japanese bush bean) starch was characterized and compared
to pinto bean and HRW wheat starches. Pindak bean flour yielded 43.5% starch compared to 40.0%
for pinto bean flour. The pindak and pinto bean starches were irregular and somewhat elliptical with
a few small, round granules. The amylose content of the pindak bean was 27.2% for the colorimetric
method and 33.6% for the potentiometric method. The solubilities at 85 °C for all starches were similar,
and the swelling power at 85 °C was more variable, with pindak starch having the highest value. The
pindak and pinto bean starches had a type C viscosity pattern with viscosities higher than that of wheat
starch. The initial pasting temperature for pindak starch was 77.5 °C. Further studies need to be done

on the food uses of dry edible bean starches.

The pinto bean is one of the major dry edible beans
grown in the United States. The pindak bean, a cross
between the pinto bean and the Japanese bush bean, has
been recently released by North Dakota State University
(Schneiter et al., 1981). Pindak beans appear to have a
more uniform size distribution and a greater degree of
disease resistance than pinto beans. Consequently, pindak
beans have potential for large-scale commercial production.

Starch has been shown to be a major component of
legumes (Schoch and Maywald, 1968). Starch is used
extensively throughout the food industry as a filler, ex-
tender, thickener, stabilizer, and texture modifier
(Wurzburg, 1968). A nontraditional method for utilizing
beans may involve its fractionation into protein and starch
component by air classification (Satterlee, 1981). This
process could be especially important for developing food
uses for culled beans. According to Satterlee (1981), ap-
proximately 100 million pounds of low-cost culled beans
are available each year in the United States. The objective
of this study is to evaluate the characteristics of pindak
bean starch and compare them with those of pinto and
wheat starch.

EXPERIMENTAL PROCEDURES

The pindak beans were obtained from North Dakota
State University (1981 crop). The pinto beans were ob-
tained commercially (1981 crop). Bean starches were
isolated by using method A of Schoch and Maywald (1968).
The starch was air-dried (3 days) and passed through a
70-mesh sieve. The standard starch source was commer-
cially isolated hard red winter (HRW) wheat.

Standard AOAC (1980) methods were used to determine
starch moisture, nitrogen, and ash. Acid detergent fiber
(ADF) was determined by the method of Goering and Van
Soest (1970). Bean starch content was determined by a
modification of the Osborne and Voogt (1978) method
using amyloglucosidase. Starch digestibility of pindak
starch with c-amylase (Type VII-A, Sigma Chemical Co.)
is determined by a modification of methods from Rao
(1969) and Kayisu and Hood (1979). The digestion
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products glucose and maltose were determined by using
HPLC analysis with a carbohydrate analysis column
(Waters Associates), mobile phase 70:30 (acetonitrile-
water), flow rate 1.8 mL/min, and detection using a 401
refractometer. The amylose content (blue value) was de-
termined by the method of Williams et al. (1970). Iodine
affinity for the pindak starch was determined by poten-
tiometric titration (Schoch, 1964). Swelling power and
solubility of the starches were determined at 85 °C ac-
cording to the method of Schoch (1964). Water binding
capacity of the starches was determined by the procedure
of Medcalf and Gilles (1965). Pasting curves at 12% starch
in distilled water were determined with a Brabender
VISCO/amylo/GRAPH by using a standard cycle of
heating from 25 to 95 °C, holding at 95 °C for 15 min and
cooling to 50 °C (Naivikul and D’Appolonia, 1979). The
size and shape of each starch were studied with a SO
Spencer light microscope equipped with a 35-mm Kodak
camera. Photomicrographs were taken at a magnification
of 100 by using normal light for the measurement of
granule size.

RESULTS AND DISCUSSION

The starch yield and chemical data on the starch are
shown in Table I. The yield of starch (dry weight basis)
from pindak bean flour was 43.5%, which was similar to
the starch yield from pinto bean flour (40.0%). The starch
yields in this study were comparable with the legume
values obtained by Naivikul and D’Appolonia (1979). The
dry bean starch levels were lower than the 70-80% levels
obtained for wheat flour (Pomeranz, 1971). The nitrogen
content of the starches was low (0.01-0.07% ) with values
similar to those reported by Naivikul and D’Appolonia
(1979). The oil content was extremely low and not re-
ported due to the high degree of error. The ash content
was low (0.01-0.02%) for the laboratory-isolated bean
starches with the commercially available starch having a
higher ash content (0.61%). The higher ash content of the
wheat starch is probably due to the variation in industrial
vs. laboratory isolation methods. The acid detergent fiber
content of the starches ranged from 0.03 to 0.08%, which
was slightly lower that the values reported by Naivikul and
D’Appolonia (1979). Part of the difference in composi-
tional data from previous work may be due to the methods
of analysis used.
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Comparative Study of Soybean Plasteins Synthesized with Soluble and

Immobilized a-Chymotrypsin
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Plasteins were prepared from low molecular weight peptides of a peptic digest of soybean protein. The
plasteins were fingerprinted on silica gel by a combination of electrophoresis and TLC, eluted, hydrolyzed,
and subjected to amino acid analysis. The results indicated that the plasteins from soluble a-chymotrypsin
were richer in glycine, valine, leucine, and serine than the plastein prepared from immobilized «-chy-
motrypsin. Plasteins prepared from immobilized a-chymotrypsin were rich in glutamic acid, lysine,
alanine, and threonine, suggesting a much more hydrophilic plastein than prepared from the soluble

form of the enzyme.

In a previous study, Pallavicini et al. (1980) reported that
plasteins prepared from several sources exhibited slightly
different patterns when subjected to isoelectric focusing.
The most significant differences were between plasteins
prepared from soluble and immobilized a-chymotrypsin.
The differences occurred in plasteins prepared form hy-
drolysates of soybean, alfalfa, and wild grass leaf protein.
The differences in mobility were interpreted to mean that
there were slight differences in the isoelectric points of
plasteins prepared from soluble and immobilized a-chy-
motrypsin. Plasteins offer considerable potential for
control of functional and nutritional characteristics and
for this reason they are of great interest to the food in-
dustry. Several reports emphasize the interest and po-
tential of plasteins (Pallavicini et al., 1980; Yamashita et
al., 1970a,b; Onoue and Riddle, 1973; Savangikar and Joshi,
1979; Hofsten and Lalasidis, 1976; Eriksen and Fagerson,
1976).

In this study, plasteins prepared from peptic digests of
soy protein are compared when the plastein are made by
using either soluble or immobilized a-chymotrypsin.
Comparisons are made by fingerprinting the plasteins on
TLC and by amino acid analysis of the new peptides re-
covered from the fingerprinting.

METHODS AND MATERIALS

Protein Extraction. Soybean flour (12.5% moisture)
was purchased from a local supplier and was stored at ~20
°C until used. The extraction of the proteins from soy
flour and the hydrolysis with pepsin (pH 1.6-1.8, 40 °C

Istituto di Industrie Agrarie, Via Amendola 165, 70126
Bari, Italy (C.P.), Istituto di Chimica Agraria e Industrie
Agrarie, Via Gradenigo 6, 35100 Padova, Italy (A.D.B.P.),
and Department of Pediatrics, University of Iowa Hos-
pitals, University of Iowa, Iowa City, Iowa 52242 (J.W.F).

0021-8561/83/1431-0846$01.50/0

for 40 h) was done as previously described by Pallavicini
et al. (1980). The low molecular weight peptide fraction
of the hydrolysate was prepared by dialysis of the peptic
digest against water. Spectrapor membrane tubing with
a molecular exclusion of 3500 was used for the separation.
The diffusate was concentrated in vacuo at 40 °C. The
concentrate was then freeze-dried. The freeze-dried ma-
terial was used at a 30% (w/v) concentration as the sub-
strate for plastein synthesis with either soluble or immo-
bilized «-chymotrypsin.

Plastein Preparation with Soluble a-Chymotrypsin.
The 30% low molecular weight peptide fraction was fil-
tered through Whatman No. 4 paper and the solution was
incubated with a-chymotrypsin (salt free, type II, from
Sigma Chemical Co., St. Louis, MQ). The following con-
ditions were used: substrate concentration 30% (w/v);
enzyme/substrate ratio 1/100; pH 5.0; incubation tem-
perature 38 °C for 6 h. The water-insoluble plastein
products were purified by dialysis for 3 days at § °C ac-
cording to Noguchi et al. (1975). The dialysis was carried
out in a Spectrapor membrane tubing with an exclusion
limit of 8000. Dialysis was carried out against four changes
of distilled water. At the end of dialysis the contents of
the bag were freeze-dried and used for the fingerprinting.

Plastein Preparation with a-Chymotrypsin Immeo-
bilized on Chitin. The enzyme immobilization procedure
was as previously described by Pallavicini et al. (1980).
Briefly the a-chymotrypsin was immobilized on 20-30-
mesh chitin with glutaraldehyde and packed in a jacketed
column. Column operation conditions were as previously
described. The reaction product containing fractions from
the column were pooled and dialyzed to retain only the
water-insoluble fractions. Dialysis conditions were the
same as for the plasteins prepared by soluble a-chymo-
trypsin. At the end of dialysis the contents of the bag were
freeze-dried and fingerprinted.
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