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ABSTRACT

Oat starch was isolated from oat flour by 1) high shear in water after
a presoak, 2) low shear after digestion with protease, and 3) low shear
at alkaline pH. Oat flour was soaked in water (25% solids) at 20°C for
6 hr and subjected to high shear using a tissue homogenizer. After 1
min of shearing followed by centrifugation, the yield of starch (1.3%
protein) was 70%, based on oat flour. Two bases were used to isolate
oat starch at different concentrations and stirring times. Stirring for 60
min at pH 10.5 with 0.01 M sodium hydroxide (pH 10.5) or 0.03M calcium
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hydroxide (pH 11.0) led to 72-75% isolated starch with 0.3% protein.
Digestion of oat flour (25% solids) with Aspergillus oryzae protease at
pH 7.5 and 37°C for 6 hr gave 78% starch with 1.1% protein. Oat starch
isolated with sodium hydroxide showed a delayed pasting temperature
and increased paste consistency in the amylograph compared to starch
isolated by high shear or calcium hydroxide. The same phenomena was
observed in wheat starch isolated with 0.01 M sodium hydroxide but not
in corn or rice starch.

Dry milling of oat groats yields approximately 35% oat bran
and 65% oat flour. When the demand for oat bran is high, a
surplus of oat flour results.

Separating oat flour into starch and protein is complicated
by strong binding between the two components and by the
presence of B-glucan. Oat starch has been isolated with sodium
carbonate (Paton 1977) or sodium hydroxide (Wu et al 1973)
at low shear and with water at high shear (Meuser et al 1985).
No reports have appeared on the use of protease or cellulase
to release oat starch, nor has a comparison been made of the
use of sodium and calcium hydroxides.

The objectives of this investigation were to compare 1) the
yield and purity of oat starch isolated from oat flour using low
shear with alkali, protease, and/or cellulase treatment and high
shear with water and 2) the pasting properties of oat, wheat,
corn, and rice starches isolated with sodium and calcium hy-
droxides.

MATERIALS AND METHODS

General

Oat flour was obtained from the ConAgra Flour Milling Co.,
Omaha, NE. The flour contained 10.3% moisture, 6.8% protein,
80.0% starch, 3.1% lipid, 0.6% ash, and 0.5% B-glucan. Hard
red winter wheat, dent corn, and long-grain rice were commercial
samples. Moisture, protein, ash, lipid, and starch were deter-
mined by AACC methods (1983) 44-18, 46-13, 08-01, 30-26, and
76-11, respectively. The B-glucan content was determined using
a B-glucan test kit (Biocon, Inc., Rockville, MD).

Starch lipids were determined gravimetrically after extraction
with propanol/ water (3:1, v/v) at 100°C (Morrison and Coventry
1985). All chemicals were reagent grade.

Protease (from Aspergillus oryzae, Bacillus subtilis, Strepto-
myces griseus, and Rhizopus sp.) and cellulase (from Penicillium
Sfuniculosum) were purchased from Sigma Chemical Co. (St.
Louis, MO). Cellulase from Trichoderma reesei (Celluclast) was
from Novo (Danbury, CT). One unit of protease activity was
defined as the amount of enzyme that liberated 1.0 wmol of
tyrosine per minute from casein at pH 7.5 and 37°C. One unit
of cellulase activity was defined as the amount of enzyme that
released 1.0 umol of glucose from cellulose in 1 hr at pH 5.0
and 40°C.
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Isolation of Starch Using Low Shear at Alkaline pH

Oat flour (100 g) was mixed with 500 ml of 0.005-0.025M
sodium hydroxide or 0.003-0.068 M calcium hydroxide, stirred
for 30 min at 25°C, and then centrifuged (1,400 X g). The super-
natant was discarded, the sediment was slurried with water (500
ml), and the mixture was filtered through a nylon bolting cloth
(50 pm). The filtrate was neutralized with 1M hydrochloric acid,
and the mixture was centrifuged. The supernatant was discarded,
along with the tailings layered on top of the starch, which were
carefully removed by scraping. The starch was washed with water
(3 X 200 ml), collected by centrifugation, and dried overnight
in a forced-convection oven at 40°C.

Corn, wheat, and rice starches were isolated from whole-grain
flours using 0.01M NaOH or 0.03M Ca(OH),. Before rice starch
isolation, the rice flour was presoaked in 0.64M NaOH for 24
hr or in 0.03M Ca(OH), for 1 hr.

Isolation of Starch Using High Shear in Water

Oat flour (10 g) was soaked in 30 ml of water in a large test
tube for 6 hr at 20°C. The tube was placed in an ice bath, and
the slurry was subjected to high shear for different times using
a tissue homogenizer (model SDT99078, 170W, Tekmar Co., Cin-
cinnati, OH). The sheared slurry, with a final temperature of
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Fig. 1. Yield and protein content of oat starch isolated from oat flour
using calcium or sodium hydroxide. Oat flour (17% solids) was stirred
in an alkaline medium for 30 min at 25°C. Starch yield is calculated
based on oat flour (dry basis).
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4-10°C, then was centrifuged, and the supernatant and tailings
were discarded. The starch sediment was resuspended in water,
the mixture was filtered through a nylon bolting cloth (50 um),
and the filtrate was centrifuged. The supernatant and tailings
were discarded, and the starch was dried at 40°C overnight.

Isolation of Starch Using Low Shear in Water
Corn and wheat starches were isolated with low shear in water
by the methods of Watson (1964) and Wolf (1964), respectively.

Isolation of Starch Using Protease and Cellulase at Low Shear

A mixture of oat flour (10 g), protease (50 units) or cellulase
(500 units), and water (30 ml) was adjusted to pH 7.5 and 37°C
for protease or to pH 5.0 and 40°C for cellulase. The pH was
adjusted with 0.1 NaOH or HCI, respectively. In another test,
successive digestion was done with cellulase (500 units) at pH
5 and 40°C for 3 hr followed by protease at pH 7.5 and 37°C
for 3 hr. Each mixture was centrifuged, and the supernatant and
tailings fractions were discarded. The starch fraction was resus-
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Fig. 2. Effect of stirring time on the yield and protein content of oat
starch. Oat flour (17% solids) in 0.03M Ca(OH), or 0.01M NaOH was
stirred at 25°C.

Oat flour 100 g (10.3% MC)
starch 80 g, d.s.
protein 6.8 g, d.s.

Add 0.01 M NaOH (500 ml)

Stir 1 h

Cenfrifuga

Supernatant
Neutralize with 1M HC1
(15.1 g d.s.)

18.6% protein

Starch sediment
Add water (500 ml)

Fil\l:er through bolting cloth (50 um)

Filtrate Cell wall debris
Neutralize with 1 M HC1 (1.5 g d.s8.)
Centl:rituge
U
Supernatant Taiiings Stal."ch
fraction fraction
(9.2 g d.s.)

|
Add water (200 ml)
Centrifuge, and
Repeat 3 x

26.6% protein

1
Starch
(68.4 g d.s.)
0.3% protein
0.3% ash
1.0% lipia

Combined su;lzernatant:s
(1.7 g d.s.)

Fig. 3. Isolation of oat starch using 0.01M sodium hydroxide at low
shear; mass balance. MC = moisture content; d.s. = dry solids.
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pended and washed with water (100 ml) and then isolated and
dried in the usual manner.

Pasting of Starches

Starch pasting properties were measured (Deffenbaugh and
Walker 1989) with the Rapid Visco-Analyser (Foss Food Tech-
nology Co., Eden Prairie, MN). The total weight of water and
starch was constant at 28 g, whereas the dry solids concentration
was generally 10 g/ 100 ml. After the starch and water was intro-
duced into the sample holder, the paddle was inserted, and the
mixture was stirred by hand to eliminate lumps. Viscograms were
recorded at 0-100% relative consistency at full scale using a chart
speed of 1 cm/min. In the 18-min test, the sample was held at
50°C for 2 min, heated to 95°C in 3 min, held at 95°C for §
min, cooled to 50°C in 4 min, and held at 50°C for 4 min.

RESULTS AND DISCUSSION

Isolation of Oat Starch Using Low Shear at Alkaline pH

Oat flour at a solids level of 17% was mixed for 30 min at
25°C in an alkaline medium, and the starch then was isolated.
Figure 1 shows that sodium hydroxide was more effective than
calcium hydroxide in releasing low-protein oat starch, especially
at concentrations below 0.03M. At a concentration above 0.01.M
NaOH (pH 10.5) or 0.03M Ca(OH), (pH 11.0), the yield of starch
was 72-76% based on the dry weight of oat flour, which equals
a recovery of 90-95% of the starch. The starch contained 0.3-0.4%
protein on a dry-solids basis (Fig. 1).

In 0.01M NaOH or 0.03M Ca(OH),, stirring beyond 60 min
did not increase the yield or remove additional protein from the
starch (Fig. 2). Figure 3 gives a mass balance of the process to
isolate oat starch using low shear in 0.01M NaOH. The process
gave 76% starch (86% of theory) based on oat flour, and the
starch had a protein content of 0.3%. The protein recovered in
the combined alkaline extracts and the starch tailings amounted
t0 5.3 g(78% of theory) on a dry-solids basis. Total solids recovered
were 107%. When 0.03M Ca(OH), was used in place of NaOH,
the total recovery of solids was 105%, whereas the starch and
protein yields and their purities were almost the same as with
0.01M NaOH.

Isolation of Oat Starch Using High Shear in Water
Presoaking of oat flour in water was an essential step for the
successful isolation of starch using high shear in water. During
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Fig. 4. Effect of soaking time on the yield and protein content of oat
starch isolated using high shear. Oat flour (25% solids) in water was
soaked at 20°C and sheared for 30 sec.






