NONWHEAT GRAINS AND PRODUCTS

Sulfur Dioxide in Acid Environment Facilitates Corn Steeping

RACHEL BISS' and URI COGAN?

ABSTRACT

An effective steeping procedure for corn is proposed, using sulfur
dioxide under acidic conditions. Corn samples were steeped at 50°C in
pH 3.0-5.0 citric acid and sodium citrate buffer solutions containing
2,200 ppm SO, and 2% sodium chloride. The steeping solutions were
refreshed every S hr. The highest level of solubilization of corn insoluble
proteins was achieved in the steepwater at pH 3.0 and 3.5, with protein
degradation ceasing after 20-25 hr. The partition of SO, between the
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corn kernel and the steepwater increased markedly with decreasing the
pH of the latter. Apparent partition coefficients of SO, (mean + standard
deviation) of 2.23 + 0.09, 1.64 + 0.05, 1.16 + 0.12, and 0.78 + 0.06 were
obtained for steeping solutions at pH 3.0, 3.5, 4.0, and 5.0, respectively.
A mechanism is proposed to explain the effective cleavage of the disul-
fide bonds of the insoluble glutelin matrix, with the subsequent release
of the starch granules by the SO, under acidic conditions.

The major objectives of corn steeping are to induce chemical
and physica] changes in the kernel that will result in leaching of
soluble components, in effective separation of the endosperm
from the germ and hulls, and in quantitative separation of starch
and protein during the wet-milling and fractionation steps
(Watson 1984). The separation of starch and protein is the most
difficult step to achieve and constitutes the bottleneck of the
entire process.

Conventional corn steeping occurs over a period of 24-40 hr
and consists of a lactic fermentation phase followed by a sulfur
dioxide treatment phase. Inherent in the process is an interrela-
tionship between SO, levels and development of the lactic fer-
mentation and total titratable acidity. When high levels (>2,000
ppm) of SO, are introduced into the process water, fermentation
and acidity develop rather slowly and at the later stages of the
process. Characteristic of the conventional countercurrent process
is an intermediate period of =15-20 hr, during which the rate of
lactic fermentation slows due to slowly increasing SO, levels.
Because lactic fermentation cannot occur before the SO, concen-
tration drops to low levels, and because the concentration of SO,
decreases only by oxidation and diffusion into the kernel, little
can be done to control and to shorten this intermediate, rather
ineffective period.

It is generally accepted that lactic acid is beneficial for corn
steeping, due to its softening action on cell walls (Watson 1984)
and possibly due to induction of some proteolytic activity which
enhances protein degradation (Watson et al 1955, Roushdi et al
1981). The major role of sulfur dioxide in steeping is to cleave
disulfide linkages, thereby loosening the protein matrix that
encapsulates the starch granules (Watson 1984). The introduction
of SO, into the process is accompanied by a rapid increase of the
soluble proteins as a result of an accelerated degradation of the
corn insoluble proteins (Biss and Cogan 1988). In conventional
steeping however, the SO, action exerted on the corn kernels fol-
lowing the lactic fermentation step may not be optimal.

The objectives of this study were to evaluate the action of sul-
fur dioxide during steeping at low pH on the degradation of the
corn insoluble protein matrix, and to quantify the pH dependence
of the distribution of sulfur dioxide between the kernel and the
steeping solution. A mechanism is proposed to explain the mode
of action of SO, under acidic conditions.
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MATERIALS AND METHODS

Materials

The corn used in the study was a mixed hybrid yellow dent No.
2 from the United States. Undamaged kernels were selected for
the laboratory-scale studies. A solution of 6% analytical grade
sulfurous acid was used as the sulfur dioxide source for the labo-
ratory steeping experiments. The sulfur dioxide used in the indus-
trial steeping system was of commercial grade, obtained as a 30—
32% solution of sodium bisulfite (pH 3.8-4.2) (Fertilizers and
Chemicals Co. Ltd., Haifa).

Industrial Steeping System
This was a typical countercurrent system consisting of a battery of
18 tanks, with the bisulfite solution being fed into the last steep.

Laboratory Steeping Procedure

Corn samples (1,000 g) were steeped in 1,500 ml of 0.05M cit-
ric acid and trisodium citrate buffer solutions with pH levels of
3.0, 3.5, 4.0, and 5.0 at 50 + 1.0°C. The steeping solutions con-
tained 2,200 ppm SO, and 2% sodium chloride. The steeping
vessels were covered to minimize SO, losses, and the solutions
were replaced with fresh ones every 5 hr. The salt was added to
simulate the salting-in effect on the corn proteins that prevails in
regular steeping systems, because the periodical refreshment of
the steeping solutions might have resulted in an excessive dilution
of the salts leached from the corn. Samples were drawn for
analysis at the end of the 5-hr intervals.

Laboratory Wet-Milling Procedure

The procedure described by Biss and Cogan (1988) was
employed. A steeped corn sample (100 g) was blended with 100 g
of distilled water for 3 min at the highest speed in a household
blender. The ground corn was filtered (Whatman No. 1 filter
paper) and the residue was transferred to a 40-mesh sieve and
washed four times (each with 50 ml of distilled water) to separate
the starch and protein from the fiber. Fine fibers were removed
from the pooled filtrates by sieving through a 100-mesh screen.
Separation of starch from protein was accomplished by three con-
secutive centrifugations (2,800 X g for 5 min). Following each
spin, the upper protein layer was removed, and the starch layer
was mixed with a small amount of distilled water before the next
spin.

Analytical Methods

The procedures for the determination of total, soluble, and
insoluble proteins and the dry solid content of the steeped corn
were previously described (Biss and Cogan 1988). Nitrogen



determination (N x 6.25) employed the Kjeldahl method (AOAC
1990). Free sulfur dioxide was determined by titration with 0.1N
I, using starch as an indicator (AOAC 1990). Measurements of
the free SO, inside the kernel were made on the milled corn fil-
trate, the results were expressed on the kernel dry weight basis for
each steeped corn sample. Apparent partition coefficients of SO,
(i.e., ratio of kernel to steepwater SO,) were thus derived. Acidity
was determined by titration of 10 ml of the steeping liquor with a
0.1N NaOH solution to pH 8.3.

Statistical Analysis

Experiments were done in duplicate and averaged. Analytical
determinations of individual samples were done in triplicate. The
significance of the results was analyzed by the analysis of vari-
ance (ANOVA) test procedure (Student-Newman-Keuls method)
included in SigmaStat software (Jandel Scientific, San Rafael,
CA). Differences were considered significant at P < 0.05.

RESULTS

The interrelationship between the sulfur dioxide levels and the
development of lactic fermentation during conventional industrial
steeping conditions is presented in Figure 1. This pattern suggests
that the benefit of steeping per unit time is likely to be low when
lactic fermentation proceeds at a low rate and the SO, concentra-
tions are rather low.

The solubilization of the kernel insoluble protein by 2,200 ppm
SO, during steeping of corn in buffered solutions of citric acid in
the range of pH 3-5 is shown in Figure 2. It appears that the pro-
tein solubilization increased as the pH of the steeping solution
was decreased. After 20 hr of steeping, the levels of insoluble
protein were 6.61 and 6.66%, respectively, for corn samples
steeped in solutions at pH 3.0 and 3.5, which were significantly
lower than the insoluble protein levels of 6.92 and 7.14%,
respectively, for corn steeped in solutions at pH 4.0 and 5.0 (P <
0.05, 0.13% average standard deviation for insoluble protein
determination). Furthermore, it was observed that at the low pH,
the protein degradation ceased after =25 hr, when solubilization
of =23% insoluble protein was reached. The corresponding con-
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Fig. 1. Pattern of SO, levels (M) and the development of lactic acid
fermentation (OJ) in steepwater during a conventional industrial steeping
of corn. Acidity units are milliliters of 0.1N NaOH required to raise 10
ml of steeping medium to pH 8.3. Data obtained were from a routine
operation of a wet-milling plant employing a countercurrent battery of
18 tanks.

centration of soluble proteins inside the kernel is shown in Figure 3.
Clearly, the highest levels of soluble proteins were achieved
under conditions of the reduced pH. After 20 hr of steeping, the
levels of soluble protein inside the kernel were 1.93 and 1.87%,
respectively, for corn samples steeped in solutions at pH 3.0 and
3.5, which were significantly higher than the soluble protein lev-
els of 1.78 and 1.63%, respectively, for corn steeped in solutions
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Fig. 2. Decrease in the level of the insoluble protein during steeping of
corn in model solutions in the pH 3-5 range at 50°C. Solutions
contained 2,200 ppm of SO, and 2% sodium chloride and were buffered
with 0.05M citric acid and sodium citrate. Solutions were refreshed
every 5 hr. Results are expressed on a dry weight basis. An average
standard deviation of 0.13% was observed for the insoluble protein
determination. Initial pH values of the steeping solutions were: pH 3.0
(O); pH 3.5 (@); pH 4.0 (O); pH 5.0 (m).
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Fig. 3. Soluble protein pattern of corn during steeping in model
solutions in the pH 3-5 range at 50°C. Solutions contained 2,200 ppm of
SO, and 2% sodium chloride and were buffered with 0.05M citric acid
and sodium citrate. Solutions were refreshed every 5 hr. Results are
expressed on a dry weight basis. An average standard deviation of
0.045% was observed for the soluble protein determination. Initial pH
values of the steeping solutions were: pH 3.0 (O); pH 3.5 (®); pH 4.0
(O); pH 5.0 (m).
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