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There have been severa reports in the literature on the water
uptake of corn kernels and other cereal grains during steeping. In
two studies (Fan et al 1965, Gundasekaran and Farkas 1988), the
total increase in water absorbed was determined measuring increase
in bulk kernel weight. In a third study involving corn, sorghum,
and millet, moisture content was determined by drying in a forced-
air oven (Oguntunde and Adebawo 1989). Recently, magnetic reso-
nance imaging was used to measure differences in water content
and mobility in components of corn kernels during steeping (Ruan
and Litchfield 1992, Ruan et d 1992). As part of the studies,
moisture changes during steeping were measured in the germ and
in the endosperm (Ruan et al 1992). Yaptenco (1993) reported that
the final equilibrium moisture content of corn steeped in water con-
taining 0.20% sulfur dioxide (SO,)and 0.55% lactic acid (LA) at

round-hole sieve, hand-cleaned to remove foreign matter and broken
kernels, and weighed out in 100-g sublot samples. Initial moisture

content was determined by drying three 30-g corn samples in a
forced-draft oven at 103°C for 72 hr (AACC 2000).

Lactic acid (85.6%) was obtained as a certified ACS reagent
from Fisher Scientific Co. (Fair Lawn, NJ). Sodium metabisulfite
(97.2%, baker analyzed reagent) was purchased from J. T. Baker
Co. (Phillipsburg, NJ). Four soak solutions (deionized water;
0.50% LA [w/v]; 0.20% S@ [w/v]; 0.50% LA and 0.20% SO
[w/v]) were studied. A 0.20% (w/v) solution of $@as prepared
by dissolving 3.053 g of sodium metabisulfite (97.2%) in 1,000
mL of deionized water (Shandera et al 1995).

For each experiment, a 500-mL Erlenmeyer flask containing
187 mL of soak solution was sealed with parafilm and placed in a

52°C was 39.4-46.7% (wb), depending on hybrid; equilibrium washaker bath (160 rpm) at 52 + 1°C. At temperature equilibration
reached at 24-36 hr. Some laboratory studies indicated that tfte-2 hr), 100 g of corn (337-347 kernels) was added and the flask
addition of either LA (Ruan et al 1992, Haros and Suarez 1999) evas resealed with parafilm. At designated time intervals, three
SO, (Fan et al 1965, Haros et al 1995) results in a change in watérater soak solution only) or five kernels of corn were removed at
absorption in the kernel. random for sampling. For water and LA soak solutions, there were
Studies of the rate of hydration of the germ and endosper7 time periods ranging from 5 min to 48 hr. For 0.20% &l
components of corn kernels have been limited. Lopes Filho (199%).50% LA and 0.20% SOsolutions, there were 13 representative
determined the moisture content of corn germ and endosperm time periods ranging from 15 min to 36 hr. Each kernel was patted
steeping in water at three different temperatures at soak times dfy of surface water with a paper towel, the tip cap was cut off
5-120 min. McKinney (1996) determined the moisture content ond discarded, and the remaining kernel separated into germ and
corn germ and endosperm on steeping in water containing 2,0@ddosperm with a razor blade following the procedure of Lopes
ppm of SQ and 0.5% LA (v/v) at 52°C at nine soak times of 30Filho (1995). Each individual germ and endosperm was weighed
min to 48 hr. immediately in a tared aluminum pan. For moisture determination
In this report, the results of a comprehensive study on the hywb), the samples were dried in a forced-draft oven at 51°C for 24
dration of the germ and endosperm components of individual cofr and for 2 hr at 130°C, put in an ambient-temperature desiccator
kernels in four different steepwater solutions are presented. Objefor 5 min, and then weighed. A total of 15 kernel replicates were
tives of the research included determining what influence the addirade for each of the four soak solutions. For each time period, the
tion of LA, SO, or both, to the steepwater exerted on water absorpnean percentage moisture (wb) and standard deviation for the germ
tion by the germ and endosperm, and assessment ofilitgriabthe and endosperm components were calculated. The moisture content
hydration of individual kernels. Addition of either g(@an et al  of the whole kernel was calculated from the data for the germ and
1965, Haros et al 1995) or LA (Ruan et al 1992, Haros and Suaremdosperm components.
1999) accelerated the rate of moisture absorption in dent corn
hybrids. Accelerated hydration of the kernel could result in shorter
steeping times and, consequently, lower milling costs.

RESULTSAND DISCUSSION

In our laboratory studies, there was no significant difference in
the rate of hydration of the germ or endosperm at any time period
common to all four steepwater solutions (Figs. 1 and 2). In many

Yellow dent corn (FR1064 x LH59) used in these studies waiistances, there was considerable variation in the moisture content
grown during the 1995 crop season at the University of Illinois’®f individual germ and endosperm for a given steep time. In studies
Agricultural Engineering farm (Singh et al 1997). At SRRC it wasof water absorption by kernels of two corn cultivars, Fan et al
stored in a cold room at 14.1% wb (germ, 14.4%; endospernf1965) observed that adding St0 water had a retarding effect on
14.1%) at 4°C. Before testing, kernels were sifted through a 7-mifater absorption at the onset of steeping but an accelerating effect
for longer steeping times. However, for DeKalb 3 x 1 dent corn,
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there was no detectable retardation of the absorption rate. The mois-
ture absorption rate was always higher in, $0lution than in
water alone. Haros et al (1995) found that the rates of absorption of
dent, semident, and flint hybrids in 0.25% ,Séblution were
slightly higher than in water at 45, 55, and 65°C. Ruan et al (1992)
observed that 0.55% LA accelerated the absorption rate in yellow
dent corn kernels of cultivar FR27 x FR32. The findings of this
study indicate that the influence of steeping chemicals on water absorp-
tion in the kernel may vary considerably with hybrid selection.
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Fig. 1. Germ hydration in four steeping solutions. Error bars show standard deviations. LA = lactic acid.
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Fig. 2. Endosperm hydration in four steeping solutions. Error bars show standard deviations. LA
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In hydration studies in water, the germ moisture content ranged
from 14.8 + 2.3% after 5 min to 59.0 + 3.5% after 48 hr, whereas
the endosperm moisture content ranged from 16.8 + 1.4% after 5
min to 40.2 + 3.2% after 30 hr. When 0.50% LA was used as the
steeping solution, germ moaisture content ranged from 16.0 + 2.2%
after 5 min to 59.3 + 2.7% after 40 hr and moisture content for the
endosperm ranged from 17.1 + 1.2% after 5 min to 40.3 + 2.9%
after 24 hr. With 0.20% SO,, the germ moisture content ranged
from 19.6 + 2.9% after 15 min to 59.4 + 2.7% after 36 hr, whereas
the endosperm moisture content ranged from 17.9 + 1.2% after 15
min to 40.6 + 2.1% after 30 hr. When 0.50% LA and 0.20% SO,
was used as the steeping solution, germ moisture content ranged
from 19.5 + 3.2% after 15 min to 59.5 + 2.3% after 36 hr and
moisture content for the endosperm ranged from 17.9 + 1.2% after
15 min to 40.3 + 2.5% after 36 hr. There was no significant differ-
ence in the rate of hydration for any of the 27 time periods common
to the water and 0.50% LA solutions.

corn kernels and the influence of steeping chemicals. Previous
laboratory studies had indicated that the addition of either LA or
SO, results in a change in water absorption in the kernel. How-
ever, in these studies, composition of the soak solution with the
addition of either LA or S@or both LA and S@did not signi-
ficantly affect the rate of hydration of either the germ of endo-
sperm. The high variability in the measured moisture content of an
individual germ or endosperm for a given steep time demonstrates
that determination of the moisture content of the individual germ
and endosperm components of one or a few kernels may not be
descriptive of the bulk material. However, determination of the
moisture content of the germ and endosperm based on 15 replicates
should be representative, in that the calculated equilibrium moisture
content of the whole kernel was in agreement with literature reports.
In contrast to some previous reports, the composition of the soak
solution did not significantly affect the rate of hydration of the
kernel; therefore, future research on bulk kernel samples of a

After 16-20 hr, the equilibrium (peak) moisture content of thevariety of hybrids is warranted.
germ, endosperm, and whole kernel was approached in all four

steeping solutions. At 24 hr, the calculated moisture content of the

whole kernel for the four steeping solutions was 41.8.0%
water; 42.8 + 2.5% for 0.50% LA; 41.4 + 2.3% for 0.20% SO,;
and 42.0 + 2.6% for 0.50% LA and 0.20% SO,. With water as
steeping solution, the highest moisture content (42.7 + 2.9%) was
attained after 30 hr. For 0.20% SO, and 0.50% LA and 0.20%
SO,, the values were 42.8 + 1.8% after 30 hr and 43.0 + 2.3%
after 36 hr, respectively. These findings are in accord with those
of Yaptenco (1993).

ACKNOWLEDGMENTS

| thank Julio C. Mayorga for technical assistance in the conduct of the
experiments and in graph preparation; Tomeka W. Brown for technical
assistance; and S. R. Eckhoff, Department of Agricultural Engineering,
University of Illinois, Urbana, for furnishing the yellow dent corn variety
FR1064 x LH59 used in these studies.

LITERATURE CITED

In the first 5-10 min of steeping in water and 0.50% LA, water American Association of Cereal Chemists. 2000. Approved Methods of

absorption in the endosperm exceeded absorption in the germ How-the AACC, 10th ed. Method 44-15A. The Association: St. Paul, MN.
ever, thereafter, the hydration rate of the germ increasinggeebed ~ Fan, L.-T., Chen, H.-C., Shellenberger, J. A, and Chung, D. S. 1965.
that of the endosperm, reaching a peak after 4-4.5 hr. In both Comparison of the rates of absorption of water by corn kernels with
solutions, the germ-endosperm hydration ratio leveled offl & and without dissolved sulfur dioxide. Cereal Chd21385-396.

. . . Gundasekaran, S., and Farkas, D. F. 1988. High-pressure hydration of
after 16 hr. Hydration of the germ and endosperm increased rapld?ycom Trans. ASAE 31:1589-1593.

in all four steeping solutions during the first 3 hr. Ruan et al (1992)i5105 M., and Suarez, C. 1999. Effect of chemical pretreatments and lactic
found that moisture diffused quickly into the germ in the first 2.5— acid on the rate of water absorption and starch yield in corn wet-milling.
3.5 hr of steeping at 53°C with 0.55% LA. In steeping studies in Cereal Chem. 76:783-787.

water containing 2,000 ppm of $@nd 0.5% (v/v) LA, McKinney Haros, M., Viollaz, P. E., and Suéarez, C. 1995. Effect of temperature and
(1996) reported a linear relationship between increase in moistureSO; on the rates of water absorption of three maize hybrids. J. Food Eng.
content and time during the first 4 hr of steeping. The moisture 25:473-482. _ N _ _

content increased by 8%/hr in the germ and 2.8% in the endosperh?Pes Filho, J. F. 1995. Inteittent milling anddynamic steping process

In these studies, after steeping in water for 4 hr, the moisture con-g1 corn .Starﬁ_h recovery. PhD thesis. University of Illinois: Urbana-
tent increased on average by 9.2%/hr in the germ and 3.6% in t ampaign, -

o 0 ) . Kinney, J. C. 1996. Gaseous sulfur dioxide steeping for corn wet
endosperm; in 0.50% LA, moisture content increased on average bynijiing. MS thesis. University of lllinois: Urbana-Champaign, IL.

8.5%fhr in the germ and 3.7% in the endosperm. However, there waguntunde, A. O., and Adebawo, O. O. 1989. Water-uptake pattern during
no linear relationship between increase in moisture content and time. traditional soaking of cereal grains. Trop. Sci. 29:189-197.

This study represents the first reported determination of the hyRuan, R., and Litchfield, J. B. 1992. Determination of water distribution
dration of the individual germ and endosperm components of corn and mobility inside maize kernels during steeping using magnetic
kernels during steeping. Weighing of the individual hydrated germ resonance imaging. Cereal Chem. 69:13-17. _
and endosperm shotid minmize errors due to moistre loss, [ R Licheld 3 B, and Eeo . 1, 1052, siutaneous and
stughes conducted by Lopes Filho .(1995) and _MCKInney (.19.96)’ changes in corn kernels during steeping using microscopic nuclear mag-
moisture content was measured using two replicates consisting of

- netic resonance imaging. Cereal Chem. 69:600-606.
a grouping of 20 germ or endosperm components. Shandera, D. L., Parkhurst, A. M., and Jackson, D. S. 1995. Interactions of

sulfur dioxide, lactic acid, and temperature during simulated corn wet
milling. Cereal Chem. 7371-378.

b . . d d he hvdrati Singh, V., Haken, A. E., Niu, Y. X., Zou, S. H., and Eckhoff, S. R. 1997.
Water absorption experiments were conducted on the hydration Hybrid-dependent effect of lactic acid on corn starch yields. Cereal

of the individual germ and endosperm components of corn kernels chem. 74:249-253.

steeped in four different soak solutions at 52°C. This researcyaptenco, K. F. 1993. Performance evaluation of a laboratory scale steep
provides a better understanding of the steeping process, specibattery for corn wet milling. MS thesis. University of lllinois: Urbana-
fically on the hydration of the germ and endosperm components of Champaign, IL.

CONCLUSIONS

[Received September 24, 1999. Accepted August 15, 2000.]

Vol. 77, No. 6, 2000 723



