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A procedure that reduces diffusional limitations by periodically mill- chosen for soaking because it increased the rate of kemieition with-
ing the corn to reduce particle size and stirring the ground mash in thfeut gelatinizing starch, which happens at higher temperatures. A 2-hr
presence of sulfur dioxide ($00and lactic acid was developed. The proc- soak time was preferred because there was less fiber in the germ fraction
ess, called intermittent milling andynamic steeping (IMDS), includes and less germ damage was observed. Although there were no advantage
three main stages: initial soaking (a short-time immersion in water) dfo using SQ or lactic acid in the soak water, the presence of these com-
whole kernels, initial cracking of the partialydrated kernels, and dy- pounds during dynamic steeping enhanced starch yield. The starch yield
namic steeping with interspersed milling. Thigdst evaluated the three for 3 hr of dynamic steeping was not statistically different from the
stages of the process separately, evaluating the effect of variables on eatdrch yield for a 7.5-hr dynamic steep. The Baugr was preferred
stage of the process. Corn fractions yield (germ, fiber, gluten, starclover the use of a roller mill or a commercial grade Waring blender for
were used to decide the best conditions for the soaking and steepikgrnel cracking. The IMDS process produced, on an average, 1 percent-
stages, and germ damage was used to determine the best kernel cracldgg point more starch than the conventional 36-hr steeping process. Total
method. Starch, gluten, and germ yields were not affected by soak termsteep or kernel preparation time was reduced from 24—-40 hr for conven-
peratures (52—-68°C) or soak time (1-3 hr). A temperature of 60°C watonal wet-milling to 5 hr for the IMDS process.

In corn wet-milling, kernels are countercurrently steeped for are broken up to reduce the diffusional path length for steep solu-
24-40 hr in 50-52°C process water initially containing 0.10-tion components (Fig. 1). Unlike conventional steeping, the kernel
0.20% SQ. These steep conditions permit the growth adftoba- soak is performed in short time (1-3 hr) with hydration of the
cillus sp., in the fresh corn, which convert sugars and solublgerm being the main objective. Breaking open the kernel after this
starch leached from the corn kernels into lactic acid. The lactimitial hydration phase reduces damage to the germ and retains the
acid is beneficial for corn steeping, due to kernel softening andase and purity of germ recovery associated with wet-milling.
other activity that enhance starch recovery (Roushdi et al 198Kernel cracking, to open up the kernel, and dynamic steeping
Eckhoff 1989, Eckhoff and Tso 1991b). Du et al (1996) showedsteeping with stirring) with intermittent milling, done to enhance
that other organic and inorganic acids have an effect on yielgerm separation and reduce particle size, are the two other major
similar to that of lactic acid. steps of the process. Upon completion of the IMDS process, the

In steeping, absorbed $@cts on the disulfide bonds in the endo- steeped material is sent to first-stage germ recovery without any
sperm protein matrix that encapsulates the starch granules (Watsaiditional milling. Subsequent wet-milling steps are the same as
1984). The result is a dispersion of endosperm protein and an enhaniceeonventional wet-milling.
ment of starch release (Watson and Sanders 1961). Conventionallhe objectives of this research were to: 1) evaluate the effect of
steeping is a diffusion-limited process. Watson and Sanders (196&hhe, temperature, SQconcentration, and lactic acid concentra-
showed that when all diffusional barriers are removed, 1-2 hr ison during soaking and dynamic steeping on corn fraction yields,
enough time for SEto react with the endosperm protein, resultingand 2) study the effect of different kernel cracking methods on

in the release of the starch granules. germ damage and recovery.
In an attempt to decrease steep time, researchers have tried to
enhance the diffusional rate of the process by dry-milling the corn MATERIALSAND METHODS

before steeping to get smaller particles and thus decrease the dif-
fusional path length (Chwalek 1980, Powell and McGeorge 1975ample Preparation
Eckhoff et al 1993, Eckhoff and Tso 1991a). Processes that breakA yellow dent hybrid (FR600 x Mo17) was used for all parts of
open the dry kernel before wet-milling produce excessive gerrthe study except for determining the effect of different grinding
damage. Broken germs are hard to recover in hydrocyclones, antethods, during which a blend of unknown local hybrids was
the oil released by broken germs affects starch quality and puts ased. For each test rei,500 g of corn was sieved over a 4.8-mm
oil film on process equipment. Other objections to combined wet12/64") round-hole sieve. Three replicate subsamples were used
and dry-milling processes are that they do not promote lactic acfdr moisture determination using the 10372-hr forced-air oven
production and that they cause excessive loss of solubles into theocedure (AACC 1995). The mean moisture content of the corn
steepwater. was 14.25% wb.
The intermittent milling and dynamic steeping process (IMDS)
is a process which, after an initial short soak period, the kerneEffect of SO, and Lactic Acid Concentrations During Soaking
A duplicated 2x2 factorial design was used with, 8¥els of

0 and 0.15% and lactic acid levels of 0 and 0.55%. The purpose of
IFormer graduate fellow, Department of Agricultural Engineering. Current ad- the test was to determine whether,%@d lactic acid in the soak
dress: Department Engineering AlimentosUNESF, Cx. Postal 136 15054-000  \water increased starch yield or had an effect on germ recovery.

S.J. Rio Preto, SP - Brasil. . . i
2Professor, Department of Agricultural Engineering University of lllinois, Cleaned corn (1,000 g) was immersed in 1,867 mL of solution

Urbana, IL 61801. for 2 hr at 60°C using each of the four treatment conditions. The
jProfr, Department of Veterinary Biosciences apparatus used for soaking was the same as in conventional batch-
Corresponding athor. laboratory steeping (Eckhoff et al 1993). At completion of the
Publication no. C-1997-0821-03R. soak period, the soak water was drained and solids determination
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Soaked corn was then cracked by passing it through a 20.3-cm A double-pass method was used for the roller mill with a gap
(8") diameter Bauer mill (model 148-2) with 0.5-cm gap between  setting of 3.99 mm (0.16") for the first pass and 3.06 mm (0.12")
the plates (one stationary and the other rotating at 1,500 rpm). for the second pass. The double-pass system was needed due to
Dynamic steeping, with atotal time of 6 hr, was accomplished at the size variability of the corn kernels. The gap settings were selected
52°C in 1,600 mL of a solution of 0.2% $@nd 0.55% lactic based upon some preliminary tests. Soaked corn was dropped into
acid. The cracked corn and steep solution was stirred insidethe nip of the cylinders which were rotating in opposite directions
plastic bottle equipped with a variable speed agitator. During that 150 rpm. The cracked kernels were collected at the bottom of
dynamic steeping, intermittent milling was performed by placinghe rolls, and 250 mL of water was used to rinse the cylinders
all the material in a Waring blender (model 34BL22) for 2 min atafter cracking to increase total mass recovery.

60% of full power at 2 and 4 hr from the beginning of dynamic The Bauer mill was tested at 1,500 rpm using three different
steeping. After the last 2 hr of dynamic steeping, the mash wasate configurations: C-E Bauer plates 8504, 8118, and 8818,
skimmed for germ. All other process steps followed the laboratorgnanufactured by C-E Bauer Combustion Engineering. The plate
procedure of Eckhoff et al (1993). The steepwater from dynamiset 8504 gave the best results in preliminary tests, while the other
steeping was used as process water in subsequent milling stepstwo produced an excessive amount of broken germ and a large
Effect of Soak Time and Soak Temperature amount of fines as measured by visual inspection. Only the 8504

A 3x3 duplicated factorial experimental design was used et of plates was tested in the cracking method experiment.
; fed i he mill i
soak times of 1, 2, or 3 hr and temperatures of 52, 60, or 68°C. %oaked kernels were hand-fed into the mill at an approximate rate

SO, nor lactic acid was used in the soak water (a condition dete{‘/\-,qitg’000 g/min. After grinding, the mill was opened and rinsed

mined from the previous test). All milling procedures were the
same as previous described.

h 250 mL of water to ensure total mass recovery.
The Waring blender had its blades dulled to a radius edge to
prevent slicing of the germ, as described by Eckhoff et al (1993),
Evaluation of Kernel Cracking M ethods and was controlled by a variable transformer (model 116, Superior
Three methods for kernel cracking were compared to determirfelectric Co., Bristol, IA). Combinations of blender time (1-3 min)
which one opened up the kernel with a minimum of germ damag@nd power (30-70% of full blender power) were tested in prelimi-
A 10-cm diameter x 15-cm wide smooth roll roller mill (model nary tests. The combination giving the most complete cracking of
FD 2305), a commercial grade Waring blender (model 34BL22)he kernels with minimum germ damage was 2 min at 45% of full
and a 20.3-cm (8") diameter Bauer mill (model 148-2) were th@ower, which is the condition used in the comparison. Soaked corn
three cracking methods compared. was divided, before cracking, into three equal groups660 mL
volume. Each batch of corn was mixed with 500 mL of water and
then cracked in the blender separately. The three batches were
Corn recombined for steeping.
For all three methods, the germs were recovered after dynamic
steeping by skimming using 18- and 14-mesh pieces of stainless

Water Soak Light Soak Water steel screen, following the procedure of Eckhoff et al (1993).
l During germ skimming, the amount of time required for germ
Water — 'éeogr:gLCéfif";/ Qven recovery was kept between 20 and 30 min to p_rovide f_or a fair
l l comparison of germ yield. Recove_red germ was rinsed with 1 L of

Dynamic Steeping water over a 0.4-mm round-hole sieve.

After washing, the germ was dried at 49°C for 24 hr, sieved for
4 min through a stack of four U.S. Standard sieves of 6, 8, 10, and

Milling 16 mesh on a RoTap shaker (W.S. Tyler Co., Cleveland, OH), and

l the fractions on each sieve weighed. For all germ samples tested,
Dynamic Steeping no whole germ passed through the 10-mesh sieve. Particles on the
Mi,J,’ing 16-mesh sieve and in the pan were considered to be pieces of bro-

l ken germ. Percentage of broken germ was determined by adding
Germ Skimmi Screen Water the weight of the germ pieces in the 16-mesh sieve and in the pan

N \L____J and dividing by the total dried germ weight.
The germ samples recovered by each of the different grinding

Sturry € Starch-Water  Oven methods were compared to germ recovered from conventionally

J, l steeped corn. Oil content of the germ fractions was measured by
Water ———— Qui'::r‘icfii";dmm hexane extraction (AOAC 1984). The procedure of Eckhoff et al

(1993) was used with a steep time of 36 hr, 8@hcentration of
0.15%, and 0.55% lactic acid.

Decantation

l

Decant Water

fWater Fiber Separation TABLE |
l Decant Water Product Yieldsjrom | ntermittentM iIIing_and Dynami(; Stee_ping (IMDS) of
Coarse and tati ?tar::h + Water Wet-Milled Corn Soaked in Solutions Containing Different
Fine Fiber [Gluten-Starch) abling Concentrations of SO, and Lactic Acid at 60°C
\l;_l ﬁ 2
Oven Gluten Slurry Oven Lactic SO, Soak Filtrate
J, Acid (%) (%) Solids Germ  Fiber Starch  Gluten Solids
g~ Filtration —, 0.0 00 Ola 74ab 106ab 665a 89 58
F""ﬂ‘elwmf 018" 015 04b 71c  103b 659a 10.la 55a
0.55 0.0 0.7c  7.5a 12.4a 64.3a 10.1a 4.8a
¢—— Oven 015 04b 7.2bc 1llab  664a 90a 55
Fig. 1. The intermittent milling and dynamic steeping process (IMDS). a Each value represents the mean of two replicates. Mean comparisons
After aninitial short soak period, the kernels are broken up to reduce the followed by the same letter are not significantly different (P > 0.05) within
diffusional path length for steep solution components. same column.
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Effect of Lactic Acid in Dynamic Steeping germ floated well and recovery toa80 min, which was ap-

To determine the effect of lactic acid during dynamic steeping in proximately the same time required for the conventionally steeped
the IMDS process, four replicates of the procedure with and without ~ sample. No differences were observed in the starch, gluten, or
lactic acid in the stegpwater were performed. Cleaned corn (1,000 g) filtrate solids yields due to the addition of lactic acid or, 8Cthe
for each replicate was soaked in water and cracked with the Bauer soak water (Table I). The fiber, germ, and soak solids fractions
mill set a a 0.5-cm gap and operated at 1,500 rpm. The cracked ~ were statistically dependent upon the addition of lactic acid or
kernels were steeped in 0.15% SO, steepwater with or without SO, in the soak water.

0.55% lactic acid. Yields of starch, germ, fiber, gluten, and solids Higher germ recovery was observed when $@s not present.
from the soak water and filtrate were measured and reported on a  Fan et al (1965) showed that Sf@tards water absorption rate at
dry solids basis following the procedures of Eckhoff et a (1993). the beginning of hydration but increases water absorption rate
Starch yield was used as the deciding factor regarding whether or later. The 2-hr soak period used in the IMDS process would corre-
not to use lactic acid during steeping in the IMDS process. spond to the early stages of hydration. Thus, the absence,of SO
Effect of SO, Level and Steep Time might have improved the germ hydration, which consequently

A 4x3 full factorial . t with duplicate determinati facilitated germ release from the kernel. Measurement of germ oil
ull factorial experiment with duplicaté determinations ., yient shows no difference between the various treatments and
was performed to study the effect of time and, 8@ncentration

- f - he control.
during dynamic steeping. The temperature was held constant at Sé

1°C since preliminary runs using higher temperatLz8s ¢ 1°C) Although soak solids and fiber yields showed differences due to
made stirring the material difficult due to the formation of grume

the addition of lactic acid and $Qhe values of fiber yields are in
in the mash. Steep times of 3.0, 4.5, 6.0, and 7.5 hr, and S

e range normally found in the conventional wet-milling proce-

- “dure: 10.8% (Yaptenco 1996) and 12.5% (Anderson 1982). Values
concentrations of 0.05, 0.1, and 0.15% were used. The steep ti . PR )
was divided into three equal time periods for all steep times with inte?lgfnssojlélgglds are insignificant when compared to the other frac
gnlkt\tregttergpl)nlrrgeaggtrjtit;]fe?:r?it[tg? rﬂﬁ?ﬂ%”{gﬁg?rio::d I;or:rexample, & The protein content in starch was similar for all treatments,

; , . . : .ranging from 0.45% for the use of both lactic acid ang 80
A![on? vaﬂ: starch fwel?_, the protelndcontent lfif ?taf[Ch ar;(: ?"0.55% for lactic acid alone. This difference is within the range of
::nor;tz?(:howase iteatrén:mirgg C;Olr)]ywlglrjd:i? mz;fhgga(x; élé OlrSQS) g riﬁ:e standard error of protein measurement previogsly observed
. . (Wang 1994). The amount of protein in starch was higher than for
OX content of the germ was measured by hexane exracti e 36-hr conventional steeped samples (0.45 vs. 0.31%). For the

(AOAC 1984). production of ethanol, this difference would not be important,

Comparison of the |MDS Process to 36-hr Batch Steeping although for other starch products, such as specialty starches and
For comparison, two 1,000-g batches were steeped for 36 hr f#tictose, more protein in the starch would be a disadvantage

52°C in a 0.2% S@and 0.55% lactic acid solution using the pro- because it would require more starch washing hydrocyclone

cedure of Eckhoff et al (1993). For the IMDS process, 1,000-§tages to achieve a comparable level of protein.

samples of cleaned corn were used as previously described. AfterThe oil content of the germ was similar for the control and all

2 hr of soaking and cracking the kernels, the corn was dynamiteatments, varying from 40% for lactic acid alone to 43.7% when

steeped in a 0.15% $®olution with 0.55% lactic acid for a total only SQ was used (control was 42.2%). These values are compa-

of 3 hr (1-hr steep followed by milling). Comparison between therable to the 41.3% oil content reported by Vojnovich et al (1975),

product yields were made. but are lower than reported industrial values of 45-50% (May 1991).

Statistical Analysis f

The vyields of starch, germ, fiber, gluten, soak water solids, an'E:J
filtrate solids were submitted to analysis of variance (ANOVA),
and least significant difference (LSD) values were calculated at a 5
level for fraction yield means comparison tests. The analysis we
done using an SAS computer program (SAS Institute, Cary NC)

fect of Soak Time and Soak Temperature

Soak time and temperature had little effect on the starch, gluten,

gnd germ yields (Table II). Significant differences were observed
dr fiber and gluten filtrate solids. Soak solids varied from 0.1 to
3%, but there was no discernible pattern to the results. Gluten

“filtrate solids varied from 5.0 to 6.2%. The two extremes occurred

RESULTSAND DISCUSSI ON for samples \{vith 3 hr of soaking. Filtrate solids decreased at all
soak times with increasing soak temperature. The soak water and
Effect of SO, and Lactic Acid Concentration During Soaking gluten filtrate solids are the most difficult fractions to measure

Visual observation of cracked corn showed that all soakingccurately, due to the low concentration in the solution and error
treatments were homogeneous and similar one to the other. Thesociated with subsampling.

TABLE I
Product Yields (%) from Intermittent Milling and Dynamic Steeping (IMDS) of Wet-Milled Corn Soaked
at Three Different Time and Temper ature Combinations?

Product Yields (%)

Time (hr) (°C) Soak Solids Germ Fiber Starch Gluten Filtrate Solids
1 52 0.1ab 7.2a 11.1bc 66.1a 9.2a 6.1ab
60 0.3a 7.5a 10.8b 65.5a 9.0a 5.6a—c
68 0.1b 7.5a 11.2bc 66.0a 9.2a 5.5a-c
2 52 0.1b 7.4a 11.1bc 66.4a 8.2a 6.1ab
60 0.2ab 7.4a 11.0bc 65.4a 9.8a 5.8ab
68 0.1ab 7.2a 12.0a 65.4a 9.9a 5.4bc
3 52 0.2ab 7.1a 10.7c 66.6a 8.9a 6.2a
60 0.2ab 7.4a 11.9a 65.8a 8.9a 5.5a—c
68 0.2ab 7.5a 11.5ab 65.7a 9.1a 5.0c

a Each value represents the mean of two replicates; mean comparisons followed by the same letter are not sigrific)tifterent within same column.
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TABLE I TABLE IV

Per cent Distribution of Germ Particles on Sieves, Germ Damage, and Product Yields (%) from Intermittent Milling and Dynamic Steeping
Germ YieldsAfter Cracking the Kernels? (IMDS) of Wet-Milled Corn Steeped in 0.15% SO, With and Without
- LacticAcid?
Cracking Germ  Germ Sieve No. oo AG
Method Damage Yield 6 8 10 16 Pan aclicAd
i ) 0,
Blender 94a  73a 200 625 83 66 28 Corn Fractions 0% 055%
Roller mill 8.4ab 6.3b 168 669 83 59 25 Soak solids 0.1a 0.1a
Bauer mill 6.5bc 7.2a 16.7 682 85 45 20 Germ 7.8a 7.3a
Control 6.1c 6.9ab 75 787 81 45 16 Fiber 15.2a 11.3b

a Except for the control (two replicates) each value represents the mean of gtlirfe?] Bé:g: ngg

three replicates. Means comparison followed by the same letter within the Filtrate 4.2 5.4
same column were not different (P > 0.05). i ;

@ Mean comparisons followed by the same letter within the same row are not
significantly (P > 0.05) different.
The most important observations regarding the effect of time
and temperature was that the 1-hr soak time samples exhibited

more difficulty in germ skimming. There was more pericarp floating blender and the Bauer mill with only 6.3% recovered germ. The
with the germ and the germs did not float well. Singh (1995) blender was deemed an unacceptable method of cracking, not just

found that the ease of germ separation increased with increasing because of the higher amounts of germ damage, but because it left
soak time. He al'so found that gelatinized starch resulted in difficult some kernels uncracked. The roller mill was similar in germ dam-

germ recovery after soaking at 75°C. For practical purposes, tf§€ to the blender and was not deemed acceptable because of the
68°C soak temperature is too high to be controlled withouf€€d to have at least two passes to prevent excessive damage to

increasing risk of gelatinization of starch. Soak times of 3 hr at 6§'¢ 9érm. The Bauer mill method is the recommended method for
and 68°C resulted in an increase in broken germs (based on vistf&fnel cracking.
observation). A 2-hr soak time is recommended based on the
difficulties encountered in germ recovery at 1 hr. The temperaturgffect of Lactic Acid in Dynamic Steeping
recommended is 60°C, which promotes faster germ hydration thanStarch yield and filtrate solids increased and the fiber fraction
52°C and presents less risk of gelatinization of starch than 68°C.decreased when lactic acid was used (Table V). The average
Protein content of the starch was similar for all combinations o$tarch yield difference between steeping with lactic acid and with-
soak time and temperature. Values ranged from 0.44 (1 hr/68°@t lactic acid was 4.0%. This is about the same percentage point
to 0.51% (1 hr/52°C). All combinations were higher than the proincrease in starch yield reported by Eckhoff and Tso (1991b) and
tein in starch for the 36-hr batch-steeped control (0.31%). Steinke et al (1991). These authors reported the increase in starch
The oil content of the germ for 36-hr batch-steeped control wagield was related to a decrease in fiber which contains a large
49.4% compared to 41.1% (2 and 3 hr/68°C) to 42.9% (1 hr/68°@action of starch. Similar increases in fiber yield were observed
and 3 hr/60°C) for the combinations of soak time and temperan this study.
tures tested. Either the solubles were not removed completely Wang (1994) reported that as the concentration of lactic acid
from the IMDS germ, or there was no additional fiber or endoincreased, larger amounts of solids were released. This may help
sperm attached to the conventionally milled germ. Due to thé explain the higher solids in the gluten filtrate found in the pres-
short soak time (2 hr) used in the IMDS process compared to coant study. In the IMDS process, the steep solution remains as a
ventional steeping (24—-40 hr), it is likely that less solubles wereomponent of the process water throughout the whole milling
removed from the germ. To achieve a 7% increase in oil contenprocedure. Soluble solids released in steeping would result in an
total solubles would need to increase by 0.5 percentage points ortrease in gluten filtrate solids.
the total kernel basis. The normal steep solids plus filtrate solids Lactic acid also helps increase starch released from the endo-
for conventional batch steeping is 7.0% (Eckhoff et al 1993)sperm after the first grind. Steeping in the presence of lactic acid
while the average soak solids and gluten filtrate solids for thproduced a slurry before germ skimming with a higher density

IMDS was 5.7%. (10-12 Bé) than when steeping without lactic acid (7—9 Bé€). The
higher density improved the ease of germ skimming due to better
Kernel Cracking Method germ flotation.

The Bauer mill and conventional 36-hr batch-steeping produced
the least amount of germ damage, while the blender and roll&ffect of SO, Level and Steep Time
mill produced the highest amount of damage (Table Ill). The There were differences in the yield of starch, germ, and fiber
percent of germ damage increased from 6.1% (control) to 9.4%ue to both time and S@oncentration. No treatment effects were
(blender). The average germ-particle distribution for all methodfound for gluten filtrate or soak water solids. For gluten filtrate
resulted in a majority of the germ staying on the No. 8 sieve. Theolids, there was a difference between 4.8% (3 hr/0.05% 8@
control sample had 78.7% of the germ samples on the No. 8 sieve7% (6 hr/0.10% S£. There were no time by SGnteraction
However, the other three cracking methods had a larger percemtffects for all fraction yields (Table V).
age retained on the No. 6 sieve. One reason for this could haveThree-hour total steeping time had similar starch yield to the 6-
been due to the attachment of pericarp to the germ. Visuaind 7.5-hr steep times (Table V). When 0.15% 8@s used,
observations of the samples indicated that the samples westarch yields were higher than for the other twg &Wels (i.e.,
equally clean. Another potential reason for the higher percentage05% SQ and 0.1% S¢). The average starch yield increased
of germ retained on the No. 6 sieve is that less solubles wemth increasing S concentration from 0.05 to 0.15% for each
removed from the germ during the 2-hr soak than would occusteep time by 1.7, 2.3, 1.8, and 2.0 percentage points for 3, 4.5, 6,
during the 36 hr of conventional steeping. If less solubles arand 7.5 hr of steeping, respectively.
removed, the germ will shrink less and more germ will be retained The highest germ yield was 7.4% for 6 hr of steeping, which
on a larger sieve. was not statistically different from the 7.0% obtained for 7.5 hr or

The highest germ yield resulted from the blender at 7.3%, but the 7.1% obtained for 3 hr. Within $@vels, 0.15% Sohad the
was not statistically different from the Bauer mill or the controlbest germ recovery (7.4%), while 0.05%,3€xsulted in low germ
(Table IIl). The roller mill was statistically different from the recovery (6.7%). Germ yields obtained by this work are comparable
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TABLEV

Product Yields (%) from Intermittent Milling and Dynamic Steeping (IMDS) of Wet-Milled Corn Steeped for Different Times
and SO, Concentration Combinationswith 0.55% Lactic Acid?

Time(hr) SO, (%) Soak Solids Germ Fiber Starch Gluten Filtrate Solids
3 0.05 0.2a 6.7a 13.9ab 63.8de 9.0a 4.8b
0.10 0.2a 6.9ab 12.9b-e 64.7b—d 9.1a 5.1ab
0.15 0.la 7.1bc 11.7de 65.4ab 9.2a 5.5ab
45 0.05 0.2a 7.0b 14.7a 62.9e 8.4a 5.0ab
0.10 0.2a 6.7ab 12.4c-e 64.6b—d 8.8a 5.6ab
0.15 0.2a 7.0bc 12.5b—e 65.8a—c 8.6a 5.6ab
6 0.05 0.2a 6.9ab 13.3a—c 64.4b—d 8.8a 5.5ab
0.10 0.2a 7.1bc 11.8de 65.1a— 9.2a 5.7a
0.15 0.2a 7.4c 11.6e 66.2a 8.7a 5.5ab
7.5 0.05 0.2a 7.0bc 13.2a—d 64.1c—e 9.2a 5.1ab
0.10 0.1la 6.9ab 12.5b—e 65.6a—C 8.7a 5.5ab
0.15 0.2a 7.0ab 11.5e 66.1a 8.2a 5.4ab

a Each value represents the mean of two replicates. Mean comparisons followed by the same letter are not significan(ly difledBjtvithin same column.

TABLE VI
Protein Content (%) of Starch and Oil Content of Germ Steeped Under
Different Conditions

TABLE VII
Per centage of Product Yields From Wet-Milled Corn Using | nter mittent
Milling and Dynamic Steeping (IMDS) and Standar d Procedures?

Starch Qil M ethod

% SO, Treatment Fractions IMDS Standard
Time(hr) 0.05 0.10 0.15 0.05 0.10 0.15 Soak and steep solids 0.1a 4.0b
3 030 032 032 427 430 434 Elf)g‘r" 11'22 1;%)2
45 0.34 0.32 0.34 41.8 41.8 42.0 Starch 66’ 2a 65‘ 1b
6 0.33 0.35 0.32 44.0 42.1 423 Gluten 8 '7a 9 .2a
75 0.32 0.34 0.31 43.7 429 43.2 Fil lid 5'5 1.7b
Control . o 031 e . 472 It solids o2 '

Total 99.3 99.2

with results from previous studies: 7.3% (Knight 1969), 7.0%
(Eckhoff et a 1993), and 6.2% (Anderson and Watson 1982).
Fiber yields ranged from 11.6% (7.5 hr/0.15% SO,) to 14.7%
(4.5 hr/0.05% SO,). However, no difference was found between
3 and 7.5 hr of steeping with 0.15% SO,. Despite different steep
times, the lowest fiber yields were obtained when 0.15% SO, was
used. A reasonable explanation of this phenomenon is that the SO,
was more available to break down the structural protein network
at higher SO, levels (0.10 and 0.15%) than at the level of 0.05%.
Normally, an increase in starch yields is related to a decrease in
fiber fraction. This is because more starch is released from the
fiber which also indicates a good disruption of the protein matrix.
Total solids soluble (soak water solids plus gluten filtrate solids)
ranged from 5.0% for 3 hr of steeping with 0.05% SO, to 5.7% for
6 hr with 0.10% SO,. These values are lower than total solids
released when standard procedure of 36 hr of steeping was used:
7.5% (Anderson and Watson 1982), 6.8% (Knight 1969), 7.0%
(Eckhoff et d 1993). A smdler amount of solubles released is
desirable because they end up in the low-vaued gluten feed fraction.

Starch and Germ Quality at Different Steeping Conditions
The protein content of starch ranged from 0.31% for the control
t0 0.35% for 6 hr of steeping in 0.1% SO, solution (Table VI1). The
percentages found in this study were lower than the protein in
starch in some reports. 0.56% (Steinke et a 1991), 0.63%
(Rubens 1990), and 0.54% (Anderson 1963); but they were simi-
lar to those found by others: 0.32% (Eckhoff and Tso 1991a),
0.30% (Watson 1967), and 0.36% (Watson et al 1951). No rela
tionship was abserved between protein content and steep time or
concentration level of SO,. Overall, shorter steep times than those

of the standard procedure (36 hr/52°C) or low, 8®els (0.05 or

a Each value represents the mean of two measurements. Mean comparisons
followed by the same letter within same row are not significantly different
(P> 0.05).

steep with 0.05 and 0.10% $@nd the control, which accounted
for 5.4 percentage points difference. Increased retention of solubles
in the germ is probably the reason for lower oil content, but there
is also less total oil recovered in the germ fraction. Based upon the
data comparing conventional steeping to the IMDS process, the IMDS
process will yield 1.2 kg less oil per metric ton of corn processed.

Comparison of the IMDS Process to 36-hr Batch Steeping

The only statistical difference observed was for starch yield
(Table VII). Starch yield was 0.9% higher for the IMDS process
than for conventional steeping. Differences in gluten filtrate and
soak water solids also were observed. However, when the two are
added together to form total solubles, the results are 5.6% for the
IMDS process and 5.7% for the conventional steeping. Because of
the difficulty in accurately measuring solubles, the IMDS process
probably has a lower total soluble recovery than a conventional pro-
cess, even though such results were not observed in this set of data.

The advantage of the IMDS process over conventional steeping,
is that the IMDS process requires a total combined soak and
steeping of 5 hr compared to 24—40 hr for conventional steeping.
There was a slight increase in starch yield for the IMDS, and pro-
tein content in starch was comparable to that of conventional
steeping. The only disadvantage of the IMDS process is that the
germ oil content is lower (42 vs. 47%) due to the retention of
solubles in the germ and total extractable oil in the germ is less by
=1.2 kg of oil per metric ton of corn processed.

CONCLUSIONS

0.1%) did not have a detrimental effect on the quality of the starch

as measured by residual protein.

Although the use of lactic acid and $6uring soaking did

The oil content of the germ for all treatments ranged frommot increase starch yield, the use of lactic acid during dynamic

41.8% for the 4.5-hr steep with 0.05 and 0.1% 814% for the  steeping increased starch yield and decreased the fiber fraction by
6-hr steep with 0.05% SQ(Table VI). There was a higher oil 4 percentage points. Increasing.36vels from 0.05 to 0.15% in

content in the germ for the control (47.2%) than for the treatmenthe steep solution increased starch yield by an average of 2 per-
(<44%). The largest difference was obtained between the 4.5-ksentage points. Starch yield, protein content in starch, gluten yield,

Vol. 74, No. 5, 1997 637



and germ yield were not affected by soak temperature (52—-68°C) S0, addition before steeping and the effect of lactic acid on steeping.
or soak time (1-3 hr), but the germ had less damage and was moréereal Chem. 68:248-251. _ .
easily recovered at a 2-hr soak time at 60°C. There was no diﬁe’?c'égﬁzfé r?t'sRﬁeralasg%m W%-vzggdzgg'”ma”v C. K. 1993. Wet milling of
ence in starch yield between 3 and 7.5 hr of dynamic steeping. . Ly oot eo

Based upon germ damage and particle size of the resulting mashr: b: T» Chen, H. C., Snellenberger, J. A., and Chung, D. S. 1965,

2 : Comparison of the rates of absorption of water by corn kernels with
the Bauer mill is the best method for kernel cracking. It produced ,q vsﬁrhom dissolved sulfur dioxidpe. Cereal Chem.)/42:385-396.

the same amount of germ damage as a conventional 36-hr baigRy, J. B. 1991. Wet milling: Process and products. Page 381 in: Corn
steeping. Due to the lower amount of solubles removed, germ oil Chemistry and Technology, 2nd ed. S. A. Watson and P. E. Ramstad,
content from the IMDS is:7 percentage points lower than germ  eds. Am. Assoc. Cereal Chem.: St. Paul, MN.

from conventionally steeped corn. Protein in starch levels obKnight, J. W. 1969. The starch industry. Pergamon Press: Oxford, Eng-
tained by the IMDS process (average 0.32%) were similar to the land.

protein in starch recovered by the conventional process (0.3194oWell, E. L., and McGeorge, G. G. 1975. Process for recovery of starch

The IMDS process produced. percentage point more starch than

the conventional 36-hr batch-steeping process.
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