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Effect of Pump Rate and Table Slope on Starch Recovery for
a 100-g Laboratory Wet-Milling Procedure
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A replicated full-factorial experiment with four starch table slopes
(0.0052, 0.0104, 0.0156, and 0.0208 cm/cm) and five pump rates (40,
45, 50, 55, and 60 ml/min) was used to determine the relationship
between the table parameters of slope and slurry pumping rate and
starch yield and the protein content of starch for a 2.44-m x 5.08-cm
aluminum channel used as a starch table in a 100-g laboratory wet-milling procedure. The tests showed that both starch yield and the protein
content in the starch decreased with increasing table slope and pumping
rate. The rate of starch yield loss with increasing table slope and pumping rate was approximately linear. However, protein content of starch

was relatively unaffected by table slope at slopes >0.0104 cm/cm. The
lowest table slope (0.0052) had significantly more protein in the starch
than did the other three table slopes tested. Selection of the appropriate
table slope and pumping rate for use with the 100-g laboratory wetmilling procedure was based upon starch yield and protein in starch
results from tabling the same starch slurry on an 8.3-cm x 6.1-im table as
performed in a 1-kg laboratory wet-milling procedure. A table slope of
0.0104 cm/cm and a pumping rate of 50 ml/min was the combination
that gave the starch yield (81.8 vs. 80.0%) and protein content in starch
(0.50 vs. 0.52%) closest to those of the 1-kg tabling procedure.

The density separation of starch and protein in the corn wetmilling process is currently accomplished using a series of continuous centrifuges and hydrocyclones (Watson 1984, Blanchard
1993). However, up until approximately 40 years ago, corn starch
was separated from protein in industrial processes by pumping
the starch slurry onto sloped wooden troughs called starch tables.
Starch would settle on the table, while the protein remained suspended in the water and would be carried off the end of the table.
The tables were typically 0.6-m wide and 40-m long with a slope
of =0.0052 m/mr (Kerr 1950). Factors affecting the performance of
the industrial starch tables included the table slope, specific gravity of the starch-protein slurry, temperature of the slurry, table
length, and pump volume per unit width of table (Berkhout 1976).
Three methods have been used in laboratory and pilot-size wet
milling to separate starch from protein: 1) batch centrifugation
(Hassanean and Abdel-Wahed 1986, Steinke and Johnson 1991);
2) hydrocyclone (Rubins 1990, Singh and Eckhoff 1995); and 3)
starch tabling (Watson et al 1951; Eckhoff et al 1993; Pelshenke
and Lindemann 1954; Anderson 1957, 1963; Weller 1987;
Wehling et al 1993). There has been no direct comparison
between the three procedures, although Singh and Eckhoff (1995)
compared the hydrocyclone with the starch table. They found that
at the conditions they operated the hydrocyclone, starch yield was
reduced and protein content in the starch was higher for starch
recovered by the hydrocyclone procedure. They felt that further
refinement of the procedure, including recycling of the protein
overflow, would yield acceptable results. Results from the references above and other literature (Eckhoff and Tso 1991, Steinke
et al 1991, Fox et al 1992, Wang and Johnson 1992, Fox and
Eckhoff 1993, Rausch et al 1993, Shandera et al 1995) indicate
that all three methods appear to be capable of giving starch yields
near industrial levels with low starch protein content and with low
standard deviation between replicates, although not all research
studies achieved the same level of accuracy and precision.
Each of the three methods appear to have different advantages.

The batch centrifugation and the hydrocyclone are faster than
tabling, but tabling has fewer subjective steps in its operation and
requires less expensive equipment. Centrifugation and use of a
hydrocyclone more closely emulate the current separation technology in the industry, take up less floor space, and are more
adjustable for working with hard-to-separate starch samples.
However, the hydrocyclone does not appear to be adaptable to
sample sizes much less than 1 kg.
Pelshenke and Lindemann (1954) used a short starch table to
separate starch and protein following a two-stage centrifugal
washing procedure for a 100-200 g sample procedure. They did
not report basic information on the slope of the table, the slurry
flow rate, or the specific gravity of the slurry, but they were able
to achieve good separation as indicated by a high starch yield,
low protein content in the starch, and a high degree of precision
in measuring starch yield.
In developing a laboratory wet-milling procedure that uses a
100-g sample size, Eckhoff et al (1996) used a 2.44-m x 5.08-cm
aluminum channel as a starch table. There is no scientific data
available on the relationship between the various parameters for
tabling such as slurry temperature, slurry specific gravity, table
length, table slope, and slurry pumping rate. In laboratory practice, it is possible to hold slurry temperature, slurry specific gravity, and table length constant. It is necessary to know the relationship between the starch quality and starch yield and the table
slope and slurry pumping rate. The objective of this research was
to determine the relationship between table slope, the pumping
rate onto the table, and the resulting starch yield and starch protein content for a 2.44-m x 5.08-cm aluminum starch table to be
used for starch-protein separation in a 100-g laboratory wet-milling
procedure.
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METHODS AND MATERIALS
A quantity of starch-protein slurry was obtained, all at one
time, from the feed to the primary centrifuge, in a wet-milling
facility. Commercial starch-protein slurry was utilized in the test
to minimize variability that would occur from repetitive
laboratory wet milling to produce starch-protein slurry. The slurry
was refrigerated to prevent deterioration of the starch until the
random duplicated tests were performed. When running a test
condition, the slurry was well mixed, a representative sample
withdrawn, warmed to room temperature, and adjusted to a 1.04
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specific gravity (=9.8% solids) by the addition of distilled water
before tabling. Three 100-ml samples of the slurry were used for
solid determination by the two-stage air-drying procedure (AACC
1983).
Samples (1,000 ml) of the prepared mill starch with a specific
gravity of 1.04 were tabled at each of 20 combinations of table

slope and pump rate in a duplicated full-factorial experimental
design comparing four table slopes (0.0052, 0.0104, 0.0156, and
0.0208 cm/cm) and five pump rates (40, 45, 50, 55, and 60

ml/min.). Dry, empty aluminum starch tables were initially tared
by suspending the table between two balances, one located on
each end of the starch table. The initial tared weight was the sum
of the weight measured by the two balances. Slurry was pumped
on the table at the designated flow rate and table slope, and the
overflow was recovered as the protein fraction. After all of the
slurry was pumped on the table, 150 ml of distilled water used to
rinse the bucket was pumped over the starch on the table to wash
the starch surface. The starch table was allowed to sit undisturbed
for at least 6 hr to air dry the starch, after which the starch table
was weighed across two balances to give a wet weight of starch.
Starch on the table was then immediately scraped off into tared
aluminum sample cups, and moisture was measured using a 2-hr
1350C forced-air oven procedure (AACC 1983). The overflow
(protein fraction) volume was measured, three 75-ml representative samples were placed in tared aluminum sample cups, and the
total solids content of the protein fraction was measured using a
two-stage forced-air oven procedure (AACC 1983). Protein in
starch (N x 6.25) was determined using a micro Kjeldahl proce-

dure (AOAC 1984).
As a control, duplicate 6,000-ml representative samples were
pumped on a 6.1-m x 8.3-cm table using the guide lines of the 1kg laboratory corn wet-milling procedure of Eckhoff et al (1993).
Slurry (6,000 ml) was chosen as representative of the volume of
slurry tabled during use of the 1-kg procedure. The table was set
at a slope of 0.0093 cm/cm with a pumping rate of 300 ml/min.
The percentage yield of starch, gluten, and the starch protein
content were determined.
RESULTS AND DISCUSSION

The average starch yield and protein content in the starch for
the 1-kg procedure controls was 80.0 and 0.52%, respectively.
This is =85% recovery of the starch in the starch-protein slurry.
This is a low recovery by commercial standards, but it may be
due to excessive recycling of middling material or other in-plant
situations. The protein content in the starch was at the high end of

values reported when using the 1-kg procedure. Eckhoff et al
(1993) reported a value of 0.32%; Tso and Eckhoff (1991) also
reported 0.32%. Singh and Eckhoff (1995) reported 0.42% protein in the starch they recovered using the 1-kg procedure, while
Anderson (1963), using a similar procedure, reported a value of
0.54%. The higher than desired protein content in the starch is
consistent with the lower starch recovery, indicating that the particular commercial slurry sample is difficult to separate.
Starch yield on the 100-g procedure table decreased with
increasing pump rate and table slope (Fig. 1). Holding slope or
pumping rate constant gave similar results in that at all pumping
rates tested the starch yield decreased with increasing table slope,
and at all table slopes tested, the starch yield decreased with
increasing pumping rate. The maximum starch yield of 88% was
at the lowest pumping rate and table slope (40 ml/min and 0.0052
cm/cm). The rate of starch yield decrease was greatest for the
lowest and highest table slopes (0.0052 and 0.0208 cm/cm) with
decreases of 6.9 and 7.3% starch yield. The middle two table
slopes (0.0104 and 0.0156 cm/cm) had decreases in starch yield
of 4.3 and 4.2%, respectively.
The protein content in the tabled starch also decreased with
increasing pump rate and table slope as anticipated (Fig. 2). Most
noticeable was that there was a large difference between the protein content of the starch tabled at 0.0052 cm/cm and the other
three table slopes, with significantly more protein being retained
on the table. There was no significant difference (a = 0.05)
between the protein content in the starch samples recovered at
rates greater than 50 ml/min except at the lowest table slope. Zipf
et al (1950) found a similar decreasing trend for the protein content in starch.
Selection of an appropriate table slope and pumping rate for
use with the 100-g laboratory wet-milling procedure was based
on conditions that give a protein content in starch and a starch
yield similar to what would be expected from tabling using the 1kg procedure. Protein content in starch levels >0.5% was not
considered acceptable, based upon industrial specifications. The
protein content in the starch decreased <0.5% at a table slopes
and pumping rates combinations >0.0104 cm/cm and 50 ml/min.
The best starch yield from the 100-g procedure for starch with
<0.5% protein was 81.8% at a 50 m/min pump speed and 0.0104
table slope, which was comparable to the values for the control
samples (80.0% starch yield and 0.52% protein in starch).
Although selection criteria for determining the table slope and
the pumping rate were based on comparison with results from the
1-kg procedure, there is no guarantee that numerical results will
always be highly correlated between the two procedures. Because
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Fig. 1. Yield of starch as affected by table slope and slurry pumping rate.
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the table slopes are different (0.0104 cm/cm vs. 0.0093 cm/cm)
and the flow rate per cross-sectional area are not the same (10
ml/min/cm vs. 36 ml/mmn/cm), relative ranking of hybrids will
correlate between the two procedures, but numerical yield values
may be different.
CONCLUSIONS
Both starch yields and protein content in the starch decreased
with increasing table slope and pumping rate. The combination of
table slope and pumping rate that resulted in a starch yield and
starch protein content similar to that observed for the 1-kg tabling
procedure on the same slurry was 0.0104 cm/cm and 50 ml/min.
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