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INTRODUCTION 

The present investigation was a continuation of a series of 

studies on the development of an industrial process for the pro- 

duction of starch from sorghum grain at Kansas State College. 

The primary purpose of this research was to investigate 

some of the factors affecting the yield and quality of the Two- 

duct from the continuous hydraulic milling process for the pro- 

duction of starch from milo maize grits. 

In earlier investigations the starch was recovered from 

sorghum endosperm through operations quite similar to those .1,sed 

in the corn starch industry. Johnston (7) reported that a wet 

milling process was developed to obtain starch from sorghum at 

this College in 1942. Lately, similar reports were made by 7ipt 

et al (11), Watson et al (10), and Kerr (R) on this suhlect. 

Taylor (9) and Hightower (6) reported in 1949 that the wet mill- 

ing process for sorghum starch had been developed into full in- 

dustrial scale at the Corpus Christie, Texas, plant of the Corn 

Products Refining Company. 

With the purpose of producing starch granules of arproxi- 

mately the same size by avoiding direct compressing and shearing 

forces in grinding, Banowetz (1) and Drobot (4) made investiga- 

tions of "hydraulic grinding" of sorghum grain instead of the 

conventional Buhrstone mill. method. grhey reported that a starch 

of good quality was obtained but no satisfactory yield was a- 

chieved, probably because of the excessive grinding which is a 

characteristic of batch grinding. In order to overcome this de- 
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feet, Fan (5) developed this process into a continuous opera- 

tion. Tie obtained a higher yield end good quality of starch. 

This led to further investigations along this line which are re- 

ported here. 

The process developed by Fan consisted of: 

1. Steening the grits in warm water. 

2. Separating the steeped grits from the steep water. 

3. Feeding the grits to the hydraulic mill with water at 

controlled rates. 

4. Separating the overflow from the mill into a fine and 

a coarse fraction on a 200 mesh screen. 

5. Separating bran from the coarse material. 

6. Recycling unground grits to the mill. 

7. Tabling the starch milk from the underflow from the 

screens to separate starch from gluten. 

8. Filtering the bran and the gluten. 

9. Drying bran, gluten, and starch. 

It has been customary in the production of corn starch to 

steep the grain in dilute solutions of sulfurous acid at about 

1200 F. for 24 to 48 hours before grinding. This appears to be 

one of the most important factors in determining the yield and 

quality of the starch. For this reason much research has been 

done on this operation in the milling of corn. Kerr (8) re- 

ported that the time of steeping and the steeping agent, such as 

sulfur dioxide, were the two main factors. bulfur dioxide is 

considered the most effective agent found so far (3). A report 

on sulfur dioxide steeping prepared by Cox at al (3) gave an 
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extensive survey on this subject. They claimed that the proper 

use of sulfur dioxide in the steeping of corn, would increase the 

yield but would slightly lower the paste viscosity, which is one 

of the most important qualities of starch. 

This study includes an investigation of the time of steep- 

ing and of the use of sulfur dioxide in the steep water. 

It was pointed out by Fan (5) that the feed rate is one of 

the most important factors affecting the production of starch in 

the continuous hydraulic milling of sorghum grits. Fan inferred 

that the per cent recovery of starch, as well as the capacity of 

the mill, should increase with increased feed rates up to a max- 

imum. 

A second important variable is the rate of supply of water 

with the steeped grits to the mill. This, along with the rate 

of feed of grits, controls the concentration of the material in 

the mill. 

These two factors were also investigated in this study. It 

was believed that the concentration of solids in the mill was a 

more fundamental variable than the actual water rate to the mill, 

so that this and the rate of feed of grits were considered the 

independent variables. 

In starting up any continuous process which included a re- 

cycle operation, a certain amount of tie must elapse before the 

steady state is reached. The term "steady state" as used here 

means that the conditions at any point in the process remain con- 

stant with time. As a criterion of the attainment of the steady 

state, Fan (5) used the concentration, as expressed by a specific 
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gravity measurement, of the starch milk. This was found to be 

lacking in sensitivity, and a more accurate criterion was needed. 

This was found in the mass rate of the recycle stream, which was 

used to indicate the steady state in this work. 

In order to compare the quality of the starch produced un- 

der various operating conditions, a modification of the viscosity 

test devised by Barham at al (2) was developed for use as a con- 

trol test. 

DESCRIPTION )F EQUIPMENT 

The equipment used in this investigation is shown in the 

flow sheets, Plates I, II, and III. The design of the equipment 

is best explained by a detailed account of its use. 

Steeping Unit 

Three 15-gallon stainless steel tanks were arranged as shown 

in Plate IV. One of the tanks, which contained a heating coil 

made of copner tubing through which low-pressure steam was passed, 

was used to heat the steeping water. A constant temnerature of 

1300 50 F. was maintained by a Taylor self-acting steam regu- 

lator. The hot water was pumped through a +-inch galvanized iron 

pipe by a centrifugal pump (Eastern Industries, Todel D11, 1/8 

Hp., 3450 rpm) to the top of the first steeping tank. The wa- 

ter flowed by gravity from the bottom of the first tank to the 

top of the next steeping tank which was at a lower level. In 

the same manner, the steeping water flowed from the second steep- 

ing tank back into the heating tank in order to take up heat and 



EXPLANATION OF PLATE I 

Flm sheet of continuous hydraulic milling nrocess 

for production of stprch from sorghum grits. 

(One screen operation) 
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EXPLANATION OF PLATE II 

Flow sheet of two-screen operation of continuous hydraulic milling 

procer's f r production of starch from sorghum grits. 
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EXPLANATION OP PLATE III 

View of pilot plant. 

1. Hydraulic mill. 

2. Feed hoT)Per. 

3. Shaker screens. 

4. Starch recel,Fer. 

5. Debrsnner, 

6. Fligt conveyer. 

7. Control panel. 

B. Bran pu7p. 
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maintain the whole unit at nearly a constant temperature of 120 - 

1300 F. The steeping temperature was recorded automatically by 

using a Bristol temperature recorder. 

Grinding Equipment 

The grinding and screening equipment is shown in Plate IV. 

Feeding Device. A V-shaped feed hopper was used. The capa- 

city of the feed hopper was about 20 pounds of grits. An over- 

head +-inch galvanized iron pipe was used to lead a stream of wa- 

ter into the feed hopner. The steeped grits in the feed hopper 

were fed to the mill by a 1-inch by 12-inch screw conveyer. 

This conveyer was driven by a 1-Hp. Reeves Varimotor, and its 

speed was changeable from 26 to 156 rpr. At the outlet of the 

screw conveyer a 1-inch standard iron pipe was used as a down- 

take to lead the feed to the bottom of the hydraulic mill. 

Hydraulic 11. An elevation and a detailed drawing of the 

mill are shown in Plates V and VI. A vertical shaft holding hor- 

izontal bla des was belt-driven by a 10-Hp. Fairbanks-Morse induc- 

tion motor of 1170 rpm. The speed of the shaft was adjustable 

by the use of various pulley ratios. The shaft speed used 

throughout this work was 2240 rpm. The resulting vigorous agi- 

tation ground the steeped grits by imprTA and abrasion between 

the particles and the blades and the walls of the shell. 

The power consumption was measured by a General Electric 

type V-3-A polyphase watthour meter with a watt hour constant of 

7.2. A T-2 Frahm tachometer was used to indicate the speed of 



EXPLANATION OF PLATE IV 

Steeping equipment. 

1. Heating tank. 

2. First steeping tank, 

3. Second steeping taric. 

4. Steep water rec7ellng 7Yump. 

5. Bristol temperature recorder. 

6. Taylor self-actinF steer regulator. 

7. Steam pressu2e gawo. 



PLATE IV 



EXPLANATION OF PLATE V 

Hydraulic mill. 

1. Hydraulic mill. 

2. Feed hopper. 

3. Type T-2 Frahm tachometer. 

4. Overflow from mill to screen. 

5. Recyc1Ing lino. 
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EXPLANATION OF P1,ATE VI 

Detailed dmwing of hTtraulie 
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is 

the stirrer of the mill. The ground material overflowed through 

a 1-inch standard nipe near the top of the rill onto the sereen. 

Screens. For runs IA-1 to IIB-4, one 200-mesh stainless 

steel screen, 3l inches long and 4 inches wide, was used; for 

runs IIIA-1 to two screens of the same size one of 40- 

mesh and one of 200-mesh, were arranged in series. In the former 

case, the overflow from the screen was washed off to the debran- 

ner and the underflor was pumped to the starch-milk storage. In 

the latter case, the overhead. from the 40-mesh screen was washed 

into the debranner, but the underflow was pumped to the head of 

the 200-mesh screen. The overflow from this screen was washed 

off into the intake of a gear pump to be pumped back to the hy- 

draulic mill directly, while the underflow was taken as starch 

milk. In both cases, the screens were mounted on a shaker which 

provided an oscillating motion of the screen by means of an ec- 

centric. The oscillating frequency was 290 cycles per minute 

with e-inch horizontal displacement. The slope of the screens 

was adjusted by means of a screw setting. A stream of wash water 

was introduced onto each screen through an overhead spray-nozzle. 

The position of the spray-nozzle was adjustable so that an effi- 

cient washing was assured. 

Debranner and Flluht Cnnvyer. The dabranner, as shown in 

Plate VII, was part of the flight conveyer. The material in the 

debranner was separated by flotation, so that the light bran por- 

tion Was floated out from a side outlet through a gear numn to a 

vacuum filter, and the unground heavy grits settled down to the 



EXPLANATIOY OF P:Ti VII 

Drawing of debrnner. 
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bottom of the debranner and then were carried back to the mill by 

means of the flight conveyer. The flight conveyer used in this 

work had the following dimensions: width of flight, 5 inches; 

depth of flight, 2 7/16 inches; interval of flight, 5 inches; 

width of trough, 5* inches; depth of trough, 3 inches; length 

of trough, 75 inches; slope of trough, 450. The conveyer was 

driven by a Reeves Varimotor through pulleys and a set of reduc- 

tion gears so that the linear speed of the flight ranged from 

1.5 to 9 feet per minute. 

Starch Tables 

Four 27-foot troughs in series were used as starch tables 

to separate the starch and gluten. The tables sloned alternate- 

ly in opposite directions and were so arranged that the end of 

the first table was 10 inches above the head of the next one. 

The tables were 5 inches wide and 2- inches deep. The slope of 

the tables was 1 inch per 10 feet. 

Auxiliary Equinment 

Control Panel, Flowrators (Fischer & Porter Company's Ser- 

ies 700, Master-Enelosed Type) were used to measure and control 

all of the water rates and the tabling rate of the starch milk. 

The flowrators were arranged as shown in the picture of the con- 

trol panel, Plate VIII. 

Filters. One nutsch-type filter with an area of four square 

feet was used for separating the bran from the flotation water. 

Another identical. filter was used for filtering gluten and mill 



EXPLANATION OF PLATE VIII 

Control panel. 

1. Flowrator for feed water. 

2. Flowrator for grits rec7cling water: 

3. Flowrator for watar to screons. 

4. Flowrator for debranning water. 

5. Flowrator for starch milk. 

6. f'tarter for starch milk pump to table. 

7. Starter for motor for flight conveyer. 

8. Starter for feed water pump. 

9. Starter for motor for screen-shaker. 

10. Starter for recycling pump. 

11. Starter for starch milk pump to storage. 

12. Starter for starch milk pump to storage. 
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slurry. Both filters were connected to a vacuum pump (F. J. 

Stoke Machine Company Model 33275 reciprocating, vacuum numn) 

which maintained a vacuum of about 25 inches of mercury. 

Storage Tanks. A 55-gallon steel drum was used to store 

the starch milk from the screen before tabling. An agitator in 

the tank prevented the starch from settling out from the starch 

milk. 

The overflow from the starch tables, which contained the 

protein or gluten, was stored in a 50-gallon, cone-bottom, stain- 

less steel tank. Here the gluten settled to the bottom and the 

clear liquor was decanted through two 1-inch outlets on the side 

of the tank. The thick slurry of gluten was discharged from a 

2-inch outlet in the bottom of the tank. 

Dryer. The dryer used in this investigation was a tray and 

compartment dryer made by Geo. Koch Sons Company. Air was heated 

by nesting over a steam coil and circulated over the trays by a 

blower. The temperature of the dryer was maintained at 130° F. 

by a Bristol nneumatic temnerature controller-recorder. The size 

of the trays used in this dryer Was 23?; inches by 17.47 inches by 

inches. 

Paste Viscosity E'luinnent 

Barham et al (2) reported a method for determining the paste 

viscosity of starch by using a rotating cylinder viscometer. The 

rotating cylinder viscometer ws built to measure continuously 

the changes in viscosity which take place in starch naste through- 



out a prescribed heating, cooking, and cooling cycle. There were 

two maxima which developed in the viscosity records, one in the 

heating period and the other in the cooling period. The ratio of 

these two maxima is an empirical index of starch quality. 

In order to use this method as a plant quality-control test, 

a modification of Barham's procedure was devised using the ap- 

paratus shown in Plates IX and X. The main nart of this equip- 

ment is a cylindrical water-jacketed container in which the sam- 

ple was heated or cooled by the circulation of heating or cooling 

water through the jacket. The dimensions of the cylinder are: 

inside diameter, 3 inches; outside diameter, 6-?a inches; height, 

5 inches. A U-shape stirrer was inserted with its shaft passing 

through the center of the bottom of the container. This was 

driven by a 1/12-Hp. motor through a set of reduction gears and 

pulleys by which the speed of the stirrer was adjusted. The hot 

water was heated in an open 15-gallon tank with low-pressure 

steam passing through a copper steree coil inside the tank. A 

1/30-Hp. centrifugal pump was used to maintain the circulation 

of hot water. At the inlet of the water jacket an orifice was 

used to control the rate of circulating water. Beyond the ori- 

fice, a tee Provided the introduction of cooling water instead. of 

hot water. A Brookfield Synchro-lectric Viscometer, '''ulti-aneed, 

Model LV?, was mounted directly above the container and the spin- 

dle of the viscometer was immersed in the starch taste, so that 

viscosity readings of the peste were conveniently taken at rather 

short intervals. The temperatures of the rater jacket and of the 

starch paste were measured by means of thermocounles which were 



IMPLANATION PLAT' : IX 

iev c,f viscosity squinnent. 

1. Heating tank. 

2. Brookfield Syncliro-lectric Viscometer. 

3. Jacketed starch solution container. 

4. Stirrer motor. 

5 Timer. 

6. Leeds & lorthrun Potentiometer. 

7. 7Tot rater circulating numn. 
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PLATE I X 



EXPLANATION OF PLATE 

Drawing of viscosity equinment. 

1 1. rater jacket. 

2. are)1 solution container. 

3. TI-lermocouples. 

4. Peddle of stirrer. 

Valves. 

6. .)r:Vloo. 

7, Inlet 'miter n 

B. Drall valve. 

g. Prsme. 

I.D. rbtor driving tlhaft. 

11. Stirrer shaft. 

12. Shaft housing. 
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connected to a Leeds & Northrup Potentiometer. 

MATERIAL 

The only raw material used in this investigation was nibs 

sorghum grits which were supplied by Grain Products, Incorporat- 

ed, of Dodge City, Kansas. The term "grits" used here refers to 

the endosperm part of the mild kernel after the removal of bran 

and germ. The grits were stored in 55-gallon, open-head barrels. 

A small amount of carbon disulfide in a 50 cc. erlenmeyer flask 

was placed in each drum as an insecticide. The drums were tight- 

ly covered. 

The composition of the grits was slightly different from 

batch to batch. Three batches of grits were used in this work. 

The analyses of the grits, which were performed by the Chemical 

Service Laboratory at Kansas -State College, are shown in Table 1. 

Grits from batch 1 were used in runs of Class I; grits from 

batch 2 were used in runs of Clasr= II; and grits from batch 3 

were used in runs of Class III. 

Table 1. Analysis of ratio sorghum. Arlts. 

reiOt per sent 
Couonent : 1st batch : 2nd batch : 3rd batch 

Protein 11.43 9.50 9.03 
Ether extract 1.33 0.86 0.97 
Crude fiber 1,06 0.56 0.64 
Moisture 10.09 12.03 11.10 
Ash 0.83 0.62 0.61 
N-free extract 75.26 76.41 77.66 
Carbohydrates 75.60 77.00 78.40 
Starch 69.70 72.20 73,70 
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The Manhattan city water was used for both steeping and pro- 

cessing water. The analysis of water composition was reported by 

Fan (5) as shown in Table 

Table 2. Analysis of Manhattan city water. 

Total hardness as CaCO3, porn 76 
Non-carbonate hardness,. as CaCO3, pm 45 
Total dissolved solids, ppm 218 
pH value n.97 

The only steeping agent used in this work was sulfur dioxide. 

A saturated solution of sulfur dioxide was made by bubbling the 

gas from a cylinder (Calco Chemical Division, Arerican Cvanimide 

Company) through distilled water at room temperature. The actual 

steeping liquor containing 0.1 per cent SO2 was obtained by di- 

lution of the saturated solution. 

EXPERIMNTft PROCEDUYE 

The operation may be divided into three main steps, namely, 

steeping, grinding, and tabling. In addition, a paste viscosity 

test was conducted. These will be discussed according to their 

operating sequence in the following sections. 

Steeping 

Thirty to sixty pounds of grits were weighed out accurately 

and it into the steeping tank. The steeping water was previ- 

ously heated in the heating tank to a temperature of 1300 F. The 

quantity of water used was about 0.25 to 0.36 gallons per pound 



32 

of grits. The steeping water was circulated by means of a cen- 

trifugal pump at a rate of .?t gallon Per minute. The steeping 

temperature was recorded by the Bristol temperature recorder. 

The time of steeping ranged from 1 hour to 16 hours. In the case 

of sulfur dioxide steeping, the operating conditions and proce 

dure were the same as that for pure water steeping, except that 

a steeping liquor containing 0.1 per cent SO2 was employed. The 

concentrations of SO2 in the initial and final steeping liquor 

were determined by titration. At the end of the steeping peri- 

od, the steep water was drained out of the steep tank and dis- 

charged to the sewer. 

Grinding 

The steeped grits were transferred into the feed hopper man- 

ually. Before the feed into the mill was begun, a power reading 

was taken on the hydraulic mill running empty. This served as a 

basis for calculating the net power consumption of the mill for 

grinding the grits. The grits were fed into the intake of the 

mill by the screw conveyer. The feed rate was calculated from 

the average time required for feeding 10 pounds of unsteeped or 

steeped grits into the mill. The maximum feed rate obtained for 

this screw conveyer was 50 pounds of unsteeped grits or 40 pounds 

of steeped grits per hour. The hydraulic mill and the feed water 

were started at the sane time as the screw conveyer. As soon as 

the ground grits began to overflow from the mill, the shaking 

screen motor was started, the flow of spray water onto the screen 

was begun, and the motor used for pumping the underf low from the 
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screens to the starch milk storage was started. Finally, the 

flow of debranning water and the flight conveyer were started. 

All processing conditions, the power reading of the mill, 

the temperature of the mill overflow, the density of the starch 

milk, and the readings of the water flowrators were taken at 5- 

minute intervals. The steady state was roughly indicated by the 

fact that the density of the starch milk approached a constant 

value. A. more precise criterion for the steady state was the 

rate of overflow to the recycle elevator. '.''hen a constant re- 

cycling rate was observed, the steady state was assumed to be 

attained. Generally, the steady state would be attained at least 

60 minutes after the beginning of the run. Until this ties all 

product streams were sent to the sewer. 

After reaching a steady state, the flow of starch milk was 

changed from the sewer to the starch storage tank and, at the 

same time, the flow of bran from the debranner was also changed 

from the sewer to the nutsch filter. The time of running after 

the steady state was reached varied from 10 to 15 minutes. The 

rate of production was based on this period of operation. At the 

middle of the run, the rate of mill overflow was measured by cal- 

ibrated beakers, and a sample of the mill overflow was taken, 

from which the solid contents of the mill overflow was later de- 

termined. These quantities made it possible to calculate the re- 

cycle rate to the mill. 

Immediately after sampling, the milling operation was stopped 

and the contents of the hydraulic mill was drained out into a cal- 

ibrated bucket. The slurry was then filtered, and the solid por- 
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tion was dried in the tray and compartment dryer. From the 

weight of the solid portion, the mill concentration was evalu- 

ated. 

Tabling 

The starch milk was pumped from the storage tank to the head 

of the first table through a inch galvanized pipe at a rate of 

0.6 gallon per minute (in most cases). The starch settled out on 

the tables while the gluten suspended in the overflow liquid 

passed from table to table. The overflow from the last table 

containing the gluten fraction and some starch. was pumped by a 

gear Dump to the 50-gallon stainless steel storage tank. 

Immediately after the tabling, the starch remaining on the 

tables was washed by introducing water to the head of the first 

table in the same manner as tabling but at a rate of 0.S to 1.0 

gallon per minute. The time of washing ranged from 20 to 30 min- 

utes. After flowing over the tables, the washing water was also 

collected in the sane storage tank where the gluten portion was 

stored. A small amount of saturated SO2 solution was added to 

the tank to prevent fermentation, and the gluten was allowed to 

settle overnight. On the following day, the unper clear liquid 

was taken off by means of a syphon and the slurry Was filtered 

and dried. The gluten was found to be very difficult to filter, 

and for this reason, the thick gluten slurry was sometimes dried 

without previous filtration. The dry solid thus obtained was 

termed "gluten". 

The starch settled on the starch table was taken off manu- 



35 

ally. Its moisture content was found to be about 40 per cent. 

The wet starch was placed on trays and dried at 1300 F. for 24 

hours. 

The analyses of the Products were performed by the Chemical 

Service Laboratory of the Chemistry Department of Kansas State 

College. The paste viscosity of the starch ma determtned by the 

investigator. This will be discussed in the next section. 

Paste Viscosity Test 

The starch sample used for this test was previously dried in 

a vacuum oven at 65° C. for 24 hours. A dried starch sample of 

about 20 grams Was weighed out and suspended in a measured quan- 

tity of water about 400 cc, at 21° 1° C., so that a starch sol- 

ution of 5 per cent by weight was obtained. The water jacket of 

the viscometer was heated uo to CM° C. before pouring the starch 

solution into the container. As soon as the starch solution was 

poured into the container, the stirrer was started. The rate of 

revolution of the stirrer was kept at 70 rpm. The temnerature 

of the container was maintained around 96° C. throughout the heat- 

ing period. During this period, temperature and viscosity read- 

ings were taken at 2- to 5-minute intervals. After 20 minutes, 

the hot water was cut off and the cool water was introduced into 

the water jacket by opening the cool water valve. The temnera- 

ture and viscosity readings wore taken at 5- to 10-minute inter- 

vals during the cooling period. The cooling period Was prolonged 

to 140 minutes in order to assure that the maximum viscosity was 

attained. Since tap water was used as cooling water, the minimum 
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terperature attainable apProachel the temperature of the tan wa- 

ter, Which was almost constant at 200 / 10 C. throughout all runs 

made. 

EXRERIMENTAL DATA 

For purposes of referring to the dots collected for each of 

the different tynes of runs, a coded classification system was 

used to number the runs. The data were grouped into three clas- 

sifications and designated by coded numbers, as TA-1, IIA-2, 

III13-3, etc., to correspond to a given area of investigation and 

a given run as follows: 

Classification of Runs 

I. general investigation runs (one screen). 

A. Preliminary runs. 

Each run was carried out for a certain quAn- 

tity of feed. The run was started as the feel be- 

gan and it was stopped at the end of the feeding. 

Therefore, the processing data and results were not 

based on the conditions prevailing after attainment 

of the steady state, but on the total time of run 

including the start-up period. 

B. No steeping. 

This set of runs, as well as those runs in- 

cluded in the next two classes, were carried out by 

continuous grinding, i.e. the data were taken after 

the steady state rap attained. 



rv. tip 
I) I 

II. Maximum recovery investigation runs (one screen). 

All operating conditions were keot constInt ox- 

cent feed rate and feed water rate, which were varied 

so as to test the theory presented by Fan (5), that the 

per cent recovery of starch, as well as the mill capa- 

city, would increase with increased feel rates up to a 

maximum. 

A. Two-hour steeping. 

B. Four-hour steeping. 

III. Steeping investigation runs (two screens). 

1;(o steeping. 

B. Four-hour steeping. 

C. Sixteen-hour steeping. 

D. Sulphur dioxide steoning, 0.1 per cent 302. 

Treatment of Data 

All processing data were recorded in rate units, sach as 

lb./hr., gal./hr., etc. The calculation of yields nnd material 

balances was performed on the basis of dry feed. The Power con- 

sumptions for grinding were obtained b7 the following formula: 

60 x 7.2 
= ( 1000 ) (R - Re) 

where R is the watthour meter reading in rpm during the 

steady state of the run. Re is the watthour meter 

reading in rpm for empty mill. 

60 x 7.2 is the conversion factor. 
r000 



water consumtions were directly obtained fron the flow- 

rater readings. One other calculation involved was the rte of 

recycling of unground grits, which was evaluated simnly by sub- 

tracting the feed rate from the overflow rate of the nil. 

Data 

The processing data and results and the analysis of products 

are tabulated in Tables 3 to 10 according to the sequence listed 

in the classification. 



Table 3. Processing data and re 

146.01. -ermes.v.(601M- 

for runs of class IA. 

IA-1 

(Preliminary runs. 

AI _sdstd_Bun_Lgrlhu 

Steeping conditions 
Temperature oF 125 125 No 
Time hr. 2 2 Steep Stee 
Cjuantity of water/unit feed 0. 0. 
Y,ater recycle rate gal ./hr. 30 30 

Grinding 
Tine of run hr. 1.66 1.50 1.12 17 

A.11 ter11)erature op 90 85 95 ,u 

Energy consulption KV 1.90 1.86 1.56 2.28 
Total feed, as charged lb. 23.4 23.4 18.9 49.6 

Dry material only lb. 21.0 21.0 17.0 44.6 
Average "rnvity of starch min eTe, 60°F/60°F 2.30 2.30 3.18 3.18 
Slope of screen in./ft. 1.6 I 1. 1.8 
Total procesing water gal. 90 81 61 135 

Tabling conditions 
Tabling rte 73.1./hr. 36 36 ,9 54 
Washing water rate gal./hr. 36 36 4'j. 54 
Time of washing rain. 70 100 (;() 36 

Total washing water gal. 42 60 48 32 
Yield of products, dry basis 

Starch lb. 12.0 12.6 11.2 27.2 
(Based on total dry feed) 57.0 59.8 65.9 61.1 

Gluten portion lb. 2.90 3. 2.76 10.4 
13.3 15. 16.2 23.4 

Bran portion lb. 4.04 2.14 1.0 3.9 
1(:!.2 10.2 7.60 U.8 

Total lb. 16.9 18.1 15.3 41.5 
90.2 )5.° e=9.9 93.3 

Starch recovery, dry blsir, 
Starch extracted lb. 12.0 12.6 11.2 27.2 
starch in feed 113. 16.3 16 13.2 34.7 

Recovery 73.5 77.2 P4.9 7,3 



Table 4. roce1n datl for runs of e1 13. (leneral investI7ntion runs, no steeping. 

Colgt , 1".......1016M-.- 

Grinding 
All temperature 
Lnorgy conswl.ption 
Feed rate, wet bas12 

dry basis 
ill concentration 
ecific gravity of starch milk 

Grits recycling rate. 
0,.frfloy rate of solid 
naterial from mill 

Slope of screen 
r:rocessin water emlunption 
For feeding 
For screening. 
For debrannin 
For recycling 

T,AA1 
Tabling conditions 

Tnbling rate 
VaiiIn voter rate 
Time of washing 
Total vasbing water 

71==liMe. 

°F 
KV 
lb./hr. 
lb./11r. 
lb.sol./cu. ft. 
Be' 
lb./hr. 

lb./hr. 
in./ft. 

gal./hr. 
gal./A. 
gal. hr. 
gal./hr. 
gal./hr. 

gal. /hr. 
gal./hr. 
m in. 
gal. 

102 
2.22 

11.7 
16. 

2.42 

IQ 

91 
2.46 ro ), 

45.0 

4.62 

loo 
2.36 

33.3 
30.0 

49 

104 
2.15 
2%6 
25.7 

4.09 

104 
2.04 

20.? 
1.E.6 

3.26 

S 

1.5 

110 
2.32 

37.5 
33.7 

6.11 

1.0 

110 
,10 

"Y1 

30. 

4.(2 

1.0 

12 
12 

26 
0 9 

15 
9 

15 
9 

15 
9 

15 
9 

18 18 12 12 12 32 12 
12 9 9 
54 45 45 45 4q 

42 6 36 36 36 36 
60 60 60 60 (.0 60 
6 17 15 60 14 10 
6 17 15 6c 14 10 

40 



Table 5. fleaults for runs of class IB. (General investlgstin runs, no steeping 

la ft* VI t ate^ .;; =fa ,t tra g -.'.;z4;%.= 1 MA YM =1= `X= ra Mtir,474 =g igr.V4V :rtt-tt= V.= =I.= 

Cq4Pa Ri 11mPPT 

Yields of product,- dry basis 
Starch lb./hr. 

Gluten portion lb. /hr. 

lb./hr. 

Total lb./hr. 

Bran portion 

Starch recovery, dry basis 
Starch extracted 
Starch in feed lb./hr. 
Recovery 

Starch accounted for, d ry basis 
In starch lb./hr. 
In gluten portion lb./hr. 
In bran !)ortion lb./hr. 
Total lb./hr. 
Total in feed lb./hr. 
St r& accounted for 
rotein accounted for, dry basis 
In starch lb./hr. 
In gluten portion lb./hr. 
in bran portion 1b/hr. 
Total lb./hr. 
Total in feed lb./hr. 
Protein accounted for 

Energy consumption for grinding 
For unit quantity of feed 
For unit quantity of starch. 

titer consumption of process 
Steeping rater/unit feed 
Processing water/unit feed 
.ashing water/unit feed 
Total/unit feed 
Steeping rater/unit starch 
Processing water/unit starch 
ath water/unit starch 

Totnl/un 4' starch 
OraMaawmasawas........searx 

n1 1/1b. 
17:11/1b. 

gal./lb. 
gal./lb. 
gal./lb. 
gal./lb. 
gal./lb. 
gal./lb. 
gal./lb. 
gal./lb. 

9.8 

7. , 

13.0 
1.60 
9.5 
3.7 

3.1 
7').0 

9.64 
1.03 
0.70 

11.42 
13.1 

0.160 
0.920 
0.376 
1.456 
1.92 

I).0 
0.132 
0.227 

3.21 
0.38 
3.59 

5.51 
0.65 
6.16 

'4° ZOTZ IMOS 11*.1 r 

25.0 
55.5 

' =.. 

17.0 
56.8 

'4= ra a 

14.0 
54.5 

10.5 
5.5 

t 447M;424,e+ : 

1B-6 V-1-7 

16.0 
53.- 

15.9 
47.3 

5.0 2.00 2.24 4.68 2.36 1.1 
11.1 6.67 %71 9.04 7.01 6.27 
5.0 5.52 4.52 P.82 10.31 7.50 

11.1 18.40 17.70 1.20 30.64 25.00 

35.0 24.5 20.8 1,).0 28.6 25.4 
77.( y 81.7 30.7 85.0 84.5 

25.0 17.0 14.0 10.50 15.94 16.0 
34.9 23.2 1().9 14.40 26.1 
71.6 73.3 70.4 72.90 61.1 .o 

24.84 14.90 10.44 15.79 15.79 
2.23 0.91 0.10 8.74 0.99 0.84 
2.75 3.22 2.64 1.67 6.55 4.2 

29.81 21.02 17.64 12.55 23.33 20.91 
34.9 23.2 19.9 7.4.40 26.1 23.2 
85.4 90.6 C8.7 :'ef .3 89.2 90.0 

0.157 0.107 0.097 0.059 0.150 0.190 
1.794 0.714 0.894 0.678 0.885 0.706 
0.753 1.032 0.956 0.630 1.650 1.270 
2.704 1.M5 1.95 1.37 2.68 2.17 
5.15 3.43 2.94 2.12 3.85 3.43 

52.5 54.0 46.3 64.6 69.1 43.2 

0.05 .079 .084 0.110 0.049 0.076 
0.09 .139 .154 0.194 0.1'-( 0.143 

Ala *a .1~ OW 40* .11.0 

1.3'1 105° 1.75 2.42 1.33 1.50 
0.38 0.3 0.58 1.08 3.71 0.53 
1.76 1.3 2.33 3.50 2.94 2.03 

alba*Ni aaa 40* 

2.43 2.68 3.21 4.28 2.112 2.81 
0.68 0.59 1.0' 1.90 1.50 1.00 
3.16 j._ 4.2 6.18 4.32 3.81 



Table 6. Processing data for runs of class II. (AximArn recovery investigation runs.) 
.......0110.1010.0.011011100...q 

jnok-4 LIA=3 IIA=4 L Ataa__IID : 3p-1 : 

Steeping conditions 
Temperatlire 
Time 
Agent 
ruantity of water/Unit feed 
'ter recycle rate. 

rind ing 
tenrerature 

Energy consumption 
Feel rate, wet basis 

dry basis 
A.11 concentration 

ecific 7rvity of starch mirz 
wits recycling rate 
Overflo, rate of soli: 

material fro 
Slope of screen 

7rocessing vmter consumption 
For feeding. 
For screening. 
For debranning 
For recycling 
Total 

Tabling cmditions 
Tabling rate 
Lashing water rate 
Tine of washing 
Total 7:shing water 

..."1.101.1-% 

rip 125 120 123 
hr. 1 1 1 

- 
gl./lb. 0.6 0.36 0.36 
gal./hr. 30 30 30 

or 100 106 110 

Jo.! r. 
lb.P1r. 
7b.sol./cumft. 
1,01 

2.12 1.99 2.42 
23.7 23.8 35.7 
20.6 20.7 31.2 
11.6 11.2 '0.3 
A 10 
-...._, 3.81 6.08 

1 b.11ir. - - - 

i/ft. 

gal./hr. 
gal./r. 
gal. fir. 
gal./hr. 
gal./hr. 

gal./hr. 
gal./hr. 
min. 
gal. 

0.7 0.7 3.7 

7 ,2() 

1 

0 
30 

104 
1.94 

26.6 
23.2 
8.1 
3.67 

0.7 

120 

- 

0.36 
30 

97 
2.16 

32.2 
28.1 
9.6 
4.36 
- 

0.7 

125 
I 

- 
0.36 

30 

108 
1.99 

32.6 
28.4 
10.3 
4.39 

0.7 

220 
1 
- . 

0.36 
30 

102 
2.07 

42.8 
37.3 
18.2 
5.04 - 

0.7 

120 
1 

0.36 
30 

104 
2.08 

33,6 
,19.3 

., 

4.u8 - 

0.7 

120 
1 
- 

0.36 
.)-1 1, 

103 
2.29 

34.2 
29.8 
8.8 
4.36 
- 

0.7 

122 
1 

0.36 
30 

92 
2.02 

45.1 
39.6 
17.4 
4.90 

0.7 

120 
4 
- 
0.36 
30 

108 
1.94 
24.0 
21.0 
9.2 
3.81 
OW. 

0.7 

122 
4 

0.3( 
30 

110 
1.99 

2'3.0 

:7,44 

11.4 
4.49 

- 

"" 
0.7 

12 
9 

9 
30 

43 
60 
20 
20 

12 
9 
6 
9 

36 

12 

6 

9 
36 

c70 

20 
21 

15 
9 
6 

00 
20 
:7)0 

15 

12 
q 

4('', 

48 
60 
20 
20 

15 
9 
12 
9 
45 

48 
(0 
22 
22 

15 
9 
6 
9 

39 

36 
(:0 

20 
20 

21 
9 
6 
9 
45 

n 
20 
20 

pi 
9 
0 
9 

39 

46 
60 

;10 

21 12 12 

9 9 q 
( 6 6 

9 c, c: 

45 36 36 

36 
48 
20 
16 

36 

20 
20 
a....1.11.110.0111. 

9c) 

20 

120 
4 

0.36 

120 
4 

0.36 

120 
4 

0 6 

30 

111 

30 

100 

30 

99 
1.82 2.20 9. 

23.3 27.2 33-3 
24.6 2.7 29.0 
11.6 6.6 8.4 
4.49 3.!54 3.67 
- - 

AO. 

0.7 0.7 0.7 

12 
9 
6 

9 
36 

36 
6o 
20 
20 

15 
9 
6 

9 
39 

36 
(0 
20 
20 

21 
9 
6 
9 

,. 

36 
60 
20 
20 

42 



Table 7. Results for runs of class IT. (1.74ximun recovery investigation runs. 

...SLndslam...11.unkar_ 

10.9 
52.9 
1.2 
5.8 
7.8 

37.9 
19.9 
96.6 

10.9 
17.1 
63.7 

10.35 
0.52 
4.71 

16.0F': 

17.1 
93.3 

0.346 
0.470 
1.520 
2.036 
2.?5 

90.5 

0.103 
0.194 

0.36 
1.45 
0.97 
2.73 
0.62 
2.75 
1.8 
5.2 

11.8 
57.0 
2.8 

13.6 
2.1 

10.1 
16.7 
80.7 

11.8 
17.2 
61.6 

11.75 
1.60 
1.20 

14.55 
17.2 
84.6 

0.0r4 
0.800 
0.453 
1.307 
2.26 

. 

0.096 
0.169 

0.36 
1.74 
0.37 
2.9. 
0.63 
3.05 
1.52 
5.70 

nAla 

15.2 
43.3 
2.5 
8.0 
8.4 

26.9 
26.1 
0 , 
0, _,./ 

15.2 
25.8 
58.9 

15.13 
0.93 
5.73 

21.79 
25.8 
84.5 

0.067 
1.153 
1.&0 
2..)00 

3.39 
76.6 

0.072 
0.159 

0.36 
1.15 
0.64 

0.74 
2.36 
1.32 
4.42 

_111....4,11_114=5_,L_T 

13.6 18.3 19.5 
5.6 65.1 ou '" 6 . 

1.3 2.0 1.9 
4.3 7.1 6.7 
2.8 4.) 5.3 

12.1 15.0 18.7 
17.4 24.5 26.7 
75.0 87.2 94.0 

13.6 18.3 19.5 
19.2 2-1.2 23.6 
70.3 75.0 82.6 

13.54 122 19.43 
0.y7 0.71 0.66 
1.60 2.46 3.16 

15.71 21.39 23.25 
19.2 23.2 23.6 
32.0 92.2 9.5 

0.060 0.030 0.074 
0.35 0.895 ).:42 
0.5(2 0.855 0.934 
1.057 1.830 1.900 
2.52 3.06 3.10 

42.0 59.9 61.3 

0.084 0.077 0.070 
0.143 0.118 0.103 

0.36 0.36 0.36 
1.66 1.60 1.53 
0.86 1.71 0.77 
2.90 2.67 2.71 
0.61 0.55 0.53 
7.27 2.46 2.30 
1.47 1.09 1.13 
4.95 4.10 .96 

20.6 
55.2 
2.P 
7.5' 
5.6 

15.0 
29.0 
77.7 

20.6 
30.9 
66.7 

20.52 
1.11 
, ( 
2.39 
30.9 
86.1 

0.0?? 
1.178 
0.906 
2.163 
4.06 
53.3 

0.0% 
0.100 

0.36 
1.05 
0.54 
1.95 
0.65 
1.89 
0.97 
3.51 

Yields of products, dry basis 
Starch 

Gluten portion 

Bran portion 

Total 

Starch recovery, dry. basis 
Starch extracted 
3tare1'. in feed 
Recovery 

Starch accounted for " basis 
In starch 
In gluten portion 
In bran portion 
Total 
Total in feed 
Starch accounted for 

Protein accounte for, dry basis 
In starch 
In gluten portion 
In bran portion 
Total 
Total In feed 
Protein accounteil for 

Energy consumption for grinding 
For unit quantity of feed 
For unit quantity of starch 

Water consunption of process 
Steeping water/unit feed 
Processing water/unit feel 
Washing water/unit feed 
Total/unit feed 
Steeping water/unit starch 
Processing waterlunit starch 
Washing rater/unit starch 
Total/unit starch 

lb./hr. 

Lb./hr. 

lb./hr. 
A 
lb./hr. 

lb./ 
lb. . 

lb./hr. 
lb./hr. 
lb./hr. 
lb./hr. 
lb./hr. 

lb./hr. 
lb./11r. 
1L./71r. 

lb./r. 
lb./hr. 
,-' 

=/11.1. 

gal./lb. 
gal./lb. 
gal./lb. 
gal./1b. 
al./lb. 

g a 1./lb. 
g 1./1b. 
gal./lb. 

t 4 -M. WO* - 

T V 

Ii3.5 

.7 

5., 
19.3 
25 

18.5 
24.2 
76.5 

18.39 
0.46 
3.?,0 

22.6 
24.2 
39.5 

0.109 
0.529 
1.352 
1.69) 
3.1/ 

20.0 19.5 13.2 15.5 
47.1 49.6 62.9 63.6 
2.0 2.5 1.5 2.2 
6.7 6.3 7.1 9.1 
3.5 6.4 1.9 2.4 

11.8 15.3 9.1 9.8 
25.5 28.4 16.6 20.1 
85.6 72.2 79.1 86.5 

20.0 19.5 13.2 15.5 
24.7 32.6 17.3 20.2 
81.0 59.8 76.3 76.7 

20.90 19.43 13.15 15.46 
0.75 1.10 0.5 0.92 
2.18 4.20 1.00 1.37 

23.86 24.73 14.82 17.75 
24.7 32.6 17.3 20.2 
96.5 75.7 85.7 ,7.9 

0.996 0,174 0.049 0.043 
0-21 0.963 0.669 0.945 
cp.63 1.100 0.417 0.500 
1.!;) 2.137 1.135 1.488 
3.75 4.26 2.28 2.66 

37.4. 

15.4 15.0 lr.3.2 

62.4 .1 ., 

2.1 1.5 1.6 
8.5 63 r le) 
2.7 

11.1 
20.2 

43 

2.7 4.2 
11.4 14.5 
19.2 24.0 

r::2.) -.',1.0 
00 
,,,...0 

15.4 15.0 18.2 
20.4 19.6 24.0 
75.5 76.5 75.9 

15.34 14.95 18.14 
0.93 0.60) 0.61 
1.60 1.80 2.67 

17.87 17.35 21.42 
20.4 19.6 24.0 
7.6 88.5 89.2 

0.061 0.051 
0.875 0.683 0.739 
0.583 0.528 0.775 
1.519 1.2 9 1.577 
2.69 2.5ti 3.18 

53.5 47.9 50.1 49.8 56.0 56.5 43.8 eIC.6 

0.112 

0.69 

0.57 
2.42 

6 

2.4 

4.08 
1.0 

0.052 0.092 0.082 
0.114 0.104 0.147 0.128 

0.41 3.95 0.82 
1.01 

2.30 2.32 
1.00 0.$2 1.29 
3.49 3.35 4.11 

0.074 0.093 0.090 
0.118 0.147 0.143 

,81 

0.36 

1.33 1.10 

0.57 

3. 
2.84 

4 
84 

00.65: 

2.60 

11302 4.50 4.14 
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Table 3. Processing data for runs of class III. (Steeping investigation runs.) 

Steeping conditions 
Temperature 
Time 
Agent 
Cuartity of water/unit feed 
Taster recycle rate 

Grinding 
dill tem mrature or 98 97 102 96 97 96 100 100 96 96 99 98 98 97 
EflergY consumption T,' 2.02 2.37 2.68 2.55 2.22 2.22 2.33 2.33 2.28 2.24 2.38 2.24 2.24 2.21 2.30 2.33 
Feed rate, %et basis lb./hr. 24.0 37.5 41.4 57.2 23.8 28.6 32.9 38.9 24.8 26.4 35.0 38.9 25.2 29.5 37.2 40.8 

dry basis lb./hr. 21.3 33.3 36.8 50.8 21.1 25.4 29.2 34.6 22.0 23.5 31.1 34.5 22.4 26.2 33.1 36.3 
,.ill concentration lb.sol./eudt. 6.9 10.6 13.4 17.5 8.11 8.11 9.50 12.00 6.74 .60 9.10 11.45 6.37 8.23 0.43 9.04 Specific gravity of starch milk Se' 2.56 4.08 4.62 5.30 2.56 2.84 3.40 3.81 2.41 2.56 2.98 3.81 2.70 3.12 3.54 3.94 
Grits recycling rate lb./hr. 27.3 45.7 56.5 69.6 24.2 26.6 30.2 35.2 25.5 27.5 27.4 39.2 22.1 21.8 27.0 31.2 Overflow rate of solid 

material from mill 1b./hr. 48.6 79.0 93.3 120.4 45.3 52.0 59.4 69.8 47.5 51.0 58.4 737 44.5 51.3 60.1 67.5 
Slope of screen in./ft. 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 Processing water consumption 
For feeding gal./hr. 15 15 15 

18 
15 15 15 15 15 15 15 15 15 15 15 15 

in For screening gal./hr. 12 18 18 18 18 18 18 18 18 18 18 18 18 18 1 
For debranning gal./hr. 18 12 12 12 12 12 12 12 12 12 12 12 12 12 12 12 
For recycling gal./hr. 12 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 Total gal./hr. 57 54 54 54 54 54 54 54 54 54 54 54 54 54 54 54 

Tabling conditions 
Tabling rate gal./hr. 36 36 36 36 36 36 36 36 36 36 

ig ig 
36 
go g6 lashing water rate gal./hr. 60 60 60 

0 
Time of washing min. 21 20 20 20 20 20 2') 20 20 20 20 20 20 20 20 20 
Total washing water gal. 21 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 

3 

LIIA-1 IIIA-1 : ITIB-1 ; III8-2 1I1t-1 ; 4 : TIIC,1_: I31g,2 :_iLic-2 TTIC-4 frr P III0 3 1 ITTD-4 

oF 120 120 120 120 120 120 120 120 118 117 120 120 
hr. 4 4 4 4 16 16 16 16 4 4 4 4 

0.1,;S02 0.1%.;02 0 0 .1)A02 0.102 - - - - - - 
gal./lb. 0.25 0.25 0.25 0.25 0.25 F'.25 0.25 0.25 0.25 0.25 0.25 0.25 g11./hr. 30 3o 30 30 30 30 30 3o 30 30 3o 30 



Table. 9. Results for runs of class. III. (Steeping. investtgation runs.) 

Co x Rtr ber 
Yield of product, dry ban; 

Starch 

Gluten portion 

Iirn portion 

Total- 

lb ./hr. 

lb./hr. 

;b./hr. 
% 
lb./hr. 

nrch recovery, dry basis 
Starch extracted lb./hr. 
St7lreh in feed lb./hr. 
Recovery 

Starch accounted for, dry basis 
In starch lb./hr. 
In gluten portion lb./hr. 
In bran portion 
Total lb. /hr. 
Total in feed lb./hr. 
Starch accounted for 

Protein acc,Ainted for, dry basis 
In starch lb./hr. 
In gluten 7:lortion lb./hr. 
In bran portion lb./hr. 

. Total lb./hr. 
Total in feed lb./hr. 
Protein 0' accountcyl for 

Energy consumption for grinding 
For unit quantity of feed 
For unit quantity of starch 
ater consumption of process 
Steeping water/unit feed 
Processing water/unit feed 
Washin g. rater/unit feed 
Total/unit feed 
Steeping rater/unit starch 
Processing water/unit starch 
;:ashing water/unit starch 
Total/unit starch 

LT JL_LLIA=1 

15.3q 
':'-'El- 72.0 

1,41:;,5 

i3.5 11 ;ii 
47.J.6 94.2 

3.75 
20.4 

2.63 '4,50 

15.38 

15.29 

17.7 

P'0::195 

31.49 

'.).7 
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Table 10. 

run 

Composition 

14"9.11 
rrtein 

; cr)ntent 

0.50 
0.69 ,,ec 
0.50 
:0.69 

1.63 
0.63 
0.6. 
0.6r) 
0.53 
0.69 
1.19 
0.42 
0.45 
0.44 
0.44 
0,44 
0.38 
0.38 
0.59 
u.48 
7).32 

0.37 
0,28 
0.41 
0,34 
0.37 
0.60 
0.7,; 

0.50 
0.70 
0.57, 

0.5 
0.46 
0.43 
0.66 
0.73 
0.64 
0.60 
0.60 
0.45 
0.50 
0.52 

of products. 

:sannromtuolca 

Br. 
: :73tarch 

: cntent 

47.59 
45.25 
36.113 

42.83 
43.46 
54.74 
5.46 
58.54 
59.09 
63.60 
61.08 
43.02 
57.18 
37.16 
37.24 
35.49 
34.63 
39.67 
38.22 
39.20 
43.96 
57.05 
57.09 
57.11 
63..0 
63.56 
37.23 
64.71 
67.49 
73.59 
43.34 
60.70 
53.24 
62.54 
52.54 
55.77 
58.16 
64,65 
52.67 
59.82 
67.47 
(5.73 

174rt.w.VEZIPialet4 rirn ,-..ear-LaMertAnamr-r irnaVin- oc...7r-ourawirsaaar 

).tpn_anrtt2n 
:Arch : Protein 

t content : content* 
ft,w. 

41,31 39.50 
46.75 
/13.72 iffij5 
45.94 31.69 
46.67 39.69 
44.5 35.8 
45.53 35.69 
44.40 39.94 
44.06 40.44 
41.80 38.!:0 
44,75 37.56 
60.35 19.50 
5(.9e, 21.59 
(7.21 16.'3 
(70.61 20.01 
5,-;76 20.38 
59.63 19.57 
67.21 )6.19 
65.46 20.06 
62.42 18.19 
65.52 17.19 
39.26 44.63 
41.93 43.00 
43.13 41.69 
40.38 45.3 
38.13 46.13 
35.42 44.91 
41.72 42. 
38.33 44.57 
39.03 45.35 
48.12 33.63 
55.62 ?9.63 
4.47 33.63 
37.79 43.19 
52.60 32.75 
54.30 -21.80 

55.55 25.26 
(4.14 22.57 
39.67 45.94 
36.42 46.1 
4.79 41.7e) 
4t...).97 39.00 

f Protein 
: content* 

4r. 

22.31 
22.38 
22.13 
22.38 
23.50 
15.06 
1.69 
21.19 
22.63 
16.00 
3..19 
3.16 
2.56 
46.25 
43.50 
44.81 
44,34 
42.06 
44.06 
42.06 
38.56 
21.97 
20.81 
21.63 
19.57 
18.47 
18.44 
15.38 
15.38 
12.57 
1Y.19 
15.94 
17.03 

17.63 
16.63 
16,09 
16.25 
16.50 
15.75 
14.50 
14.29 

TA-1 
IA-7 
1A-3 
1A-4 
113-1 
113-2 

11-5-3 

13-4 
113-5 

I1-6 
113-7 

1IA-1 
11A-2 
IIA-3 
TIA-4 
1IA-5 
11A-6 
11A-7 
11A-8 
IIA-9 
ITA-10 
IIB-1 
1113-2 
IIB-3 
IIB-4 
TIB-5 

IIIA-1 
ITTA-2 
111A-3 
IITA-4 
11113-1 
IIID-2 
IITB-3 
1I113-4 
ITIC-1 
Ilic-2 
1110-3 
1110-4 
ITID-1 
IIID-7 
1110-3 
1110-4 

*Protein content nitr7en x 



47 

The viscosity tests were made only for those samples ob- 

tained from runs of class III. The viscosity index, r, was ob- 

tained from the following equation: 

r = 

where q is the maximum viscosity reading during the 

heating period. \V2 is the maximum viscosity reading 

during the cooling period. 

As reported b7 Barham at al (2), the viscosity index may be used 

for comparing the pasting property of different starches. 

The data for the viscosity tests are presented in graphic 

forms in Figs. 1 to 4. 
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DISCUSSION OF RESULTS 

This investigation was designed to search for the optimum 

operating conditions for obtaining the highest yields and the 

best quality of products. Since it appeared that the feed rate 

and the conditions of steeping were the most important factors in 

the production of starch from sorghum grits by this continuous 

hydraulic grinding method, these two variables received most at- 
tention in this work. One other factor included. in this work was 

the screen capacity. At the increased feed rates used, the screen 

area previously used appeared inadequate. In arflition, another 

minor point covered was the quantity of washing water on the 

starch table. This was of interest because it was desirable to 

reduce the total consumption of processing water as much as pos- 

sible. 

General Investigation Runs 

For the first four runs the data were taken for the entire 

run including the unsteady period during the early part of the 

run. Unsteoped grits were used for two of these runs. A prelim- 

inary comparison between steeped (2 hr.-steening) and unsteened 

grits was wade. The results as presented in Table 3 showed that 

the rate of production for unsteened grits was no less than for 

the steeped grits. The yield was even favorable to the unsteened 

grits, but this may have been caused by the different length of 

the runs. 

Following that, seven runs were conducted without steeping 
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the grits. No quantitative correlation Was made between these 

runs because different operating conditions had been used for 

these runs in order to carry out a general observation. The 

highest feed rate used was 45 pounds per hour (dry basis). The 

corresponding starch production rate was 25 pounds per hour (dry 

basis). The recovery was only fair. This may have been due to 

the ineffectiveness of screening as observed during the operation. 

The maximum concentration of starch milk obtained was as 

high as 6° Be' at room temperature, which is comparable to the 

value reported by Kerr (8) for the conventional wet milling pro . 

cess for corn starch. The water consumption was reduced to a 

minimum of 3.1 gallons ner pound of starch produced. The average 

water consumption for corn starch milling is about 2.1 gallons 

per pound of starch (8). The power consumption ranged from 0.15 

to 0.2 KWH per pound of starch produced, which was about the same 

as reported by Fan (5). Further reduction of both water and pow- 

er consumptions was achieved by increasing the recovery of starch 

by the use of two screens rather than only one. 

The quantity of water used by Fan (5) for washing the starch 

on the starch tables ran as high as 50 per cent or more of the 

total processing water. Therefore, any possible reduction of the 

quantity of washing water would effectively reduce the total wa- 

ter consumption. Experiments with the use of less rater were 

carried out in runs of class I-B. Increasing the washing rate to 

60 gallons per hour and reducing the total quantity of washing 

water from 60 gallons to 20 gallons, thus decreasing, the washing 

time from 100 minutes to 20 minutes, Produced a starch of accept- 
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able gluten content. A plot of gluten content against total 

quantity of washing water is shorn in Fig. 5. The curve indi- 

cates that further reduction of washing water would give unde- 

sirable high gluten contents. For this reason, 20 minutes wash- 

ing at a water rate of 60 gallons nor hour Was used for all suc- 

ceeding runs. 

Maximum Recovery Investigation Runs 

It was pointed out by Fan (5) that a high feed rate was fa- 

vorable for both production rate and recovery. 6ince his work 

covered only the low feed rate range from 6 to 20 pounds per hour, 

it appeared desirable to expand the investigation to the high 

range. 

Feed rates used in this set of runs ranged from 20 to 40 

pounds per hour. A series of changes of feed water rate was made 

at constant screw conveyer setting. This caused difficulties in 

correlating the data, since the actual feed rate varied somewhat 

with changes in feed water rate. However, curves were obtained 

for the correlation between the recovery and the feed rate at con- 

stant feed water rate as shown in Fig. 6. The effect of feed wa- 

ter rate is evident, but no general relationship between the re- 

covery and feed rate can he seen from this figure. As mentioned 

previously, the grinding action was duo to impact and abrasion 

between the particles of material as well as between the parti- 

cles and the wall of the mill. It seems likely, therefore, that 

the mill concentration would be a direct factor affecting the 

grinding. A correlation was made, therefore, of the starch re- 
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covery with respect to the mill concentration as shown in Fig. 7. 

From this figure a general comparison of runs of different feed 

rate and feed water rate is shown by a concave downward curve 

with a fairly broad maximum portion. The maximum recovery is 

represented by the maximum of the curve which corresponds to the 

mill concentration from 6 to 11 pounds per cubic feet. Since 

the mill concentration was almost directly proportional to the 

feed rate at a constant water rate, as shown in Fig. 8, the op- 

timum feed rate range can be estimated from one of the lines in 

the figure. 

The maximum recovery obtained in this series of runs was 81 

Per cent. This was low as compared with that obtained in produc- 

ing corn starch. Fan (5) obtained a recovery of 84 per cent us- 

ing the same equipment, but operating at lower feed rates. At 

the higher feed rates used here, the capacity of the single 

screen used was inadequate. This was believed to he the main 

cause for this low recovery. In order to tmprove the screening 

condition, two screens operated in series were, therefore, used 

for later runs. 

Steeping Investigation Runs 

With the exceptions of the 16-hour steeping runs and run 

IIIA-4, in which an extremely high feed rate was used, all runs 

included in this class gave a rather satisfactory recovery with 

a maximum of 37 per cent and an Average of 80 per cent, which was 

a clear indication of the effectiveness of the two-screen opera 

tion. 
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No improvement in the concentration of starch milk was made, 

for it was limited by the maximum possible feed rate provided by 

the screw conveyer. However, a further reduction of water con- 

sumption to a minimum of 2.5 gallons tier pound of starch pro- 

duced was attained due to the increased recovery. 

The lowest energy consumption for grinding obtained was 

0.086 K7H per pound of starch. 

The protein content of the starch was somewhat higher than 

the value reported by Fan (5). However, an average value of 

0.584 for 16 runs was still less than the average value for sorg- 

hum starch of 0.68 given by :Cerr (8). 

Severe fermentation of the grits occurred during the 16-hour 

steeping. This nrobably was the main cause of the low yields for 

these runs. 

All correlations were made with either feed rate or mill 

concentration as the independent variable at constant steeping 

conditions so that both factors appear in the same plot and their 

cross effects can be readily seen. In addition, several corre- 

lations included curves of constant screening condition, thus giv- 

ing comparisons between 1-screen and 2-screen runs. For the sake 

of clarity, each correlation is nresented separately in the fol- 

lowing. 

Relationshin between Feed Rate and Mill Concentration. A 

plot of mill concentration against feed rate is shown in Fig. 9. 

In general, the slope of the curves is positive, and the slopes 

tend to increase with feed rate. Curve B in the figure indicates 
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that the grits steeped in 0.1 per cent sulfur dioxide gave a 

somewhat lower 11111 concentration and a lower slope than the 

others. This was probably due to the greater aoftness of the 

S02-steeped grits. Curve C shows that the mill concentration 

was higher for the 1-screen operation than that for the 2-screen 

operation. This fact indicates that 1-screen operation had a 

higher recycling rate of grits which was caused. by the overload- 

ing of the single screen. In other words, some starch actually 

fine enough to pass through the 200-mesh screen was being recy- 

cled to the mill. 

Rate of Production of Starch. Figure 10, which includes all 

data of class III, shows that the production rate increased with 

feed rate, but the rate of increase tended to decrease as the 

feed rate increased. A comparison of production rates at differ- 

ent steeping conditions is shown by Curve A and B. Curve B in- 

dicates a lower production rate for grits steeped 16 hours, 

Which was anticipated because of the severe fermentation observed 

during steeping. No difference in production rate was found a- 

mong the other three conditions. 

The Production rates of 1-screen and 2-screen runs is com- 

pared in Fig. 11. The data for the 1-screen runs were taken from 

run IIA-4, IIA o, IIA-6, IIA-7, IIB-4, and Fan's runs 26 and 27. 

Again, Curve B shows that 1-screen operation was inferior to 2- 

screen operation. 

Starch Recovery. The effect of feed rate on the recovery of 

starch was slight, as shown in Fig. 12. This is especially true 
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for 4-hour steeping and sulfur dioxide steeping. Curve A indi- 

cates that the recovery of unsteoped grits had a greater tenden- 

cy to decrease es the feel rate increased. The grits stooped 16 

hours, represented by Curve 0, showed a considerably lower re- 

covery than the others. This was again due to the ferientation 

which occurred. 

The effect of screen capaeity on recovery is shown in Fig. 

13, in which. the correlation is made with respect to mill concen- 

tration so that the comparison between runs of different feed 

rate and dIfforent feed water rate is possible. The recoveries 

of 1-screen runs, represented by Curve B, were lower than those 

of 2-screen runs. This probably was caused by the loss of starch 

with the bran in the debranning operation, as a result of insuf- 

ficient screen capacity. 

Recycling Rate. It was anticipated that unsteeped grits 

would have the highest recycling rate, and that the sulfur diox- 

ide-steeped grits would give the lowest recycling rate, since the 

grinding efficiency was believed to be mainly dependent upon the 

softness of the ground material. Curves in Fig. 14 Justify this 

prediction. 

Density of the Starch Milk. Within the range of feed rates 

covered, the density of the starch milk was almost a linear func- 

tion of the feed rate. As shorn in Fig. 15, the unsteePed grits 

gave a starch milk of highest density, while the grits steeped 16 

hours gave a starch milk of lowest density, and the grits from 

the other two steeping conditions produced starch milks having 
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densities between these two extrne limits. The h1g ensity of 

unsteeped grits may be due to the soluble material in the grits 

which went into starch milk insteal of being extracted during 

steeping. On the other hand, the low density of 16-hour steeped 

grits is probably the sult of stEArch losses through fermenta- 

tion. 

Power and Energy Consumption per Unit Product. In Fig. 16, 

a very slight increase of power used as the feed rate increases 

is shown, and no apparent difference due to steeping conditions 

can be detected. From this fact, it was predicted that the ener- 

gy consumption per pound of starch produced would depend only up- 

on the production rate. Figure 17 shows that the higher power 

consumption of the 16-hour steeped grits, which had a lower Pro- 

duction rate, is in agreement with the foregoing statement. 

Tater Consunmtjon. The water consumption per pound of starch 

produced should be directly proportional to the production rate 

when constant processing water was used, which was the case in 

all runs under class III, A plot of water consumption against 

feed rate is shown in Fig. 18. Again, the low yields of starch 

in the 16-hour steep runs show up as a high water consumption 

rate. The low water consumption of unsteeped grits was due, of 

course, to the fact that no steeping water was used. 

Starch Lost into Bran Portion. Since the bran was the Por- 

tion which contained most of the lost starch, a correlation be- 

tween the per cent of the starch charged in the grits, which was 
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lost in the bran, and the feel rate was made. In Fig. 19, a gen- 

eral increase of starch loss is Shown. Probably, the best way to 

minimize the loss of starch in the bran is to reduce the quantity 

of starch milk going into the debrunnor to a minimize:. This can 

be achieved by an efficient screening operation. A proper ad- 

justment of the mill concentration so that uniform starch narti- 

cles are produced and a screen system providing sufficient capa- 

city are the two most important factors to assure a good screen- 

ing operation. 

Viscosity Tests 

The data recorded in Figs. 1, 2, 3, and 4 may be taken as 

evidence that the pasting behavior of sorghum starch produced by 

the hydraulic milling process is affected appreciably by the feed 

rate. A cross plot, Fig. 20, for starch of different steering 

conditions at nearly constant feed rate (33.1 lbs./hr. to 34.6 

ibs./hr.) shows significant differences due to the change of 

steeping conditions. Though obvious differences are shown in 

each case, unfortunately no general correlation can be made with 

respect to either feed rate or steeping conditions. This may be 

explained by the following reasoning. 

It has been found (Barham et al, 2) that the naste behavior 

of the starch is associated with such granule characteristics as 

the average diameter, density, water-holding capacity, the amount 

of absorbed organic suPstences, etc. All of these cheracteris- 

tics are not only affected by the operating conditions, such as 

steeping, grinding, etc., but are also predetermined by the va- 
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riety of grits used. The grits used in this investigation were 

produced from field-run mil°, and therefore may not have been 

uniform in nature, even within the same batch. Another possibil- 

ity is that all processing conditions were not completely con- 

trolled. All known factors of this sort were held constant, but 

it is possible that some unknown variable in the nrocess caused 

the fluctuations in the pasting characteristics. 

However, it was found through duplicate tests on five sam- 

ples that the average deviations of the measurements using the 

present equipment were t 2.0, 1. 2.9 and t 5.1 Per cent for the 

heating period maximum, cooling period. maximum, and the viscosity 

index, respectively. With this precision, it is believed that 

this method is suitable for ordinary industrial quality-control 

tests. Further investigation on individual factors affecting the 

viscosity is desirable in order to establish a general correla- 

tion. which could serve as a basis for the comparison of different 

starches. 

CONCLUSIONS 

In general, high recoveries of more than F5 ner cent with 

relatively low water and power consumptions of 2,5 gallons per 

pound of starch (dry basis) and 0.086 KTH per pound of starch 

(dry basis), respectively, were attained. The nrotein content of 

the starch produced averaged less than 0.6 Per cent. These facts 

indicate that this process for producing sorghum starch is at 

least as satisfactory as the conventional wet milling process for 

corn starch. 
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Other results obtained in this investigation are summarized 

as follows: 

1. A maximum starch recovery was observed as the feed rate 

increased in both 1-screen and 2-screen operations. The maximum, 

which was about 80 per cent for 1-screen operation and about 85 

per cent for 2-screen operation, occurred at a feed rate range 

which corresponded to mill concentrations of 6 to 11 pounds of 

solids per cubic foot. 

2. Screen capacity is a sensitive factor in determining the 

production rate and the recovery of starch, so that a proper ad- 

justment of screen capacity relative to the feed rate is neces- 

sary to insure the optimum recovery and Production rate. 

3. Short steeping times are suitable for sorghum grits. 

raven unsteeped grits seemed prantical for industrial use. Severe 

fermentation occurring during 16-hour steeping is the main draw- 

back of the long steeping. V-ulfur dioxide steeping is riot super- 

ior to plain water as it is for the steeping of corn. 

4. From duplicate measurements of the viscosity of the 

starch, it was found that the average errors of measurement of 

the heating period maximum, cooling period maximum, and the vis- 

cosity index were t 2.0, t 2.9, and t 5.1 per cent, respectively. 
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The primary purpose of this research was to investigate 

some of the factors affecting the yield and quality of the Pro- 

duct from the continuous hydraulic milling process for the pro- 

duction of starch from milo maize grits. 

The three most important factors which received attention in 

this work are: (1) conditions of steeping; (2) feed rate, and 

(3) screen capacity. The investigation of conditions of steeping 

included the effect of time and the use of sulfurous acid. No 

steeping, 4-hour, and 16-hour steeping were used for the time ef- 

fect study. The sulfurous steeping was carried out with 0.1 per 

cent SO2 solution for four hours. 

The feed rate study was conducted by systematically chang- 

ing the speed of the screw feeder. 

A comparison of runs made with two screens, one of 40-mesh 

and the other of 200-mesh, operated in series, to those made 

with only one 200-mesh screen, showed the effect of screen capa- 

city. 

The first step in the process was steeping the grits in 

warm water with or without 302. The steeped grits (or unsteened 

grits in the case of no-steeping runs) were fed into the hydraul- 

ic mill, continuously. The ground material overflowed from the 

mill and was separated by a screen (or screens). Fine particles 

of starch and gluten passing through the 200-mesh screen were 

taken as starch milk, while the coarse material was washed into 

the debranner Where the bran was separated from the unground 

grits, which were recycled back to the mill. The starch sus- 

pended in the starch milk was finally separated from the gluten 
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by using conventional starch tables. The starch collected from 

the table was dried at 1300 F. to give the finished product. 

A paste viscosity test on the starch was conducted. The aim 

of this test was to develop a quality control method. A cylindri- 

cal, water-jacketed container with a stirrer was used to heat and 

cool the starch paste. The viscosity was measured by a Brook- 

field Synchro-lectric Viscometer at Short intervals. There were 

two maximum viscosity readings developed for each test, one in 

the heating period and the other in the cooling period. The ra- 

tio of these two maxima was used as an empirical index of starch 

quality. 

The results of the present investigation are summarized, as 

follows: 

1. Good recoveries of starch of more than 85 oer cent were 

attained, with relatively low water and power consumptions of 

2.5 gallons per pound of starch (dry basis) and 0.086 Kv2B per 

pound of starch (dry basis), respectively. The protein content 

of the starch produced averaged less than 0.6 per cent. These 

facts indicate that this process for producing sorghum starch is 

at least as satisfactory as the conventional wet milling process 

for corn starch. 

2. Short steeping times are suitable for sorghum grits. 

Even unsteeped grits seemed practical for industrial use. Se- 

vere fermentation occurring during 16-hour steeping is the main 

drawback of the long steeping. Sulfur dioxide steeping was not 

superior to plain water as it is for the steeping of corn starch. 

3. A maximum starch recovery was observed as the feed rate 
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increased in both 1-screen and 2-screen onerations. The maximum 

which was about 80 ner cent for 1-screen operation and about 85 

per cent for 2-screen operation, occurred at a feed rate range 

which corresponded to mill concentrations from 6 to 11 pounds of 

solids per cubic foot. 

4. Screen capacity is a sensitive factor in determining 

the production rate and the recovery of starch, so that a nroper 

adjustment of screen capacity relative to the feed rate is neces- 

sary to insure the optimum recovery and production rate. 

5. The results of the starch paste viscosity tests were 

found to be reproducible with considerable precision. 9owever, 

the data appeared to be erratic and could not he easily correlat- 

ed with process variables. 
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