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CHAPTER I 

INTRODUCTION 

Consider*-^.ble interest is being shown at the present 

time in possible uses for grain sorghum fractions obtained 

from dry milling processes. These fractions include grits 

(the Inner portion of the endosperm), industrial flour (the 

middle to outer layers of endosperm), and concomitant (the 

germ or embryo, pericarp, and the outermost layers of endo

sperm). The grits fraction presently has the highest 

economic value of the three, since it is used by the brew

ing industry as a substrate. The industrial flour and 

concomitant fractions fulfill less lucrative roles in 

various industrial and animal feeding applications. How

ever, these two fractions contain valuable starch and 

nutritive components, and if suitable ways could be found 

to Isolate these components, the fractions should have 

higher economic values. It was the purpose of this study 

to develop and evaluate a procedure for separating the 

starch in these fractions from the other components. 



CHAPTER II 

REVIEW OF LITERATURE 

Starch is a primary plant product used in consid

erable quantities by both food and non-food industries in 

the United States, It is an important and plentiful sub

stance found in all higher plants. The white microscopic 

material Is synthesized in the leaves and later transported 

to plant storage areas such as the roots (sweet potatoes, 

manioc, and arrowroot), seeds (corn, grain sorghum, and 

wheat), tubers (potatoes), and stem piths (sago palm) (7). 

Starch from wheat was first used by the Egyptians, both as 

a food and as a binder for papyrus, prior to 3000 B.C. 

Europeans used potato starch as early as the fourteenth 

century for the finishing of linens and for cosmetics 

(7, 50). 

Production of starch in the United States in early 

years was largely from wheat and potatoes (6, 38). This 

was the major source of starch until about 1850, and since 

that time, corn has become the major source of the material, 

although other sources are gaining in importance (20). For 

example, the United States is at present producing more 

than 700 million bushels of grain sorghum per year (40), 

thus providing a dependable and plentiful source of starch. 



Starch from grain sorghum has practically the same proper-

tics as starch from corn, and the two are used almost 

interchangeably (31, 47). Approximately 6-8 million 

bushels of grain sorghum are presently being wet milled 

each year to obtain starch (31). 

Starch from corn and grain sorghum is used exten

sively by a number of industries, and of these, the paper 

industry ranks first, using some 1.2 billion pounds of 

starch annually in 1964, with this figure predicted to 

increase to 1.5 billion pounds by 1970 (39). The functions 

performed by starch in the paper and paperboard industry 

include adding strength and toughness to the paper sheet, 

surface sizing, and serving as an adhesive in the manu

facture of corrugated paperboard containers (9, 39). 

Another major industrial consumer of starch is the 

textile industry, which uses approximately 300 million 

pounds of starch from corn and grain sorghum sources along 

with lesser amounts of potato starch, wheat starch, tapi

oca, and rice starch (9, 39, 41), This industry utilizes 

the material in printing, finishing, and warp sizing. 

Synthetic products have competed successfully with starch 

in the areas of printing and finishing, but starch is still 

the primary product used for warp sizing (41, 5), Syn

thetics add better sales appeal to the finished product 

than does starch, but are more expensive; therefore, since 



warp sizing is a functional rather than aesthetic property 

Of yarn, starch Is still used in that phase of textile 

manufacturing. Furthermore, there are reasons to believe 

that starch will be used by the textile industry for years 

to come, because of technological progress that has been 

made in modifying basic starch molecules so that they are 

tailored to wider application in the industry. 

Other industries use starch extensively as an 

adhesive or binder in asbestos, gypsum, and mineral board; 

as a flocculating agent in aluminum ore processing; and as 

a thickening agent and water retention aid in oil well 

drilling muds. Starch is also used in the treating of 

foundry molds, and as an ingredient in the manufacture of 

charcoal, explosives, and laminated wood (20, 49). 

Large amounts of starch are also used in the manu

facture of foods. Today the principal uses of this product 

in food manufacture are l) as a thickening agent in soups, 

fillings, and other liquid materials; 2) as bakery product 

ingredients; and 3) as a substrate in the brewing industry 

(30, 31, 51). The future for starch in the food industry 

is bright, in that as more is learned about the chemistry 

of the starch molecule, many modified forms of the material 

will become available for a variety of uses (26). Addi

tionally, new economical sources of the material are being 

discovered, and it is now known that even though the 



general nature of all starch is equivalent, there are spe

cific properties of certain starches which give them 

slightly different attributes from others, to the point 

that unique uses for specific starch sources may become 

apparent (51, 38). 

Not only are technological advances being made 

concerning unique properties of starch from various sources, 

but advances are also being made in methods of manufactur

ing this material from the various sources. For example, 

it was not until a few years ago that grain sorghum was 

used as a starch source in the form of a wet milled product; 

and since that time, the wet milling industry has developed 

high quality sugars and dextrins for use as food ingredi

ents (42), Recently, techniques have been perfected to 

efficiently mill the grain sorghum in such a way that grits 

are obtainable v/hich are highly satisfactory for the brew

ing industry in that flavor, yield or extract, and other 

characteristics are equal to those of beer brewed with corn 

grits (2, 14, 30, 34, 36, 42). 

With the increase in demand for grain sorghum 

starch has come a need for more research on that product. 

In order to understand the qualities of grain sorghum 

starch, it is necessary to look first at the chemistry 

of starch in general. Starch molecules are essentially 

smaller molecules of glucose linked together. Long chains 



of glucose associate by hydrogen-bonding one to another to 

form granules of starch (22, 33, 51). The type of linkage 

distinguishes two characteristic starch types; namely, 

amylose and amylopcctin. Amylose, the so-called linear 

fraction, is a straight chain of some 500 to 2,000 dextrose 

units joined by alpha 1,4 linkages. Amylopectin is a 

branched chain structure with each branch containing some 

20 to 30 dextrose units and with each molecule containing 

several hundred branches held together by alpha 1,6 link

ages (51). It is estimated that the moleculear v:eight of 

amylopectin is in the order of one million. 

Most cereal starches contain 17-28% amylose and 

72-83:'. amylopectin. Regular corn and sorghum starches are 

not exceptions, in that they contain approximately 27% 

amylose with the remainder being branched chain molecules 

(47), However, certain varieties of corn contain 70-75% 

amylose, while other "waxy" varieties of corn, rice, and 

sorghum starch contain practically 100% amylopectin (22, 

33, 51). 

Physical behavior (especially gelatinization and 

retrogradation) of starch granules is dependent upon the 

type and extent of chains present (33). So far as gela-

tinization is concerned, starch is insoluble in cold water, 

but an aqueous suspension of starch will gradually absorb 

water upon heating (12). Reference to the work of Schock 



(33) lends explanation to the way starch granules increase 

in size as they gelatinize. He suggests that micelles 

(parallel chains tightly associated into clumps or crystals) 

are held together loosely by long linear chains which rein

force rigidity of the granule. As water is absorbed, the 

associative bonds between the thread-like linear chains and 

the so-called micelles relax and swelling begins. As gela-

tinization proceeds, there is a loss of birefringence (dis

appearance of polarization crosses), increase in optical 

transmittance, and a rise in viscosity (22). 

Regular varieties of starch (27% amylose; 73% amylo

pectin) and waxy varieties (l00% amylopectin) from the same 

plant species gelatinize over the same temperature range, 

but starches from different species may not gelatinize at 

comparable temperatures. For example, grain sorghum starch 

(regular or waxy) gelatinizes in the temperature range of 

67,5 C to 75 C, while the comparable temperatures for gela-

tinization of cornstarch (regular or waxy) are 62 C to 72 C 

(22). Wrinkled pea and high-amylose cornstarches have 

recently been developed which contain such tightly associ

ated linear chains that gelatinization does not occur when 

suspensions are heated in boiling water (22). Furthermore, 

even though certain starches (regular or waxy) will gela

tinize over the same temperature range, their swelling 

properties will be significantly different (22, 23). In 
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general, waxy starches swell more than their regular 

counterpar ts. 

As the viscosity of a starch suspension in creases 

on heating, the granules become so fragile that mechanical 

agitation may disrupt the structure and the chains may 

diffuse into solution (51). This results in a lowering of 

the viscosity, making the material suitable for certain 

industrial uses. Usually, as starch cools the viscosity 

again increases (retrograda11 on) to the point that some

times insoluble precipitates or at least rigid gels may 

form. The retrogradation of amylose cannot be reversed 

by heating. On the other hand, amylopectin chains are 

less likely to retrograde, and even if this phenomenon 

occurs, it is reversible upon heating (51). Such con

trasting properties as these increase the number of appli

cations for starch. For example, the opacity of branched 

chain starches make them suitable for use in salad dres

sings, cream style corn, puddings, and in fillings of 

fruit pies. Also, the resistance tov;ard retrograda t ion 

makes these starches desirable for frozen food ingredi

ents (15, 47, 51). On the other hand, high amylose 

starches may be used in the future as edible packaging 

materials (20). 

It is anticipated that increasing demand for modi

fied starches will be manifested in the form of anticaking 



materials, dusting media, stabilizers, binding agents, flour 

modifiers, molding agents, and water retainers (20, 51). 

In fact, the commercial starch supply has Increased from 

approximately 0.67 billion pounds in 1909 to 6 billion 

pounds in 1965, with approximately 60% of the total supply 

used in some form in the food industry (25). Only 5% of 

this supply is being imported, and the major starch species 

imported is tapioca (43), Approximately 50% of the annual 

starch production is sold as such, with the remainder con

verted to sugar, syrup, and dextrins for a wide variety of 

uses (6, 40, 43). 

Sorghums belong to the genus Sorghum, tribe Andro-

pogeneac, of the grass family (23). Sorghum vulgare denotes 

the cultivated sorghums. These are divided into four 

groups; namely, l) grain sorghum--sorghums grown primarily 

for the production of grain such as milo, kafir, hegari, 

shallu, combine sorghum, and hybrid types; 2) sorgo or sweet 

sorghums--grown primarily as forage, and to a minor extent, 

for syrup; 3) grass sorghums--forage sorghums grown as 

pasture grass, and hay, such as sudangrass; and 4) broom-

corn--for the manufacture of brooms (44). 

Grain sorghum is believed to have first been cul

tivated in east-central Africa. Carvings found in an 

Assyrian ruin record its use as early as 700 B.C. (23), 

Today, the world's supply of grain sorghum probably is 



10 

produced on more than 80 million acrcj iU^), "It is the 

world's third most important food gralii and is the staple 

cereal in large areas of India, China, Mancliurla, and 

Africa" (23). The United States makes a major contribution 

to the \7orld*s supply of .'jrain sorghtjii as it is producing 

over 700 million bushels annually (40). 

For the most part, the grain sorghums now grown in 

the United Str.tcs are hybrids, but most of the parent 

strains came from Africa (23). Formerly, .^rain sorghum 

growth was limited to the area of the country where its 

ability to survive drought made it a crop better adapted 

for that region than was corn. The development of hybrids 

and Lhe resistance of sorghum to corn borers has enabled 

sorghum production to spread to more humid areas and to 

remain competitive with corn (23). The yield of grain 

sorghums increased from 17 bushels per acre in 1944-48 

to 45 bushels per acre in 1961-65 (^0). Much of this in

crease was brought about by the vrork of pioneer seed 

researchers whose efforts resulted in the introduction of 

grain sorghum hybrids to farmers in 1956-57 (29). The 

advent of these hybrids plus better i rr i P.P t i on and ferti

lization practices are major factors e::plaininr; this re

markable increase in yield por acre. 

The chemical composition of the intact ^I'^i^ sor

ghum kernel is approximately 9.^-13.0% protein, 3.4-3.7% 
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ether extract, 71-76% carbohydrate, 2.5-2.7% crude fiber, 

and 1.5-2.6% ash (8, 15, 19, 45, 47, 48), The structure of 

the sorghum kernel, like that of other cereal grains, con

tains three major parts; namely, 6-8% pericarp or bran, 

82-84% endosperm, and 10% germ or embryo (23, 47). Hubbard 

(19) states that about 94% of the total starch and 81% of 

the protein is found in the endosperm, the germ contains 

76% of the fat, and the bran contains nearly 4% of the 

starch and 11% of the total protein. A number of workers 

(15, 19, 35) have reported data for the chemical composi

tion of the three portions, endosperm, pericarp, and germ. 

The endosperm contains 10.9-12.3% protein, approximately 

0.6% ether extractable material, 73-83% starch, 0.7% crude 

fiber, and 0.3-0.4% ash. The germ is reported to contain 

16.6-18.9% protein, 27.1-28.1% ether extractable material, 

13-14% starch, 3.3% crude fiber, and 10.3-11.4% ash. Com

position of the outer portion of the kernel (the bran or 

pericarp) is approximately 4.1-6.7% protein, 4,9-5.8% ether 

extractable material, 34-35% starch, 13,9% crude fiber, and 

1.7-2.0% ash. 

The same general structure applies to kernels of 

both corn and grain sorghum, although there are major dif

ferences in the secondary structural and compositional 

characteristics. The corn kernel, for example, is elon

gated; sorghum kernels are smaller and spherical. The 
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endosperms of those two grains consist of a protein matrix 

enclosing granules of starch (32) and may be divided into 

a horny endosperm (small starch granules enclosed in a 

thick protein matrix) and a floury endosperm (large starch 

granules within a thinner protein matrix). In grain sor

ghum, a thick layer of horny endosperm completely surrounds 

the floury endosperm. This is in contrast to the corn 

kernel in which the floury endosperm is only partially 

surrounded by horny endosperm (46). Furthermore, the grain 

sorghum kernel contains a layer of dense cells with high 

protein content (32, 46, 48) termed the dense peripheral 

endosperm. This portion of the kernel is located just 

below the aleurone layer (outermost part of the endosperm). 

The aleurone layer is high in percentages of protein and 

oil (32, 37), This dense peripheral endosperm layer is 

also found in corn kernels, but to a lesser extent (46). 

The large proportion of horny endosperm and the dense 

peripheral endosperm layer make it necessary to modify 

certain procedures used in wet milling of corn, such as 

steeping times, so that starch may be obtained from grain 

sorghum by this method of milling (46, 49). 

The present-day wet milling Industry can be traced 

to Thomas Kingford's development of an alkali rinse method 

in 1841 (6, 27). At that time most starch plants were 

using wheat as a starch source, but by 1895 only 8 million 
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pounds of starch were being produced from wheat as compared 

to some 200 million pounds of starch obtained from corn (6). 

The alkali method developed by Kingford and dis

cussed by Horton (18) has largely been replaced by the 

present-day sulfurous acid method. This latter method was 

first used in Europe and was later introduced into the 

United States by E, A. Matthiessen (27). Wet milling by 

this procedure eliminates tendencies toward undesirable 

fermentation and putrefaction during steeping (7), Today, 

more than 200 million bushels of corn and some 6 million 

bushels of grain sorghum are wet milled by this acid pro

cess to produce in excess of 6 billion pounds of starch 

annually (40, 43). 

The object of wet milling corn and grain sorghum 

is to separate the Intact kernel Into useable fractions 

such as the germ, fiber, protein, and starch fractions. 

The germ fraction Is pressure processed to obtain germ oil 

and meal, with mllo germ oil being similar to that of corn 

germ oil (4, 21). More than 300 million pounds of oil were 

produced In 1966 from these sources and most of It was 

obtained from the processing of corn rather than from grain 

sorghum (40), The pure oil, mostly oleln and llnolein, is 

used by the food industry, while the impurities or soap 

stock from oil purification procedures are used to make 

soap (7, 45), The de-fatted meal from the germ fraction 
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is combined with the fiber and sold as a 21% protein animal 

feed (45). The remailing fractions, gluten and starch, are 

separated, and the gluten may be sold as a 60% protein 

product called gluten meal, or It can be Incorporated with 

the fiber fraction to make a 42% protein animal feed (49). 

The starch is either sold as such, or Is converted Into 

syrup, sugar, or dextrins. 

The wet milling process for corn or grain sorghum 

essentially Involves the successive operations of cleaning, 

steeping, grinding, sieving, centrlfuglng, washing, and 

drying (1, 7, 18, 27, 45). The cleaning operation removes 

foreign matter such as dust, chaff, broken kernels, and 

other materials. The cleaned kernels must be steeped before 

grinding to soften the protein matrix and loosen the hull 

so that the germ will easily separate from the kernel, in

tact and free of adhering endosperm particles. Steeping 

conditions are variable, but Watson (45, 4S) recommended 

soaking the grain for 30-40 hours at 120-125 F at a pH of 

4.1-4.2 (0.1% sulfur dioxide). The germs loosen during the 

steeping process, and when the resulting grain is broken 

up and passed through a trough with large amounts of water, 

the germs, being high in fat content, are removed by flota

tion. The particles of endosperm and hull, freed of germ, 

sink to the bottom of the trough during the separation pro

cedure and are then further reduced by grinding and sieving. 
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These latter operations separate the fiber from the gluten 

and starch. The gluten-starch mixture, or starchmllk. Is 

then separated into gluten and starch fractions by using 

centrifugal force. The starch is washed and then Is either 

dried for sale as starch, heated to produce dextrins, hydro-

lised by acids or enzymes to dextrose, or Is made into syrup 

<7, 45). Brautlecht (7) states that one wet milling plant 

nay produce as many as 200 products, or variations of 

products. 

Following World War II, the Kansas Agriculture Ex

periment Station and the Agriculture Research Service of 

the U.S.D.A. conducted studies on new methods of hullln 

and cracking grain sorghum. This work resulted In the 

g 

establishment of a dry milling plant In 1950 at Dodge City, 

Kansas (24, 42), This plant began to manufacture flour for 

livestock feed and for use as an Ingredient In gypsum, lath, 

and wallboard products. Another plant Is equipped to mill 

either wheat or grain sorghum and can switch the milling 

operation from the processing of one grain to the other In 

approximately one hour (3), 

A major reason for dry milling corn or grain sor

ghum Is to obtain an endosperm fraction, termed brewers 

grits. These grits are used by the brewing Industry as a 

malt adjunct. Malt adjuncts are added to malt to increase 

the carbohydrate content and thus Increase the extract or 
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yield. The addition of sorghum grits to the brewing mixture 

is said to produce almost 90% extract and yet possess ^ood 

run-off properties (2). Run-off refers to the time required 

to drain the extract from the mash; If the mash consists of 

fine particles, such as starch particles from wet milling 

procedures, the run-off or draining takes longer than a 

normal ih hours (l7, 30). Roberts (30) stated that more 

than one million bushels of grain sorghum are processed 

annually to obtain these grits. 

The dry milling process consists of l) tempering 

the grain to 16-18% moisture, 2) tangential abrasion by 

decortIcators to separate the germ, bran, and aleurone 

layer from the endosperm, 3) sifting to separate the germ, 

4) roller reduction of the endosperm to produce flour and 

grits, and 5) sifting to Isolate the brewers grits (l, 2). 

These grits must contain less than 1.0% fat and 0,5% ash 

(2, 11, 17, 25, 35), Thus the dry milling process produces 

three fractions, brewers grits. Industrial flour, and con

comitant or germ. The approximate compositions of the 

fractions are as follows (15, 34): grits contain 9,4-10.4% 

protein, 0.71-0.73% fat, 78.2% starch, and 0.9% ash; Indus

trial flour contains 5.8% protein, 1.8% fat, 80.1% starch, 

and 0.8% ash; the concomitant fraction contains 10,4% pro

tein, 5.7% fat, 66.7% starch, and 4.1% ash. 
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Millers producing brewers grits consider the flour 

and concomitant fractions to be by-products and would like 

to see new markets for these fractions. From the composi

tional data, it is apparent that the flour fraction is high 

In starch and that the concomitant fraction Is relatively 

high in protein. The protein Is considered by Harden (15) 

to be suitable as a supplement for human consumption. This 

suggests that possibilities for development of new markets 

for these fractions would be Improved If the two components, 

starch and protein, could be Isolated and concentrated. 

Work has been done which suggests that alkaline solvent 

extraction may be a means to accomplish this. 

In 1944, Dlmler ejt. aj_. (10) worked with wheat and 

other cereal flours. Including grain sorghum flour. In an 

effort to find a supplementary source of starch, since at 

that time a shortage of corn existed and demand was steadily 

increasing In food and essential Industries for starch and 

its conversion products. Dlmler's process made use of a 

variety of alkali solutlons--NaOH, KOH, Ca(0H)2, Ba(0H)2, 

and Na2C03--to make extractions. The material was suspended 

in solutions of alkali and centrlfuged to give a precipitate 

of crude starch and a supernatent liquid of high protein 

content. To obtain purified starch, Dlmler resuspended the 

crude starch precipitate with water, recentrifuged, dis

carded the resulting supernatant, and dried the precipitated 
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starch. To obtain a protein concentrate, the proteln-rlch 

supernatent was neutralized to pH 5.5, centrlfuged, and 

dried. Using this method with grain sorghum flour, he re

covered 98% of the starch and 30% of the protein (protein 

was considered a by-product of the starch extraction). 

However, the starch was Impure, In that It contained 3.4% 

protein. The protein by-product was only 59% pure. 

In 1960, Goerlng and Imsande (13) applied Dlmler's 

method to six varieties of barley, hoping to obtain a com

mercial grade starch. Their Interest In finding new uses 

for barley centered upon the fact that In some areas of the 

western part of the country, barley was the cheapest source 

of carbohydrate. Dlmler's method was modified by addition 

of a scraping step--the top layer of the precipitated crude 

starch was scraped off. These scrapings were referred to 

as the tailings fraction. The results of this experiment 

varied among the different varieties of barley used. From 

one variety, 100 grams of flour yielded 63 grams of prime 

starch, containing only 0.1% protein; 16 grams of tailings 

starch, containing 1.7% protein Impurity; and from the 

supernatent, 11,6 grams of material containing 58.9% protein 

were retrieved. Thus, 100 grams of barley flour was found 

to yield 63% prime starch, 16% tailings starch, and 11.6% 

protein material. 
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In 1966, Phillips and SaUans (28), used ammoniu m 

hydroxide to obtain protein and starch fractions from wheat 

flour. They were primarily interested in obtaining a 

"vital" or undenatured protein for use as an additive In 

bakery products. Their process Included Intense mechanical 

agitation of a 1:5 slurry of flour and 0.2 M ammonium hy

droxide followed by centr1fugation, to yield a compacted 

starch fraction. The overflow was spray-dried to obtain 

gluten. The compacted starch was resuspended with ammonium 

hydroxide, and the slurry was separated into two fractions 

by passage over a 350 mesh screen. The portion retained on 

the screen was a gelatinous gum, and the portion passing 

through the screen was centrlfuged to obtain a prime starch 

and a low-grade squeegee starch. The yields of the four 

fractions obtained were 62.6% prime starch, containing 0.5% 

protein; 5.7% squeegee starch, containing 1.0% protein; 

6.7% gum fraction, containing 8,6% protein; and 23,3% 

ammonia solubles fraction, containing 74.3% protein. 



CHAPTER III 

EXPERIMENTAL PROCEDURE 

Grain sorghum fractions used In this study were 

obtained from a local dry milling concern (16). The Indus

trial flour fraction contained approximately 7.9% protein, 

7-12% water, 1.7% fat, 0,7% ash, and 79-83% starch (by 

difference). The concomitant, or germ-contalnlng fraction, 

consisted of 11.4% protein, 10-13% water, 5,3% fat, 3.4% 

ash, and 66-70% starch (by difference). Three solvents 

(water, 0.2 M ammonium hydroxide, and 0.4 M ammonium hy

droxide) were used with each of these fractions. Essen

tially, the procedure entailed agitating a slurry (l part 

sorghum to 5 parts solvent) for five minutes In a Waring 

blender, and centrlfuglng for five minutes In an Inter

national centrifuge, size 1, type SB, at 2500 rpm. The 

precipitate was resuspended In fresh solvent (1:5), then 

agitated and centrlfuged as before. The resulting pre

cipitate consisted of three layers. The top two layers 

were pigmented and high in protein content; the bottom layer 

was white and had a high starch content. The two upper 

layers were mechanically removed and placed Into a drying 

pan; the lower layer was resuspended in water, and succes

sively passed through 250 and 325 mesh sieves. The material 

20 
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retained on these sieves was combined with the protein 

layers removed previously, and this combination was referred 

to as the coarse starch fraction. The filtrate, or "starch 

milk," was centrlfuged for five minutes at 2500 rpm. This 

precipitate of "prime starch" was equilibrated to room con

ditions, then granulated by pressing through a 20 mesh 

sieve. Both fractions, prime starch and coarse starch, 

were dried for 24 hours at 100 C, after which protein deter

minations were made and periodic analyses were run for fat 

and ash contents. 

The Soxhlet method was used for fat determination, 

and ashing was done at 600 C for six hours in a standard 

muffle furnace. Protein was determined by a modified 

Kjeldahl procedure, which specified that a 1-2 gram sample 

be digested using 25-30 ml of concentrated sulfuric acid 

and one teaspoon of digestion mixture (i.e., 3.2 parts 

finely ground copper sulfate and 96.8 parts anhydrous sodium 

sulfate, by weight). Digestion was continued for fifteen 

minutes after the flask contents turned green. The digested 

sample was then cooled and 200 ml of water added. After 

further cooling, the acidic mixture was neutralized with 

excess concentrated sodium hydroxide, 70-80 ml usually being 

required to obtain the desired blue layer. Approximately 

150 ml of this alkaline solution was distilled Into a flask 

containing 50 ml of 4% boric acid. The indicator in the 
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boric acid consisted of 2.5 ml of a 0.1% bromcresol green 

solution and 1.5 ml of a 0.1% methyl red solution in 95% 

ethyl alcohol. This Indicator was red in add conditions 

and green In the basic pH range. A standard hydrochloric 

acid solution was used to titrate the distillate, and a 

factor of 6.25 was used to convert percent nitrogen to 

percent protein. 

Calculations for the percent starch retrieved were 

based on 82.4% starch in the industrial flour fraction and 

on 66.8% starch In the concomitant fraction. The products 

were brought to constant weight, deductions were made for 

protein, fat, and ash contents, and the resulting figure 

was considered to be the weight of pure, dry starch 

retrieved. The weight of sorghum used in each extraction 

was 50.0 grams. Thus, a starting batch of Industrial flour 

would contain (50.0 x 0.824) or 41.2 grams of starch. A 

starting batch of concomitant would contain (50,0 x 0.668) 

or 33.4 grams of starch. If a 50.0 gram batch of concomi

tant were extracted and the weight of prime starch obtained 

(after deducting for protein, fat, and ash content) were 

18.0 grams, the percentage of the total starch retrieved 

as prime starch would be (18.0 x l00)/33.4, or 53.9%. If 

the weight of coarse starch retrieved were 12.0 grams 

(after deducting for protein, ash, and fat content), the 

percentage of the total starch retrieved as coarse starch 
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would be (12.0 x l00)/33.4, or 35.9%. Hence, the percentage 

of starch retrieved of the total amount present (33.4 grams) 

would be 53.9 + 35.9, or 89.8%. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Starch from 36 samples of industrial grain sorghum 

flour was obtained by a solvent extraction procedure. The 

samples were divided Into three groups of twelve, and each 

group was treated with a particular solvent In order to 

evaluate the effectiveness of each of the solutions In 

recovering prime starch from the fraction. 

Table 1 shows the range and average percentages of 

starch retrieved from the flour fractions for each of the 

solvents used. It may be seen from this table that the 

percentages of prime starch for the water, 0,2 M ammonium 

hydroxide, and 0.4 M ammonium hydroxide solvents were 

48-58%, 55-71%, and 58-70%, respectively. The correspond

ing average amounts of prime starch obtained were 53%, 66%, 

and 68%, Upon comparing these numbers. It may be noted 

that alkaline solvents were more efficient In recovering 

prime starch from the flour fraction than was water. In 

all cases, however, the yields of total starch recovered 

were approximately the same. This table also shows that 

0.2 M ammonium hydroxide was almost as effective in recov

ering starch as was the 0.4 M solvent. For example, the 

average yields of total starch and prime starch were 89% 

24 
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TABLE 1 

RANGE AND AVERAGE PERCENTAGES OF STARCH RECOVERED 
FROM T H I l ^ Y - S I X SAMPLES OF FLOUR FRACTIONS 

USING WATER, 0 . 2 M AMMONIUM HYDROXIDE, 
AND 0 . 4 M AMMONIUM HYDROXIDE 

( 1 ) 
Type of 
S o l v e n t 

Water 

. 

0 . 2 M KH^OH 

0 , 4 M riH^OH 

( 2 ) 

Range 

A v e r a g e 

Range 

A v e r a g e 

Range 

A v e r a g e 

(3 ) 
P r i m e 
S t a r c h 

% 

4 8 - 5 8 

5 3 

5 5 - 7 1 

66 

5 8 - 7 0 

68 

( 4 ) 
C o a r s e 
S t a r c h 

% 

3 3 - 4 2 

37 

2 2 - 2 8 

23 

2 0 - 2 4 

22 

( 5 ) 
T o t a l 
S t a r c h 

% 

8 9 - 9 1 

90 

8 2 - 9 1 

89 

8 8 - 9 2 

90 
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and 66%, respectively, for the 0.2 M solvent, while corre

sponding values of 90% and 68% applied to data associated 

with the 0.4 M solution. 

Eighteen samples of the so-called concomitant frac

tion of dry milled grain sorghum were treated with the three 

solvents (6 extractions were made with each solvent), and 

the yield data are presented in Table 2. It may be noted 

from this table that the percentage yield of total starch 

ranged from 89-92% for water extractions, 91-94% for 0.2 M 

ammonium hydroxide, and 87-94% for 0.4 M ammonium hydroxide. 

These numbers show practically the same total yields of 

starch for the 3 solvents; but, as with the flour fraction, 

alkaline solvents produced more prime starch than did water 

(column 3). Furthermore, a comparison of column 3 of Table 

2 with column 3 of Table 1 reveals that less prime starch 

was obtained from the concomitant fraction than was re

trieved from the flour fraction, regardless of the type of 

solvent used. A probable explanation for this lies In the 

fact that the protein matrices of the fractions were dis

similar. The concomitant fraction contained the embryo or 

germ, pericarp, and the outermost layers of endosperm asso

ciated with the original kernel while the flour fraction 

contained middle to outer layers of endosperm (15). The 

starch granules In the concomitant fraction were small as 

compared to the starch granules of the flour fraction. 
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TABLE 2 

RANGE AND AVERAGE PERCENTAGES OF STARCH RECOVERED 
FROM EIGHTEEN SAhO^LES OF CONCOMITANT FRACTIONS 

USING WATER, 0 . 2 M AMMONIUM HYDROXIDE, 
AND 0 . 4 M AMMONIUM HYDROXIDE 

( 1 ) 
Type of 
S o l v e n t 

Wa te r 

0 . 2 M IJH^OH 

0 . 4 M KH^OH 

( 2 ) 

Range 

A v e r a g e 

Range 

A v e r a g e 

Range 

A v e r a g e 

( 3 ) 
P r i m e 
S t a r c h 

% 

3 9 - 4 3 

4 1 

4 2 - 5 8 

50 

4 6 - 5 5 

49 

( 4 ) 
C o a r s e 
S t a r c h 

% 

4 8 - 5 1 

49 

3 3 - 5 2 

42 

3 6 - 4 6 

42 

(5 ) 
T o t a l 
S t a r c h 

% 

8 9 - 9 2 

90 

9 1 - 9 4 

92 

8 7 - 9 4 

91 
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Furthermore, the granules were present as inclusions within 

thick layers of protein, whereas the larger granules of the 

flour fraction were held within a much thinner protein 

matrix.(48, 32), Since the prime function of the solvents 

was to separate protein from the starch portion of these 

fractions. It follows that more difficulty would be encoun

tered in this respect if concomitant were the substrate. 

Quantitative data for total Kjeldahl nitrogen, ash, 

and ether extractable material (EEM) for the prime starch 

and coarse starch products obtained from both flour and 

concomitant fractions are given in Table 3. Satisfactory 

conncrcial starch should have less than 0.5% protein (7), 

The prime starch from the flour fraction met this criterion 

in that the protein content varied from 0.45 to 0.50%, but 

the prime starch from concomitant was unsatisfactory in that 

it contained 0.7-1,0% protein. Another measure of commercial 

starch quality Is the ash content, which should be less than 

0.35% (7). Since the ash content of prime starch from, the 

two substrates, flour and concomitant,averaged 0,2 and 1,3%, 

respectively, it may again be seen that the solvent process 

separated a starch of commercial quality from the flour but 

not from the concomitant. The low values for EEM in the 

prime starch, shown in column 7, were considered satisfac

tory by commercial standards (7), 
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The protein, ash, and EEM values associated with the 

coarse starch products (columns 4, 6, and 8) were high in 

relation to comparable values for the prime starch (columns 

3, 5, and 7). These data show that considerable starch 

remained in the coarse products. Again, this reflects the 

inability of the solvents to separate all of the starch 

from protein, especially that starch present as inclusions 

within thick protein matrices. 

Looking at the data In Tables 1-3 summarily, it may 

be concluded that ammonium hydroxide solutions were more 

effective in separating prime starch from dry milled flour 

fractions of grain sorghum than was water. Furthermore, 

the flour fraction appeared to be a better substrate in 

this respect than did the concomitant fraction, both from 

the standpoints of composition and quantitative recovery. 

The results show that the quality of prime starch 

from the dry milled flour fraction was equal to that ob

tained by commercial wet milling procedures, at least in

sofar as the percentages of protein, ash, and ether ex

tractable material were concerned (7, 45), However, the 

percentages of prime starch recovered were less than the 

amounts reported for commercial wet milling operations. 

For example, two such reports (l, 45) indicated that com

mercial operations expect a recovery of 90-92% prime 

starch from the whole grain. The approximate percentage 
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recoveries from flour and concomitants in this study amounted 

to 67% and 50%, respectively. No data were available in the 

literature regarding percentage recovery from these two 

fractions by wet milling techniques. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

The purpose of this study was to develop and evalu

ate a process of separating starch from selected grain 

sorghum fractions considered to be by-products of a dry 

milling process, 

A fraction called industrial flour (containing ap

proximately 7.9% protein, 7-12% water, 1,7% fat, 0.7% ash, 

and 79-83% starch) and a fraction called concomitant (con

taining 11.4% protein, 10-13% water, 5.3% fat, 3.4% ash, 

and 66-70% starch) were treated with three solvents. Water, 

0.2 M ammonium hydroxide, and 0.4 M ammonium hydroxide were 

each mixed with the sorghum fractions in the ratio of 1 part 

sorghum to 5 parts solvent, and agitated 5 minutes in a 

Waring blender. After centrlfuglng, the starch precipitates 

were resuspended In fresh solvent, agitated and centrlfuged 

as before. Three layers of precipitate resulted, with the 

two top layers containing considerable amounts of pigments 

and protein. After these layers were mechanically removed, 

the lower layer was resuspended In water and passed through 

250 and 325 mesh sieves. The material retained on the 

sieves, when combined with the two upper layers, was 

32 
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referred to as the coarse starch fraction, while the precip

itate from the starchmllk passing through the sieves was 

called prime starch. Determinations of percentages of pro

tein, fat, and ash were made by conventional procedures, and 

calculations of starch percentages retrieved were based on 

the original amounts of starch in the two fractions. 

It was found that ammonium hydroxide solutions were 

more effective in recovering prime starch from the fractions 

than was water. On the average, 53% of the total starch In 

the flour fraction and 40,7% of that In the concomitant 

fraction was recovered as prime starch when water was the 

solvent. Corresponding figures for the 0.2 M ammonium hy

droxide were 66% and 49.8%, while the 0.4 M ammonium hy

droxide recovered 68% of the total starch from the flour 

fraction as prime starch and 49.4% of that in the germ 

fraction in this form. Total yields of prime and coarse 

starch for the three solvents amounted to 90%, 89%, and 

90%, respectively, when the flour fraction was the sub

strate, and 90.1%, 91.7%, and 91.2%, respectively, when the 

concomitant was treated with the solvents. 

The coarse starch material recovered from the con

comitant ranged from 41,7-49.3% of total starch for the 

three solvents as compared to a range of 22-37% for the 

coarse starch recovered from the flour fraction. From 

these data, it is obvious that prime starch was more easily 
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retrieved from the flour fraction than from the concomitant. 

This is attributed to the fact that the concomitant starch 

is more tenaciously held in thick protein matrices than 

starch in the flour fractions. Also in this connection, it 

was found that although the alkaline solutions were more 

effective In retrieving prime starch than was water, little 

difference could be noted in the efficiencies of the 0.2 

molar and 0.4 molar solvents. 

In general, the prime starch material from the flour 

fraction contained less than 0.5% protein, less than 0.3% 

ash, and approximately 0.3% ether extractable material. 

The coarse products from this fraction contained 16-18% 

protein, 0.4-1,3% ash, and 0.7-0.8% ether extractable 

material. The composition of the coarse material from the 

concomitant compared favorably with the composition of that 

from the flour fraction except that the protein content 

amounted to only 12.5-16.5% of the total. Also, the prime 

starch recovered from the concomitant contained 0,7-1.0% 

protein, 0.9-1.4% ash, and 0.3-0.5% ether extractable 

material. Since it is generally considered that prime 

starch should contain less than 0.5% protein and less than 

0,35% ash, the prime starch obtained from the flour frac

tion was more satisfactory than that recovered from the 

concomi tant. 
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It was concluded that prime starch could be suc

cessfully recovered from dry milled flour fractions from a 

qualitative standpoint, comparable to that manufactured from 

whole grain by wet milling processes. However, percentage 

recoveries from the dry milled fractions were less than 

recoveries from whole grain by wet milling procedures. Fur

thermore, it was concluded that 0.2 M ammonium hydroxide 

solutions are satisfactory for use in solvent extraction of 

starch from the two fractions, but expecially was it satis

factory as a solvent for flour fractions in this respect. 
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